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[bookmark: _Toc126232243][bookmark: _Ref78695736][bookmark: _Toc93327437][bookmark: _Hlk69201574]Surface Water
[bookmark: _Toc126232244]Introduction
[bookmark: _Ref69190297]This Chapter provides an overview of the surface water effects for the Avonbank Mineral Sands Project (the Project). It has been prepared to address the Environment Effects Statement (EES) Scoping Requirements (DELWP, 2020) and is supported by a detailed impact assessment prepared by Water Technology Pty Ltd (Appendix K).
The key evaluation objective relevant to this Chapter, as defined in the Scoping Requirements, is to ‘Minimise effects on water resources and on existing and potential future beneficial and licensed uses of surface water, groundwater and related catchment values over the short and long-term’. The associated issues and Project Scoping Requirements are detailed in Appendix A of this EES.
This Chapter describes the existing environment, the potential impacts associated with the Project and details the proposed avoidance and mitigation measures to minimise the residual impacts so far as reasonably practicable.
[bookmark: _Toc103093541][bookmark: _Toc103609042][bookmark: _Toc103093542][bookmark: _Toc103609043][bookmark: _Toc103093543][bookmark: _Toc103609044][bookmark: _Toc103093544][bookmark: _Toc103609045][bookmark: _Toc83185156][bookmark: _Toc93327438][bookmark: _Toc126232245]Scope and Methods
[bookmark: _Toc126232246][bookmark: _Toc93327439]Scope
[bookmark: _Hlk112398023][bookmark: _Hlk114222545]The scope of this Chapter covers the potential impacts identified in the Surface Water Impact Assessment (SWIA) (Appendix K) and addresses the relevant Scoping Requirements listed in Appendix A. The impact assessment focused on mining and mineral processing activities that may result in surface water impacts over the life of the Project. Project related aspects that are well understood and considered to be relatively low risk with standard controls in place are addressed in the Project Aspects and Risk Register (Attachment 5).
[bookmark: _Toc116203840][bookmark: _Toc116203841][bookmark: _Toc116203842][bookmark: _Toc116203843][bookmark: _Toc116203844][bookmark: _Toc116203845][bookmark: _Toc116203846][bookmark: _Toc126232247]Study Area
The SWIA focused on activities within the proposed mining licence (MIN) and WIM Base Area (WBA). The study area extended to the broader catchment of the Wimmera River, its tributaries and surface water sub-catchments up and downstream from the Project, as shown in Figure 16‑1 and Figure 16‑3. Sensitive receptors that fall within the study area are described in Section 16.5.2. 
[bookmark: _Toc103093548][bookmark: _Toc103609049][bookmark: _Toc91248323][bookmark: _Toc91669024][bookmark: _Toc91679397][bookmark: _Toc91745062][bookmark: _Toc93327440][bookmark: _Toc91248324][bookmark: _Toc91669025][bookmark: _Toc91679398][bookmark: _Toc91745063][bookmark: _Toc93327441][bookmark: _Toc91248325][bookmark: _Toc91669026][bookmark: _Toc91679399][bookmark: _Toc91745064][bookmark: _Toc93327442][bookmark: _Toc126232248]Methodology
The SWIA characterised the existing conditions, identified potential impacts and assessed the residual impacts with avoidance and mitigation measures in place. The tasks undertaken by Water Technology are summarised below and detailed in Appendix K, Section 4.
Existing conditions:
[bookmark: _Hlk80631981]A review of the existing literature was undertaken to establish the existing flood regime for Yarriambiack Creek and Wimmera River.
A hydraulic model was developed to understand the surface water behaviour of localised catchments and the potential for inundation (refer Appendix K, Section 7.3).
A Rain on Grid (RoG) modelling approach using TUFLOW was adopted for flood modelling of local storm events across the study area.
Local catchments within and surrounding the Project were delineated using the ESRI terrain modelling software ArcHydro, based on a 2 m resolution LiDAR dataset.
1% Annual Exceedance Probability (AEP) rainfall depths across storm durations ranging from 2 hours to 24 hours were simulated.
Sensitive receptors were identified with consideration to the environmental values within the study area.
Potential impacts: 
Regional catchment contribution modelling was undertaken to identify potential impacts on surface water inflows to the broader catchment (refer Appendix K, Section 7.3.5).
An eWater Source model was developed to determine the flow and volume contribution to Dooen Swamp.
The model results were verified to the available aerial imagery (Google Earth).
Mine catchment contribution modelling was undertaken to assess the Project’s capacity to store and retain onsite surface water in a safe manner.
Modelling included the consideration of climate change to hydraulic behaviours and flooding.
Representative Concentration Pathway (RCP) projection (RCP 8.5) was utilised, which assumes little future curbing of emissions.
Existing baseline water quality conditions were sampled during October 2020 and historic water quality observations were obtained from the DELWP database (refer Appendix K, Section 7.3.6).
[bookmark: _Hlk80188338]Potential impacts to sensitive receptors were characterised for all phases of the Project and worst-case assessment scenarios were developed.
Residual impacts:
Potential avoidance and mitigation measures were identified to minimise impacts to sensitive receptors, so far as reasonably practicable, in line with the Environment Protection Authority Publication 1856 (EPA, 2020).
Residual impacts on sensitive receptors were assessed and characterised with consideration to the magnitude and extent of potential impacts and the effectiveness of the avoidance and mitigation measures.
A qualitative assessment of the potential cumulative impacts associated with other activities or projects throughout the region was undertaken.
[bookmark: _Hlk90996700]Key assumptions relating to the surface water modelling are detailed in Appendix K, Section 7.3.
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[bookmark: _Ref102484084][bookmark: _Toc126528935]Figure 16‑1: Study area
[bookmark: _Toc124259027][bookmark: _Toc126232186][bookmark: _Toc126232249][bookmark: _Toc103093550][bookmark: _Toc103609051][bookmark: _Toc83185158][bookmark: _Toc91228805][bookmark: _Toc91228902][bookmark: _Toc91248327][bookmark: _Toc91669028][bookmark: _Toc91679401][bookmark: _Toc91745066][bookmark: _Toc93327444][bookmark: _Toc83185159][bookmark: _Toc83185161][bookmark: _Toc83185162][bookmark: _Toc83185163][bookmark: _Ref78778431][bookmark: _Toc93327445][bookmark: _Toc126232250][bookmark: _Ref103085238]Operational Context 
[bookmark: _Toc77928550][bookmark: _Ref78698232][bookmark: _Ref69372809][bookmark: _Toc77928560]As described in Chapter 2, construction of the Wet Concentrator Plant (WCP) and preparation for the starter pit will be undertaken in year 1, followed by progressive mining in the southern areas of the mine footprint in year 2 (Block A). Mining operations will move to Block B north of the Wimmera Highway in year 7. 
In years 2 and 7, overburden will be stockpiled to create a starter pit with sufficient room for the progressive placement of tails and overburden. Typically, overburden will be used to progressively backfill the mine void, along with tailings from the WCP. After the void is backfilled and tails have dried sufficiently, subsoil and topsoil will be placed. 
It is expected that rehabilitation will be completed within 4 years after initial topsoil disturbance in each mining cell. At any given time over the life of mine, the extent of Project disturbance will be less than 400 ha and will typically (on average) be less than 300 ha as areas are progressively mined and rehabilitated.
For the purposes of the SWIA, a worst-case operational scenario was assumed that included concurrent disturbance areas at year 2 and year 7, as shown in Figure 16‑2. While this scenario is not contemplated or plausible during Project implementation, it provides a highly conservative modelling assumption. The construction and mine establishment phase were considered to be adequately represented by this worst-case operational scenario. 
[bookmark: _Toc83185167][bookmark: _Toc83185168][bookmark: _Toc83185169][bookmark: _Toc83185170]Several rehabilitation scenarios were developed for the post-closure phase, adopting different topographic elevations of 300 mm decrease/increase and 500 mm increase compared to the final land surface elevation in mined areas. As described in Chapter 15 (Soils and Landform), the actual post-mining landform for mining will initially be 250 mm higher than the previous natural topography. This is to allow for an estimated settlement of 150 mm during the first ~5 years after placement and a further 100 mm of secondary creep over the subsequent ~25 years.
The Project will have a net water requirement of up to 4.6 GL/year. The water will be sourced from the GWMWater Wimmera Mallee Pipeline, dewatering of the mine void and rainfall. The operational water balance is shown in Appendix K, Figure 2-1. 
The Project is designed with sufficient water holding capacity within the mining void and process water dams, such that there will be no discharge outside the operational areas, as further explored in this assessment. There will be a process water dam (50 ML) and two drop-out dams (10 ML each) at the WBA with a holding capacity of 70 ML (refer Chapter 2). 
The SWIA design assumptions included a freshwater dam (28 ML) that was to be supplied directly with fresh pipeline water. After detailed engineering was completed for the feasibility study, the freshwater dam was removed from the design as it was deemed inefficient to double-handle the water operationally. 
Removing the freshwater dam from the system does not materially affect water storage volume for rainwater run-off or the SWIA modelling, as the freshwater dam was assumed to be full, hence had zero capacity for stormwater run-off. 
[bookmark: _Hlk108247522]It is also noted that the overburden stockpile location used in the impact assessment was moved to the north-east around 600 m following completion of the modelling (refer Appendix K, Appendix B). The mining footprint was also reduced in the north-west and south-east, as shown by the pink outline and brown outline in Figure 16‑2. As described in the impact assessment (Appendix K, Appendix B), this change will not materially impact the modelling outcomes or impact assessment findings. 
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[bookmark: _Ref124259095][bookmark: _Ref103091523][bookmark: _Toc126528936]Figure 16‑2: Concurrent disturbance areas at year 2 and year 7
[bookmark: _Toc124259029][bookmark: _Toc126232188][bookmark: _Toc126232251][bookmark: _Toc103093552][bookmark: _Toc103609053][bookmark: _Toc103093593][bookmark: _Toc103609094][bookmark: _Toc126232252]Existing Conditions 
[bookmark: _Toc103093595][bookmark: _Toc103609096][bookmark: _Toc103093596][bookmark: _Toc103609097][bookmark: _Toc103093597][bookmark: _Toc103609098][bookmark: _Toc103093598][bookmark: _Toc103609099][bookmark: _Toc103093599][bookmark: _Toc103609100][bookmark: _Toc103093600][bookmark: _Toc103609101][bookmark: _Toc103093601][bookmark: _Toc103609102][bookmark: _Toc103093602][bookmark: _Toc103609103][bookmark: _Toc103093603][bookmark: _Toc103609104][bookmark: _Toc103093604][bookmark: _Toc103609105][bookmark: _Toc103093605][bookmark: _Toc103609106][bookmark: _Toc83185172][bookmark: _Toc83185173][bookmark: _Toc83185174][bookmark: _Toc83185175][bookmark: _Toc83185176][bookmark: _Toc83185177][bookmark: _Toc83185178][bookmark: _Toc83185179][bookmark: _Toc83185180][bookmark: _Toc83185181][bookmark: _Toc83185182][bookmark: _Toc83185183][bookmark: _Toc83185184][bookmark: _Toc83185185][bookmark: _Toc83185186][bookmark: _Toc83185187][bookmark: _Toc83185188][bookmark: _Toc83185189][bookmark: _Toc83185190][bookmark: _Toc83185191][bookmark: _Toc83185192][bookmark: _Toc83185193][bookmark: _Toc83185194][bookmark: _Toc83185195][bookmark: _Toc83185196][bookmark: _Toc83185197][bookmark: _Toc83185198][bookmark: _Toc83185199][bookmark: _Toc83185200][bookmark: _Toc83185201][bookmark: _Toc83185202][bookmark: _Toc83185203][bookmark: _Toc83185204][bookmark: _Toc83185205][bookmark: _Toc83185206][bookmark: _Toc83185207][bookmark: _Toc83185208][bookmark: _Toc103093606][bookmark: _Toc103609107][bookmark: _Toc103093607][bookmark: _Toc103609108][bookmark: _Toc77522272][bookmark: _Toc77940622][bookmark: _Toc126232253][bookmark: _Ref69190350][bookmark: _Ref69190538]Regional Catchment and Drainage
The proposed mining licence and WBA Area are situated within the Wimmera River catchment, located in the southwestern part of the Murray-Darling Basin. The Wimmera system contributes approximately 1.7% of the flow in the Murray-Darling Basin system.
The Wimmera River flows in a generally north-westerly direction until it reaches the Horsham area, after which it turns northward towards its terminus at Lake Albacutya (approximately 130 km to the north-northwest of Horsham). The Wimmera River and its tributaries flow intermittently in response to rainfall.  Much of the river flow originates in the Grampian Ranges and surrounding areas (refer Figure 16‑3).
The Wimmera River System is a large and geographically diverse system. It experiences great variability in climate, in particular rainfall, which in turn influences water regimes for creeks, rivers and wetlands.  Average annual rainfall in the catchment ranges from about 1,000 mm/year in the south to 300 mm/year in the north. 
[image: ]
[bookmark: _Ref103608561][bookmark: _Ref103608543][bookmark: _Toc126528937]Figure 16‑3: Regional catchment and drainage
[bookmark: _Toc126232254]Designated Waterways
The proposed mining licence area and WBA areas are relatively flat, with surface run-off tending to pool in localised depressions or flow toward Dooen Swamp. Dooen Swamp is a floodplain wetland that connects to the Wimmera River during high-flow events. There are three designated waterways within the vicinity of the Project, which are Yarriambiack Creek, Two Mile Creek and the Wimmera River. No designated waterways are situated within the proposed mining licence or WBA (Figure 16‑4). Parts of Dooen Swamp are classified as a designated waterway despite it being more appropriately defined as a wetland. Yarriambiack Creek is around 3 km to the east and the Wimmera River is about 3.5 km to the south of the proposed mining licence. 
[bookmark: _Toc103093610][bookmark: _Toc103609111][bookmark: _Toc103093611][bookmark: _Toc103609112][bookmark: _Toc103093612][bookmark: _Toc103609113][bookmark: _Toc126232255]Flooding and Local Inundation
Riverine hydraulic modelling was conducted as part of the Horsham and Wartook Valley Flood Investigation (Water Technology, 2019) and the Warracknabeal and Brim Flood Investigation (Water Technology, 2015). Modelling found that under current conditions, the largest river flood event modelled (1% AEP event) does not produce material external catchment overland flow into the Project area (refer Appendix K, Figure 7-5). 
Local rainfall inundation modelling of the 1% AEP event was conducted as part of the impact assessment. It shows that most inundation is caused by overland flow, ponding in a series of discontinuous depressions (refer Appendix K, Figure 7-6). The maximum flood depth across the modelling area was 1.05 m adjacent to the intersection between the railway and Henty Highway. In general, inundated areas are flooded to a depth of around 0.15 m during the 1% AEP event (refer Figure 16‑5).
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[bookmark: _Ref103069989][bookmark: _Toc126528938]Figure 16‑4: Designated waterways surrounding the Project
[bookmark: _Toc83185211][bookmark: _Ref503860360][bookmark: _Toc12971590][bookmark: _Toc47424561][bookmark: _Toc78970937][bookmark: _Ref20390956][bookmark: _Toc47424562][bookmark: _Toc78970938][bookmark: _Ref84915304][bookmark: _Ref84915378][bookmark: _Ref84915397][bookmark: _Ref84915418][bookmark: _Toc93327455][image: ]
[bookmark: _Ref103074154][bookmark: _Toc126528939]Figure 16‑5: Existing conditions – 1% AEP Flood Depth
[bookmark: _Toc116547871][bookmark: _Toc73607747][bookmark: _Toc126232256]Local Swamps
Dooen swamp
Dooen Swamp is a floodplain wetland that connects to the Wimmera River during high flows. Parts of the swamp are currently used for agricultural purposes, while others remain uncultivated. 
Historically, the connection between Dooen Swamp and Wimmera River was formalised by the construction of channels. These channels are understood to have been constructed to take water from the Wimmera River and transport it to the northern end of Dooen Swamp for easier water extraction for the Dooen township (Figure 16‑6). 
Water in these channels does not provide material surface water flow to the vegetated areas in Dooen Swamp. In general, the swamp receives small inflows from a catchment to the north, which flow into the excavated channels. There are two sources of surface water inflow into Dooen Swamp:
· Rainfall run-off from local catchments to the north of the swamp (water enters the Dooen Swamp directly through an overland flow path). 
· Out-of-bank flows in the Wimmera River running into Dooen Swamp.
The Wimmera River flows from the east to the west and spills water into the swamp when the Wimmera River water level exceeds 125 m AHD. Flooding of Dooen Swamp is caused by Wimmera River inundation rather than by flow originating from the northern localised catchment. Hydrologic modelling of the Dooen Swamp wetland has concluded that the swamp would be dry 93% of the time under the climatic conditions that have occurred over the past 110 years.
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[bookmark: _Ref103074385][bookmark: _Toc126528940]Figure 16‑6: Excavated channel in Dooen swamp
Darlot swamp
Darlot Swamp is an ephemeral, shallow freshwater marsh. The swamp is normally dry and is filled during flood periods with flow from the Yarriambiack Creek, generally during floods in a 1 in 5 year frequency. No surface water flows from the proposed mining licence or WBA areas to Darlot Swamp.
[bookmark: _Toc103093617][bookmark: _Toc103609118][bookmark: _Toc103093618][bookmark: _Toc103609119][bookmark: _Toc103093619][bookmark: _Toc103609120][bookmark: _Toc103093620][bookmark: _Toc103609121][bookmark: _Toc103093621][bookmark: _Toc103609122][bookmark: _Toc103093622][bookmark: _Toc103609123][bookmark: _Toc103093623][bookmark: _Toc103609124][bookmark: _Toc103093624][bookmark: _Toc103609125][bookmark: _Toc103093625][bookmark: _Toc103609126][bookmark: _Toc103093626][bookmark: _Toc103609127][bookmark: _Toc126232257]Water Quality Conditions
The surface water environment relevant to the Project falls within the Murray and Western Plains segment. This segment comprises river and streams and reaches of the lowland area (which are generally below 200 m in altitude), including the Wimmera basin.
Historic water quality data for the monitoring station at the Wimmera River at Horsham (215200) was reviewed for the duration between 1990 and 2020. Although the historic records showed variations in water quality related to seasonal flows, the results showed that the quality of Wimmera River water at Horsham mostly met water quality objectives specified in the Environment Reference Standard (ERS, 2021). The relevant surface water objectives within the study area are provided in Appendix K, Section 5.2.2.
[bookmark: _Toc124259036][bookmark: _Toc126232195][bookmark: _Toc126232258][bookmark: _Toc103093628][bookmark: _Toc103609129][bookmark: _Toc103093629][bookmark: _Toc103609130][bookmark: _Ref100151466][bookmark: _Toc126232259]Potential Impacts
[bookmark: _Ref116203444][bookmark: _Toc126232260][bookmark: _Ref103001532]Identification of Potential Impacts
Potential impacts were identified in the impact assessment with consideration to the Project activities, preliminary modelling outcomes and the location of sensitive receptors (refer Appendix K, Table 7-2). Where a plausible source-pathway-receptor relationship could be established further investigation was undertaken to identify avoidance and mitigation measures and to assess the residual impacts. The potential impacts assessed are listed in Table 16‑1. 
[bookmark: _Ref124409212][bookmark: _Toc126232233]Table 16‑1: Potential impacts
	Item
	Potential Impacts
	Phase[footnoteRef:2] [2:  Construction (C); Operations and rehabilitation (O); Decommissioning and closure (D)] 


	IP-01
	Riverine flooding within operational areas resulting in downstream impacts at sensitive receptors.
	C, O, D

	IP-02
	Changes to local drainage patterns resulting in flooding on private property or public infrastructure.
	C, O, D

	IP-03
	Changes to local drainage patterns resulting in reduced water availability at sensitive receptors.
	C, O, D

	IP-04
	Offsite water discharges resulting in poor quality water entering downstream environments.
	C, O, D


[bookmark: _Ref117056157][bookmark: _Toc126232261]Sensitive Receptors
Sensitive receptors were identified in the impact assessment with consideration to the conceptual surface water model and the environmental values defined in the Environment Reference Standard (ERS, 2021).
[bookmark: _Ref99731235][bookmark: _Ref116914202]Figure 16‑7 shows the location of the sensitive receptors and Table 16‑2 summarises the identified receptor types and associated environmental values. The detailed assessment of relevant environmental values is provided in Appendix K, Table 7-2.
[bookmark: _Toc126232234]Table 16‑2: Relevant sensitive receptors
	Environmental Values
	Sensitive Receptors

	Water dependent ecosystems and species
	Potential groundwater dependent ecosystems including Dooen Swamp and Wimmera River.

	Human consumption after appropriate treatment
	The Project is not within a declared Special Water Supply Catchment Area.

	Potable water supply
	

	Potable mineral water supply
	

	Agriculture and irrigation
	Several farm dams are in proximity to the Project (Figure 16‑7). There are a total of 18 surface water licences on the Wimmera River (13 domestic and stock; and 5 irrigation) between Coughlin Park in Horsham and the Wimmera River – Yarriambiack Creek junction.

	Human consumption of aquatic foods
	Consumption of recreationally caught fish from the Wimmera River is common.

	Water-based recreation
	The Wimmera River is used for a significant number of water-based recreation activities. 

	Traditional Owner cultural and spiritual values
	Surface water features including Dooen Swamp and Wimmera River.

	Cultural and spiritual values (non-indigenous)
	Surface water features including Dooen Swamp and Wimmera River.

	Protection of buildings and structures
	Buildings and residential dwellings and Project related infrastructure, including the WBA (Figure 16‑7).


[bookmark: _Toc83185219][bookmark: _Toc116203861][bookmark: _Toc116203862][bookmark: _Toc116203863][bookmark: _Toc116203864][bookmark: _Toc116203865][bookmark: _Toc116203866][bookmark: _Toc116203867][bookmark: _Toc116203868][bookmark: _Toc116368590][bookmark: _Toc116368591][bookmark: _Toc116368592][bookmark: _Toc116368593][bookmark: _Toc116368594][bookmark: _Toc116368595][bookmark: _Toc116368596][bookmark: _Toc116368597][image: Map
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[bookmark: _Ref124259177][bookmark: _Ref116359370][bookmark: _Toc126528941]Figure 16‑7: Sensitive receptors in and around the Project
[bookmark: _Toc124259040][bookmark: _Toc126232199][bookmark: _Toc126232262][bookmark: _Toc116547880][bookmark: _Ref124259440][bookmark: _Toc126232263]Impact Characterization
The SWIA assessed the magnitude, spatial extent and duration of the predicted surface water effects as characterised in the local and regional quantitative modelling undertaken for the Project (refer Appendix K, Section 7 and Section 10). The residual impacts were characterised with regard to the ERS environmental values where relevant.
The residual impacts associated with tails water discharge to the aquifer and the potential interaction with surface water features are described in Chapter 17 (Groundwater).
In addition to the detailed characterisation of the impacts described above, the relative significance of each residual impact was summarised on a scale ranging from negligible through to severe (refer Table 16‑3).
[bookmark: _Ref116546826][bookmark: _Toc126232235]Table 16‑3: Significance ratings
	Rating
	Description

	Surface water quantity

	Negligible
	No material impact to peak 1% AEP water levels in areas external to the Project area.
No material reduction in catchment flow volume reporting to Dooen Swamp.

	Minor
	A material change to peak 1% AEP water levels outside the Project area but unlikely to cause a tangible change to environmental values or use.
A change in catchment flow volume reporting to Dooen Swamp but unlikely to cause a tangible change to environmental values or use.

	Moderate
	Changes to peak 1% AEP water levels outside the Project area which will cause a tangible change to environmental values or use over the short (>2 years) to medium-term (>5 years).
A change in catchment flow volume reporting to Dooen Swamp which will cause a tangible change to environmental values or use over the short (>2 years) to medium-term (>5 years).

	Major
	Changes to peak 1% AEP water levels outside the Project area which will cause a significant change to environmental values or use over the medium (>5 years) to long-term (>30 years).
A change in catchment flow volume reporting to Dooen Swamp which will cause a significant change to environmental values or use over the medium (>5 years) to long-term (>30 years).

	Severe
	Changes to peak 1% AEP water levels outside the Project area which will cause a significant change to environmental values or use over the long-term (>30 years) or be irreversible.
A change in catchment flow volume reporting to Dooen Swamp which will cause a significant change to environmental values or use over the long-term (>30 years) or be irreversible.

	Surface water quality

	Negligible
	Quality of water exiting the site meets applicable water quality objectives or where background concentrations already exceed water quality objectives (WQO) and is no worse than upstream water quality.

	Minor
	Dissolved contaminant concentrations and/or turbidity in water exiting the site show a perceivable change in concentrations and meet applicable water quality objectives (assuming WQOs are also met in upstream water) and do not result in a tangible change to environmental values or use.

	Moderate
	Dissolved contaminant concentrations and/or turbidity in water exiting the site show an increase in upstream concentrations, which will cause a tangible change to environmental values or use over the short (>2 years) to medium-term (>5 years).

	Major
	Dissolved contaminant concentrations and/or turbidity in water exiting the site results in a temporary reduction of environmental values or use over the medium (>5 years) to long-term (>30 years).

	Severe
	Dissolved contaminant concentrations and/or turbidity in water exiting the site results in a change to environmental values or use over the long-term (>30 years) or be irreversible.


[bookmark: _Toc124259042][bookmark: _Toc126232201][bookmark: _Toc126232264][bookmark: _Toc83185222][bookmark: _Toc83185223][bookmark: _Toc83185224][bookmark: _Toc83185225][bookmark: _Toc83185227][bookmark: _Toc83185228][bookmark: _Toc83185229][bookmark: _Toc83185230][bookmark: _Toc83185231][bookmark: _Toc116203890][bookmark: _Toc116368619][bookmark: _Toc116203891][bookmark: _Toc116368620][bookmark: _Ref78697987][bookmark: _Toc93327459][bookmark: _Ref100052124][bookmark: _Toc126232265]Avoidance and Mitigation Measures
[bookmark: _Hlk114635315][bookmark: _Hlk102112504]This Section outlines the measures identified to avoid and minimise residual impacts. It is noted that in line with the requirements of the proposed environmental management system (EMS) and relevant legislation, additional measures may be required during implementation to ensure risks and potential impacts have been minimised so far as reasonably practicable.
[bookmark: _Toc83185233][bookmark: _Toc103093652][bookmark: _Toc103609153][bookmark: _Ref78699372][bookmark: _Toc93327460][bookmark: _Toc126232266]Avoidance
[bookmark: _Toc103093654][bookmark: _Toc103609155][bookmark: _Toc93327462]SW-01: Solar drying cells 
During the project feasibility and design phase, various tailings disposal options were considered prior to onsite trials being undertaken (refer Chapter 3). Several contemporary mineral sands operations use solar drying cells to dry the fine tailings prior to rehabilitation. This option was rejected due to the relatively high associated water use and land disturbance requirements. For this Project, fine and course tailings will be co-disposed to the in-pit tailings cells, which use less water and have a lower requirement for land disturbance. This, in turn reduces the potential operational area that needs to be managed to avoid discharge.
SW-02: Offsite water discharge
The process water storage, transfer areas and sumps will be designed with a capacity to contain a significant rainfall event of at least 1% AEP, such that there is no discharge of surface water from operational areas. It is anticipated that process water capacity will be maintained at between 350% to 500% of a 1% AEP event. 
[bookmark: _Toc103093657][bookmark: _Toc103609158][bookmark: _Toc103093658][bookmark: _Toc103609159][bookmark: _Toc103093659][bookmark: _Toc103609160][bookmark: _Toc103093660][bookmark: _Toc103609161][bookmark: _Toc103093661][bookmark: _Toc103609162][bookmark: _Toc83185237][bookmark: _Toc126232267]Minimisation
[bookmark: _Toc103093663][bookmark: _Toc103609164][bookmark: _Toc83185239][bookmark: _Toc83185240][bookmark: _Toc83185241][bookmark: _Toc83185242][bookmark: _Toc83185243][bookmark: _Toc83185244][bookmark: _Toc83185245][bookmark: _Toc83185246][bookmark: _Toc83185247][bookmark: _Toc83185248][bookmark: _Toc83185249][bookmark: _Toc83185250][bookmark: _Toc83185251][bookmark: _Toc83185252][bookmark: _Toc83185253][bookmark: _Toc83185254][bookmark: _Toc83185255][bookmark: _Toc83185256][bookmark: _Toc83185257][bookmark: _Toc83185258][bookmark: _Toc83185259][bookmark: _Toc83185260][bookmark: _Toc83185261][bookmark: _Toc83185262][bookmark: _Toc83185263][bookmark: _Toc83185264][bookmark: _Toc83185265][bookmark: _Toc83185266][bookmark: _Toc83185267][bookmark: _Toc83185268][bookmark: _Toc93327465]SW-03: Disturbance footprint
Land will be progressively rehabilitated to minimise the area disturbed on average to less than 300 ha at any point over the life of mine. This will minimise the volume of mine contact water to be managed within the operational areas.
[bookmark: _Toc93327466]SW-04: Mine planning and site drainage 
Prior to opening new mining cells or constructing new infrastructure, an integrated mine drainage plan will be prepared by the mine planning engineer with consideration to the existing topography, detailed mine design, surrounding infrastructure and the location of sensitive receptors. 
All infrastructure, including but not limited to buildings, stockpiles, sumps, pipelines and booster pumps will be located in areas to minimise the risk of ponding and adverse effects to surface water flow paths. Rehabilitation areas will be contoured to reflect the pre-mining landform and surface drainage will be re-established commensurate with undisturbed areas.
Appropriately sized sediment retention basins will be established as part of the drainage plan to capture mine contact water and prevent discharge outside operational areas. Stormwater drains will be designed and constructed to minimise the risks posed to infrastructure and sensitive receptors.
The Surface Water Management Plan (Section 16.6.2.4) will be developed and implemented to monitor water quality within operational areas and in established rehabilitation areas. 
[bookmark: _Toc116203899][bookmark: _Toc116203900][bookmark: _Toc116203901]SW-05: Water use efficiency 
To optimise water use from the Grampians Wimmera Mallee Pipeline, a water efficiency program will be incorporated into the Surface Water Management Plan. This program will provide a framework to investigate water use efficiency and recovery opportunities, with consideration to any new or emerging technologies over the life of mine.
[bookmark: _Toc80708730][bookmark: _Toc80716786][bookmark: _Toc80717284][bookmark: _Toc80717446][bookmark: _Toc80718789][bookmark: _Ref84915227][bookmark: _Toc93327467]SW-06: Surface Water Management Plan
A Surface Water Management Plan (SWMP) will be prepared prior to Project commencement. The SWMP will provide a management framework to avoid and minimise impacts, so far as reasonably practicable, in line with the Project EMS and relevant legislative requirements.
The SWMP will address aspects relating to Project related mine stormwater drainage, process water management and associated potential impacts and risks to sensitive receptors, including but not limited to adjacent landholders and Dooen swamp. 
The SWMP will be developed in consultation with stakeholders and will be subject to approval by the relevant Authority. It will be reviewed and updated at an appropriate frequency as established in the overarching EMS, with consideration to the level of risk, statutory requirements, monitoring results, community complaints and in response to audit findings.
The SWMP will:
Summarise the baseline data and existing environment.
Explain the relevant statutory requirements and context (including any relevant approvals).
Describe the avoidance and mitigation measures to be implemented to minimise residual risks/impacts so far as reasonably practicable.
Identify specific environmental objectives and standards to be achieved with avoidance and mitigation measures in place.
Detail the monitoring to be undertaken to verify the effectiveness of the avoidance and mitigation measures, including but not limited to surface water chemistry and water storage levels (refer Section 16.8).
Describe mechanisms to determine when/if corrective actions and contingency measures are required (refer Section 16.8.2)
Detail a program to investigate and implement ways to improve the environmental performance of the Project over time.
Detail appropriate review periods and/or triggers to ensure the plan remains fit for purpose. 
Establish procedures to manage:
incidents and any non-compliance.
stakeholder and community complaints.
failure to comply with statutory requirements and/or performance standards.
roles and responsibilities for implementing the plan.
a protocol for periodic review of the plan.
Include a community engagement strategy which will include a complaints handling system.
In addition to the above requirements and the avoidance and mitigation measures in this Chapter, the SWMP will include specific requirements to:
Implement mine planning procedures to ensure surface water drains and sumps are established and maintained to contain significant storm events within disturbed areas.
Routinely inspect and monitor freeboard in process water dams and sumps. 
Reestablish pre-mining drainage patterns were appropriate to do so.
Have procedures in place to prepare for extreme rainfall events.
Detail the erosion control and management measures for stockpiles, internal roads and other disturbed areas.
[bookmark: _Toc116203904][bookmark: _Toc102110960][bookmark: _Toc126232268]Rehabilitation
[bookmark: _Toc102110961]SW-07: Rehabilitation Plan
A Rehabilitation Plan will be established for the Project that will address matters relating to progressive rehabilitation and closure. It will cover all work areas within the proposed mining licence and within the broader development extent and the Port of Portland. 
The Rehabilitation Plan will include a schedule of progressive rehabilitation and will describe the strategy to establish a safe, stable, sustainable landform capable of supporting the proposed end land use. It is expected that land will be stabilised as soon as reasonably practicable after mining, typically within 4 years. 
The Rehabilitation Plan will define the end land use with consideration to the views of the landholders and the broader community where appropriate. Preferential flow paths and agricultural drainage lines will be re-established to be commensurate with surrounding areas and to meet the overarching end land use objectives. 
A preliminary Rehabilitation Plan for the Project has been developed to meet the intent of the Scoping Requirements and is included with this EES as Attachment 3. This plan will be refined prior to commencement with consideration to the detailed operating plans, stakeholder and community feedback and the Minister’s assessment of the EES.
[bookmark: _Toc124259047][bookmark: _Toc126232206][bookmark: _Toc126232269][bookmark: _Toc103093670][bookmark: _Toc103609171][bookmark: _Toc91228830][bookmark: _Toc91228927][bookmark: _Toc91248350][bookmark: _Toc91669050][bookmark: _Toc91679423][bookmark: _Toc91745091][bookmark: _Toc93327469][bookmark: _Toc80708732][bookmark: _Toc80716788][bookmark: _Toc80717286][bookmark: _Toc80717448][bookmark: _Toc80718791][bookmark: _Toc80708733][bookmark: _Toc80716789][bookmark: _Toc80717287][bookmark: _Toc80717449][bookmark: _Toc80718792][bookmark: _Toc80708734][bookmark: _Toc80716790][bookmark: _Toc80717288][bookmark: _Toc80717450][bookmark: _Toc80718793][bookmark: _Toc80708735][bookmark: _Toc80716791][bookmark: _Toc80717289][bookmark: _Toc80717451][bookmark: _Toc80718794][bookmark: _Toc80708736][bookmark: _Toc80716792][bookmark: _Toc80717290][bookmark: _Toc80717452][bookmark: _Toc80718795][bookmark: _Toc80708737][bookmark: _Toc80716793][bookmark: _Toc80717291][bookmark: _Toc80717453][bookmark: _Toc80718796][bookmark: _Toc80708738][bookmark: _Toc80716794][bookmark: _Toc80717292][bookmark: _Toc80717454][bookmark: _Toc80718797][bookmark: _Toc80708739][bookmark: _Toc80716795][bookmark: _Toc80717293][bookmark: _Toc80717455][bookmark: _Toc80718798][bookmark: _Toc80708740][bookmark: _Toc80716796][bookmark: _Toc80717294][bookmark: _Toc80717456][bookmark: _Toc80718799][bookmark: _Toc80708741][bookmark: _Toc80716797][bookmark: _Toc80717295][bookmark: _Toc80717457][bookmark: _Toc80718800][bookmark: _Toc80708742][bookmark: _Toc80716798][bookmark: _Toc80717296][bookmark: _Toc80717458][bookmark: _Toc80718801][bookmark: _Toc80708743][bookmark: _Toc80716799][bookmark: _Toc80717297][bookmark: _Toc80717459][bookmark: _Toc80718802][bookmark: _Toc80708744][bookmark: _Toc80716800][bookmark: _Toc80717298][bookmark: _Toc80717460][bookmark: _Toc80718803][bookmark: _Toc80708745][bookmark: _Toc80716801][bookmark: _Toc80717299][bookmark: _Toc80717461][bookmark: _Toc80718804][bookmark: _Toc80708746][bookmark: _Toc80716802][bookmark: _Toc80717300][bookmark: _Toc80717462][bookmark: _Toc80718805][bookmark: _Toc80708747][bookmark: _Toc80716803][bookmark: _Toc80717301][bookmark: _Toc80717463][bookmark: _Toc80718806][bookmark: _Toc80708748][bookmark: _Toc80716804][bookmark: _Toc80717302][bookmark: _Toc80717464][bookmark: _Toc80718807][bookmark: _Toc80708749][bookmark: _Toc80716805][bookmark: _Toc80717303][bookmark: _Toc80717465][bookmark: _Toc80718808][bookmark: _Toc80708750][bookmark: _Toc80716806][bookmark: _Toc80717304][bookmark: _Toc80717466][bookmark: _Toc80718809][bookmark: _Toc80708751][bookmark: _Toc80716807][bookmark: _Toc80717305][bookmark: _Toc80717467][bookmark: _Toc80718810][bookmark: _Toc80708752][bookmark: _Toc80716808][bookmark: _Toc80717306][bookmark: _Toc80717468][bookmark: _Toc80718811][bookmark: _Toc80708753][bookmark: _Toc80716809][bookmark: _Toc80717307][bookmark: _Toc80717469][bookmark: _Toc80718812][bookmark: _Toc80708754][bookmark: _Toc80716810][bookmark: _Toc80717308][bookmark: _Toc80717470][bookmark: _Toc80718813][bookmark: _Toc80708755][bookmark: _Toc80716811][bookmark: _Toc80717309][bookmark: _Toc80717471][bookmark: _Toc80718814][bookmark: _Toc80708756][bookmark: _Toc80716812][bookmark: _Toc80717310][bookmark: _Toc80717472][bookmark: _Toc80718815][bookmark: _Toc80708757][bookmark: _Toc80716813][bookmark: _Toc80717311][bookmark: _Toc80717473][bookmark: _Toc80718816][bookmark: _Toc91228831][bookmark: _Toc91228928][bookmark: _Toc91248351][bookmark: _Toc91669051][bookmark: _Toc91679424][bookmark: _Toc91745092][bookmark: _Toc93327470][bookmark: _Toc91228832][bookmark: _Toc91228929][bookmark: _Toc91248352][bookmark: _Toc91669052][bookmark: _Toc91679425][bookmark: _Toc91745093][bookmark: _Toc93327471][bookmark: _Toc91228833][bookmark: _Toc91228930][bookmark: _Toc91248353][bookmark: _Toc91669053][bookmark: _Toc91679426][bookmark: _Toc91745094][bookmark: _Toc93327472][bookmark: _Ref69190879][bookmark: _Ref78011612][bookmark: _Ref84914385][bookmark: _Toc93327500][bookmark: _Toc126232270]Residual Impacts
This Section describes the likely residual impacts with avoidance and mitigation measures in place. The residual impacts have been characterised, as described in Section 16.5.3 and Chapter 6 (Impact Assessment Framework).
[bookmark: _Toc103093672][bookmark: _Toc103609173][bookmark: _Toc83185275][bookmark: _Toc126232271]Riverine Flooding
There is one potential impact (IP-01) identified in Section 16.5.1 that relates to potential riverine flooding extending into the proposed mining licence or WBA. If flooding were to occur into operational areas, it could affect Project infrastructure and associated works.
Riverine flooding was investigated as part of the Horsham and Wartook Valley Flood Investigation (Water Technology, 2019) and the Warracknabeal and Brim Flood Investigation (Water Technology, 2015). These studies show the proposed mining licence and WBA were not impacted by riverine inundation for rainfall events up to 1% AEP. The Project will not cause changes to the associated flood behaviours and there is negligible residual impact expected. No mitigation measures are considered necessary.
[bookmark: _Toc83185281][bookmark: _Toc83185282][bookmark: _Toc83185283][bookmark: _Toc126232272]Localised Inundation
There is one potential impact (IP-02) identified in Section 16.5.1 that relates to local drainage pattern changes due to Project activities. If there were significant changes to local drainage patterns, it could affect Project infrastructure and/or nearby landholders.
The potential impact of direct/localised catchment inundation within the Project area was assessed through the development of a RoG hydraulic model. The model identified existing overland flow paths, depths and velocities of water flowing within the Project area and immediate surrounds. The mine design scenarios were modelled to assess the potential for Project related impacts to surface water flow paths, inundation depths and extent. The impact of mining was modelled with respect to worst-case operational and rehabilitation/closure scenarios (refer Section 16.3). 
The operational scenario included the combined area to be active during years 2 and 7. Water level results of the hydraulic modelling were compared to that of existing conditions to show the changes in water levels and inundation during a 1% AEP event. The change in water levels due to the operational scenario is shown in Appendix K, Figure 10-1. 
The modelling shows minor changes to ponding water levels up to around 0.3 m which was isolated to the areas immediately surrounding the overburden stockpiles and mining pits. There was a slight reduction in flood levels in the overland flow path entering Dooen Swamp and no increases in the water levels outside the Project area. The effects to Dooen swamp are further explained in Appendix K, Section 7.3.5 and Section 10.4.
The rehabilitation and closure scenarios modelled include a decrease or increase elevation to varying degrees between 300 mm and 500 mm. The modelling results for 1% AEP inundation levels are shown in Appendix K, Figure 10-2, Figure 10-3, Figure 10-4 and Figure 10-5. In all cases, minor changes were observed in close proximity to the mine footprint ranging from 0.2 to 0.3 m.
The effect of climate change on inundation levels were assessed by comparing modelled levels for existing topographic conditions and for both operating and closure conditions. Model results are shown in Appendix K, Figure 10-8 and Figure 10-9, respectively. There was no material difference shown between the current day climatic conditions and the climate change scenario.
[bookmark: _Hlk108775576]The Project is expected to result in negligible changes to the stormwater flow paths or ponding characteristics within and surrounding the proposed mining licence and WBA area. During a 1% AEP event, it is not expected the changes to the site inundation characteristics will materially impact sensitive receptors within or downstream from the Project area.
Mitigation measures will be implemented to limit the total area disturbed and to strategically place mine infrastructure to minimise impacts on existing surface drainage lines. It is expected that mining areas will be rehabilitated within 4 years and that pre-existing farm drainage lines will be reinstated, where appropriate to do so.
[bookmark: _Toc103093675][bookmark: _Toc103609176][bookmark: _Toc103093676][bookmark: _Toc103609177][bookmark: _Toc103093677][bookmark: _Toc103609178][bookmark: _Toc103093678][bookmark: _Toc103609179][bookmark: _Toc103093679][bookmark: _Toc103609180][bookmark: _Toc103093680][bookmark: _Toc103609181][bookmark: _Toc103093681][bookmark: _Toc103609182][bookmark: _Toc103093682][bookmark: _Toc103609183][bookmark: _Toc103093683][bookmark: _Toc103609184][bookmark: _Toc103093684][bookmark: _Toc103609185][bookmark: _Toc103093685][bookmark: _Toc103609186][bookmark: _Toc103093686][bookmark: _Toc103609187][bookmark: _Toc103093687][bookmark: _Toc103609188][bookmark: _Toc103093688][bookmark: _Toc103609189][bookmark: _Toc103093689][bookmark: _Toc103609190][bookmark: _Toc103093690][bookmark: _Toc103609191][bookmark: _Toc103093691][bookmark: _Toc103609192][bookmark: _Ref100051672][bookmark: _Toc126232273]Reduced Surface Water Availability
There is one potential impact (IP-03) identified in Section 16.5.1 that relates to a potential reduction in surface water flow to Dooen Swamp and Wimmera River. A significant reduction in water flow to these swamps could affect the health of vegetation and the broader ecosystem.
The proposed total mine footprint occupies around 14.5% of the localised catchment area contributing to Dooen Swamp and about 0.18% of the Wimmera River catchment area upstream of the Horsham gauge.
The modelled scenarios described in Section 16.3 show a very small reduction of flow to the Wimmera River catchment upstream of Horsham. The modelling indicates a 0.2% reduction of flow to the contributing catchment area, which was not considered to be material. 
Flooding of Dooen Swamp is primarily caused by Wimmera River inundation rather than by flow originating from the northern catchment where the Project is located. The localised catchment does not generate sufficient volume to flood Dooen Swamp. Rather, modelling indicates any water level changes are realised in the excavated channel. 
Surface water modelling for existing and developed conditions indicates water level changes are barely perceptible. The maximum difference between water ponding depths within the excavated channel under existing and developed conditions was 0.16 m. The reduced flow and minor change to water levels in the channel were shown to result in a negligible change to the water availability in Dooen Swamp. 
Climate change was also considered and found not to materially impact the Project’s influence on water levels in the Dooen Swamp channel. 
Upon rehabilitation, stormwater run-off will be returned to pre-mining drainage lines and preferential flow paths. No change to the regional catchment contribution model will occur.
The change to water availability in Dooen Swamp is expected to result in a negligible residual impact. No specific mitigation measures are required however the disturbance area will be minimised and the SWMP will be implemented.
[bookmark: _Toc103093693][bookmark: _Toc103609194][bookmark: _Ref116300150][bookmark: _Toc126232274]Water Quality Impacts
There is one potential impact (IP-04) identified in Section 16.5.1 that relates to offsite water discharge resulting in poor quality water entering downstream environments and resulting in impacts to surface water environmental values. Potential impacts on groundwater are assessed in Chapter 17.
The Project has been designed to provide sufficient storage capacity to contain significant rainfall events in excess of a 1% AEP event and up to 500% of the January 2011 flood event. All mine impacted run-off will drain to sumps to be recycled or used for operational purposes such as dust suppression.
Under the adopted climate change scenario, it was shown that adequate capacity was maintained in excess of the 1% AEP and up to 350% of the January 2011 flood event. For this reason, there are no anticipated changes to downstream water quality, as there is no plausible scenario under which impacted surface water would need to be discharged from the site.
Given the above considerations, there will be no residual water quality impacts to offsite areas or receiving waterways outside the proposed mining licence or WBA. Risks will be managed through the implementation of the SWMP.
[bookmark: _Toc124259053][bookmark: _Toc126232212][bookmark: _Toc126232275][bookmark: _Ref90629893][bookmark: _Toc93327507][bookmark: _Ref103085119][bookmark: _Toc126232276]Management Framework
An AS/NZS 14001:2016 EMS will be established for the Project, as detailed in Chapter 24. The EMS will address matters relating to planning, operational control, monitoring, and continuous improvement over the life of the Project. Relevant matters relating to monitoring, auditing and corrective actions are summarised below. 
[bookmark: _Toc126232277]Environmental Objectives
Environmental objectives will be established as part of the EMS to articulate the outcomes to be achieved during Project implementation. These reflect the expected and achievable outcomes based on the studies undertaken as part of this EES. 
[bookmark: _Hlk101694081]The key environmental objectives are to ensure that:
The Project will result in no material discharge of mine contact water outside of the operational areas.
Mining and associated infrastructure will result in no significant impact on the surface drainage characteristics associated with sensitive receptors.
Performance standards will be established to measure/assess if the objectives have been achieved during operation, as further discussed below in Section 16.8.2.
[bookmark: _Toc103093697][bookmark: _Toc103609198][bookmark: _Toc103093698][bookmark: _Toc103609199][bookmark: _Toc103093699][bookmark: _Toc103609200][bookmark: _Toc103093700][bookmark: _Toc103609201][bookmark: _Toc116203914][bookmark: _Toc93327509][bookmark: _Toc103093728][bookmark: _Ref124260533][bookmark: _Toc126232278][bookmark: _Toc103093729][bookmark: _Toc103609230][bookmark: _Toc103093730][bookmark: _Toc103609231][bookmark: _Toc103093731][bookmark: _Toc103609232][bookmark: _Toc103093732][bookmark: _Toc103609233][bookmark: _Toc103093733][bookmark: _Toc103609234][bookmark: _Toc103093734][bookmark: _Toc103609235][bookmark: _Toc103093735][bookmark: _Toc103609236][bookmark: _Toc103093736][bookmark: _Toc103609237][bookmark: _Toc103093737][bookmark: _Toc103609238][bookmark: _Ref102485361]Monitoring and Management
A surface water monitoring program will be incorporated into the EMS and associated SWMP to measure, analyse, and evaluate the effectiveness of the avoidance and mitigation measures and overall environmental performance. The SWMP will be developed in consultation with stakeholders and will be subject to approval by the relevant Authority.
Surface water monitoring will be undertaken over the life of the Project at sensitive receptors to confirm the avoidance and mitigation measures are effective. In line with the requirements of the EMS described in Chapter 24 and relevant legislation, additional measures may be required during implementation to ensure risks and potential impacts have been minimised so far as reasonably practicable.
[bookmark: _Hlk90996835]Monitoring locations will be established with consideration to the source/activity, established/proposed avoidance and mitigation measures and sensitive receptors. The monitoring network will be augmented and adapted over the life of the Project to ensure the environmental impacts and risks are adequately characterised as the mine progresses. 
Surface water samples and water levels will be undertaken according to a schedule approved in the SWMP (Section 16.6.2.4). The surface water sampling analytical suite will be developed by a suitably qualified person such that it is aligned with the requirements of the ERS and will fully characterise the relevant risks and impacts associated with the Project. It is expected that the monitoring schedule and analytical suite will be reviewed periodically and amended over the life of the Project to ensure it remains relevant. Material changes will be communicated and approved via the SWMP. 
It is expected that the Dooen swamp will be monitored periodically during significant rainfall events. Process water dam levels will be routinely monitored to confirm freeboard levels are maintained. Process water and tails monitoring will form a part of the GWMP, as the potential impacts are more relevant to groundwater. 
If actual surface water effects are observed to be trending toward levels that may exceed the performance standards, modelling, or regulatory criteria, then a root cause investigation will be undertaken, and corrective actions/contingencies identified. Depending on the severity and nature of the potential impact, it is anticipated that the mine plan may be reviewed to determine if any changes or processing variables could be adjusted to minimise the observed adverse trend.
[bookmark: _Toc93327510][bookmark: _Toc126232279]Audits
Periodic internal and independent audits will be undertaken to assess the effectiveness of the EMS. An internal audit program will be maintained, which details the frequency, methods, responsibilities and reporting requirements. 
Audits will be undertaken by a suitably qualified person to assess the effectiveness of the EMS and associated management plans (including the SWMP) to minimise or avoid surface water impacts so far as reasonably practicable. Any non-conformity identified in the audit will be investigated and corrective actions identified. 
The outcomes of audits will be communicated to the Project’s Management team and records of the audit findings will be retained in the record management system. Significant findings will be reported to relevant Regulators and stakeholders where appropriate to do so. 
[bookmark: _Toc124259058][bookmark: _Toc126232217][bookmark: _Toc126232280][bookmark: _Toc124259059][bookmark: _Toc126232218][bookmark: _Toc126232281][bookmark: _Toc103093740][bookmark: _Toc103609241][bookmark: _Toc103093741][bookmark: _Toc103609242][bookmark: _Toc93327512][bookmark: _Toc126232282]Cumulative Impacts
The only major development known in proximity to the Avonbank Project is the Wimmera Intermodal Freight Terminal (WIFT) Precinct. The WIFT Precinct is currently being developed by Horsham Rural City Council and is at the beginning of its development, which is expected to take numerous years. In its fully developed state, the WIFT Precinct would likely contribute a higher volume of water to Dooen Swamp (given the increased impervious area) but the same peak flows as existing conditions (due to wetland and peak flow retardation infrastructure). An increased volume of run-off from the WIFT Precinct has the potential to partially offset reductions in flows from the proposed mining licence and WBA (even though this reduction has been shown to be negligible).
Other planned and proposed projects listed in Chapter 7 (Regional Setting) include mineral sands sites, road projects and windfarms within the region. None of these projects have overlapping surface water residual impacts that require consideration as part of this Chapter due to their location being some distance from the local catchment area.
[bookmark: _Toc83185289][bookmark: _Toc83185290][bookmark: _Toc83185291][bookmark: _Toc83185292][bookmark: _Toc83185293][bookmark: _Toc83185294][bookmark: _Toc83185295][bookmark: _Toc93327513][bookmark: _Toc126232283]Conclusions
This Chapter provides an overview of the Surface Water Impact Assessment prepared to address the EES Scoping Requirements for the Avonbank Mineral Sands Project.
The potential impacts on sensitive receptors associated with the Project activities were assessed as part of the Water Technology impact assessment. Consideration was given to potential impacts associated with riverine flooding and changes to surface water drainage and land inundation.
[bookmark: _Hlk113082073]Avoidance and mitigation measures were identified to reduce the residual impacts so far as reasonably practicable. Listed below are the key measures identified:
Slimes and sand tails will be co-disposed to the mining cell to avoid the construction of solar drying cells.
Process water storage capacity will be established to contain a 1% AEP storm event. 
Progressive rehabilitation of mined areas will be undertaken to minimise the disturbed area on average to less than 300 ha at any point in time over the life of mine.
An integrated mine planning process will be maintained to manage site drainage.
A water efficiency program will be developed and implemented to minimise water use so far as reasonably practicable.
A Surface Water Management Plan (SWMP) will be maintained to avoid and minimise risks/impacts so far as reasonably practicable.
[bookmark: _Hlk108775156]It was shown that the proposed mining licence and WBA would not be impacted by riverine flooding up to a 1% AEP. The Project will not result in a change to riverine flooding behaviour.
The local inundation modelling showed minor changes to ponding water levels up to around 0.3 m which were mostly isolated to the areas immediately surrounding the overburden stockpiles and mining pits. 
The mining footprint will reduce the local catchment area available to Dooen Swamp, however, the change to water availability is not expected to be material and the residual impacts were considered to be negligible.
The Project will retain and store all surface water on-site, inclusive of significant freeboard. There will be no residual water quality impacts to offsite areas or receiving waterways outside the operational areas. 
Cumulative surface water impacts from the nearby WIFT Precinct are unlikely to materially add to those generated by the Avonbank Project. There is no other material interaction with other projects in the area.
[bookmark: _Toc103093744][bookmark: _Toc103609245]The above residual impacts were all considered to be minor or negligible. Overall, the proposed Project work/activity is unlikely to result in significant surface water effects and it is anticipated that the associated impacts can be managed with avoidance and mitigation measures in place to achieve the evaluation objectives.
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