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Executive Summary 
Eastern Iron Limited (‘Eastern Iron’), through its wholly owned subsidiary Gippsland Iron Pty Ltd, 
proposes to develop the Nowa Nowa Iron Project (‘the Project’). The Project is a greenfield development 
of a high grade magnetite/hematite deposit generally referred to as ‘5 Mile’. It is located approximately 7 
km north of the township of Nowa Nowa, which is situated on the Princes Highway between Bairnsdale 
and Orbost in East Gippsland, Victoria.

Earth Systems has been commissioned by Eastern Iron to prepare this Surface and Groundwater 
Baseline and Assessment to support a referral to the Minister for Planning for advice as to whether an 
Environment Effects Statement is required for the Project pursuant to the Environment Effects Act 1978 
(‘EES Referral’).  

This report provides an evaluation of baseline hydrology, baseline hydrogeology and management 
strategies for potential hydrological, hydrogeological and downstream surface water and local 
groundwater quality impacts associated with the Project.   

Baseline Groundwater 

The baseline groundwater assessment is based on a review of existing literature and field data 
(groundwater levels and quality) collected by Earth Systems between April and July 2013.  Groundwater 
levels in the Project area range from approximately 40-50 m below ground level.  Groundwater 
contribution to local stream flows appears negligible in the Project area.  An assessment of groundwater 
levels in the proposed Project area indicates that local groundwater flow is towards the north-west.
Regionally, groundwater flow is generally from the recharge areas in the north and northwest, offshore to 
the south (DSE, 2010).  Discharge for aquifer units closer to the surface are likely to occur as baseflow to 
the lower reaches of the rivers and smaller creeks flowing over the coastal plains. However, such areas 
do not occur in the direct vicinity of the Project. Additional groundwater discharge will also occur to the 
Gippsland Lakes and other estuarine bodies (eg. Lake Tyers) (DSE, 2010).

Groundwater quality in the proposed Project area indicates near neutral (6.48-7.58) and moderate 
conductivity (2,010-4,050 μS/cm). Groundwater salinity is dominated by chloride (437-1,120 mg/L),
sodium (183-402 mg/L) and bicarbonate alkalinity (118–386 mg/L). Dissolved metal concentrations in the 
groundwater were very low and mostly within the SEPP Waters of Victoria water quality environmental 
objectives (2003).

Baseline Surface Water 

A number of creeks (permanent and ephemeral) exist in the vicinity of the Project area, including Boggy 
Creek, most of which drain into Lake Tyers.  The proposed Project is located on Gap Creek and Tomato 
Creek, which both drain into Harris Creek.  Harris Creek flows into Yellow Waterholes Creek, upstream of 
Boggy Creek which flows into Lake Tyers near the township of Nowa Nowa.   

Lake Tyers is situated to the east of the Gippsland Lakes system and Lakes Entrance and, whilst part of 
the Ramsar site, it is not connected to the Gippsland Lakes.  Lake Tyers is an estuary consisting of a 
main lake connected to two main riverine arms: Nowa Nowa and Toorloo.  Boggy Creek and Ironstone 
Creek (which does not drain the proposed Project) discharge into the Nowa Nowa arm of Lake Tyers.  
The estuary entrance is intermittently blocked from Bass Strait by a sand bar.

As the catchments draining the proposed Project area are ungauged, no long term surface water flow 
data are available.  From observations made during site visits and stream flow rate estimates, the creeks 
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draining the Project area are ephemeral with little to no flow during low rainfall periods and high flow / 
energy events during high rainfall events.

Surface water flow estimates were developed for the proposed Project area and receiving surface water 
catchments.  Surface water flow rate estimates at Harris Creek, approximately 0.5 km downstream of the 
proposed Project, are highly variable ranging from no flow up to approximately 5 m3/s.  The highest flow 
periods occur during the winter months associated with higher rainfall, while the lowest flow periods are 
expected to occur in late summer and early autumn.  Similar flow regimes are expected to occur in the 
receiving catchments downstream of the Project.  Estimated surface water flow rates in the downstream 
catchments are highly variable including: 

 Yellow Waterholes Creek, approximately 2.5 km downstream of the Project, estimated flow rates 
are expected to range from little to no flow up to approximately 95 m3/s. 

 Boggy Creek, downstream of the confluence with Yellow Waterholes Creek (approximately 5 km 
downstream of the Project), are expected to range from little to no flow up to approximately 
170 m3/s. 

 Boggy Creek, near the township of Nowa Nowa (approximately 15 km downstream of the 
Project), are expected to range from little to no flow up to approximately 185 m3/s. 

Water quality draining the proposed Project area in Harris and Boggy Creeks was generally of good 
quality, near neutral (6.16-8.11) with moderate salinity (259-1,040 μS/cm).  Salinity in the waters draining 
the Project is dominated by chloride (57-282 mg/L) and sodium (30-118 mg/L).  Dissolved metal 
concentrations in the Harris and Boggy Creeks were mostly within the SEPP Waters of Victoria 
environmental objectives (2003).

Ironstone Creek is an ephemeral creek located to the south of the proposed Project area that flows into 
Lake Tyers.  The proposed Project area does not drain to Ironstone Creek but surface water runoff from 
the decommissioned Nowa Nowa quarry (not associated with the proposed Project) flows into Ironstone 
Creek.  Some sulfidic minerals are present in the wallrock and waste rock at the Nowa Nowa quarry.  
Water quality in Ironstone Creek, downstream of the Nowa Nowa quarry, is characterised by an acidic pH 
(3.79-5.19) and elevated sulfate (21-265 mg/L) concentrations with respect to other local creeks (eg. 
Harris, Boggy and Yellow Waterholes Creeks). Some dissolved metal concentrations in the surface 
waters draining Ironstone Creek were elevated with respect to baseline levels monitored in other local 
creeks and SEPP Waters of Victoria environmental water quality objectives (2003).

Water quality in Lake Tyers is generally of good quality.  The water is near neutral (6.46-7.54) and salinity 
(895-57,200 μS/cm) ranges between freshwater and that of seawater (~50,000 μS/cm) depending on the 
site location (eg. upper / lower reaches of the Nowa Nowa arm) and whether the surrounding fresh water 
creeks are discharging fresh water to Lake Tyers (eg. during periods of high rainfall) or not (during late
summer and early autumn). Dissolved metal concentrations in Lake Tyers were mostly within the 
Victorian Riverine Estuaries (EPA, 2011) and nutrient concentrations in Lake Tyers were within the 
Victorian Riverine Estuaries (EPA, 2011).

Project Design and Water Management 

The development of any mining project has the potential to influence downstream hydrology,
hydrogeology and water quality including turbidity, acidity / alkalinity, salinity and metals, nutrients, 
pathogens and other hazardous materials.  However, the Project has been designed to minimise potential 
downstream impacts to surface water hydrology, hydrogeology and surface water and groundwater 
quality. 

Project water management and design features include: 
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 Use of a dry Low Intensity Magnetic Separation (LIMS) process for processing of ore. The dry 
and reagent-free process will significantly reduce the Project’s water requirements during 
operations. 

 Constraining the Project footprint to the Boggy Creek catchment (only) to limit potential 
hydrology/water quality impacts to this catchment alone (ie. avoiding potential impacts to the 
Hospital Creek catchment). 

 Location of the waste rock dump upstream of the pit to allow drainage to be captured in the pit 
post-closure, providing opportunity for passive water treatment (in the pit lake) and minimising 
possible requirements for active water treatment. 

 Location of the temporary low grade ore stockpile upstream of the pit to allow drainage to be 
captured during operations, with excess drainage associated with extreme storm events allowed 
to discharge into the open pit.  

 Backfilling of the open pit with potentially sulfidic waste rock and low grade ore (if unsold) post-
closure to allow for a permanent water cover (minimum of 2 m depth) to prevent sulfide oxidation. 

 Filling of the open pit with water post-closure and allowing the pit lake to overflow into Tomato 
Creek with a positive water balance. The spill level of the open pit lake is above the pre-mining 
groundwater table.  This means that wallrock material exposed post-closure, once the pit lake 
reaches the spill level, will not experience a change in geochemical environment as the material 
is already above the groundwater table with potential exposure to oxidation. 

 Construction of three water storages to capture site surface water runoff and facilitate mine water 
supply during operations. The three water storages are as follows: 

o Operations Water Storage, located immediately downstream of the open pit on Tomato 
Creek. 

o Sediment Control Dam, located downstream of the open pit and mine industrial area 
(MIA) on Gap Creek. 

o Clean Water Storage, located downstream of the Operations Water Storage and MIA on 
Tomato Creek, upstream of the confluence with Harris/Gap Creek. 

 The Operations Water Storage will be used to hold drainage from the waste rock dump, 
temporary low grade ore stockpile, open pit, ROM pad and stockyard and groundwater from pit 
dewatering (eg. water with potentially elevated salinity, dissolved metals and/or acidity) during 
operations by pumping from sumps at each drainage collection location. 

 During operations, the Operations Water Storage will be managed as follows: 

o Water for operational use will be preferentially abstracted from the Operations Water 
Storage to keep the water level as low as possible (to provide maximum capacity for high 
rainfall events).

o Apart from a small direct catchment area, all inflows into the Operations Water Storage 
are pumped from sumps around the mine site. Pumping from the various sumps will be 
managed so as to ensure that the Operations Water Storage does not exceed capacity. 

o During extreme storm events, pumping from the various sumps will need to be managed 
so as to ensure that the Operations Water Storage cannot exceed capacity. Excess 
drainage at the sumps upstream of the open pit (upper Tomato Creek and upper Gap 
creek) will  be allowed to discharge into the open pit, if required. 

o Surface seepage under the dam wall will be collected in a sump and pumped back into
the Operations Water Storage. 
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o Groundwater extracted for pit dewatering may be diverted to the Sediment Control Dam 
(to maintain environmental flows and offset up-stream capture of surface water) if 
operations water supply from the Operations Water Storage is sufficient. 

 Post-closure, the Operations Water Storage will be partially decommissioned as a polishing 
wetland to passively treat overflow from the pit lake. 

 The Sediment Control Dam will be used to hold drainage from the proposed Project facilities 
(excluding the pit, waste rock dump, temporary low grade ore stockpile, ROM pad and stockyard) 
located in the Gap Creek catchment and allow settlement of suspended sediments, before 
release. 

 All Project facilities will be arranged such that all drainage (excluding the pit, waste rock dump, 
temporary low grade ore stockpile and ROM pad) will be directed into Gap Creek upstream of the 
Sediment Control Dam. 

 During operations, the Sediment Control Dam will need to be managed as follows: 

o Water will be required from the Sediment Control Dam for mine water use if the 
Operations Water Storage is dry. 

o Excess water in the Sediment Control will be allowed to overflow via the spillway to 
release environmental flows to the downstream receiving environment, where possible.

 Post-closure, the Sediment Control Dam is to be decommissioned and the site rehabilitated if no 
alternative use for the dam is identified.

 The Clean Water Storage will be used to capture clean water to supplement site water resources. 
It will also provide another level of protection for the downstream environment in the extremely 
unlikely event of a failure in the Operations Water Storage.   

 During operations, the Clean Water Storage will need to be managed as follows:

o Water will be required from the Clean Water Storage for mine water use if the Operations 
Water Storage and Sediment Control Dam are dry.

o Water in the dam will be allowed to overflow via the spillway to release environmental 
flows to the downstream receiving environment, where possible.

 Post-closure, the Clean Water Storage is to be partially decommissioned as a polishing wetland 
(in addition to the decommissioned Operations Water Storage) to passively enhance water 
quality from the flooded open pit.   

 Post-closure, if groundwater inflows are not determined to be sufficient, one or all three water 
storage dams will be used to provide water to assist with the rapid filling of the open pit so as to
minimise the period that any sulfidic wallrock and backfilled mine materials are exposed.

 During construction, sewage will be removed from the Project by vacuum truck and transported to 
a waste water treatment plant. 

 A waste water treatment plant will be used to treat sewage during operations, and treated waste 
water will be recycled for use onsite via the Operations Water Storage. 

Incorporation of water management in the Project design and implementation of the management 
measures outlined in this report will result in a low residual impact to downstream hydrology and surface 
water quality and local hydrogeology (including groundwater levels and quality).
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Further Requirements 
The following measures will be required prior to construction in order to validate / refine hydrology and 
hydrogeology baseline estimates and water balance modelling: 

 Hydrology monitoring within the catchment of the proposed Project and Boggy Creek to allow for 
the refinement / validation of the baseline hydrology estimates and conceptual site water balance.

 Further baseline surface water quality monitoring at key monitoring sites within and downstream 
of the proposed Project.

 Further investigations into the local groundwater characteristics of the proposed Project site 
including: 

o Ongoing groundwater level monitoring. 

o Pumping tests in newly established piezometers in the proposed Project area. 

o Groundwater quality monitoring and sampling. 

It is not anticipated that the outcomes of these works will influence the management and mitigation 
measures proposed by this report, but simply provide increased confidence in the baseline evaluation and
water balance model.   
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1 Introduction 
1.1 Background 
Eastern Iron Limited (‘Eastern Iron’), through its wholly owned subsidiary Gippsland Iron Pty Ltd, 
proposes to develop the Nowa Nowa Iron Project (‘the Project’). The Project is a greenfield development 
of a high grade magnetite/hematite deposit generally referred to as ‘5 Mile’. It is located approximately 
7 km north of the township of Nowa Nowa, which is situated on the Princes Highway between Bairnsdale 
and Orbost in East Gippsland, Victoria (Figure 1.1).  

Earth Systems has been commissioned by Eastern Iron to prepare this Surface and Groundwater 
Baseline and Assessment to support a referral to the Minister for Planning for advice as to whether an 
Environment Effects Statement is required for the Project pursuant to the Environment Effects Act 1978 
(‘EES Referral’).  

This report provides an evaluation of baseline hydrology, baseline hydrogeology and management 
strategies for potential hydrological, hydrogeological and downstream surface water and local 
groundwater quality impacts associated with the Project.    

1.2 Objectives 
The objectives of this report are to: 

 Characterise the baseline hydrology and water quality of major streams and tributaries draining 
the Project area.  

 Characterise the baseline hydrogeology in the proposed Project area and down hydraulic 
gradient of proposed Project facilities. 

 Identify appropriate mitigation and management measures to minimise potential hydrology, 
hydrogeology and water quality impacts associated with the Project during construction, 
operations and post closure. 

 Assess the likely residual hydrology, hydrogeology and water quality impacts from the Project in 
the event that the proposed mitigation and management measures are implemented. 
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1.3 Scope of Works 
The scope of works is summarised as follows: 

 Review available data and literature relating to surface water and groundwater in the region of the 
proposed Project. 

 Conduct baseline surface water quality monitoring in the region of the proposed Project. 

 Conduct baseline groundwater monitoring in the Project area. 

 Estimate Project area and local hydrology. 

 Develop a site water management strategy and model for the proposed Project. 

 Develop a conceptual site water balance for the proposed Project. 

 Assessment of potential issues relating to hydrology, hydrogeology and water quality over the 
Project life, including construction, operations and post-closure. 

 Development of management strategies to minimise potential issues relating to hydrology, 
hydrogeology and water quality over the Project life, including construction, operations and post-
closure. 

1.4 Brief Project Description  
The Project involves an open cut mining operation from a single pit with dry processing at the site to 
upgrade the material to a saleable product. It is anticipated that the Project will produce up to 1Mt of ore 
per annum, over an initial mine life of 8-10 years. The mine will be operated using a local mining 
contractor and local employees (i.e. no FIFO workforce). 

It is proposed to transport the processed ore by road to the existing South East Fibre Exports (SEFE) 
wharf at the Port of Eden in Edrom, NSW. The majority of the transport route between the mine and the 
Port is via the Princes Highway. The material will be temporarily stockpiled before being loaded onto 50-
60,000 t vessels and exported to international markets.  

The main components of the Project at the mine site will include: 

Open Pit; 

Mine Infrastructure (includes the Run of Mine (ROM) pad, processing plant and Mine 
Operations Centre); 

Waste Rock Dump; 

Temporary Low Grade Ore Stockpile; 

Water Storage Infrastructure; 

Mine Access and Haul Roads; and 

Ancillary Infrastructure. 

These components are depicted in Figure 1.2, whilst further details of the Project are provided by the 
Project Description and Proposed Work Plan (EES Referral Attachment 1). 
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1.5 Regulatory Context 
A range of Commonwealth and State legislation is applicable to the Project, including policies and 
strategies that have been established for the protection of surface  and groundwaters. These are outlined 
in Table 1.1. 

Table 1.1:  Australian federal and Victorian state legislation, policies and strategies relevant to 
surface water and groundwater. 

Document Date Relevance to Water Management 
Commonwealth 

Environment Protection and Biodiversity 
Conservation Act  1999 

Triggers for the EPBC Act include Ramsar wetlands of 
international importance as well as threatened and endangered 
species and ecological communities.   

Wetland Policy of the Commonwealth 
Government of Australia  1997 

The Gippsland Lakes are designated as wetlands of 
international significance under the Ramsar convention.  The 
proposed Project ultimately drains through Harris and Boggy 
Creeks into the Gippsland lakes at Lake Tyers. 

Convention on Wetlands of International 
Importance (RAMSAR Convention) 1971 An international convention aiming to halt the loss / reduction in 

value of wetlands through use and management.   
State of Victoria 

Mineral Resources (Sustainable Development) 
Act  1990 

Aim to encourage mineral extraction in a way that is compatible 
with the environmental objectives of the State.  Operators are 
required to prepare and seek approval for a Work Plan, which 
includes management of water, monitoring and auditing 
requirements, discharge of water and that may have conditions 
imposed on the work plan that relate to the management of 
water. 

Mineral Resources Development (Mining) 
Amendment Regulations 2010 

Amendment to Mineral Resources Development Regulations 
(2002) to include the management of groundwater, with 
particular reference to mine stability. 

Environmental Protection Act  1970 

The legislative framework for the protection of the environment 
in Victoria.  The Act covers development of environmental 
objectives and control and licensing of discharges.  
Environmental impacts and discharges are subject to works 
approvals and licences.  State Environment Protection Policies 
(SEPP) have been established under the Environment 
Protection Act. 

State Environment Protection Policies (SEPP) 
Waters of Victoria 2003 

The SEPP sets a statutory framework for the protection of the 
uses and values of Victoria’s fresh and marine water 
environments including: 

The uses and values of the water environment that the 
community and government want to protect- these are 
known as beneficial uses. 
The objectives and indicators which describe the 
environmental quality required to protect beneficial uses. 
Guidance to catchment management authorities, coastal 
boards, water authorities, communities, businesses and 
local government and state government agencies to 
protect and rehabilitate water environments to a level 
where environmental objectives are met and beneficial 
uses are protected – this is known as the attainment 
program.
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Document Date Relevance to Water Management 

SEPP Groundwaters of Victoria 1997 
A policy to maintain and where necessary improve 
groundwater quality sufficient to protect existing and beneficial 
uses of groundwaters throughout Victoria. 

Water Act  1989 

Applies to surface waters and groundwaters in Victoria, 
encompassing river management, water supply, irrigation and 
wastewater management.  The act covers licensing 
requirements for water extraction / permits for construction 
works on waterways. 

Water Act (Irrigation Farm Dams) 2002 

Addresses all irrigation and commercial use of water from 
waterways, springs, soaks and dams.  A dam required for 
commercial use requires a surface water (“take and use”) 
licence, as well as licences for construction, operation and 
maintenance of a dam.  Surface water licences are subject to 
availability of water entitlements within a specific river 
catchment.  If surface water entitlements are fully allocated, a 
licence may be traded from an existing licence holder.  Dams 
that to not require a “take and use licence” but fall within other 
legislation include tailings storage facilities (TSF), settling 
ponds, and process dams (containing water recycled from 
processing). 

Catchment and Land Protection Act  1994 

Establish a framework for the integrated management and 
protection of land and water resources within catchments.  The 
Project is within the East Gippsland Catchment Management 
Authority (CMA).  Schedule 5 of the Act includes the Boggy 
Creek (Nowa Nowa) within a list of 124 proclaimed Special 
Water Supply Catchment Areas, although the Nowa Nowa 
town water supply is now pumped from the Mitchell River 
catchment, Toorloo Storage Basin near Lakes Entrance. 

Coastal Management Act 1995 
The objectives of the act include planning and management of 
the use of Victoria’s coastal resources and to maintain and 
improve coastal water quality. 

Planning and Environment Act  1987 

Planning decision made by local government in Victoria are 
done so within the framework established under the Planning 
and Environment Act.  The Nowa Nowa Project falls within the 
boundaries of the East Gippsland Shire Council.   

Safe Drinking Water Act (Vic) 2003 
Requires suppliers of water and water storage managers to 
establish and implement plans to manage risks in relation to 
potable water. 

Scheduled Premises and Exemptions 
Regulations 2007 Works approval and licensing will be required for any off-site 

discharges, although these are unlikely to be required. 
Strategies 

Draft Victorian Waterway Management Strategy 2012 
Outlines principles and management approach for rivers, 
estuaries, wetlands and approach to address climate change, 
drought, and flooding. 

Gippsland Region Sustainable Water Strategy 2011 

Evaluates regions water requirements over the next 50 years 
under a range of future climate scenarios.  Outlines water 
resource management actions and priorities to guide local 
water and catchment authorities.  

East Gippsland Regional Catchment Strategy 2012 
Regional planning tool for land water and biodiversity 
addressing all matters affecting land and water management in 
East Gippsland. 

East Gippsland Regional River Health Strategy 2005 

Includes five major programs: 
Protecting rivers that are of high community value from 
decline and maintaining the condiction of ecologically 
healthy rivers. 
Protecting rivers that do not have current impacts from 
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Document Date Relevance to Water Management 
widespread and invasive threats, but would decline if 
these threats were to appear. 
Achieving targeted improvements in the environmental 
condition of some of the other rivers in the region. 
Preventing damage from future activities. 
A community and agency education, consultation and 
involvement program. 

Streamflow Management Plans - No Streamflow Management Plans have been prepared for the 
waterways draining or downstream of the proposed Project. 

Management of Victoria’s Ramsar Wetlands 2002 

Includes a strategic directions statement with the purpose of: 
Establishing a management framework for the RAMSAR 
sites in a Victorian context. 
Addressing Australia’s obligations under the RAMSAR 
convention, particularly in relation to the maintenance of 
ecological character and the wide use of Victoria’s 
RAMSAR wetlands. 
Address the requirements of Government legislation, 
policy and planning in relation to the management of 
Victoria’s RAMSAR wetland sites. 
Set out the responsibilities of RAMSAR site managers 
and agencies.  

Gippsland Lakes Ramsar Site: Strategic 
Management Plan 2003 

Addresses the management of risks to the values of the 
Gippsland lakes RAMSAR wetlands including altered water 
regimes, salinity, pollution, pest plants and animals, resource 
utilisation, dredging, recreation and tourism, fire, and erosion. 
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2 Method 
2.1 Data Review 
The following information was reviewed in the preparation of the current study: 

 Meteorology data for Mount Nowa Nowa, Nowa Nowa, Wairewa, Buchan South, and Orbost 
(Sourced from the Bureau of Meteorology (BoM)).

 East Gippsland CMA Groundwater Model – Transient Model Development Report (GHD, 2008). 

 Protecting and Improving Our River Health:  The East Gippsland Regional River Health Strategy 
(2005-2010). 

 Hydrogeological Mapping of Southern Victoria (SRW, 2010). 

 Gippsland Lakes Ramsar Site – Strategic Management Plan (DSE, 2008). 

 Gippsland Lakes Blue-Green Algae Monitoring Program (EPA, 2008). 

2.2 Baseline Hydrology 
The Project catchment and downstream water courses are ungauged.  Baseline surface water flows at
various points within the Project area catchment and the downstream receiving water courses have been 
estimated.  Stream flow was estimated at the following locations in the proposed Project area and the 
surface water drainages downstream (Figure 2.1): 

 Harris Creek at Bruthen-Buchan Road; 

 Yellow Waterholes Creek downstream of confluence with Harris Creek; 

 Boggy Creek, downstream of confluence with Yellow Waterholes Creek; and

 Boggy Creek, upstream of Lake Tyers. 

Catchment areas for the surface water flow estimates were determined using 1 m LIDAR data over the 
proposed Project area and ASTER digital elevation model (DEM) layers over the region surrounding the 
proposed Project area.  AECOM (2013) used the RORB software program to develop an initial 
hydrological model for the catchment area.  In the absence of any flow gauging data for the catchment, 
AECOM’s model was calibrated using the Rational Method for runoff calculation, using the method set out 
in the Australian Rainfall and Runoff (AR &R) guidelines (AECOM, 2013).

Estimates for flows in various sub-catchments of the proposed Project area, as well as the receiving 
catchments upstream and downstream of the proposed Project area were then developed.  Source 
Catchments modelling software (developed by eWater CRC with Australian Water Balance Model 
(AWBM)) was used to provide estimates of historic stream flow in the proposed Project area and 
receiving surface water catchments.  Flow estimates were developed using the following input 
parameters / assumptions: 

 Daily BoM long term rainfall data at Nowa Nowa between 1949 and 2012. Note:  Rainfall from 
the Nowa Nowa BoM site was used instead of from Mt Nowa Nowa BoM site as long term rainfall 
data was only available from the Nowa Nowa BoM site. 
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 Mean daily evaporation data at Orbost (comparison site) between 1994 and 2011. 

 Default input parameters values were used and adjusted for representative values for south-
eastern Australia (Boughton, 2009) including: 

o Baseflow index (BFI): 0.32-0.33.

o Baseflow recession constant (Kbase): 0.966-0.980. 

o Surface runoff recession constant (Ksurf): 0.35. 

o Surface storage values (C-values) were adjusted to match the flow estimates from 
AECOM’s RORB model.

 No contribution of groundwater to stream baseflow. 

 Uniform properties run-off and storage properties over the entire catchment areas. 

 That the rainfall and evaporation input data are representative of the catchments. 

Flow gauging will need to be conducted in the Project catchment area and the Boggy Creek catchment,
prior to the proposed Project construction, to validate / refine the surface water flow estimates. It is not 
anticipated that the results of the flow gauging will impact on the management and mitigation measures 
proposed given that the Project is located in the upper reaches of the catchment. 
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Figure 2.1:  Local drainage map showing the locations for stream flow estimates and water quality 
monitoring and sampling sites.
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2.3 Baseline Water Monitoring Program 

2.3.1 Groundwater 

Groundwater levels were monitored in three exploration holes (NRC22, NRC27 and NRC30) (Figure 3.7).  
Water level loggers were installed in the three monitoring wells on the 4th of April 2013 and groundwater 
levels in the three wells have been logged every 30 minutes, with levels confirmed approximately monthly
by manually dipping the wells to determine the depth to groundwater. Groundwater levels were also 
measured in three new piezometers installed within the proposed Project area (NNPBH1, NNPBH2 and 
NNPBH3) (Figure 3.8).  Indicative local groundwater flow directions were determined from groundwater 
levels in the three exploration holes and two of the three new piezometers (NNPBH1 and NNPBH2).  
Groundwater levels from NNPBH3 were not included in the groundwater flow direction assessment as the 
piezometer is located on the other side of Tomato Creek. 

One set of groundwater quality samples was collected in June 2013 from the three groundwater 
monitoring wells within the proposed Project area.  The holes were purged of their full volume once prior 
to analysis.  Water quality parameters analysed in the field, using a multi-parameter water quality 
instrument (AquaRead GPS Aquameter), included: 

 pH; 

 Water temperature; 

 Electrical conductivity (EC); 

 Total dissolved solids (TDS); 

 Oxidation reduction potential (ORP); 

 Dissolved oxygen (DO); and

 Turbidity. 

Water samples were collected for submission to ALS analytical laboratory (National Association of 
Testing Authorities (NATA) accredited) in Springvale.  Water quality samples were preserved in 
laboratory supplied sample bottles and chilled in ice during transport to the laboratory.  Dissolved metals 
samples were field filtered through a 0.45 μm filter prior to preservation in the sample bottle. Laboratory 
analytical parameters included (detection limits provided in brackets): 

 General parameters including pH, EC, total dissolved solids (TDS). 

 Total hardness (1 mg/L as CaCO3), total alkalinity (1 mg/L as CaCO3), bicarbonate alkalinity 
(1 mg/L as CaCO3), carbonate alkalinity (1 mg/L as CaCO3) and hydroxide alkalinity (1 mg/L as 
CaCO3).

 Major cations and anions including calcium (Ca; 1 mg/L); magnesium (Mg, 1 mg/L), sodium (Na, 
1 mg/L), potassium (K, 1 mg/L), sulfate (SO4, 1 mg/L), chloride (Cl, 1 mg/L) and fluoride (F, 
1 mg/L).   

 Nutrients including ammonia as N (NH3-N, 0.01 mg/L), nitrite as N (NO2-N, 0.01 mg/L), nitrate as 
N (NO3-N, 0.01 mg/L), total Kjeldahl nitrogen (TKN, 0.1 mg/L), total nitrogen (N, 0.1 mg/L), total 
phosphorus (P, 0.01 mg/L) and reactive phosphorus (0.01 mg/L). 

 Total cyanide (0.004 mg/L). 

 Dissolved metals (full scan) analysed by inductively coupled plasma mass spectrometry (ICP-
MS). 
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Groundwater quality results have been compared with surface water quality guidelines, as groundwater 
will need to be extracted from the pit, given that mining of the open pit is to proceed below the water 
table.  The water quality objectives used for comparison with groundwater quality were State Environment 
Protection Policy (SEPP) Waters of Victoria (State Government of Victoria, 2003) environmental quality 
objectives for the segment – Cleared Hills and Coastal Plains: Lowlands of Yarra, Western Port, Latrobe, 
Mitchell, Tambo, Snowy, Thomson and Macalister catchments, which also define the relevant toxicants 
thresholds applied to the catchment from the ANZECC/ARMCANZ water quality guidelines (2000).  
Beneficial use and water quality objectives have been developed for the Gippsland Lakes (Schedule F3, 
SEPP Waters of Victoria); however these objectives do not encompass the Boggy Creek and Lake Tyers 
catchments. 

2.3.2 Surface Water 

Surface water quality monitoring sites were identified within the Project area, surface water catchments 
upstream and downstream of the Project area, and adjacent catchments to the proposed Project area.  
Surface water quality monitoring sites are shown in Figure 2.1 and are described in Table 2.1 below.

Selected water quality monitoring sites were first visited and sampled in August 2012 during the Initial 
Environmental Evaluation (IEE) undertaken by Earth Systems (2012).  Water quality monitoring for the 
EES referral commenced in February 2013.  Monitoring / sampling events were also conducted in April, 
May and July of 2013.  As a large proportion of sites were located on ephemeral streams, which only flow 
after significant rain events, monitoring / sampling events were timed to coincide with rain events, where 
possible.  Water quality parameters analysed in the field, using a multi-parameter water quality instrument 
(AquaRead GPS Aquameter), included: 

 pH; 

 Water temperature; 

EC; 

 TDS; 

 ORP; 

DO; and

 Turbidity. 

Water quality sampling was conducted in the middle of creeks and from the banks of Lake Tyers,
approximately 10 cm below the surface of the water, with the exception of oil and grease samples which 
were collected at the surface of the water body.

Water quality samples were submitted to ALS.  Water quality samples were preserved in laboratory 
supplied sample bottles and chilled in ice during transport to the laboratory.  Dissolved metals samples 
were field filtered through a 0.45 μm filter prior to preservation in the sample bottle.  Laboratory analytical 
parameters included (detection limits provided in brackets): 

 General parameters including pH, EC (1 μS/cm), total dissolved solids (TDS, 10 mg/L), total 
suspended solids (TSS, 5 mg/L). 

 Total hardness (1 mg/L as CaCO3), total alkalinity (1 mg/L as CaCO3), bicarbonate alkalinity 
(1 mg/L as CaCO3), carbonate alkalinity (1 mg/L as CaCO3) and hydroxide alkalinity (1 mg/L as 
CaCO3).
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 Major cations and anions including calcium (Ca; 1 mg/L); magnesium (Mg, 1 mg/L), sodium (Na, 
1 mg/L), potassium (K, 1 mg/L), sulfate (SO4, 1 mg/L), chloride (Cl, 1 mg/L) and fluoride (F, 
1 mg/L).   

 Nutrients including ammonia as N (NH3-N, 0.01 mg/L), nitrite as N (NO2-N, 0.01 mg/L), nitrate as 
N (NO3-N, 0.01 mg/L), total Kjeldahl nitrogen (TKN, 0.1 mg/L), total nitrogen (N, 0.1 mg/L), total 
phosphorus (P, 0.01 mg/L) and reactive phosphorus (0.01 mg/L). 

 Total cyanide (0.004 mg/L). 

 Dissolved (all monitoring events) and total (maximum of two monitoring events) metals (full scan) 
analysed by ICP-MS. 

 Total recoverable and dissolved mercury (Hg, 0.0001 mg/L) by flow injection mercury system 
(FIMS). 

 Oil and grease (5 mg/L). 

 Faecal (1 orgs/100 mL) and total (1 orgs/100 mL) coliforms.

As many as five sampling events have been conducted at selected sites, whereas at other sites only one 
sample has been collected if the site was not flowing during previous site visits.  Where mean, minimum 
and maximum values are presented, a minimum of two samples have been collected. 

Surface water quality results for freshwater creeks were compared with SEPP Waters of Victoria (State 
Government of Victoria, 2003) environmental quality objectives for the segment – Cleared Hills and 
Coastal Plains: Lowlands of Yarra, Western Port, Latrobe, Mitchell, Tambo, Snowy, Thomson and 
Macalister catchments, which also define the relevant toxicants thresholds applied to the catchment from 
the ANZECC/ARMCANZ (2000) water quality guidelines.

Surface water quality results from Lake Tyers have been compared with the following water quality 
guidelines: 

 Water quality guidelines for Victorian Riverine Estuaries (EPA, 2011). 

Water quality guidelines for protection of aquatic ecosystems – Estuaries (ANZECC/ARMCANZ, 
2000).

Surface water quality monitoring will continue to be undertaken prior to the construction of the proposed 
Project at key monitoring sites downstream of the proposed Project to further refine the baseline water 
quality results. 
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2.4 Conceptual Site Water Balance 
A conceptual site water balance was developed for the proposed Project.  The method and conceptual 
site water balance are provided in Annex A of this Report.   

2.5 Management of Project Water 
A site water management strategy has been developed in order to minimise potential impacts to 
downstream hydrology, local hydrogeology and surface water and groundwater quality during 
construction, operations and post-closure. Residual impacts associated with hydrology, hydrogeology 
and water quality (surface water and groundwater) were also identified. 
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3 Baseline Data 
3.1 Geology and Geomorphology 
Most of the regional area is composed of Neogene (late Tertiary) alluvial sediments.  These alluvial 
sediments form terraces and fan out from the uplands.  The lowlands are sandy loams overlying clays.  
There has been some structural movement with early deposits being dissected with sediment composed 
of organic matter and iron, and volcanic intrusions. 

The area is dominated by Palaeozoic acid volcanics, with lithosol soils (Bell, 1959).  The iron deposits are 
situated in the north-south trending Buchan Rift basin filled with felsic Thorkidaan Volcanics (lavas, 
ignimbrites and sediments), and the overlying Buchan Group of silurian limestones, calcareous mudstone 
and very minor volcanogenic clastics.  

Upper Ordovician graptolites are located at Gap Creek.  Ordovician slates also occur in Boggy Creek and 
Ironstone Creek.  Where the effect of regional stress-metamorphism and shearing has been strongest, 
the slates have been chloritized while sandy facies have been converted to quartzite. 

Intense faulting and shearing has been observed at the Five Mile outcrop.  A prominent belt of shearing, 
about 1 km wide, passes from Nowa Nowa, crosses Ironstone Creek, through the Five Mile outcrop and 
Iron Mask (iron and manganese outcrops north-east of Seven Mile outcrop) flanking the western edge of 
a narrow belt of Ordovician.  The iron-ore bodies, chloritized shales and Silurian limestones are 
associated with this wide shear zone. 

Some sulfides are present in the geologic materials in the area.  Secondary pyrite is present throughout 
the ore-body and there are regions of chloritic material and large pyrite crystals, where nearly half the 
material may be pyrite. 

The mineralization of the site is characterised by massive magnetite-haematite with lesser chlorite, 
talc/carbonates, pyrite, quartz with minor chalcopyrite.  Magnetite is late stage and replaces specular 
haematite.  The iron mineralisation is quite massive and at the 40 % Fe Cut-off there is little internal 
waste once the overburden is removed.  Chalcopyrite occurs with pyrite in veinlets in the high sulfide 
zones and is disseminated in magnetite, and as rims around pyrite and magnetite (McGee & Munro 
1971).  Gold and copper values are anomalous in the mineralised envelopes. 

A number of creeks (permanent and ephemeral) occur in the vicinity of the Project area, including Boggy 
Creek and Hospital Creek, most of which drain into Lake Tyers.  Five Mile deposit is located on Gap 
Creek, which flows into Boggy Creek via Harris Creek. 

The Project is located approximately 15 km upstream of the north-eastern extent of Lake Tyers, an 
estuary which forms part of the Gippsland Lakes Ramsar Wetland Site. Lake Tyers lies to the east of the 
Gippsland Lakes system, and is not connected to the rest of the Gippsland Lakes system.   

3.2 Climate 
The climate of East Gippsland is temperate, with a mean annual rainfall of approximately 863.4 mm
recorded at the township of Nowa Nowa.  Long term (1949-2012) meteorological records from the Nowa 
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Nowa station (Latitude: 37.73°S; Longitude: 148.10°E; Elevation: 30 m asl) indicate that the mean 
monthly rainfall varies between approximately 57 mm in February and 90 mm in June, with highest mean 
rainfall occurring in the months of June, November and December (Figure 3.1).   

An additional meteorological station is located at Mount Nowa Nowa (Latitude: 37.69°S; 
Longitude: 148.09°E; Elevation: 350 m asl), approximately 3.5 km south west of the proposed Project 
area.  Rainfall records are available between 1996 and 2012, with a mean annual rainfall at Mount Nowa 
Nowa of approximately 826 mm.  Meteorological records from the Mount Nowa Nowa station indicate that 
the mean monthly rainfall varies between approximately 56 mm in March and 94 mm in November, with 
highest mean rainfall occurring in the months of June, November and December (Figure 3.1).

Figure 3.1:  Mean monthly rainfall at Nowa Nowa (1949-2012) and Mount Nowa Nowa (1996-2012) 
(BoM, 2013).

The highest annual rainfall recorded at the Nowa Nowa station was 1,433.4 mm in 1978, with the lowest 
recorded annual rainfall occurring the following year in 1979.  Post-1978, the average annual rainfall 
recorded at Nowa Nowa (796 mm) is lower than the average annual rainfall recorded between 1949 and 
1978 (924 mm) (Figure 3.2). The highest annual rainfall recorded at the Mount Nowa Nowa station was 
1,309 mm in 2011.  The lowest recorded annual rainfall (566 mm) occurred in 2003 (Figure 3.2).  
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Figure 3.2: Annual rainfall at Nowa Nowa (1949-2012) and Mount Nowa Nowa (1996-2011); annual 
rainfall data was not available from the Nowa Nowa station for the years 1999, 2001, 2003, 2004, 
2006, 2009 and 2011 (BoM, 2013).

The closest meteorological station to the proposed Project area (approximately 30 km east of the 
proposed Project) that measured evaporation was the BoM station at Orbost (Latitude: 37.69°S; 
Longitude: 148.46°E; Elevation: 41 m asl).  Mean daily pan evaporation records were available from 1994 
until 2011.  Mean daily pan evaporation was highest in the month of January, 5 mm, and lowest in the 
month of June, 1.3 mm (Figure 3.3). The mean annual pan evaporation (1,110 mm) at Orbost exceeds 
mean annual rainfall at Nowa Nowa (863 mm) by approximately 250 mm. The average annual pan 
evaporation map produced for Australia (BoM, 2013) indicates that Orbost and the proposed Project area 
fall within the 1,000-1,200 mm average annual pan evaporation range.

0

300

600

900

1,200

1,500

19
49

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09

20
11

R
ai

nf
al

l (
m

m
/y

ea
r)

Year

Nowa Nowa

Mount Nowa Nowa



Nowa Nowa Iron Project  
EARTH SYSTEMS  Surface and Groundwater Baseline and Assessment

Rev3 33

Figure 3.3: Mean daily pan evaporation at Orbost (1994-2011) (BoM, 2013).

Figure 3.4: Average annual pan evaporation map of Australia (Source:  BoM, 2013).
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The closest meteorological station to the proposed Project area that measured temperature was the BoM 
station at Mount Nowa Nowa.  Mean daily temperature records were available from 1995 until 2012.  
Mean maximum daily temperature was highest in the month of January, 24.8 °C, and lowest in the month 
of July, 12.9 °C (Figure 3.5).

Figure 3.5:  Mean maximum daily temperature at Mount Nowa Nowa (1995-2012) (BoM, 2013).

3.3 Groundwater 
Regionally, groundwater flow is generally from the recharge areas in the north and northwest to offshore 
in the south (DSE, 2010).  Discharge for aquifer units closer to the surface are likely to occur as baseflow 
to the lower reaches of the rivers and smaller creeks flowing over the coastal plains. However, such 
areas do not occur in the direct vicinity of the Project. Additional groundwater discharge will also occur to 
the Gippsland Lakes and other estuarine bodies (eg. Lake Tyers) (DSE, 2010). 

Southern Rural Water (SRW, 2010) have prepared aquifer yield and salinity maps for the groundwater 
systems in South Eastern Victoria.  The aquifer yield and salinity maps include the proposed Project area, 
however the Project area is located on the margins of the mapped areas (AECOM, 2013b).  Aquifer 
salinity (total dissolved solids (TDS)) maps (SRW, 2010) indicate: 

 TDS concentrations between 1,000 - 3,500 mg/L for water table aquifers in the vicinity of the 
proposed Project area. 

 TDS concentrations between 500 – 3,500 mg/L for Lower Tertiary to mid Tertiary aquifers in the 
vicinity of the proposed Project area. 
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Theoretical aquifer bore yields were mapped and are based on a number of assumptions; actual bore 
yields may differ significantly (SRW, 2010).  Mapped theoretical aquifer bore yields in the vicinity of the 
proposed Project area (SRW, 2010) indicate: 

 Estimated yields of <1 L/s for water table aquifers. 

 Estimated yields of 1-10 L/s for Lower Tertiary to mid Tertiary aquifers. 

3.3.1 Groundwater Characteristics 

Groundwater levels were relatively constant over the monitoring period (Figure 3.6). Several significant 
rain events were recorded at Mount Nowa Nowa BoM station in May 2013 during the monitoring period 
(up to approximately 30 mm/day), however there were negligible changes in the groundwater levels in 
response to these rainfall events.  A significant decrease in the groundwater levels (~0.5 m) in all three 
bores was observed in mid-June, coinciding with the installation of three new monitoring bores in the 
proposed Project area and extraction of groundwater inflow to the new monitoring bores during 
installation.

Water levels ranged between approximately 37 m below ground level (NRC027) and 50 m below ground 
level (NRC022) during the monitoring period. Groundwater discharge / contribution to local stream flows 
appear negligible in the Project area. 

Groundwater level data indicate localised groundwater flow within the Project area from the south-east to 
a north-west direction (Figure 3.7); consistent with the local topography.  Regionally, groundwater is
expected to flow in a southerly direction with some discharge of groundwater potentially occurring in the 
lower reaches of Boggy Creek or Lake Tyers (DSE, 2010).  Groundwater flow directions in the south east 
of the proposed Project area are not known. 
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3.3.2 Groundwater Quality 

A one-off groundwater monitoring event was conducted in June 2013 in three monitoring wells located 
within the proposed Project area.  Summary tables for groundwater quality are provided in Annex C. 

The in-situ water quality parameters are summarised in Table C1 (Annex C).  Groundwater quality results 
have been compared with the relevant surface water quality criteria for the area, given groundwater will 
need to be extracted during operations in order to de-water the pit area ahead of open-cut mining below 
the water table. 

The key results from the field measurement of groundwater quality (Table C1, Annex C) include:

 Overall the in-situ water quality parameters indicate near neutral pH (6.35 - 7.51) and brackish 
water (1,965 – 3,974 μS/cm conductivity / 1,275 - 2,582 mg/L TDS).

 pH measurements from two of three monitoring bores (NNPBH1 and NNPBH2) were within 
ambient surface water quality environmental objectives (6.4-7.7; SEPP, 2003).

 EC measurements from none of the three monitoring bores were within ambient surface water 
quality environmental objectives (≤500 μS/cm; SEPP, 2003).

The laboratory groundwater quality parameters are summarised in Table C2 (Annex C).  The key results 
from the laboratory analysis of groundwater quality (Table C2, Annex C) include:

 General water quality parameters indicate near neutral pH (6.48 - 7.58) and moderate 
conductivity (2,010 – 4,050 μS/cm conductivity).

 Salinity in the groundwater is dominated by chloride (437- 1,120 mg/L), sodium (183 – 402 mg/L) 
and bicarbonate alkalinity (118 – 386 mg/L). 

 Dissolved metal concentrations were mostly within the ambient surface water quality 
environmental objectives (SEPP, 2003) with the following exceptions: 

o Dissolved copper concentrations (0.001 mg/L) from one of three monitoring bores 
(NNPBH2) were within the ambient surface water quality environmental objectives 
(0.0014 mg/L; SEPP, 2003).  However, dissolved copper concentrations (0.007 and 
0.002 mg/L) in the other two monitoring bores (NNPBH1 and NNBH3) were within the 
hardness adjusted surface water quality environmental objectives for copper 
(0.0126 mg/L; ANZECC/ARMCANZ, 2000). 

o Dissolved nickel concentrations (<0.001 and 0.003 mg/L) from two of three monitoring 
bores (NNPBH1 and NNBH3) were within the ambient surface water quality 
environmental objectives (0.011 mg/L; SEPP, 2003).  However, dissolved nickel 
concentrations (0.026 mg/L) in the other monitoring bore (NNPBH2) were within the 
hardness adjusted surface water quality environmental objectives for nickel (0.099 mg/L; 
ANZECC/ARMCANZ, 2000). 

o Dissolved zinc concentrations (0.017, 0.102 and 0.038 mg/L) in all monitoring bores were 
above the ambient surface water quality environmental objectives for zinc (0.008 mg/L; 
SEPP, 2003).  However, dissolved zinc concentrations in two of the three monitoring 
wells (NNPBH1 and NNBH3) were within the hardness adjusted surface water quality 
environmental objectives for zinc (0.072 mg/L; ANZECC/ARMCANZ, 2000). 

Total phosphorus concentrations (0.04 mg/L) in one of three of the monitoring bores (NNPBH1) 
were within the ambient water quality environmental objectives (0.045 mg/L; SEPP, 2003).
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3.4 Baseline Hydrology 
There are a number of creeks (permanent and ephemeral) that are located within the Project area and 
downstream of the Project area which ultimately drain to Lake Tyers.  The Five Mile deposit is located on 
Gap Creek and Tomato Creek, which drain into Harris Creek.  Harris Creek flows into Yellow Waterholes 
Creek upstream of Boggy Creek which flows into Lake Tyers at the town of Nowa Nowa. Lake Tyers is 
separate from the other lakes in the Gippsland Lakes system. 

As the catchments draining the Project area are ungauged, no long term surface water flow data are 
available.  From observations made during site visits, the creeks draining the Project area are ephemeral 
with little to no flow during dry periods and high flow / energy events during periods of high rainfall. 

Surface water flows were estimated for the catchments draining the proposed Project area using Source 
Catchments software (eWater CRC).  The assumptions used in the development of baseline flow rate 
estimates are outlined in Section 2.2.

Measurement of creek flow rates within the proposed Project area and downstream surface waters will be 
required to validate and refine these estimates, prior to Project construction. It is not anticipated that the 
outcomes of these works will influence the management and mitigation measures proposed by this report, 
but simply provide increased confidence in the baseline evaluation and water balance model. 

3.4.1 Proposed Project Area 

Surface water flow, approximately 500 metres downstream of the proposed Project area, was estimated 
on Harris Creek downstream of the confluence with Gap and Tomato Creeks, with a total catchment area 
of approximately 7.8 km2 (Figure 2.1). The location of the Project at the top of the catchment is reflected 
in a relatively small total catchment area of approximately 4.7 km2, and represents approximately 60 % of 
the catchment area for which flow rates have been estimated. Monthly statistics for flow estimates for 
Harris Creek are presented in Table 3.1. 

The theoretical flow rate estimates for Harris Creek, indicate that flow from Harris Creek is highly variable, 
ranging from no flow up to approximately 5 m3/s.  Highest flows occur in the months of June and July 
coinciding with the higher winter rainfall periods.  The lowest flows in Harris Creek are in late summer and 
early autumn coinciding with periods of lower rainfall and higher evaporation in these months. 

Table 3.1:  Theoretical flow rate estimates for Harris Creek (L/s) – monthly statistics based on 
Nowa Nowa rainfall data between 1949 and 2012 (BoM, 2013). 

Parameter
Estimated flow (L/s)

Min 25th%ile 50th%ile 75th%ile Max
Jan 0 0 0 1 1,500
Feb 0 0 0 1 1,500
Mar 0 0 0 1 1,000
Apr 0 0 0 1 1,500
May 0 0 0 5 1,500
Jun 0 0 1 10 4,500
Jul 0 0 5 15 2,500
Aug 0 0 1 10 2,000
Sep 0 0 1 5 2,000
Oct 0 0 1 5 2,000
Nov 0 0 0 5 1,000
Dec 0 0 1 5 2,500
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3.4.2 Local Catchments 

Theoretical surface water flow rate estimates were calculated for the receiving water catchments,
downstream of the propose Project area, at the following locations: 

 Yellow Waterholes Creek, downstream of the confluence with Harris Creek. 

 Boggy Creek, downstream of the confluence with Yellow Waterholes Creek. 

 Boggy Creek at Nowa Nowa, upstream of Lake Tyers. 

Monthly statistics for flow rate estimates for Yellow Waterholes Creek, downstream of the confluence with 
Harris Creek, are presented in Table 3.2.  Theoretical flow rates for Yellow Waterholes Creek, indicate 
that flow from Yellow Waterholes Creek is highly variable ranging from no flow up to approximately 
95 m3/s. Highest flows occur in the winter months of June and July coinciding with the higher winter 
rainfall periods.  The lowest months for flows in Yellow Waterholes Creek are between late summer and 
early autumn, coinciding with lower rainfall and higher evaporation. 

Theoretical estimates of annual flow rates in Boggy Creek, between 1949 and 2012, are highly variable 
indicating variation by up to a factor of approximately 4-5 above average annual flows and as low as a 
small fraction of the annual average flow. 

Similar patterns for estimated flows are observed for Boggy Creek downstream of the confluence with 
Yellow Waterholes Creek and at Nowa Nowa, upstream of Lake Tyers.  Monthly statistics for theoretical 
flow rate estimates for Boggy Creek are presented in Table 3.3 and Table 3.4.

Table 3.2:  Theoretical flow rate estimates (L/s) for Yellow Waterholes Creek, downstream of the 
confluence with Harris Creek – monthly statistics based on Nowa Nowa rainfall data between 1949 
and 2012 (BoM, 2013).   

Parameter
Estimated flow (L/s)

Min 25th%ile 50th%ile 75th%ile Max

Jan 0 1 5 25 22,500

Feb 0 0 5 25 29,500

Mar 0 0 1 15 15,500

Apr 0 0 1 20 29,000

May 0 0 5 60 30,500

Jun 0 0 20 205 93,000

Jul 0 5 55 265 52,500

Aug 0 5 30 165 42,000

Sep 0 1 20 105 43,500

Oct 0 1 10 50 30,500

Nov 0 0 5 65 21,000

Dec 0 1 15 50 53,500
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Table 3.3:  Theoretical flow rate estimates (L/s) for Boggy Creek, downstream of the confluence 
with Yellow Waterholes Creek – monthly statistics based on Nowa Nowa rainfall data between 
1949 and 2012 (BoM, 2013).

Parameter
Estimated flow (L/s)

Min 25th%ile 50th%ile 75th%ile Max

Jan 0 1 10 45 41,000

Feb 0 1 5 45 53,000

Mar 0 0 5 30 28,500

Apr 0 0 5 40 53,000

May 0 0 10 115 55,000

Jun 0 0 35 375 169,000

Jul 0 5 100 485 95,500

Aug 0 5 50 305 76,000

Sep 0 5 50 190 79,000

Oct 0 1 20 90 55,500

Nov 0 1 10 115 37,500

Dec 0 1 24 90 97,000

Table 3.4:  Theoretical flow rate estimates (L/s) for Boggy Creek at Nowa Nowa, upstream of Lake 
Tyers – monthly statistics based on Nowa Nowa rainfall data between 1949 and 2012 (BoM, 2013).

Parameter
Estimated flow (L/s)

Min 25th%ile 50th%ile 75th%ile Max

Jan 0 1 10 50 45,000

Feb 0 1 5 45 58,500

Mar 0 0 5 35 31,500

Apr 0 0 5 40 58,500

May 0 0 10 125 61,000

Jun 0 0 40 410 186,000

Jul 0 5 105 535 105,000

Aug 0 10 65 335 83,000

Sep 0 5 35 210 87,000

Oct 0 1 20 100 61,000

Nov 0 1 10 125 41,500

Dec 0 1 25 100 107,000

3.4.3 Potential Effects of Climate Change 

Potential effects of climate change up to the year 2060 on stream flow in Gippsland are presented in the 
Gippsland Region Sustainable Water Strategy (DSE, 2011).  Potential effects to stream flows are 
provided for a range of potential future climate projections (DSE, 2011): 

 Scenario A – Potential low impact scenario:  Low end of predictions using CSIRO 2011 estimates 
– ‘Wet’ CSIRO projection.

 Scenario B – Potential medium impact scenario:  Middle of the set of predictions using CSIRO 
2011 estimates – ‘Median’ CSIRO 2011 projection.
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 Scenario C – Potential high impact scenario:  High end of predictions using CSIRO 2011 
estimates – ‘Dry’ CSIRO 2011 projection.

The potential impact of each scenario on stream flow within the Tambo River Basin, which the Project is 
located within, was modelled by CSIRO. The modelling indicates significant reductions in long-term 
annual average stream flows within the Tambo River Basin under the medium and high potential impact 
scenarios, with reductions of up to 20 % and 42 % respectively by the year 2060 (DSE, 2011). 

3.5 Surface Water Quality 
Baseline water quality monitoring sites have been grouped into the following regions: 

 Harris and Yellow Waterholes Creeks. 

 Boggy Creek. 

 Ironstone Creek. 

 Bill and Hospital Creeks. 

 Lake Tyers. 

Water quality monitoring sites and the rationale for each site are described in detail in Section 2.3.2. 

Water quality monitoring results, for the various creeks in the proposed Project area and surrounds, are 
discussed below.  Summary tables of the results of the water quality monitoring program are provided in 
Annex C.  The laboratory reports, from ALS Laboratory Springvale, for each monitoring event are 
provided in Annex D. 

3.5.1 Harris Creek and Yellow Waterholes Creek 

Harris Creek is an ephemeral creek draining the proposed Project area.  Tomato Creek and Gap Creek 
are the major tributaries and also drain the proposed Project area.  The Harris Creek catchment is located 
within the Tara and Kenny State Forests (Figure 2.1).

The water quality monitoring site NOWA2 is located on Harris Creek directly downstream of the Project 
area and the confluence with Tomato and Gap Creeks (Plate 3.1).  It is located within a forested area, 
with some sections of the forest recently subjected to logging.

Yellow Waterholes Creek is an ephemeral creek.  Harris Creek is a tributary of Yellow Water Holes 
Creek, and Yellow Waterholes Creek discharges into Boggy Creek.   

The water quality monitoring site NOWA 11 is located on Yellow Waterholes Creek, upstream of the 
Project area and the confluence with Harris Creek (Plate 3.1).  The monitoring site is located downstream 
of agricultural activity including pasture and cattle grazing land. 



Nowa Nowa Iron Project  
EARTH SYSTEMS  Surface and Groundwater Baseline and Assessment

Rev3 43

Plate 3.1:  Photos of Harris Creek (top) and Yellow Waterholes Creek (bottom). 

Baseline in-situ water quality data for Harris Creek and Yellow Waterholes Creek are summarised in 
Table C3 (Annex C).  The key results include:

 Overall the in-situ water quality parameters indicate near neutral pH (6.18 - 7.12) and low to 
moderate salinity (238 – 562 μS/cm). 

 Maximum pH (7.12 and 6.48) measurements at both monitoring sites (NOWA2 and NOWA11) 
were within ambient surface water quality environmental objective (6.4-7.7; SEPP, 2003).

 Mean, minimum and maximum EC measurements (390 μS/cm, 238-489 μS/cm) at Harris Creek 
were within ambient surface water quality environmental objective (≤500 μS/cm; SEPP, 2003).

 Mean and minimum EC measurements (494 and 426 μS/cm) at Yellow Waterholes were within 
ambient surface water quality environmental objective (≤500 μS/cm; SEPP, 2003).

 The water was very clear with all turbidity measurements recorded as 0 NTU, within the 
environmental water quality objective (≤10 NTU; SEPP, 2003). 

Dissolved oxygen values at both Harris Creek and Yellow Waterholes Creek were below of
ambient surface water quality environmental objective (85-110%; SEPP, 2003).

Baseline laboratory water quality data for Harris Creek and Yellow Waterholes Creek are summarised in 
Table C4 (Annex C).  Overall laboratory results indicate relatively good water quality in Harris Creek and 
Yellow Waterholes Creek.  The key results include:
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 General water quality parameters indicate near neutral pH (6.16 – 6.96) and moderate salinity 
(259 – 477 μS/cm).

 Salinity in the water at Harris Creek and Yellow Waterholes Creek is characterised by high 
chloride (57- 133 mg/L) and sodium (30 – 61 mg/L) concentrations. 

 Dissolved metal concentrations were generally within the ambient surface water quality 
environmental objectives (SEPP, 2003) with the following exceptions: 

o Minimum and maximum dissolved aluminium (0.11-0.35 mg/L) concentrations at Harris 
Creek were above the surface water quality environmental objective for aluminium 
(0.055 mg/L; SEPP, 2003). 

o Dissolved aluminium (0.14 mg/L) concentrations at Yellow Waterholes Creek were above 
the surface water quality environmental objective for aluminium (0.055 mg/L; SEPP, 
2003). 

o Dissolved copper concentrations (0.002 mg/L) at Yellow Waterholes Creek were above 
the ambient surface water quality environmental objective (0.0014 mg/L; SEPP, 2003) 
but was within the hardness adjusted surface water quality environmental objective for 
copper (0.027 mg/L; ANZECC/ARMCANZ, 2000). 

 Total metal concentrations were generally within the ambient surface water quality environmental 
objectives (SEPP, 2003) with the following exceptions: 

o Total aluminium (3.14 and 0.63 mg/L) concentrations at Harris Creek and Yellow 
Waterholes Creek were above surface water quality environmental objective for 
aluminium (0.055 mg/L; SEPP, 2003). 

o Total chromium (0.002 mg/L) concentrations at Harris Creek were slightly above the 
ambient surface water quality environmental objective for chromium (0.001 mg/L; SEPP, 
2003).   

o Total copper concentrations (0.004 mg/L) at Yellow Waterholes Creek were slightly 
above ambient surface water quality environmental objective (0.0014 mg/L; SEPP, 
2003).   

o Total zinc (0.065 mg/L) concentrations at Yellow Waterholes Creek were above ambient 
surface water quality environmental objectives for zinc (0.008 mg/L; SEPP, 2003).   

Nutrient concentrations, including total nitrogen (0.6 mg/L) and total phosphorus (0.03 mg/L), at 
Yellow Waterholes Creek (upstream site) were higher than Harris Creek, however were within 
ambient surface water quality environmental objectives (0.6 and 0.045 mg/L; SEPP, 2003).

3.5.2 Boggy Creek 

Boggy Creek is an ephemeral creek which discharges into the Nowa Nowa Wetlands at the northern end 
of the Nowa Nowa Arm of Lake Tyers.  The Project area drains into Boggy Creek via Harris and Yellow 
Waterholes Creek (Figure 2.1). Boggy Creek passes through the Kenny and Tara State Forests, where 
land use includes agriculture and forestry. Three sites were monitored on Boggy Creek (Plate 3.2) 
including: 

 NOWA1 – Boggy Creek, downstream Yellow Waterholes Creek. 

 NOWA6 – Boggy Creek at Nowa Nowa, upstream of Lake Tyers. 

 NOWA14 – Boggy Creek, upstream of Yellow Waterholes Creek (ie. upstream of potential 
influence from the proposed Project). 
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Plate 3.2:  Boggy Creek water quality monitoring sites NOWA 1 (top left), NOWA 6 (top right) and 
NOWA14 (bottom). 

Baseline in-situ water quality data for Boggy Creek are summarised in Table C5 (Annex C).  The key 
results include:

 Overall the in-situ water quality parameters indicate near neutral pH (5.54 - 7.91) and low to high 
salinity (70 – 1,368 μS/cm). 

 Mean and maximum pH at NOWA1 (6.57 and 7.25), mean and minimum pH at NOWA6 (7.08 
and 6.42) and maximum pH at NOWA14 (7.21) were within ambient surface water quality 
environmental objectives (6.4-7.7; SEPP, 2003).

 Minimum EC at NOWA1 and NOWA6 (70 and 276 μS/cm) were within ambient surface water 
quality environmental objectives (≤500 μS/cm; SEPP, 2003). Minimum and mean EC 
measurements (297 and 450 μS/cm) at NOWA14 were within ambient surface water quality 
environmental objectives. 

 The water was very clear to turbid with turbidity measurements ranging between 0 and 53 NTU, 
maximum turbidity measurements at NOWA1, NOWA6 and NOWA14 were all above ambient 
water quality environmental objectives (≤10 NTU; SEPP, 2003). 

Mean and maximum dissolved oxygen concentrations at NOWA6 (86.9 % and 107.9 %) were 
within ambient water quality environmental objectives (85-110%; SEPP, 2003).  Dissolved 
oxygen values at both NOWA1 and NOWA14 were below of ambient surface water quality 
environmental objectives (85-110%; SEPP, 2003).
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Baseline laboratory water quality data for Boggy Creek are summarised in Table C6 (Annex C).  Overall 
laboratory results indicate relatively good water quality in Boggy Creek.  The key results include:

 General water quality parameters indicate near neutral pH (6.29 – 8.11) and moderate to high 
salinity (281 – 1,040 μS/cm). 

 Salinity at NOWA1, NOWA6 and NOWA14 is dominated by chloride (60- 282 mg/L) and sodium 
(33 – 118 mg/L). 

 Dissolved metal concentrations were mostly within the ambient surface water quality 
environmental objectives (SEPP, 2003) with the following exceptions: 

o Dissolved aluminium (0.32 mg/L) concentrations at NOWA14 were above the surface 
water quality environmental objective for aluminium (0.055 mg/L; SEPP, 2003).   

o Minimum, mean and maximum dissolved aluminium concentrations at NOWA1 (0.08-
0.20 mg/L) and mean and minimum dissolved aluminium concentrations at NOWA6 
(0.09-0.32 mg/L) were above the surface water quality environmental objective for 
aluminium (0.055 mg/L; SEPP, 2003). 

o Maximum dissolved boron concentrations (0.51 mg/L) at NOWA6 were above the surface
water environmental objective for boron (0.37 mg/L; SEPP, 2003). 

o Dissolved copper concentrations (0.002 mg/L) at NOWA1 were slightly above the 
ambient surface water quality environmental objective (0.0014 mg/L; SEPP, 2003) but 
was within the hardness adjusted surface water quality environmental objective for 
copper (0.0031 mg/L; ANZECC/ARMCANZ, 2000). 

o Mean and maximum dissolved copper concentrations (0.002 mg/L) at NOWA6 were 
slightly above the ambient surface water quality environmental objective (0.0014 mg/L; 
SEPP, 2003) but within the hardness adjusted surface water quality environmental 
objective for copper (0.0047 mg/L; ANZECC/ARMCANZ, 2000). 

o Maximum dissolved copper concentrations (0.0032 mg/L) at NOWA14 were slightly 
above the ambient surface water quality environmental objective (0.0014 mg/L; SEPP, 
2003) and also the hardness adjusted surface water quality environmental objective for 
copper (0.002 mg/L; ANZECC/ARMCANZ, 2000). 

 Total metal concentrations were mostly within the ambient surface water quality environmental 
objectives (SEPP, 2003) with the following exceptions: 

o Total aluminium (1.04 and 2.00 mg/L) concentrations at NOWA1 and NOWA14 were 
above the surface water quality environmental objective for aluminium (0.055 mg/L; 
SEPP, 2003).

o Mean and maximum total aluminium (0.67 and 1.31 mg/L) concentrations at NOWA6 
were above the surface water quality environmental objective for aluminium (0.055 mg/L; 
SEPP, 2003). 

o Total copper concentrations (0.003 mg/L) at NOWA1 were slightly above ambient surface 
water quality environmental objectives (0.0014 mg/L; SEPP, 2003).   

o Total copper concentrations (0.005 mg/L) at NOWA14 were slightly above ambient 
surface water quality environmental objectives (0.0014 mg/L; SEPP, 2003).   

o Total zinc (0.01 mg/L) concentrations at NOWA1 were slightly above ambient surface 
water quality environmental objectives for zinc (0.008 mg/L; SEPP, 2003).   

o Total zinc concentrations (0.03 mg/L) at NOWA14 were above ambient surface water 
quality environmental objectives for zinc (0.008 mg/L; SEPP, 2003).   

Total phosphorus concentrations were within ambient surface water quality environmental 
objectives at NOWA1 and NOWA14 (0.045 mg/L; SEPP, 2003). Mean and maximum total 
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phosphorus concentrations at NOWA6 (0.06 and 0.12 mg/L) were above ambient surface water 
quality environmental objectives. 

3.5.3 Ironstone Creek 

The source of Ironstone Creek is located to the south of Mount Nowa Nowa, approximately 2 km south of 
the Project area.  The Project area does not drain to Ironstone Creek, however Ironstone Creek does 
drain into Lake Tyers (Figure 2.1).  Runoff from the decommissioned Nowa Nowa quarry, near the town 
of Nowa Nowa, is released into Ironstone Creek upstream of Nowa Nowa-Buchan Road.  Some sulfidic 
minerals have been observed in the quarry wallrock and waste rock.  Iron (red colouring) staining is 
visible on some of the rocks in the creek and iron (Fe3+) precipitates were observed in the Creek in 
August 2012. 

The water quality monitoring site NOWA3 is located on Ironstone Creek directly downstream of the 
decommissioned Nowa Nowa quarry (Plate 3.3). 

Plate 3.3:  Ironstone Creek water quality monitoring site NOWA3 (top) and the decommissioned 
Nowa Nowa quarry (bottom). 

Baseline in-situ water quality data for Ironstone Creek are summarised in Table C7 (Annex C).  The key 
results include:
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 Field measurements indicate that the water quality in Ironstone Creek at NOWA3 is influenced by 
the oxidation of sulfidic minerals from the decommissioned Nowa Nowa quarry. 

 Overall the in-situ water quality parameters indicate acidic pH (3.82 - 4.87) and low to high 
salinity (133 – 1,483 μS/cm). 

 Minimum, mean and maximum pH in Ironstone Creek (3.82, 4.18 and 4.87) were lower than the
ambient surface water quality environmental objective (6.4-7.7; SEPP, 2003).

 Minimum EC in Ironstone Creek (133 μS/cm) was within the ambient surface water quality 
environmental objective (≤500 μS/cm; SEPP, 2003). Mean and maximum EC (832 and 
1,483 μS/cm) were above the ambient surface water quality environmental objective. 

 The water was very clear with turbidity measurements ranging between 0 and 10.5 NTU 
generally within the ambient water quality environmental objective (≤10 NTU; SEPP, 2003). 

Maximum dissolved oxygen concentrations in Ironstone Creek (86.9 %) was within the ambient 
water quality environmental objective (85-110%; SEPP, 2003).  Mean and minimum dissolved 
oxygen concentrations were below the ambient water quality environmental objective. 

Baseline laboratory water quality data for Ironstone Creek are summarised in Table C8 (Annex C).  The 
key results include:

 Water in Ironstone Creek is likely to be influenced by the oxidation of sulfidic minerals and is 
characterised by acidic pH, elevated sulfate concentrations (with respect to baseline water quality 
in other local creeks) and some elevated dissolved metal concentrations with respect to ambient 
surface water quality environmental objectives (SEPP, 2003) and baseline water quality in other 
local creeks. 

 General water quality parameters indicate acidic pH (3.79 – 5.19) and moderate to high salinity 
(239 – 1,340 μS/cm). 

 Salinity in the water in Ironstone Creek is dominated by sulfate (21 - 265 mg/L), chloride (49 - 
248 mg/L) and sodium (28 – 125 mg/L). 

 Dissolved metal concentrations were generally within the ambient surface water quality 
environmental objectives (SEPP, 2003) with the following exceptions: 

o Minimum, mean and maximum dissolved aluminium concentrations in Ironstone Creek 
(0.61, 3.37 and 7.42 mg/L) were well above the surface water quality environmental 
objective for aluminium (0.055 mg/L; SEPP, 2003). 

o Maximum dissolved cadmium (0.0003 mg/L) concentrations in Ironstone Creek were 
slightly above the surface water quality environmental objective for cadmium 
(0.0002 mg/L; SEPP, 2003) but within the hardness adjusted surface water quality 
environmental objective for cadmium (0.0014 mg/L; ANZECC/ARMCANZ, 2000). 

o Minimum, mean and maximum dissolved copper concentrations (0.008, 0.059 and 
0.133 mg/L) in Ironstone Creek were above the ambient surface water quality 
environmental objective (0.0014 mg/L; SEPP, 2003) and also above their respective 
hardness adjusted surface water quality environmental objectives (0.0019, 0.0057, 
0.009 mg/L; ANZECC/ARMCANZ, 2000). 

o Mean and maximum dissolved nickel concentrations (0.016 and 0.033 mg/L) in Ironstone 
Creek were slightly above the ambient surface water quality environmental objective for 
nickel (0.011 mg/L; SEPP, 2003) but within the hardness adjusted surface water quality 
environmental objectives (0.045 and 0.073 mg/L; ANZECC/ARMCANZ, 2000). 

o Mean and maximum dissolved zinc concentrations (0.017 and 0.033 mg/L) at NOWA3 
were above the ambient surface water quality environmental objective for zinc 
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(0.008 mg/L; SEPP, 2003) but within the hardness adjusted surface water quality 
environmental objectives for zinc (0.032 and 0.053 mg/L; ANZECC/ARMCANZ, 2000). 

 Total metal concentrations were generally within the ambient surface water quality environmental 
objectives (SEPP, 2003) with the following exceptions: 

o Minimum, mean and maximum total aluminium (2.10, 5.27 and 8.43 mg/L) concentrations 
in Ironstone Creek were above the surface water quality environmental objective for 
aluminium (0.055 mg/L; SEPP, 2003).   

o Mean and maximum total cadmium (0.0002 and 0.0004 mg/L) concentrations in 
Ironstone Creek were slightly above the surface water quality environmental objective for 
cadmium (0.0002 mg/L; SEPP, 2003).   

o Minimum, mean and maximum total copper concentrations (0.008, 0.078 and 
0.148 mg/L) were above the ambient surface water quality environmental objective 
(0.0014 mg/L; SEPP, 2003).   

o Mean and maximum dissolved nickel concentrations (0.015 and 0.028 mg/L) were above 
the ambient surface water quality environmental objective for nickel (0.011 mg/L; SEPP, 
2003).   

o Mean and maximum total zinc (0.022 and 0.042 mg/L) concentrations at NOWA3 were 
above the ambient surface water quality environmental objective for zinc (0.008 mg/L; 
SEPP, 2003).   

Minimum total phosphorus concentrations were within the ambient surface water quality 
environmental objective in Ironstone Creek (0.045 mg/L; SEPP, 2003) but mean and maximum 
total phosphorus concentrations (0.05 and 0.09 mg/L) were above the ambient surface water 
quality environmental objective.

3.5.4 Hospital Creek Catchment 

Hospital Creek flows in a southerly direction, passing approximately 5 km to the east of the proposed 
Project.  Bill Creek is located to the south-east of the proposed Project and flows south through the small 
township of Wairewa.  Bill Creek and Hospital Creek both flow through areas of intense agricultural 
activity upstream of the town of Tostaree.  Bill Creek joins Hospital Creek several kilometres south of the 
township of Wairewa and Hospital Creek then flows to the south-east towards the coast.  The Hospital 
Creek catchment is not a tributary of Lake Tyers and surface water discharge from the proposed Project 
is not expected to influence this catchment (Figure 2.1), but was monitored to determine if it may be a 
suitable reference catchment.

Three sites were monitored in the Hospital Creek catchment including (Plate 3.4): 

 NOWA7 – Bill Creek, upstream of confluence with Hospital Creek. 

 NOWA8 – Hospital Creek, upstream of Wairewa and confluence with Bill Creek. 

 NOWA9 – Hospital Creek at Tostaree, downstream of confluence with Hospital Creek. 
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Plate 3.4:  Bill Creek water quality monitoring site NOWA7 (top left) and Hospital Creek site 
NOWA8 (top right) and NOWA9 (bottom). 

The in-situ water quality parameters for the Hospital Creek catchment are summarised in Table C9 
(Annex C).  The key results include:

 Overall the in-situ water quality parameters indicate near neutral pH (5.82 – 8.02) and moderate 
to high salinity (101 – 1,946 μS/cm). 

Mean pH measurements in Hospital Creek at NOWA9 (7.06) was within the ambient surface 
water quality environmental objective (6.4-7.7; SEPP, 2003).

 Minimum, mean and maximum EC measurements (101, 209 and 317 μS/cm) in Bill Creek at 
NOWA7 were within the ambient surface water quality environmental objective (≤500 μS/cm; 
SEPP, 2003).

 Minimum EC measurements (269 and 451 μS/cm) in Hospital Creek at NOWA8 and NOWA9 
were within the ambient surface water quality environmental objective (≤500 μS/cm; SEPP, 
2003).

 The water in Bill Creek and Hospital Creek ranges from very clear to slightly turbid, with turbidity 
measurements ranging from 0 up to 28 NTU, above the ambient surface water quality 
environmental objective (≤10 NTU; SEPP, 2003). 

The maximum dissolved oxygen concentration in Hospital Creek at NOWA9 (94.3) was within the 
ambient water quality environmental objective (85-110%; SEPP, 2003). All other dissolved 
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oxygen readings in Hospital Creek, at NOWA8 and NOWA9, were below the ambient water 
quality environmental objective.

The laboratory water quality parameters are summarised in Table C10 (Annex C).  Overall laboratory 
results indicate relatively good water quality with moderate to high salinity. Overall, baseline water quality 
results obtained so far indicate that Bill and Hospital Creeks may be a suitable reference for the creeks 
draining the proposed Project. The key results include:

 General water quality parameters in Bill and Hospital Creeks indicate near neutral pH (6.24–8.02)
and moderate to high salinity (294–2,250 μS/cm). 

 Salinity in the water at Bill Creek at NOWA7 and Hospital Creek at NOWA9 and NOWA10 are 
dominated by elevated chloride (69-634 mg/L), sodium (38 – 310 mg/L) and bicarbonate alkalinity 
(9–245 mg/L). 

 Dissolved metal concentrations were mostly within the ambient surface water quality 
environmental objectives (SEPP, 2003) with the following exceptions: 

o Dissolved aluminium and maximum dissolved aluminium concentrations in Hospital 
Creek at NOWA8 (0.32 mg/L) and NOWA9 (0.061 mg/L) were above the surface water 
quality environmental objective for aluminium (0.055 mg/L; SEPP, 2003). 

o Dissolved aluminium concentrations in Bill Creek at NOWA7 (0.2 mg/L) were above the
surface water quality environmental objective for aluminium (0.055 mg/L; SEPP, 2003). 

o Maximum dissolved copper concentrations in Hospital Creek at NOWA9 (0.002 mg/L) 
were slightly above the ambient surface water quality environmental objective 
(0.0014 mg/L; SEPP, 2003) but within the hardness adjusted surface water quality 
environmental objective for copper (0.0023 mg/L; ANZECC/ARMCANZ, 2000). 

 Total metal concentrations were generally within the ambient surface water quality environmental 
objectives (SEPP, 2003) with the following exceptions: 

o Total aluminium in Hospital Creek at NOWA8 (0.79 mg/L) and mean and maximum total 
aluminium (0.38 and 0.75 mg/L) at NOWA9 were above the surface water quality 
environmental objective for aluminium (0.055 mg/L; SEPP, 2003).   

o Total aluminium (0.59 mg/L) concentration in Bill Creek at NOWA7 was above the 
surface water quality environmental objective for aluminium (0.055 mg/L; SEPP, 2003).   

o Total chromium in Hospital Creek at NOWA8 (0.002 mg/L) and mean and maximum total 
chromium (0.0013 and 0.002 mg/L) concentrations at NOWA9 were slightly above the 
surface water quality environmental objective for chromium (0.001 mg/L; SEPP, 2003) 
but dissolved concentrations were within the surface water quality environmental 
objective.

o Total copper in Hospital Creek at NOWA8 (0.002 mg/L) and maximum total copper 
concentrations (0.002 mg/L) at NOWA9 were slightly above the ambient surface water 
quality environmental objective (0.0014 mg/L; SEPP, 2003).   

o Total copper (0.002 mg/L) concentrations in Bill Creek at NOWA7 were slightly above the 
surface water quality environmental objective (0.0014 mg/L; SEPP, 2003). 

o Total zinc in Hospital Creek at NOWA8 (0.009 mg/L) and maximum total zinc 
concentrations (0.013 mg/L) at NOWA9 were slightly above the ambient surface water 
quality environmental objective (0.008 mg/L; SEPP, 2003) but dissolved concentrations 
were within the surface water quality environmental objective.

o Total zinc (0.009 mg/L) concentrations in Bill Creek at NOWA7 were slightly above the 
ambient surface water quality environmental objective (0.008 mg/L; SEPP, 2003) but 
dissolved concentrations were within the surface water quality environmental objective.
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Total phosphorus concentrations were within the ambient surface water quality environmental
objective in Bill Creek at NOWA7 and Hospital Creek at NOWA8 (0.045 mg/L; SEPP, 2003). 
However, mean and maximum total phosphorus concentrations (0.05 and 0.07 mg/L) in Hospital 
Creek at NOWA9 were slightly above the ambient surface water quality environmental objective.

3.5.5 Lake Tyers 

Lake Tyers covers approximately 25 km2, with an average depth of 3-4 m, and is located downstream of 
the Project area.  It is an estuary consisting of a main lake connected to two main riverine arms: Nowa 
Nowa and Toorloo. Boggy Creek and Ironstone Creek flow into the Nowa Nowa arm of Lake Tyers 
(Figure 2.1).  The estuary is intermittently blocked from Bass Strait by a sand bar which leads to 
variations in water quality (particularly salinity levels, dissolved oxygen concentrations, aquatic vegetation 
growth and turbidity levels), however, the waters are generally well-mixed as a result of wind driven 
circulation (DPI, 2007). Lake Tyers is not connected to the other lakes in the Gippsland Lakes system.

Two sites were monitored by Earth Systems on the Nowa Nowa arm of Lake Tyers including (Plate 3.5): 

 NOWA5 – Lake Tyers, at Nowa Nowa. 

 NOWA10 – Lake Tyers, below Ironstone Creek. 

Plate 3.5:  Lake Tyers water quality monitoring site NOWA5 (top) and NOWA10 (bottom). 
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The in-situ water quality parameters for the Lake Tyers are summarised in Table C11 (Annex C). The in-
situ parameters indicate good water quality with highly variable salinity ranging from freshwater, in the 
upper reaches of the lake during periods of high surface water flow in Boggy and Ironstone Creeks, up to
seawater (approximately 50,000 μS/cm) during periods where the fresh water creeks are dry.  The key 
results from the field measurement of water quality (Table C11, Annex C) include:

 Overall the in-situ water quality parameters indicate near neutral pH (6.05 – 7.64) and moderate 
to high salinity (894 – 57,200 μS/cm). 

 Mean and maximum pH measurements in Lake Tyers at NOWA5 (7.05 and 7.64) and NOWA10 
(7.13 and 7.48) were within the ambient estuary surface water quality guideline (6.9-8.3; EPA, 
2011; 7.0-8.5; ANZECC/ARMCANZ, 2000).

 Minimum, mean and maximum EC measurements (894, 41,048 and 56,700 μS/cm) in Lake Tyers 
at NOWA5 indicated that the salinity of the water approaches that of sea water during the 
summer and autumn months when minimal freshwater flow from the surrounding creeks occurs.  
The minimum EC measurement (894 μS/cm) was taken in July 2013, after significant fresh water 
flows from Boggy Creek.

 Minimum, mean and maximum EC measurements (15,900, 45,550 and 57,200 μS/cm) in Lake 
Tyers at NOWA10 indicated that the salinity of the water approaches that of sea water during the 
summer and autumn months when minimal freshwater flow from the surrounding creeks occurs.  
The minimum EC measurement (15,900 μS/cm) was taken in July 2013, after significant fresh 
water discharges from Boggy Creek and the other tributaries of the Nowa Nowa arm of Lake 
Tyers.

 The water in Lake Tyers at NOWA5 and NOWA10 ranged from very clear to slightly turbid, with 
turbidity measurements ranging between 0 and 55 NTU. Maximum turbidity measurements at 
NOWA5 (25 NTU) and NOWA10 (55 NTU) were slightly above the ambient estuary surface water 
quality guidelines (18 NTU; EPA, 2011; 10 NTU; ANZECC/ARMCANZ, 2000). Elevated turbidity 
was measured during the monitoring event in July 2013 and is likely to be a result of suspended 
sediment loads from the freshwater creeks flowing into Lake Tyers. 

Mean dissolved oxygen concentrations in Lake Tyers at NOWA5 (81.3 %) and NOWA10
(75.75 %) were within the ambient estuary surface water quality guidelines (70-110%; EPA, 
2011).

The laboratory water quality parameters are summarised in Table C12 (Annex C).  Overall laboratory 
results indicate relatively good water quality with slightly elevated nutrient (nitrogen and phosphorus) 
concentrations likely to be influenced by agricultural activity in the greater catchment area.  The key 
results from the laboratory analysis of water quality (Table C12, Annex C) include:

 General water quality parameters indicate near-neutral pH (6.46–7.54) and highly variable 
salinities (894–57,200 μS/cm). 

 Dissolved metal concentrations were mostly within the ambient estuary surface water quality 
guidelines (EPA, 2011; ANZECC/ARMCANZ, 2000) with the following exceptions: 

o Maximum dissolved chromium concentrations in Lake Tyers at NOWA5 (0.019 mg/L) and 
NOWA10 (0.016 mg/L) were slightly above the ambient estuary surface water quality 
guidelines for chromium (0.0077 (Cr(III)) and 0.00014 mg/L (Cr(VI)); EPA, 2011; 
ANZECC/ARMCANZ, 2000).

o Maximum dissolved cobalt concentrations in Lake Tyers at NOWA5 and NOWA 10 
(0.001 mg/L) were at the detection limit (for ICP-MS) and above the ambient estuary 



Nowa Nowa Iron Project  
EARTH SYSTEMS  Surface and Groundwater Baseline and Assessment

Rev3 54

surface water quality guideline for cobalt (0.000005 mg/L; EPA, 2011; 
ANZECC/ARMCANZ, 2000). 

o Mean and maximum dissolved copper concentrations in Lake Tyers at NOWA5 (0.004 
and 0.007 mg/L) and NOWA10 (0.005 and 0.008 mg/L) were slightly above the ambient 
estuary surface water quality guideline for copper (0.0003 mg/L; EPA, 2011; 
ANZECC/ARMCANZ, 2000). 

o Maximum dissolved zinc concentration (0.009 mg/L) in Lake Tyers at NOWA10 was
slightly above the ambient estuary surface water quality guideline for zinc (0.007 mg/L; 
EPA, 2011; ANZECC/ARMCANZ, 2000). 

 Total metal concentrations were mostly within the ambient estuary surface water quality 
guidelines (EPA, 2011; ANZECC/ARMCANZ, 2000) with the following exceptions: 

o Minimum, mean and maximum total chromium concentrations in Lake Tyers at NOWA5 
(0.002, 0.01 and 0.017 mg/L) and NOWA10 (0.002, 0.011 and 0.019 mg/L) were above 
the ambient estuary surface water quality guideline for chromium (0.00014 mg/L; EPA, 
2011; ANZECC/ARMCANZ, 2000).   

o Minimum, mean and maximum total cobalt concentrations in Lake Tyers at NOWA5 
(0.001, 0.0015 and 0.002 mg/L) and NOWA10 (0.001, 0.001 and 0.001 mg/L) were at or 
slightly above the detection limit (for ICP-MS) and the ambient estuary surface water 
quality guideline for cobalt (0.000005 mg/L; EPA, 2011; ANZECC/ARMCANZ, 2000). 

o Minimum, mean and maximum total copper concentrations in Lake Tyers at NOWA5 
(0.002, 0.005 and 0.008 mg/L) and NOWA10 (0.004, 0.006 and 0.007 mg/L) were above 
the ambient estuary surface water quality guideline for copper (0.0003 mg/L; EPA, 2011; 
ANZECC/ARMCANZ, 2000). 

o Maximum total zinc concentrations (0.008 mg/L) in Lake Tyers at NOWA5 and minimum, 
mean and maximum total zinc concentrations (0.008, 0.0085 and 0.009 mg/L) at 
NOWA10 were slightly above the ambient estuary surface water quality guideline for zinc 
(0.007 mg/L; EPA, 2011; ANZECC/ARMCANZ, 2000). 

 Ammonia as N (<0.01-0.14 mg/L) concentrations were within the Victorian water quality guideline 
for riverine estuaries (0.5 mg/L NH3-N; EPA, 2011). 

 Minimum ammonia as N concentrations at NOWA5 and NOWA10 were within the water quality 
guideline for estuaries of south-east Australia (0.015 mg/L NH3-N; ANZECC/ARMCANZ, 2000).  
However, mean and maximum ammonia as N concentrations at NOWA5 (0.07 and 0.12 mg/L) 
and NOWA10 (0.09 and 0.14 mg/L) were above water quality guidelines for estuaries of south-
east Australia (0.015 mg/L NH3-N; ANZECC/ARMCANZ, 2000). 

 Minimum nitrite and nitrate as N concentrations at NOWA5 and NOWA10 were within the water 
quality guideline for estuaries of south-east Australia (0.015 mg/L NOx-N; ANZECC/ARMCANZ, 
2000).  However, mean and maximum nitrite and nitrate as N concentrations at NOWA5 (0.03 
and 0.1 mg/L) and NOWA10 (0.02 and 0.06 mg/L) were above the water quality guideline for 
estuaries of south-east Australia (0.015 mg/L NOx-N; ANZECC/ARMCANZ, 2000). 

 Total phosphorus concentrations (0.03-0.08 mg/L) at NOWA5 and NOWA10 were within the 
Victorian water quality guideline for riverine estuaries (0.1 mg/L; EPA, 2011). 

 Minimum total phosphorus concentrations at NOWA10 (0.03 mg/L) were within the water quality 
guideline for estuaries of south-east Australia (0.03 mg/L; ANZECC/ARMCANZ, 2000).  However, 
mean and maximum total phosphorus concentrations at NOWA5 (0.06 and 0.08 mg/L) and 
NOWA10 (0.04 and 0.08 mg/L) were above the water quality guideline for estuaries of south-east 
Australia (0.03 mg/L; ANZECC/ARMCANZ, 2000).   
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4 Project Design and Water 
Management 

The Project will require water during the construction and operational phases. Design indicates that 
approximately 180 ML (Engenium, 2013) of water will be required for construction over 8-10 months. 
During operations, overall consumption will be approximately 164 ML/year (accounting for recycling 
onsite) (Engenium, 2013). 

It is proposed that water will be sourced from three water storages, described in Table 4.1, including the 
Operations Water Storage, Sediment Control Dam and Clean Water Storage. Project water supply will 
also be sourced from groundwater during the dewatering of the open pit. 

All water used during operation will need to be recycled where possible, including recycling of vehicle 
wash down water (80% recycled) and potable water (90% reused in operations) (Engenium, 2013). 

In the unlikely event that water supply from the above sources is insufficient during any stage of Project 
construction and operations, the Project will need to source water from alternative sources. Alternative 
potential water sources include: 

 Increased rate of groundwater abstraction from open pit dewatering bores; 

 Groundwater extraction from an alternative borefield site; and 

 Water delivered by truck from an alternative location. 

Table 4.1:  Proposed surface water storages. 

Storage Max. surface 
area (m2)

Max. water 
relative level 

(m AHD)
Av. depth 

(m)
Max. volume 

(ML)
Max. wall 
height (m)

Max. wall 
span (m)

Operations Water Storage 35,000 189 4.4 154 12.2 105
Sediment Control Dam 11,200 170 2.7 30 7.3 50
Clean Water Storage 16,900 163 2.9 49 6.8 65

A conceptual Project water balance, accounting for the Project design and water management strategy 
(refer to Section 4.2), has been developed and is provided in Annex A of this report. The key conclusions 
from the conceptual Project water balance during operations include: 

 Mine water supply is expected to be met by runoff from the waste rock dump, low grade ore and 
open pit catchments; pit groundwater dewatering and the three water storages. 

 The Operations Water Storage (OPS) will need to be managed during operations to prevent 
discharge.  Feasible management strategies for preventing discharge from the OPS during 
operations while minimising potential disruption to operations (ie. through storage of water in the 
pit during operations) include: 

o Blending of groundwater from pit dewatering bores with Sediment Control Dam (SCD) 
water for provision of downstream environmental flows (if water quality permits). 

o Increasing Project water usage, if possible. 

 Potential for frequent release of environmental flows, water quality permitting, from the SCD and
Clean Water Storage (CWS) during operations. 
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The key conclusions from the conceptual Project water balance post-closure include:

 Pit lake development (to provide a water cover for backfilled waste rock and low grade ore) is 
estimated to take between 3 and 16 years depending on groundwater inflow rates.  Pumping of 
water from the three water storages to the open pit is likely to be required to rapidly provide a 
permanent water cover (minimum of 2 m depth) over the potentially sulfidic pit wallrock and 
backfilled waste rock and low grade ore (if unsold). 

Under the CSIRO ‘low impact’ climate change projections for 2060 (Tambo River Basin; 5% 
increase in stream flow) (DSE, 2011), the pit lake level, assumed to start at spill level, is expected 
to fluctuate between spill level and approximately 2.5 m below spill level. Overflow from the pit to 
Tomato creek would be expected to occur under this scenario. 

Under the CSIRO ‘medium impact’ climate change projections for 2060 (Tambo River Basin; 20% 
reduction in stream flow and ~7% reduction in rainfall) (DSE, 2011), the pit lake level, assumed to 
start at spill level, is expected to fluctuate between spill level and approximately 2.5 m below spill 
level.  Overflow from the pit to Tomato creek would be expected to occur under this scenario. 

Under the CSIRO ‘high impact’ climate change projections for 2060 (Tambo River Basin; 42% 
reduction in stream flow and ~15% reduction in rainfall) (DSE, 2011), the pit lake level, assumed 
to start at spill level, is expected to fluctuate between spill level and approximately 5 m below spill 
level.  Overflow from the pit to Tomato creek would be expected to occur under this scenario. 

4.1 Water Management Principles 
The disturbance of water courses, vegetation and geological materials by mining activities has the 
potential to influence local hydrology, hydrogeology and surface and groundwater quality.  The key 
potential issues affecting local hydrology, hydrogeology and surface and groundwater quality from mining 
projects include: 

 Development of an open pit, surface water storages and construction of a waste rock dump 
intercepting water courses has the potential to interrupt surface flow regimes in downstream 
creeks during construction, operations and post-closure. 

 Development of an open pit below the groundwater table will require the de-watering of the open 
pit which has the potential to lower the groundwater table surrounding the open pit (Figure 4.1). 

 Clearance of vegetation and land disturbance has the potential to cause erosion and increase 
turbidity / suspended solids concentrations in surface water runoff. 

 The oxidation of previously unweathered sulfidic minerals in waste rock, ore and pit wallrock 
through mining has the potential to produce (refer to EES Referral Attachment 6 – Geochemical 
Assessment and Management Strategies for the 5 Mile Deposit):

o Acid and metalliferous drainage (AMD);

o Neutral and metalliferous drainage (NMD); and / or

o Elevated sulfate salinity.

 Management of wastewaters (eg. sewage) from a site construction and operations workforce has 
the potential to lead to elevated nutrient concentrations and pathogens in site water.

 Residues and spills of ammonium nitrate fuel oil (ANFO) during blasting preparations may lead to 
elevated nutrient (nitrogen) concentrations in waters draining the open pit, waste rock dump and 
ore stockpiles. 



Nowa Nowa Iron Project  
EARTH SYSTEMS  Surface and Groundwater Baseline and Assessment

Rev3 57

 Storage and use of hazardous materials (including hydrocarbons) during construction and 
operations may have the potential to affect downstream water quality if spills or improper 
management of materials occur. 

Figure 4.1:  Conceptual cross-section of an open pit showing the development of a groundwater 
cone of depression surrounding an open pit mine extending beneath the water table. 

The design of the Project and management of water aims to minimise potential hydrology, hydrogeology 
and surface and groundwater quality impacts during construction, operations and post-closure.  The key 
principles of management of site water include: 

 Minimise the surface and groundwater catchments and catchment area potentially impacted by 
the Project. 

 Where possible, allow for the release of unaffected water from the Project for downstream 
environment flows during construction, operations and post-closure. 

 Maximise the long-term geotechnical stability of Project facilities during construction, operations 
and post-closure. 

 Maximise the long-term geochemical stability of geological materials during operations and post-
closure (refer to EES Referral Attachment 6 – Geochemical Assessment and Management 
Strategies for the 5 Mile Deposit). 

 Maintain and re-use all potentially affected drainage on-site during construction and operations. 

 Post-closure, all potentially affected drainage should be captured and managed to ensure that 
water released from the Project achieves downstream environmental objectives. 

The application of these management principles in Project design is described in Section 4.2. 
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4.2 Integration of Management Principles into Project 
Design 

The proposed Project plan integrates the management principles described in Section 4.1.  The Project 
layout, which incorporates these principles, is shown in Figure 1.2.  Management of long term 
geochemical stability and classification of geological materials are outlined in EES Referral Attachment 6 
– Geochemical Assessment and Management Strategies for the 5 Mile Deposit.

Features of the proposed Project design to note with regard to management of water include (Figures 4.2 
and 4.3): 

 Use of a dry Low Intensity Magnetic Separation (dry LIMS) process for processing of ore. The dry 
and reagent-free process will significantly reduce the Project’s water requirements during 
operations. 

 Constraining the Project footprint to the Boggy Creek catchment (only) to limit potential 
hydrology/water quality impacts to this catchment alone (ie. avoiding potential impacts to the 
Hospital Creek catchment). 

 Location of the waste rock dump upstream of the pit to allow drainage to be captured in the pit 
post-closure, providing opportunity for passive water treatment (in the pit lake) and minimising 
possible requirements for active water treatment. 

 Location of the temporary low grade ore stockpile upstream of the pit to allow drainage to be 
captured during operations, with excess drainage associated with extreme storm events allowed 
to discharge into the open pit.  

 Backfilling of the open pit with potentially sulfidic waste rock and low grade ore (if unsold) post-
closure to allow for a permanent water cover (minimum of 2 m depth) to prevent sulfide oxidation. 

 Filling of the open pit with water post-closure and allowing the pit lake to overflow into Tomato 
Creek with a positive water balance. 

 Construction of three water storages (Table 4.1) to capture site surface water runoff and facilitate 
mine water supply during operations. The three water storages are as follows: 

o Operations Water Storage, located immediately downstream of the open pit on Tomato 
Creek. 

o Sediment Control Dam, located downstream of the open pit and mine industrial area 
(MIA) on Gap Creek. 

o Clean Water Storage, located downstream of the Operations Water Storage and MIA on 
Tomato Creek, upstream of the confluence with Harris/Gap Creek. 

 The Operations Water Storage will be used to hold drainage from the waste rock dump, 
temporary low grade ore stockpile, open pit, ROM pad and stockyard and groundwater from pit 
dewatering (eg. water with potentially elevated salinity, dissolved metals and/or acidity) during 
operations by pumping from sumps at each drainage collection location. 

 During operations, the Operations Water Storage will be managed as follows: 

o Water for operational use will be preferentially abstracted from the Operations Water 
Storage to keep the water level as low as possible (to provide maximum capacity for high 
rainfall events). 

o Apart from a small direct catchment area, all inflows into the Operations Water Storage 
are pumped from sumps around the mine site. Pumping from the various sumps will be 
managed so as to ensure that the Operations Water Storage does not exceed capacity. 
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o During extreme storm events, pumping from the various sumps will need to be managed 
so as to ensure that the Operations Water Storage cannot exceed capacity. Excess 
drainage at the sumps upstream of the open pit (upper Tomato Creek and upper Gap 
creek) will be allowed to discharge into the open pit, if required. 

o Surface seepage under the dam wall will be collected in a sump and pumped back into
the Operations Water Storage. 

o Groundwater extracted for pit dewatering may be diverted to the Sediment Control Dam 
(to maintain environmental flows and offset up-stream capture of surface water) if 
operations water supply from the Operations Water Storage is sufficient. 

 Post-closure, the Operations Water Storage will be partially decommissioned as a polishing 
wetland to passively treat overflow from the pit lake. 

 The Sediment Control Dam will be used to hold drainage from the proposed Project facilities 
(excluding the pit, waste rock dump, temporary low grade ore stockpile, ROM pad and stockyard) 
located in the Gap Creek catchment and allow settlement of suspended sediments, before 
release. 

 All Project facilities will be arranged such that all drainage (excluding the pit, waste rock dump, 
temporary low grade ore stockpile and ROM pad) will be directed into Gap Creek upstream of the 
Sediment Control Dam. 

 During operations, the Sediment Control Dam will be managed as follows: 

o Water will be required from the Sediment Control Dam for mine water use if the 
Operations Water Storage is dry. 

o Excess water in the Sediment Control will need to be allowed to overflow via the spillway 
to release environmental flows to the downstream receiving environment, where 
possible.

 Post-closure, the Sediment Control Dam is to be decommissioned and the site rehabilitated if no 
alternative use for the dam is identified.

 The Clean Water Storage will be used to capture clean water to supplement site water resources. 
It will also provide another level of protection for the downstream environment in the extremely 
unlikely event of a failure in the Operations Water Storage.   

 During operations, the Clean Water Storage will be managed as follows:

o Water will be required from the Clean Water Storage for mine water use if the Operations 
Water Storage and Sediment Control Dam are dry.

o Water in the dam will be allowed to overflow via the spillway to release environmental 
flows to the downstream receiving environment, where possible.

 Post-closure, the Clean Water Storage is to be partially decommissioned as a polishing wetland 
(in addition to the decommissioned Operations Water Storage) to passively enhance water 
quality from the flooded open pit.

 Post-closure, if groundwater inflows are not determined to be sufficient, one or all three water 
storage dams will be used to provide water to assist with the rapid filling of the open pit so as to
minimise the period that any sulfidic wallrock and backfilled mine materials are exposed.

 To maximise the amount of runoff reporting to the open pit post-closure, the waste rock dump is 
to be completed with a cover system, using suitable waste rock and clay materials from 
decommissioned water storages, to minimise the infiltration of water into the dump and maximise 
runoff generation. The area of the top surface of the dump is to be maximised and graded to the 
east to allow all runoff to be captured at the upstream end of Gap Creek and diverted into the 
adjacent Tomato Creek catchment (using the new topography). 
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 During construction, sewage will be removed from the Project by vacuum truck and transported to 
a waste water treatment plant. 

A waste water treatment plant will be used to treat sewage during operations, and treated waste 
water will need to be recycled for use onsite via the Operations Water Storage.
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4.3 Specific Management Strategies 

4.3.1 Hydrology 

The Project is located at the top of the Tomato and Gap Creek catchments. The total catchment area for 
Tomato Creek, upstream of the open pit, is approximately 60 ha.  The total catchment area for Gap 
Creek, upstream of the open pit, is approximately 35 ha. Tomato and Gap Creek flow into Harris Creek, 
which eventually flows into Boggy Creek and Lake Tyers (See Figure 2.1).  The Project intercepts a 
maximum catchment area of approximately 4.7 km2 but, a short distance downstream, flows into much 
larger catchments (eg. Yellow Waterholes and Boggy Creeks) limiting the potential downstream 
hydrology impacts.

The Project represents a maximum reduction to the downstream catchment areas as follows: 

 Approximately 2.5 km downstream of Project, the Project represents a 3 % reduction of the 
Yellow Waterholes and Tea Tree Creek catchment area. 

 Approximately 5 km downstream of the Project, the Project represents a 1.8 % reduction of the 
Boggy Creek catchment area. 

 Approximately 15 km downstream of the Project, the Project represents a 1.7 % reduction of the 
Boggy Creek catchment area at Nowa Nowa. 

However, the reduction of the annual average flow in Boggy Creek, at Nowa Nowa, accounting for the 
release of environmental flows from the Clean Water Storage and Sediment Control Dam during 
operations is expected to be approximately 0.8 %.  After decommissioning of the water storage dams 
post-closure, the reduction of the annual average flow in Boggy Creek, at Nowa Nowa, is expected to be 
up to approximately 0.4 %.

The Project has been designed to limit potential impacts to downstream surface water flows including 
avoidance of interruption to surface water flows in Harris Creek (Figure 1.2).  In addition, the following 
management measures will be implemented during the construction, operations and post-closure phases 
of the proposed Project to minimise potential downstream surface water flow impacts:

 Where possible, water will be reused on-site to minimise the potential requirement for fresh water 
use. All water used during operations will be recycled where possible, including recycling of 
vehicle wash down water (80% recycled) and potable water (90% reused in operations). 

 Use of a dry Low Intensity Magnetic Separation (dry LIMS) process for processing of ore. The dry 
and reagent-free process will significantly reduce the Project’s water requirements during 
operations. 

 Where possible, preferential use of groundwater from open pit dewatering bores for the Project 
construction and operations water requirements. 

 If water quality permits, any excess water from the Clean Water Storage and the Sediment 
Control Dam will be released via the spillways as environmental flows, where possible.

 If water quality permits, any excess groundwater extracted from open pit dewatering bores during 
operations may be blended with the Sediment Control Dam water to permit release of 
environmental flows to the receiving water catchments. 
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 Post-closure, the open pit will be allowed to fill with water and overflow to Tomato Creek.  The 
Operations and Clean Water Storages will be decommissioned and converted to polishing 
wetlands that are expected to release flows to Tomato Creek. 

 Post-closure, if no beneficial use is identified, the Sediment Control Dam will be decommissioned 
to allow surface water flows in Gap Creek to be released from the Project site. 

 Stream flows will be monitored at key locations downstream of the Project during the construction 
and operations phases of the proposed Project.  Post-closure, monitoring of stream flows at key 
locations downstream of the proposed Project will need to be conducted until completion criteria 
are achieved. 

If the Project design and management measures outlined above are effectively implemented, potential 
Project impacts to downstream flows are expected to be low.

4.3.2 Hydrogeology 

Mining is proposed to occur below the level of the water table.  Dewatering of the open pit will be required 
during the operations phase via pit dewatering bores and / or open pit sumps to allow mining to occur 
below the level of the water table.  Dewatering of the open pit will likely result in a lowering of the local 
groundwater table surrounding the open pit (Figure 4.1).   

The following management measures will need to be implemented during the construction, operations 
and post-closure phases of the proposed Project to minimise potential hydrogeology impacts: 

 Where possible, water will be reused on-site to minimise the potential requirement for fresh water 
use.  All water used during operations will be recycled where possible, including recycling of 
vehicle wash down water (80% recycled) and potable water (90% reused in operations). 

 Use of a dry Low Intensity Magnetic Separation (dry LIMS) process for processing of ore. The dry 
and reagent-free process will significantly reduce the Project’s water requirements during 
operations. 

 Drainage from the open pit will need to be pumped to the Operations Water Storage during 
operations for reuse onsite and treatment, if required. 

 Post-closure, the open pit will be allowed to fill with water from groundwater inflow, direct rainfall 
and surface water runoff from the upstream catchments.  Groundwater levels surrounding the 
open pit would be expected to rebound to pre-mining levels in this scenario. 

 Groundwater levels and quality will need to be monitored at key locations within the Project area 
and down hydraulic gradient of the Project during the construction and operations phases of the 
proposed Project.   

 Post-closure, monitoring of groundwater levels and quality at key locations down hydraulic 
gradient of the proposed Project will need to be conducted until completion criteria are achieved. 

If the Project design and management measures outlined above are effectively implemented, potential 
Project impacts to local hydrogeology are expected to be low. 
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4.3.3 Turbidity / Sediment 

Sediment control is required to ensure compliance of off-site discharge water quality to prescribed 
standards.  Erosion control is important to maintain the geotechnical integrity of the mine infrastructure.
Construction and operation activities will need to be managed to limit erosion that may otherwise result in 
high suspended loads discharging from the mine site. 

A key aspect of the sediment transport control strategy will be the construction of the Sediment Control 
Dam as outlined in Section 4.2. 

In addition, the following erosion control and sediment management measures will be implemented during 
the construction and operations phases of the proposed Project: 

 Sequencing of construction activities to reduce erosion potential during the high rainfall months 
(winter to spring) and account for the implementation and deployment of erosion and sediment 
control measures. 

 Vegetation clearance will be minimised, and vegetation will be preserved in areas where 
construction will occur at a later date, where possible. 

 Vegetation on steep slopes and riparian corridors will be preserved, wherever possible. 

 Grading of the Process Plant and Administration areas to drain towards the Sediment Control 
Dam to allow sediment to settle prior to discharge from site. A surface water diversion drain will 
need to direct drainage back to the Sediment Control Dam. 

 Where practicable, access / haul roads will need to be graded to drain towards the Sediment 
Control Dam to allow sediment to settle prior to discharge from site. 

 Construction/installation of surface water management infrastructure (eg. cut-off/diversion drains, 
velocity dissipation devices, culverts) where appropriate to minimise and control surface water 
flow over disturbed areas. 

 Locate the waste rock dump and temporary low grade ore stockpile upstream of the open pit and 
capture drainage from these structures in sumps for pumping to the Operations Water Storage. 

 Geotextiles and natural matting will need to be used where appropriate to assist with erosion 
control on steep slopes (ie. 3:1 or greater) where erosion potential is particularly high. 

 Minimisation of dust (eg. water application to unsealed road surfaces). 

 Installation of sediment control measures downstream of construction works and disturbed land 
areas (eg. silt fences, sediment basins, sediment traps, fibre rolls). 

 Progressive revegetation of disturbed land areas, giving priority to high risk erosion areas such as 
steep slopes and sites close to rivers and creeks. 

 Monitoring of Project and downstream water quality during construction, operations and post-
closure (until completion criteria are achieved) to ensure that downstream environmental 
objectives are achieved. 

The following strategies, adapted from the Minesite Water Management Handbook (MCA, 1997), will also 
be implemented during road construction works: 

 Clean surface runoff water will be diverted upstream of work areas. 

 Roads will be designed to allow for frequent and safe discharge where runoff is concentrated. 

 Roads will be constructed with maximum cross fall (cross-section) slopes of 3%. This will allow 
water to be cleared from the road surface quickly, but without creating deeply incised scour 
paths. 
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 On slopes, up-slope drainage should be diverted and discharge controlled. Drainage should be 
dissipated from the road surface by outsloping the camber or providing side drains or table drains 
with protection at the discharge points. 

 Where side drains are installed to catch surface water from the pavement and runoff from cut 
bank slopes, the drains will be sized such that the design flow depth is no higher than the 
underside of the pavement top coarse or base coarse layer. 

 Drains will preferably be directly off the road at cut and fill interfaces or otherwise down batter 
slopes at designated locations via erosion protected chutes. 

 Culverts will be installed at road drainage crossings, perpendicular to the road alignment, with 
attention given to upstream and downstream erosion protection. If possible, culverts will be
positioned at the narrowest part of the stream. 

 Culverts will be designed with appropriate slopes to facilitate sediment movement without 
deposition and consequent culvert blockages. 

 Drainage over the surface of drainage crossings will need to have adequate controls to ensure 
that sediment runoff to the stream is minimised. 

Permanent structures will need to be designed using an average recurrence interval of 50 years, 
and temporary structures will need to be designed using an average recurrence interval of 2 
years (6 hour storm duration).

Post-closure, rehabilitation works are expected to be sufficient to minimise potential downstream turbidity 
/ sediment impacts.  The Project rehabilitation and mine closure strategy is outlined in EES Referral 
Attachment 1 – Project Description and Attachment 2 – Environmental Management Plan.

The design of the Project and effective implementation of the strategies outlined above are expected to 
be sufficient to minimise potential impacts associated with turbidity and sediment during construction, 
operations and post-closure. 

4.3.4 Alkalinity / Acidity, Metals and Salinity 

The characterisation of geological materials and management strategies to ensure the long-term 
geochemical stability of the Project are outlined in EES Referral Attachment 6 – Geochemical 
Assessment and Management Strategies for the 5 Mile Deposit.

In addition, the following water management measures will need to be implemented during construction,
operations and post-closure phases of the Project to minimise potential alkalinity/ AMD / NMD / salinity 
impacts: 

 Monitoring of Project and downstream water quality during construction, operations and post-
closure (until completion criteria are achieved) to ensure that downstream environmental 
objectives are achieved. 

 Alkaline water from any concrete batching used during construction will need to be stored on-site 
in a HDPE lined pond or pumped to the Operations Water Storage for re-use, if required. 

 Water will need to be released from the Clean Water Storage and the Sediment Control Dam, 
water quality permitting, to provide environmental flows and minimise the potential for evaporative 
concentration in the water storages. 

 For extreme storm events during operations, pumping from the various sumps will need to be 
managed so as to ensure that the Operations Water Storage cannot exceed capacity. Excess 
drainage at the sumps upstream of the open pit (upper Tomato Creek and upper Gap creek) will 
be allowed to discharge into the open pit, if required. 
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 Post-closure, water will only be released from site if applicable water quality environmental 
objectives can be achieved.  Passive treatment of water (ie. engineered wetland systems) will 
need to be installed on Tomato Creek (in the decommissioned Operations and Clean Water 
Storages) to lower potential salinity and dissolved metals concentrations in drainage from the 
waste rock dump and open pit, if required. 

 The Project rehabilitation and closure strategy, including water management, will need to be 
reviewed throughout the operational life of the Project to determine the feasibility of the strategy. 

If the Project design and management measures outlined in Section 4.3.4 are effectively implemented the 
residual impacts from alkalinity, AMD, NMD and / or salinity are expected to be low.  

Specific water management measures, to minimise potential AMD, NMD and / or salinity impacts, for key 
Project facilities are discussed separately as follows:. 

Waste Rock Dump 

Specific management measures during operations and post-closure for the management of waste rock 
dump drainage are as follows: 

 The waste rock dump is to be located upstream of the open pit (see Figure 1.2) to allow for 
collection of drainage and seepage in the open pit post-closure.

 During operations, each lift of the waste rock dump will need to be compacted and graded such 
that all drainage is directed eastward (upstream) into the Gap Creek and contained in a 
pond/sump for pumping to the Operations Water Storage for treatment (if necessary) and reuse 
in ore processing and dust suppression. 

 To maximise the amount of runoff reporting to the open pit post-closure, the waste rock dump is 
to be completed with a cover system, using suitable waste rock and clay materials from 
decommissioned water storages, to minimise the infiltration of water into the dump and maximise 
runoff generation. The area of the top surface of the dump is to be maximised and graded to the 
east to allow all runoff to be captured at the upstream end of Gap Creek and diverted into the 
adjacent Tomato Creek catchment (using the new topography). 

 Category C (see EES Referral Attachment 6 – Geochemical Assessment and Management 
Strategies for the 5 Mile Deposit) waste rock should be backfilled into the open pit on closure for 
storage under a permanent water cover (minimum 2 m depth) to prevent sulfide oxidation. 
Backfilling should be conducted such that no waste rock will become perched on pit benches 
above the height of the final waste rock pile. 

 Passive treatment of leachate from the waste rock dump may be required post-closure, in the 
open pit / and or decommissioned Operations Water Storage. The chemistry of leachate from the 
waste rock dump is to be monitored throughout operations to confirm any potential requirement 
for treatment. 

Temporary Low Grade Ore Stockpile 

Specific management measures during operations and post-closure for the management of the temporary 
low grade ore stockpile drainage are as follows: 

 The temporary low-grade ore stockpile is to be located upstream of the open pit (see Figure 1.2) 
during operations. Drainage from the stockpile is to be captured in a sump during operations and 
pumped to the Operations Water Storage for treatment and reuse onsite.

 During extreme rainfall events, drainage from the stockpile would be captured in the open pit. 
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 On mine closure, all of the low-grade ore (if unsold or unfit for reprocessing) will need to be 
backfilled into the open pit to ensure a permanent water cover and thereby prevent sulfide 
oxidation and AMD generation. 

 If possible, the northern extent of the open pit should be developed first and the low-grade ore 
backfilled into the completed northern pit during operations as feasible. The chemistry of drainage 
from the stockpile should be monitored throughout the operational life of the mine to confirm 
potential requirements for treatment. 

Open Pit and Downstream Water Storages 

Specific management measures during operations and post-closure for the management of open pit 
drainage are as follows: 

 Drainage into the open pit during operations is to be pumped to the Operations Water Storage for 
reuse onsite. If required, drainage from the open pit can be treated to allow for the operational 
use of the water. 

 Category C waste rock (see EES Referral Attachment 6 – Geochemical Assessment and 
Management Strategies for the 5 Mile Deposit) and any low-grade ore remaining on mine closure 
are to be backfilled into the base of the pit and the pit lake allowed to flood to ensure a permanent 
water cover (minimum of ~2 m depth). 

 Post-closure, the open pit is designed to flood and overflow regularly into Tomato Creek. The 
overflow level of the pit lake is approximately 190 mAHD, and the pre-mining peak groundwater 
level in the pit area is approximately 187 mAHD (Figure 4.4).  The post-closure flood level of the 
pit is therefore designed to be marginally higher than the pre-mining groundwater level. This 
means that wallrock material exposed post-closure, once the pit lake reaches the spill level, will 
not experience a change in geochemical environment as the material is already above the 
groundwater table with potential exposure to oxidation. 

 The pit lake is designed to provide passive treatment for all inflows through a combination of 
retention time, sulfate reduction by sulfate reducing bacteria (SRB), and acid neutralisation by 
alkalinity produced by SRB activity and the dissolution of limestone, and alkalinity brought in by 
groundwater.   

 Some sulfide oxidation is expected from these exposed highwalls in the long term, but 
geochemical assessment shows that no acid drainage will be produced (see EES Referral 
Attachment 6). Based on observations from historical quarries in the area, this oxidation only 
appears to occur on rock surfaces and is expected to be limited. All drainage from the exposed 
highwalls reports to the pit for passive treatment. 

 As the pit is flooded, any acidity or salinity generated in the groundwater drawdown cone during 
operations will be flushed into the pit. The chemistry of pit lake water should be monitored 
throughout the flooding operation to identify whether treatment (eg addition of limestone or 
calcium hydroxide) may be required in this initial flood period. 

 To minimise the period that wall rock is exposed to atmospheric oxygen on closure and to dilute 
potentially saline water, flooding of the pit should be augmented by pumping from the Clean 
Water Storage and Sediment Control Dam (in addition to natural inflows from groundwater and 
upstream runoff). 

 An extended period of low water level in the pit post-closure (ie. due to slow rate of flooding) may 
permit sulfide oxidation to proceed in backfill and wall rock materials, resulting in the 
accumulation of acidity in the pit lake. This situation should be prevented as far as practicable. 
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 A layer of acid-consuming materials (eg. Category N waste rock; see EES Referral Attachment 6)
and organic material should be laid over the backfilled materials in order to promote the activity of 
sulfate-reducing bacteria in the base of the pit lake. This will assist in minimising levels of sulfate 
salinity and any metals in the pit lake over the long term. 

 The rim of the mine pit and the upstream catchments should be revegetated in order to ensure a 
long-term supply of organic matter in into the pit lake. 

 Drainage from the catchments upstream of the pit should be maximised and kept clean. The 
waste rock pile is to be installed with a cover system and revegetated on closure to minimise 
infiltration into the pit and maximise clean runoff, which will need to be diverted into the adjacent 
southern catchment (Tomato Creek) using the new topography at the top of the waste rock 
catchment.  

 The southern upstream catchment of Tomato Creek should be fully rehabilitated after removal of 
the temporary low-grade ore stockpile and Category C waste rock. 

 The Operations Water Storage is to be decommissioned on closure but the structure retained as 
a wetland to passively treat overflow from the pit lake. 

 The Clean Water Storage should similarly be decommissioned (unless other uses are found) but 
the structure retained as an additional wetland to polish water draining from the decommissioned 
Operation Water Storage. 

 The Sediment Control Dam is to be decommissioned on mine closure and the former channel 
reinstated if no alternative use for the dam is identified. 
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ROM Ore and LIMS Product 

Specific management measures during operations for the management of ROM ore and dry LIMS 
product drainage are as follows: 

 The ROM pad will need to be constructed of low permeability clay material (or other suitable 
products) to minimise the potential for the percolation of water from the temporary ore stockpile to 
the groundwater system. 

 ROM ore and dry LIMS product should not be stockpiled under unsaturated conditions for more 
than ~2 years (see EES Referral Attachment 6). 

 Drainage from the ROM pad has the potential to present with elevated levels of sulfate and 
dissolved metals. Drainage from the ROM pad is to be contained and transferred to the 
Operations Water Storage for treatment (if necessary) and reuse in ore processing and dust 
suppression. 

 Drainage from the LIMS product stockpile has the potential to present with elevated levels of 
sulfate and dissolved metals. Drainage from the stockpiled product is to be contained and treated 
if necessary. 

 Post-closure, any remaining ROM ore or LIMS product should be sold or backfilled into the open 
pit below a permanent water cover of sufficient depth (~minimum of 2 m depth) to prevent sulfide 
oxidation. 

4.3.5 Nutrients and Pathogens 

Nutrient and pathogen management is required to ensure compliance of off-site discharge water quality to 
applicable standards.  Key aspects of the Project design to manage potential nutrient and pathogen 
impacts will need to include: 

 During construction, sewage will need to be removed from the Project by vacuum truck and 
transported to a waste water treatment plant. 

 Installation and operation of a wastewater treatment plant to treat sewage from the operations 
workforce.  Treated water from the wastewater treatment plant will need to be recycled for use 
onsite via the Operations Water Storage. 

 No landfill disposal of waste will occur at the Project.  General waste will need to be removed 
from site.   

In addition, the following nutrient management measures will be implemented during the construction, 
operations and post-closure phases of the proposed Project: 

 Monitoring of Project and downstream water quality during construction, operations and post-
closure (until completion criteria are achieved) to ensure that downstream environmental 
objectives are achieved.   

 During operations, drainage from the waste rock dump, temporary low grade ore stockpile, open 
pit and ROM pad will need to be pumped to the Operations Water Storage and reused onsite.   

 For extreme storm events during operations, pumping from the various sumps will be managed 
so as to ensure that the Operations Water Storage cannot exceed capacity. Excess drainage at 
the sumps upstream of the open pit (upper Tomato Creek and upper Gap creek) will be allowed 
to discharge into the open pit, if required.
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 Post-closure, water would only be released from site if applicable water quality environmental 
objectives can be achieved.  Passive treatment of water (ie. engineered wetland systems) will 
need to be installed on Tomato Creek (in the decommissioned Operations and Clean Water 
Storages) to lower potential nutrient concentrations in drainage from the waste rock dump and 
open pit, if required.

 The Project rehabilitation and closure strategy, including water management, will be reviewed
throughout the operational life of the Project to determine the feasibility of the strategy.   

If the Project design and management measures outlined above are effectively implemented the potential 
residual impacts associated with nutrients and pathogens are expected to be low. 

4.3.6 Hazardous Materials 

Hazardous materials management, including hydrocarbons and water treatment reagents (ie. potable and 
wastewater), is required to ensure compliance of off-site discharge water quality to applicable water 
quality standards.   

The following hazardous materials management measures will be implemented during the construction, 
operations and post-closure phases of the proposed Project: 

 All hazardous waste materials will be removed from the Project site and transported to a 
hazardous waste management facility. 

 The storage of any hazardous reagents / chemicals will be in accordance with the relevant 
Material Safety Data Sheet in purpose-built bunded or special confinement areas. Chemical spills 
will need to be managed in accordance with the relevant Material Safety Data Sheets. 

 Containers of liquid hazardous materials such as fuels, oils and lubricants will be located in 
bunded areas during site construction works.  Bunds will be designed and installed in accordance 
with appropriate guidelines / standards and have sufficient capacity to hold at least 110 % of the 
maximum volume stored.  Temporary shelters will be constructed, to prevent collection of rainfall 
within the bunded areas. 

 The management of the refuelling and maintenance of heavy machinery should include: 

o Regular maintenance of vehicles and equipment to prevent hydrocarbon leaks. 

o Vehicle and equipment maintenance and refuelling should be conducted in designated 
areas where contaminated runoff can be contained. 

o Install oil/grease traps or alternative treatment systems to facilitate hydrocarbon removal 
from water from vehicle washdown areas and refuelling areas via filtration and/or 
absorption (eg. small-scale activated carbon units). 

 Vehicles and equipment should be parked on sealed surfaces where contaminated runoff can be 
contained. 

o The management of spills or leaks of liquid hazardous materials should include: 

o Stockpiles of loose absorbent material, such as saw dust, should be stored on-site at all times 
during construction. 

o As a precaution, hydrocarbon spill response kits (eg. Sorbex) and absorbent floating booms 
should also be stored on site in case of spills that occur outside bunded areas.   

o An Environmental Emergency Response Plan should be developed prior to commencing 
Project construction to ensure that the appropriate procedures for the management of 
hydrocarbon spills are implemented. 



Nowa Nowa Iron Project  
EARTH SYSTEMS  Surface and Groundwater Baseline and Assessment

Rev3 73

o Containers of liquid hazardous materials such as fuels, oils and lubricants need to be located in 
bunded areas during site construction works.  Bunds should be designed and installed in 
accordance with appropriate guidelines / standards and have sufficient capacity to hold at least 
110 % of the maximum volume stored.  Temporary shelters should also be constructed, to 
prevent collection of rainfall within the bunded areas. 

 Monitoring of Project and downstream water quality during construction, operations and post-
closure (until completion criteria are achieved) to ensure that downstream environmental 
objectives are achieved. 

If the management measures outlined above are implemented during construction, operations and at 
decommissioning the residual impacts associated with hazardous materials are expected to be very low.  
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CONCEPTUAL PROJECT WATER BALANCE
NOWA NOWA IRON PROJECT, VICTORIA, AUSTRALIA

prepared for

Eastern Iron Limited
October, 2013

INTRODUCTION

Eastern Iron Limited (‘Eastern Iron’), through its wholly owned subsidiary Gippsland Iron Pty Ltd, 
proposes to develop the Nowa Nowa Iron Project (‘the Project’). The Project is a greenfield 
development of a high grade magnetite/hematite deposit generally referred to as ‘5 Mile’. It is 
located approximately 7 km north of the township of Nowa Nowa, which is situated on the Princes 
Highway between Bairnsdale and Orbost in East Gippsland, Victoria.  Earth Systems were 
engaged by Eastern Iron Limited to develop a water management strategy for their Nowa Nowa 
Iron Project.  

A water management strategy has been designed to minimise potential Project impacts to 
downstream hydrology, local hydrogeology and surface water and groundwater quality during 
construction, operations and post-closure (refer to EES Referral Attachment 5 - Surface and 
Ground Water Baseline and Assessment).  Schematics of water flows for the Project during 
operations and post-closure are provided in Figure 1 and Figure 2.  The purpose of this report is 
to develop a conceptual water balance for the Project during operations and post-closure in order 
to demonstrate the feasibility of the proposed water management strategy including the following 
water management objectives:

Operations:

- Provision of sufficient water for the Project during the operations phase.

- Requirements for storage of water in the open pit in order to achieve no discharge 
of Operations Water Storage (OPS) water.

- Water release from the Sediment Control Dam (SCD) and Clean Water Storage 
(CWS) to provide for downstream environmental flows during the operations 
phase.

Post-Closure

- Allowance for the open pit to fill with water post-closure to provide a permanent 
cover over backfilled potentially sulfidic geological material (eg. waste rock and 
low grade ore) (refer to EES Referral Attachment 6 – Geochemical Assessment 
and Management Strategies for the 5 Mile Deposit).
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METHOD
Conceptual water balances were developed for the proposed Project during operations and the 
open pit post-closure.  A number of key assumptions were used in the development of the water 
balance including:

Source Catchments software (eWater CRC) was used to model flows for the various 
Project area sub-catchments.  Key assumptions used in the modelling of flows using 
Source Catchments software include:

- Daily BoM long term rainfall data at Nowa Nowa (Station number: 084028) 
between 1949 and 2012 and mean daily evaporation data at Orbost (Station No.: 
084030) between 1994 and 2011.

- Default input parameters values were used and adjusted for representative values 
for south-eastern Australia (Boughton, 2009) including:

 Baseflow index (BFI): 0.32-0.33. 
 Baseflow recession constant (Kbase): 0.966-0.980. 
 Surface runoff recession constant (Ksurf): 0.35. 
 Surface storage values (C-values) were adjusted to match the flow 

estimates from AECOM’s RORB model.
- Uniform properties run-off and storage properties over the entire catchment areas.

- That the rainfall and evaporation input data are representative of the catchments.

Meteorological input data included:

- Daily Bureau of Meteorology (BoM) long term rainfall data at Nowa Nowa (Station 
number: 084028) between 1949 and 2012.  Note:  Rainfall from the Nowa Nowa 
BoM site was used in place of the Mt Nowa Nowa (which is closer to the Project 
site) BoM site (Station No.: 084144), as long term rainfall data was only available 
from the Nowa Nowa BoM site.  Rainfall at the two sites is compared in EES 
Referral Attachment 5 - Surface and Ground Water Baseline and Assessment.

- Mean daily pan evaporation data at Orbost (Station No.: 084030) between 1994 
and 2011.  

- A coefficient of 0.7, commonly applied for converting pan evaporation to free 
water evaporation (NOAA, 1982), was applied to the pan evaporation data for 
evaporation rates from the water storages and open pit.

Development of a ‘Wet Scenario’, which uses the full 64 year rainfall data set from the 
Nowa Nowa BoM station, and a ‘Dry Scenario’, which uses the last 20 years of rainfall 
data from the Nowa Nowa BoM station (refer to EES Referral Attachment 5 - Surface and 
Ground Water Baseline and Assessment for assessment of historic rainfall data at Nowa 
Nowa).

An effective runoff coefficient of 0.5 for rainfall falling over the open pit area as an 
estimate based on previous Project experience.  

An estimated groundwater dewatering rate of 2.5 L/s for the open pit (via pit dewatering 
bores and / or pit sumps).
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An operational Project water use of 0.45 ML / day (Engenium, 2013).  Project water use is 
abstracted first from the Operations Water Storage, then the Sediment Control Dam and 
finally from the Clean Water Storage.

Water storages will need to be engineered / constructed to minimise permeability through 
the foundations of the water storage.  It has been assumed the water storages will be 
constructed with a hydraulic conductivity of approximately 1x10-6 cm/s through the water 
storage foundations, within the range of hydraulic conductivities for clay material (Fetter, 
2001).

An estimated pit lake surface area of ~21 ha post-closure.

Post-closure, a range of groundwater inflow rates to the open pit have been considered.  
For simplicity, the groundwater inflow rates have been assumed to be constant 
irrespective of the level of pit lake development.  Groundwater inflow is assumed to stop 
once the pre-mining groundwater level is reached.  The groundwater inflow rates 
modelled include:

- 1 L/s;

- 2.5 L/s; and

- 5 L/s.

Approximately 1.5 Mm3 of sulfidic waste rock and low grade ore, at a porosity of 
40 vol. %, will be backfilled into the open pit post-closure (refer to EES Referral 
Attachment 6 – Geochemical Assessment and Management Strategies for the 5 Mile 
Deposit).

Rainfall and evaporation input data are representative of the Project site.  

Surface water flow rate estimates are for an ungauged catchment.  Hydrology monitoring will be 
conducted within the catchment, prior to Project construction, in order to refine / validate the flow 
rate estimates.

The potential impact of climate change on pit lake development was also assessed using the 
CSIRO modelled projections for 2060 for the Tambo River basin, which the Project site falls 
within, including (DSE, 2011):

Potential ‘low impact’ scenario:

- 5 % increase in stream flow.

Potential ‘medium impact’ scenario:

- 20 % reduction in stream flow; and

- ~7 % reduction in rainfall (ie. for direct rainfall over pit lake).

Potential ‘high impact’ scenario:

- 42 % reduction in stream flow; and

- ~15 % reduction in rainfall (ie. for direct rainfall over pit lake).

The pit lake was assumed to start at the spill volume (ie. effective volume of 5,200 ML accounting 
for backfilled material) and the variation in pit lake volume was estimated over a 20 year period.
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CONCEPTUAL PROJECT WATER BALANCE - OPERATIONS
Project Water Supply

Hydrological modelling suggests that pit runoff will be 50–150 ML/y, and runoff from the Tomato 
Creek and Gap Creek catchments (ie. waste rock dump and low grade ore stockpile) upstream of 
the pit will be 30–90 ML/y.  The minimum annual volume of groundwater requiring extraction in 
order to allow mining to proceed and continue is estimated to be 30–150 ML/y.  These estimates 
indicate that the bulk of operational demand (~164 ML/year) is expected to be met by surface 
water drainage from the affected catchments (ie. waste rock dump, open pit and low grade ore 
stockpile) and pit dewatering, to be stored in the Operations Water Storage.

Key results from the assessment of Project water supply during operations for the ‘wet scenario’ 
include (Figure 3):

The three water storage facilities are likely to provide sufficient water for the proposed 
Project during operations, with no dry days modelled in the water storages after they 
commence filling with water.  

The water storages fill quickly (within 1 year) with a high annual rainfall (~1,300 mm/year) 
at the start of the data set.  

Alternative water supply (eg. increased rate of pit dewatering bore extraction) for the 
Project may be required in the initial stages directly after construction of the three water 
storages as the water storages to fill with water.  

Figure 3:  Estimated volume of water stored in the Operations Water Storage (OPS), Sediment Control 
Dam (SCD) and Clean Water Storage (CWS) under operating conditions for the ‘wet scenario’.  

Key results from the assessment of Project water supply during operations for the ‘dry scenario’ 
include (Figure 4):
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The three water storage facilities are likely to provide sufficient water for the proposed 
Project during operations, with no dry days modelled in the water storages after they 
commence filling with water.  

The water storages fill quickly (in approximately 1 year) with a lower annual rainfall 
(approximately 1,000 mm/year).  

Alternative water supply (eg. increased rate of pit dewatering bore extraction) for the 
Project may be required in the initial stages directly after construction of the three water 
storages as the water storages to fill with water.  

Figure 4:  Estimated volume of water stored in the Operations Water Storage (OPS), Sediment Control 
Dam (SCD) and Clean Water Storage (CWS) under operating conditions for the ‘dry scenario’.  

Requirements for Water Storage in Open Pit

The management of Project water and the Operations Water Storage (OPS) is outlined in detail in 
EES Referral Attachment 5 - Surface and Ground Water Baseline and Assessment.  Key aspects 
of Project water and the OPS during operations include:

Project water will need to be managed such that there will be no discharge of water from 
the OPS during operations.

During extreme storm events, excess drainage at the sumps upstream of the open pit 
(upper Tomato Creek and upper Gap creek) will, if necessary, be allowed to discharge 
into the open pit or be pumped into the open pit.

Key results from the assessment of potential requirements for storage of water in the open pit 
during operations to prevent discharge of water from the OPS include (Table 1, Figures 5 & 6):

The volume of in the OPS may be managed by diverting groundwater from pit dewatering 
bores to the Sediment Control Dam, allowing for the release of the water as 
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environmental flows for downstream creeks (water quality permitting).  This greatly 
reduces the potential requirement for storage of water in the open pit during operations 
(~5 % of modelled days ‘wet scenario’; and <1 % of modelled days dry scenario).

Alternatively, the volume of water in the OPS may be managed by increasing the Project 
water usage, if possible.  Increasing the average Project water use to 0.6 ML/day (eg. 
increasing dust suppression) greatly reduces the potential requirement for storage of 
water in the open pit during operations (~5 % of modelled days ‘wet scenario’; and <1 % 
of modelled days dry scenario).

A combination of increased Project water use (0.6 ML/day) and diverting of groundwater 
from pit dewatering to the SCD for release as environmental flows greatly reduces the 
potential requirement for storage of water in the open pit during operations (~1 % of 
modelled days ‘wet scenario’; and <1 % of modelled days dry scenario)

Table 1:  Estimated percentage of days where storage of Project drainage may be required in the open pit 
in order to prevent discharge of water from the Operations Water Storage (OPS).  

Condition Percentage of days (wet 
scenario)

Percentage of days (dry 
scenario)

Groundwater from pit dewatering 
pumped to OPS ~10 % ~5 %

Groundwater from pit dewatering 
diverted to SCD for environmental 

flow release
~5 % <1 %

Increased water usage to 0.6 ML/day ~5 % <1 %

Combined increased water usage 
(0.6 ML/day) and groundwater 

diverted to SCD
~1 % <1 %

Potential for Environmental Flows from Sediment Control Dam and Clean Water Storage

Key results from the assessment of potential environmental flow release from the Sediment 
Control Dam (SCD) and Clean Water Storage (CWS) during operations for the ‘wet scenario’ 
include (Figures 5 & 6):

Environmental flows may be released, water quality permitting, on approximately 20 % of 
days from the SCD under operating conditions to supplement downstream flows in Gap 
and Harris Creeks.  

Environmental flows may be released, water quality permitting, on approximately 30 % of 
days from the CWS under operating conditions to supplement downstream flows in Gap 
and Harris Creeks.
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Figure 5:  Sediment Control Dam (SCD) water volume and modelled environmental release volumes 
(ML/day) under operating conditions for the ‘wet scenario’.  

Figure 6:  Clean Water Storage (CWS) water volume and modelled environmental release volumes 
(ML/day) under operating conditions for the ‘wet scenario’.

Key results from the assessment of potential environmental flow release from the Sediment 
Control Dam (SCD) and Clean Water Storage (CWS) during operations for the ‘dry scenario’ 
include (Figures 7 & 8):
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Environmental flows may be released, water quality permitting, on approximately 20 % of 
days from the SCD under operating conditions to supplement downstream flows in Gap 
and Harris Creeks.  

Environmental flows may be released, water quality permitting, on approximately 20 % of 
days from the CWS under operating conditions to supplement downstream flows in Gap 
and Harris Creeks.

Figure 7:  Sediment Control Dam (SCD) water volume and modelled environmental release volumes 
(ML/day) under operating conditions for the ‘dry scenario’.  
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Figure 8:  Clean Water Storage (CWS) water volume and modelled environmental release volumes 
(ML/day) under operating conditions for the ‘dry scenario’.

CONCEPTUAL PROJECT WATER BALANCE – POST-CLOSURE

Post-closure, potentially sulfidic waste rock and low grade ore will be backfilled into the open pit.  
The key uncertainty, with regard to water management, is the length of time required to flood the 
potentially sulfidic waste rock and low grade ore material (if unsold at closure) and potentially 
exposed sulfidic pit wallrock.  

Key results from the assessment of pit lake development, post-closure, under varying 
groundwater inflow rates for the ‘dry scenario’ include (Figure 9):

Pit lake development, through rainfall and runoff alone, is estimated to provide a 
permanent water cover for the waste rock and low grade ore backfilled to the open pit, 
with an assumed volume of 1.5 Mm3 and porosity of 40 vol. %, in approximately 16 years.  

Groundwater inflows into the open pit are expected to significantly increase the rate of pit 
lake development: 

- A groundwater inflow rate of 1 L/s would reduce the expected time to cover the 
volume of waste rock and low grade ore backfilled to the pit to approximately 
7 years.

- A groundwater inflow rate of 2.5 L/s would reduce the expected time to cover the 
volume of waste rock and low grade ore backfilled to the pit to approximately 
5 years.

- A groundwater inflow rate of 5 L/s would reduce the expected time to cover the 
volume of waste rock and low grade ore backfilled to the pit to approximately 
3 years.

Water from the three Project water storages is likely to be required to increase the rate of 
pit lake development in order to rapidly provide a permanent water cover (at least 2 m 
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depth) to prevent potential sulfide oxidation in the pit wallrock and backfilled waste rock 
and low grade ore.

By pumping all flows reporting to the CWS and SCD (~130 ML/year) at closure, it is 
estimated that it may take between 2 and 4 years to provide a permanent water cover (at 
least 2 m depth) to prevent potential sulfide oxidation in the backfilled waste rock and low 
grade ore.

Once the pit lake has reached the spill volume, under the CSIRO ‘low impact’ climate 
change model projections (ie. 5% increase in streamflow), the pit lake volume fluctuates 
between the spill volume (~5,200 ML) and approximately 5,100 ML over a 20 year period.  
This is equivalent to a fluctuation in water level of approximately 2.5 m.

Once the pit lake has reached the spill volume, under the CSIRO ‘medium impact’ climate 
change model projections (ie. 20% reduction in streamflow; ~7% reduction in rainfall), the 
pit lake volume fluctuates between the spill volume (~5,200 ML) and approximately 
5,100 ML over a 20 year period.  This is equivalent to a fluctuation in water level of 
approximately 2.5 m.

Once the pit lake has reached the spill volume, under the CSIRO ‘high impact’ climate 
change model projections (ie. 42% reduction in streamflow; ~15% reduction in rainfall), 
the pit lake volume fluctuates between the spill volume (~5,200 ML) and approximately 
5,000 ML over a 20 year period.  This is equivalent to a fluctuation in water level of 
approximately 5 m.

Figure 9:  Pit lake development, post-closure, under the ‘dry scenario’ estimated at four different 
groundwater inflow scenarios (rainfall / runoff only, 1 L/s groundwater inflow, 2.5 L/s groundwater inflow, 
and 5 L/s groundwater inflow).

CONCLUSIONS

0

1,000

2,000

3,000

4,000

5,000

6,000

Ef
fe

ct
iv

e 
Vo

lu
m

e 
(M

L)

Year

Pit lake volume (5 L/s)
Pit lake volume (2.5 L/s)
Pit lake volume (1 L/s)
Pit lake volume (rainfall only)
Effective open pit overflow volume
Effective waste rock and low grade ore volume



EARTH SYSTEMS
Environment | Water | Sustainability

Conceptual Project Water Balance
Nowa Nowa Iron Project

October 2013
 

 

 

NOWAN1202_AnnexA_Rev3 Rev3 Page 13
 

Key conclusions from the conceptual water balance include:

Mine water supply is expected to be met by runoff from the waste rock dump, low grade 
ore and open pit catchments; pit groundwater dewatering and the three water storages.

The Operations Water Storage (SCD) will need to be managed during operations to 
prevent discharge.  Feasible management strategies for preventing discharge from the 
OPS during operations while minimising potential disruption to operations (ie. through 
storage of water in the pit during operations) include:

- Blending of groundwater from pit dewatering bores with CWS water for provision 
of downstream environmental flows (if water quality permits).

- Increasing Project water usage, if possible.

Potential for frequent release of environmental flows, water quality permitting, from the 
Sediment Control Dam (SCD) and Clean Water Storage (CWS) during operations.

Pit lake development (to provide a water cover for backfilled waste rock and low grade 
ore) is estimated to take between 3 and 16 years depending on groundwater inflow rates.  
Pumping of water from the three water storages to the open pit is likely to be required to 
rapidly provide a permanent water cover (minimum of 2 m depth) over the potentially 
sulfidic pit wallrock and backfilled waste rock and low grade ore (if unsold).

Under the CSIRO ‘low impact’ climate change projections for 2060 (Tambo River Basin; 
5% increase in stream flow) (DSE, 2011), the pit lake level, assumed to start at spill level, 
is expected to fluctuate between spill level and approximately 2.5 m below spill level.  
Overflow from the pit to Tomato creek would be expected to occur under this scenario.

Under the CSIRO ‘medium impact’ climate change projections for 2060 (Tambo River 
Basin; 20% reduction in stream flow and ~7% reduction in rainfall) (DSE, 2011), the pit 
lake level, assumed to start at spill level, is expected to fluctuate between spill level and 
approximately 2.5 m below spill level.  Overflow from the pit to Tomato creek would be 
expected to occur under this scenario.

Under the CSIRO ‘high impact’ climate change projections for 2060 (Tambo River Basin; 
42% reduction in stream flow and ~15% reduction in rainfall) (DSE, 2011), the pit lake 
level, assumed to start at spill level, is expected to fluctuate between spill level and 
approximately 5 m below spill level.  Overflow from the pit to Tomato creek would be 
expected to occur under this scenario.

MANAGEMENT REQUIREMENTS

Key management requirements include:

Conduct hydrology monitoring within the Project site to refine / validate the estimates 
provided in the conceptual water balance.

Continue to conduct hydrogeology monitoring (including groundwater levels, quality and 
pumping tests) within the proposed pit area to refine / validate the estimates provided in 
the conceptual water balance.
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Update and refine the water balance throughout the feasibility, construction, and 
operations phases of the Project to review the feasibility of the proposed water 
management strategies during operations and post-closure.
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1.0 Introduction

1.1 Background
Eastern Iron engaged AECOM to conduct a surface water assessment for a proposed mining development
located in East Gippsland, Victoria. Eastern Iron is investigating the potential for a magnetite processing operation
based on magnetite deposits located at Nowa Nowa, in line with its strategy of reducing exploration risk by
developing projects close to existing transport infrastructure. Based on current reserves, the mine will have an
operational life of approximately 10 years, with the possibility of extension should further reserves be discovered.

1.2 Objectives
The surface water study has been undertaken to provide flood and stormwater input to inform future investigations
and design. In particular the study will:

 Determine 100 year ARI flood levels, depths and velocities for waterways with the potential to impact the
site.

 Comment on the impact of the proposed site works on existing flood characteristics.

 Identify sediment loads that will be associated with stormwater runoff due to mine activities.

 Investigate potential yields from surface water and identify locations where storages can be constructed.

1.3 Study Area
The Project is located 3 km north of the town of Nowa Nowa in East Gippsland, on Bruthen-Buchan Road. The
extent of the study area is shown in Figure 1. Data from areas surrounding the study area has also been included
where appropriate.
Figure 1 Study Area Location
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1.4 Data Used
The following data was collected for the purposes of this study:

 Shuttle Radar Topography Mission (SRTM) topographic data

 Australian Hydrological Geospatial Fabric Rainfall data for location of watercourses

 Existing roads from the AECOM internal roads dataset

 Rainfall intensity-duration-frequency (IFD) data from the Bureau of Meteorology (BOM)

 LIDAR data obtained from Eastern Iron

 Proposed site infrastructure obtained from Eastern Iron
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2.0 Hydrological Modelling

2.1 Purpose
The RORB software program was used to develop the hydrological model for the catchment area. The purpose of
the hydrological model is to generate inflows to be input into the hydraulic model.

2.2 RORB Hydrological Model Setup
The RORB model scheme and general configuration were established using MiRORB and MapInfo using contour
data obtained from the SRTM.

2.2.1 Catchment Information

The catchment extent has a total area of 7.9 km2 and encloses the location of the proposed site infrastructure.
This includes the entire area that will contribute flows to the relevant river system. For this assessment, the river
system consists of four river reaches; one main branch and three subsidiary branches. The catchment outlet is
located at the north-west boundary of the proposed site. The catchment is indicated in Figure 2.

2.2.2 Sub-Areas and Reach Alignments

The following process was used to further schematise the catchment into subareas, nodes and reaches using
MiRORB.

 Defining sub-areas: Sub-areas were defined at the locations where flow values were required, based
on the topography and location of watercourses.

 Collecting flows at each sub-area: Flows at each sub-area were collected using nodes placed at the
centroid of each sub-area. Additional nodes were placed at sub-area boundaries where required.

 Determining reaches: Reaches were drawn to collect flows from nodes and rout it to the outlet at I1.

2.3 RORB Model Calibration
2.3.1 Calibration Approach

Calibration of the RORB hydrological model is an important part of the runoff estimation process to provide a
reliable level of confidence in the results. In the absence of historical flood data, the RORB model was calibrated
using the Rational Method for runoff calculation, using the method set out in the Australian Rainfall and Runoff
(AR&R) guidelines.

An iterative process was used to determine the appropriate kc value. This was done by adjusting the kc value until
the flows output by RORB matched the flows determined using the Rational Method, with an acceptably small
margin of error.

2.3.2 Rational Method Calculations

Three calibration points (C1, M1 and I1) were selected and the 100 year peak flows were calculated for each of
these points.

IFD factors were generated from the Bureau of Meteorology (BOM) tool and these were used to obtain the
average rainfall intensities. These are shown in Table 1.
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Table 1 IFD Factors obtained from BOM

Intensity (mm/hr)
DURATION
(min) 1 Year 2 years 5 years 10 years 20 years 50 years 100 years

5 49.4 65.9 91.1 108 130 162 188

6 46.5 62 85.4 101 122 152 177

10 38.1 50.6 69 81.4 97.7 121 140

20 27.4 36.1 48.5 56.7 67.5 82.7 95

30 22.2 29.2 38.8 45.1 53.5 65.2 74.7

60 15.4 20.1 26.4 30.4 35.8 43.2 49.2

120 10.9 14.1 18.2 20.7 24.2 28.9 32.7

180 9.02 11.6 14.8 16.7 19.4 23 25.9

360 6.55 8.38 10.4 11.6 13.4 15.7 17.5

720 4.61 5.88 7.24 8.05 9.2 10.7 11.9

1440 3.03 3.88 4.83 5.41 6.21 7.3 8.15

2880 1.85 2.4 3.07 3.49 4.07 4.86 5.49

4320 1.39 1.81 2.34 2.68 3.14 3.77 4.27

As the catchment area is undeveloped, the Fraction Impervious (FI) values for all sub-areas were assumed to be
0. The runoff coefficient (Cy) was calculated according to AR&R and was found to be 0.223.

Table 2 shows the results of the Rational Method calculations and the resultant peak flows at each calibration
point.
Table 2 Rational Method Results

Calibration
Point

Area
(km2)

Fraction
Impervious

tc

(min) C10 Cy
tcIY (mm/hr) Peak Flow

(m3/s)

C1 3.17 0.0 70.66 0.172 0.223 46.18 9.08

M1 2.46 0.0 64.23 0.172 0.223 48.10 7.36

I1 8.55 0.0 103.08 0.172 0.223 37.38 19.85

2.3.3 RORB Calibration Results

For the purposes of the calibration process, the RORB model was run using the following parameters:

 Initial loss = 10.00 mm

 Runoff coefficient = 0.6

 IFD factors as determined by BOM for the Nowa Nowa site

Table 3 shows the results of the RORB calibration process. Using an iterative process, the value of kc was
adjusted until the RORB flows at nodes C1, M1 and I1 matched the flows determined using the Rational Method.
A value of 7.1 was chosen for kc.
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Table 3 RORB Calibration Log

kc

C1 M1 I1
Total Error

Qmax % Error Qmax % Error Qmax % Error

6 10.1 11% 8.2 12% 24.1 21% 44.3%

7 9.1 0% 7.5 1% 21.9 11% 12.1%

7.1 9.0 -1% 7.4 0% 21.7 10% 10.6%

7.5 8.8 -3% 7.1 -4% 21.0 6% 12.8%

8 8.5 -7% 6.8 -7% 20.2 2% 15.5%

2.4 RORB Model Parameters
Table 4 shows the final parameters adopted in the RORB model.
Table 4 Parameters adopted for use in RORB Model

Parameter Value

Kc 7.10

Initial loss 10.00

m 0.80

Runoff coefficient 0.6

The model was run to generate inflow hydrographs for each of the sub-areas; these inflows were then used as
input into the hydraulic model. The scenarios modelled included the following ARIs, for the full range of storm
durations of 10 minutes to 72 hours:

 20 year

 50 year

 100 year

2.5 Design Flow Rates
The adopted peak flow rates used in the hydraulic modelling are summarised in Table 5
Table 5 Peak flow rates

Location
Peak Flow Rate (m3/s) Storm Duration

100 year ARI 50 year ARI 20 year ARI Hours

Outfall 22.4755 15.3572 11.1651 12
Northern
Junction

13.3 9.2733 6.806
12

Southern
Junction

7.1495 5.1764 3.7531
9
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3.0 Hydraulic Modelling

3.1 Purpose
A hydraulic model was developed to determine the water surface elevation along the river reaches, including the
depth and width of the flow. This was done using the software packages 12D and HEC-RAS.

3.2 12D Model
12D was used to build a terrain model and generate river cross-sections for input into HEC-RAS. The LIDAR data
was imported into 12D and used to create a triangulated irregular network (TIN) to represent the river channels
and floodplains.

Cross-sections were drawn perpendicular to the river reaches at intervals of approximately 100 m. These cross-
sections were then imported into HEC-RAS for hydraulic analysis.

3.3 HEC-RAS
A one-dimensional steady flow HEC-RAS model was used to perform flow computations for 20, 50 and 100-year
ARIs.

3.3.1 Model Parameters

Following a visual inspection of the site, the Manning’s n values in Table 6 were adopted for the model. These
values were applied across the whole model for all reaches.
Table 6 Manning’s n values adopted for HEC-RAS Model

Location Description Manning’s n value

Main channel Dense vegetation 0.08

Left and right flood banks Dense vegetation 0.08

3.3.2 Flows and Boundary Conditions

Flow values obtained from the 100-year ARI RORB model were input into HEC-RAS at several locations, as
shown in Table 7.
Table 7 Flow data used in HEC-RAS Model

Reach Chainage Flow (m3/s)

1983 1983.09 11.165

250 667.82 6.806

2257 2857.46 3.7531

The boundary condition used was a downstream water level of 153 m AHD at the catchment outlet at Bruthen-
Buchan Road.

3.4 Hydraulic Model Results
The results from the HEC-RAS model were imported into GIS to generate flood maps. Figures 2, 3 and 4 indicate
the 100 year ARI flood level, depth and velocity respectively.
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4.0 Mitigation and Impacts

4.1 Flood protection works
While much of the mine site is not flood prone, stormwater will need to be managed at 5 mile pit and the waste
dump to prevent flooding. The access haul road will also need to be designed to ensure the mine can continue to
operate during large rainfall events.

4.1.1 5 mile pit

5 mile pit sits across two valleys which will convey water during rain events. To prevent runoff from the upstream
catchment discharging into the pit, it will be preferable to divert flows around the excavated area, however due to
the steep topography, any diversion channels are likely to require deep excavation, particularly through the ridge
to the north. This can be managed by staging the excavation of the mine to start at the top of the hills and
maintain the existing waterways in the valley until mining has reduced the size of the ridges.  At this time,
shallower diversion channels can be constructed when the waterway is mined through.

If water cannot be diverted around the mine pit, an alternative is to construct a water storage upstream of the pit
to capture runoff during storm events and then pump the water around the pit over an extended period.

4.1.2 Waste dump

As the waste dump is proposed to be constructed near the top of the catchment, runoff flows will be small and
easier to manage. Local diversion channels can be constructed to divert runoff around the waste dump and
discharge to down the valley.

4.1.3 Access haul road

The flood mapping indicates that the proposed haul road alignment will cross the main waterway near Bruthen-
Buchan Road. Realigning the road to the west towards the existing access track will mean the haul road only
needs to cross a smaller tributary. This will reduce the size of culverts required under the road to convey the
flows. Alternatively the haul road could be shifted further to the east to enable a single waterway crossing
upstream of the two main creeks.

4.2 Sediment
Runoff from haul roads and ROM pads will contain sediment which if not managed will deposit in nearby water
courses.

Guidelines for “Sediment Control on Unsealed Roads”, prepared by Clearwater, indicates that runoff from
unsealed roads can reach levels in excess of 600mg/l.  MUSIC modelling has been used to determine potential
sediment loads transported by stormwater runoff. MUSIC was developed by the CRC for Catchment Hydrology
simulate stormwater runoff volumes and associated pollutant loads. The modelling indicates that approximately 8
tons of sediment could be transported in stormwater runoff each year from disturbed areas. This assumes 4 km of
20m wide haul roads and 1ha of cleared land associated with the ROM pad.

Sediment basins can be used to effectively remove sediment from stormwater prior to discharging to existing
waterways. Sediment basins should be constructed to capture runoff from the haul road and ROM. Suggested
locations for sediment basins are indicated in Figure 5. Due to the likely presence of fine silts and clays, a
sediment basin with permanent water is likely to be the most effective. This will required the construction of an
excavated volume able to store the 10 year ARI 2 hour runoff volume. An overflow weir discharging the
downstream waterways will need to be sized to discharge flows from the basin.

4.3 Management of disturbed areas
Sediment loads can be minimised and managed by incorporating the following principles into the design of the
mine:

 Minimise disturbed areas
 Keep clean water runoff from the catchment separate from sediment effected runoff
 Prevent clean water runoff from flowing onto disturbed areas
 Provide sediment basins to remove sediment prior to discharging to natural waterways
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4.4 Impacts on downstream waterways
4.4.1 Flood levels

Due to the steep topography and the location of the mine within the catchment, proposed works such as haul
roads pits and mine infrastructure will have no impact on water levels external to the site. Culverts over the
waterway immediately before the Bruthen-Buchan Road may result in increased water levels, however these will
be contained within the site.

4.4.2 Surface Water Capture

Capturing of catchment stormwater runoff for use within the site will result in altered flow characteristics in
downstream waterways.

Volumes

Capturing surface water will reduce the overall volume of stormwater in downstream waterways which may impact
existing water users. Consultation and discussions with water authorities should be undertaken if surface water
capture is to be considered further.

Environmental flows

Removing water from the catchment will alter the frequency and flow patterns which may impact waterway health
and reduce aquatic habitat. The potential water storage could be designed to allow for environmental flows to be
maintained so the flow patterns downstream of the site continue to represent existing low flow events.

5.0 Catchment Yield

5.1 Runoff Volumes
Surface water runoff may be used as an additional water source to supplement groundwater and mine water for
use in the mine operations for dust suppression and processing. A preliminary catchment yield analysis has been
undertaken to determine the annual runoff volume and size online storages.

The analysis indicates that the total catchment area of approximately 7.9km2 will generate approximately an
average annual runoff volume of 435ML. The runoff volume is sensitive to soil moisture losses and if surface
water is to be relied on as a water source it is recommended that spoil testing be undertaken to improve the
reliability of the analysis.

5.2 Potential locations for surface water dams
On site water storages are best located towards Bruthen-Buchan Road to maximise the contributing catchment.
The flatter topography at in this part of the site also means that lower embankments are required to achieve the
necessary storage volume.

Two storages on each of the main waterways have been sized and are indicated in Figure 5. For the purpose of
this analysis, a dam embankment height of 5m has been adopted, with the corresponding volumes determined
from the contour data.
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5.3 Surface Water Reliability
An assessment has been undertaken to determine the volume of catchment runoff that could be used to support
mine operations. A preliminary water balance model was used using historical rainfall data to quantify the volume
of water that could be captured by the water storages discusses above. The analysis assumes the following
parameters:

 Total storage volume 8,200m3

 Demand 164ML/year

 Soil loss 3.6mm/hour

The analysis indicated that the above system will enable approximately 103ML to be captured annually. A large
proportion of the captured runoff will be lost to evaporation and seepage, while some runoff will bypass the
storage when it is full. Using this arrangement will result in approximately 61% of the total water demand being
met by surface water. The analysis also indicated that water would only be available in the storages for reuse
approximately 46% of the time.

The sensitivity of the size of the storages on the total captured volume was assessed. It was found that increasing
the volume to 15,000m3 increased the captured water volume to 114ML, meeting approximately 67% of the
annual demand.

5.4 Suitability of surface water capture
Legislative and regulatory requirements will also need to be considered as part of identifying a reliable
water supply for Eastern Iron.  Victoria has a well-established legislative framework, underpinned by
the Water Act 1989, that seeks to achieve a balance between consumptive use of the State’s water
resources and the protection of environmental values.  Persistent drought across Victoria through
much of the last decade also motivated further thought about the way our water resources are
managed, culminating in the development of four regional Sustainable Water Strategies (SWS).  The
Gippsland SWS identifies the extent of the water resources in this part of the State, as well as a range
of actions to ensure the sustainable and equitable management of these resources to 2050.  Key
authorities responsible for overseeing these actions, as well as enforcing relevant legislation, include
the rural water authority (Southern Rural Water) and Catchment Management Authorities (East
Gippsland CMA).

The harvestable yield of the proposed dams should therefore not necessarily be assumed to represent
the volume of water available for the project.  Eastern Iron must obtain a ‘take and use’ entitlement for
the water it requires, the availability of which will depend on water already allocated to other
consumptive users in the catchment as well as environmental flow requirements.  Southern Rural
Water is legally bound to comply with rules that determine Sustainable Diversion Limits (SDL), which
identify the extent of harvesting permitted within a given catchment.  To protect downstream
environmental flows, the SDL is likely to be significantly less than the total harvestable volume that
may be available.
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Table B1:  Baseline field monitoring groundwater quality results for the monitoring wells within 
the proposed Project area in June 2013^.

Field Parameters Unit

Site Water Quality 
Criteria

NNPBH 1 NNPBH 2 NNPBH 3
SEPP WoV 

(2003) 
Environmental 

quality 
objectives -

Cleared Hills and 
Coastal Plains*

One-off
event

One-off
event

One-off
event

G
en

er
al

 
P

ar
am

et
er

s

pH pH Unit 7.51 7.09 6.35 6.4-7.7
Electrical 

Conductivity @ 25°C μS/cm 1,965 3,171 3,974 ≤500

ORP mV 242.50 47.30 133.40 N/A
Temperature °C 15.10 15.90 15.30 N/A

TDS mg/L 1275.00 2061.00 2582.00 N/A
* SEPP Waters of Victoria (2003) Environmental quality objectives for rivers and streams (Cleared hills and coastal plains). 
^ Highlighted values show a result outside of the relevant water quality criteria.   
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pH
 (L
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- 
6.9

6 
6.3

4 
6.1

6 
6.5

1 
6.4

-7
.7 

El
ec

tric
al 

Co
nd

uc
tiv

ity
 (L

ab
) 

μS
/cm

 
1 

47
3 

36
8 

25
9 

47
7 

≤5
00

 
To

tal
 S

us
pe

nd
ed

 S
oli

ds
 

mg
/L 

5 
<5

 
6 

6 
6 

- 
To

tal
 ha

rd
ne
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 as
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aC

O3
 

mg
/L 

1 
66

 
59

 
38
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- 

To
tal
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lka
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mg

/L 
1 

25
 

9.0
 

6.0
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Hy
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ide
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ity
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mg
/L 
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<1
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CO
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mg
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<1
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mg
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<5
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mg
/L 
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.0 
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.0 
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.0 
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.0 
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gn
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mg

/L 
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.0 
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17
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Po
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mg
/L 
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3.0

 
2.0

 
2.0

 
2.0
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Ca
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mg
/L 

1 
10

.0 
3.0

 
2.0

 
4.0

 
- 

Ch
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mg
/L 

1 
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95
.0 

57
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3.0
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.1
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.1
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/L 
1 
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.0 
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.0 
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.0 

14
.0 

- 
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Total Metals 
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um

 
mg

/L 
0.0

1 
0.6

3 
3.1

4 
0.0

55
A  

An
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mg
/L 

0.0
01

 
0.0

04
 

<0
.00

1 
ID
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mg

/L 
0.0

01
 

0.0
01

 
<0

.00
1 

0.0
13
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mg
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0.0
01

 
0.0
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0.0
26
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mg
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0.0
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<0
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<0
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Bo
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0.0
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0.0
00
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0.0

01
 

<0
.00

1 
0.0
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0.9
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0.0

01
 

0.0
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0.0
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mg

/L 
0.0

01
 

0.0
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0.0

32
 

- 
Te

llu
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mg

/L 
0.0

05
 

<0
.00

5 
<0

.00
5 

- 
Te

rb
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

- 
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mg

/L 
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01
 

<0
.00

1 
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0.0
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.00
1 

0.0
01
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.00
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0.0
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.00
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mg

/L 
0.0

1 
<0
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0.0
5 

- 
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an
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mg

/L 
0.0

01
 

<0
.00
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.00
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ID
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diu
m

 
mg

/L 
0.0

1 
<0

.01
 

<0
.01
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Yt

ter
biu

m 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

- 
Yt

triu
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mg
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0.0
01

 
<0

.00
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0.0
02
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Zir
co

niu
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mg
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0.0
05

 
<0

.00
5 

<0
.00

5 
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Zin
c 

mg
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0.0
05

 
0.0

65
 

0.0
07

 
0.0

08
H  

Dissolved 
Metals 

Al
um

ini
um

 
mg

/L 
0.0

1 
0.1

4 
0.2

3 
0.1

1 
0.3

5 
0.0

55
A  

An
tim

on
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mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Ar

se
nic

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

0.0
13

I  
Ba

riu
m 

mg
/L 

0.0
01

 
0.0

72
 

0.0
33

 
0.0

20
 

0.0
46

 
- 
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mg
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0.0
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<0
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<0

.00
1 

<0
.00
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<0

.00
1 

ID
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sm

uth
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Bo

ro
n 

mg
/L 

0.0
5 

<0
.05

 
<0

.05
 

<0
.05

 
<0

.05
 

0.3
7C  

Ca
dm

ium
 

mg
/L 

0.0
00

1 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
0.0

00
2H  

Ca
es

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Ce
riu

m 
mg

/L 
0.0

01
 

0.0
01

 
0.0

06
 

0.0
03

 
0.0

08
 

- 
Ch

ro
mi
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0.0
01

 
<0

.00
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<0
.00
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.00
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.00
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0.0
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0.0
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.00
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ID
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er

 
mg

/L 
0.0

01
 

0.0
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0.0

01
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0.0

01
 

0.0
01
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mg
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0.0
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<0
.00
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<0

.00
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.00
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01
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- 

Eu
ro

piu
m 

mg
/L 

0.0
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0.0

01
 

<0
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1 

- 
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/L 
0.0
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0.6
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0.0
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<0
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1 

<0
.00
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1 
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.00
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- 
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0.0
01

 
0.0

03
 

ID
 

Le
ad

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

0.0
03

4H  
Lit

hiu
m 

mg
/L 

0.0
01

 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Lu
tet

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Ma
ng

an
es

e 
mg

/L 
0.0

01
 

0.0
33

 
0.0

28
 

0.0
11

 
0.0

44
 

1.9
C  

Me
rcu

ry 
mg

/L 
0.0

00
1 

<0
.00

01
 

<0
.00

01
 

<0
.00

01
 

<0
.00

01
 

0.0
00

6 
Mo

lyb
de

nu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Ne

od
ym

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

0.0
03

 
0.0

01
 

0.0
04

 
- 

Ni
ck

el 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

0.0
11

H  
Pr

as
eo

dy
mi

um
 

mg
/L 

0.0
01

 
<0

.00
1 

0.0
01

 
<0

.00
1 

0.0
01

 
- 

Ru
bid

ium
 

mg
/L 

0.0
01

 
0.0

02
 

0.0
01

 
<0

.00
1 

0.0
01

 
- 

Sa
ma

riu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Se
len

ium
 

mg
/L 

0.0
1 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

0.0
11

Be
 

Si
lve

r^ 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

0.0
00

05
 

St
ro

nti
um

 
mg

/L 
0.0

01
 

0.0
92

 
0.0

45
 

0.0
28

 
0.0

61
 

- 
Te

llu
riu

m 
mg

/L 
0.0

05
 

<0
.00

5 
<0

.00
5 

<0
.00

5 
<0

.00
5 

- 
Te

rb
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Th

all
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
13

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y G

ui
de

lin
es

 

NO
W

A1
1 Y

ell
ow

 
W

at
er

ho
les

 C
re

ek
 u

/s 
Ha

rri
s C

re
ek

 
NO

W
A2

 H
ar

ris
 C

re
ek

 u
/s 

Br
ut

he
n-

Bu
ch

an
 

Ro
ad

 
SE

PP
 W

oV
 (2

00
3)

 
En

vir
on

m
en

ta
l q

ua
lit

y 
ob

jec
tiv

es
 - 

Cl
ea

re
d 

Hi
lls

 
an

d 
Co

as
ta

l P
lai

ns
* 

On
e-

of
f s

am
pl

in
g 

ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

Th
or

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Th
uli

um
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Tin
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Tit

an
ium

 
mg

/L 
0.0

1 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
- 

Ur
an

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Va

na
diu

m
 

mg
/L 

0.0
1 

<0
.01

 
0.0

1 
<0

.01
 

0.0
2 

ID
 

Yt
ter

biu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Yt
triu

m 
mg

/L 
0.0

01
 

<0
.00

1 
0.0

01
 

<0
.00

1 
0.0

02
 

- 
Zir

co
niu

m 
mg

/L 
0.0

05
 

<0
.00

5 
<0

.00
5 

<0
.00

5 
<0

.00
5 

- 
Zin

c 
mg

/L 
0.0

05
 

<0
.00

5 
<0

.00
5 

<0
.00

5 
<0

.00
5 

0.0
08

H  

Nutrients 

Am
mo

nia
 as

 N
 

mg
/L 

0.0
1 

0.0
4 

0.0
1 

<0
.01

 
0.0

2 
0.9

D  
Ni

trit
e a

s N
 

mg
/L 

0.0
1 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

- 
Ni

tra
te 

as
 N

 
mg

/L 
0.0

1 
0.0

8 
0.0

2 
<0

.01
 

0.0
4 

0.7
 

Ni
trit

e +
 N

itra
te 

as
 N

 
mg

/L 
0.0

1 
0.0

8 
0.0

2 
<0

.01
 

0.0
4 

N/
A 

To
tal

 K
jel

da
hl 

Ni
tro

ge
n a

s N
 

mg
/L 

0.1
 

0.5
 

<0
.1 

<0
.1 

<0
.1 

N/
A 

To
tal

 N
itro

ge
n a

s N
 

mg
/L 

0.1
 

0.6
 

<0
.1 

<0
.1 

<0
.1 

0.6
 

To
tal

 P
ho

sp
ho

ru
s a

s P
 

mg
/L 

0.0
1 

0.0
3 

0.0
1 

<0
.01

 
0.0

2 
0.0

45
 

Re
ac

tiv
e P

ho
sp

ho
ru

s a
s P

 
mg

/L 
0.0

1 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
- 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
14

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y G

ui
de

lin
es

 

NO
W

A1
1 Y

ell
ow

 
W

at
er

ho
les

 C
re

ek
 u

/s 
Ha

rri
s C

re
ek

 
NO

W
A2

 H
ar

ris
 C

re
ek

 u
/s 

Br
ut

he
n-

Bu
ch

an
 

Ro
ad

 
SE

PP
 W

oV
 (2

00
3)

 
En

vir
on

m
en

ta
l q

ua
lit

y 
ob

jec
tiv

es
 - 

Cl
ea

re
d 

Hi
lls

 
an

d 
Co

as
ta

l P
lai

ns
* 

On
e-

of
f s

am
pl

in
g 

ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

To
tal

 C
ya

nid
e 

mg
/L 

0.0
04

 
<0

.00
4 

<0
.00

4 
<0

.00
4 

<0
.00

4 
0.0

07
F  

Coliforms 

To
tal

 C
oli

for
ms

 
Co

lon
ies

/10
0m

L 
1 

86
 

22
 

22
 

22
 

- 

Fa
ec

al 
Co

lifo
rm

s 
Co

lon
ies

/10
0m

L 
1 

60
 

<2
 

<2
 

<2
 

15
0#  

* 
SE

PP
 W

at
er

s 
of

 V
ic

to
ria

 (2
00

3)
 E

nv
iro

nm
en

ta
l q

ua
lit

y 
ob

je
ct

iv
es

 fo
r r

iv
er

s 
an

d 
st

re
am

s 
(C

le
ar

ed
 h

ills
 a

nd
 c

oa
st

al
 p

la
in

s)
; T

(9
5%

) M
et

al
s,

 T
 (9

9%
) N

on
-m

et
al

s,
 T

 (9
5%

) A
m

m
on

ia
. 

A
 A

lu
m

in
iu

m
 fo

r p
H

 >
 6

.5
; 

B
 C

he
m

ic
al

s 
fo

r w
hi

ch
 b

io
ac

cu
m

ul
at

io
n 

an
d 

se
co

nd
ar

y 
po

is
on

in
g 

ef
fe

ct
s 

sh
ou

ld
 b

e 
co

ns
id

er
ed

. 
C
 F

ig
ur

e 
m

ay
 n

ot
 p

ro
te

ct
 k

ey
 s

pe
ci

es
 fr

om
 a

cu
te

 (a
nd

 c
hr

on
ic

) t
ox

ic
ity

.  
R

ef
er

 to
 S

ec
tio

n 
8.

3.
7 

of
 A

N
ZE

C
C

/A
R

M
C

A
N

Z 
w

at
er

 q
ua

lit
y 

gu
id

el
in

es
. 

D
 A

m
m

on
ia

 a
s 

To
ta

l a
m

m
on

ia
 [N

H
4-

N
] a

t p
H

 8
.  

Fo
r c

ha
ng

es
 in

 tr
ig

ge
r v

al
ue

 w
ith

 p
H

 re
fe

r t
o 

S
ec

tio
n 

8.
3.

7.
2 

(A
N

ZE
C

C
/A

R
M

C
A

N
Z 

gu
id

el
in

es
). 

E
 fo

r T
ot

al
 S

el
en

iu
m

; 
F  C

ya
ni

de
 a

s 
un

-io
ni

se
d 

H
C

N
, m

ea
su

re
d 

as
 [C

N
]; 

se
e 

S
ec

tio
n 

8.
3.

7.
2 

(A
N

ZE
C

C
/A

R
M

C
A

N
Z 

gu
id

el
in

es
). 

H
 C

he
m

ic
al

s 
fo

r w
hi

ch
 a

lo
go

rit
hm

s 
ha

ve
 b

ee
n 

pr
ov

id
ed

 in
 ta

bl
e 

3.
4.

3 
(A

N
ZE

C
C

/A
R

M
C

A
N

Z 
G

ui
de

lin
es

) t
o 

ac
co

un
t f

or
 th

e 
ef

fe
ct

s 
of

 h
ar

dn
es

s.
  T

he
 v

al
ue

s 
ha

ve
 b

ee
n 

ca
lc

ul
at

ed
 

I  fo
r A

rs
en

ic
, A

sV
; f

or
 C

hr
om

iu
m

, C
rV

I; 
ID

= 
In

su
ffi

ci
en

t d
at

a 
to

 d
er

iv
e 

a 
re

lia
bl

e 
tri

gg
er

 v
al

ue
.  

U
se

rs
 a

dv
is

ed
 to

 c
he

ck
 if

 a
 lo

w
 re

lia
bi

lit
y 

va
lu

e 
or

 a
n 

EC
L 

is
 g

iv
en

 in
 S

ec
tio

n 
8.

3.
7 

(A
N

ZE
C

C
/A

R
M

C
A

N
Z 

G
ui

de
lin

es
.) 

H
ig

hl
ig

ht
ed

 v
al

ue
s 

sh
ow

 g
ui

de
lin

e 
ex

ce
ed

an
ce

. R
ed

 h
ig

hl
ig

ht
s 

sh
ow

 th
e 

ex
ce

ed
an

ce
 o

f t
he

 re
le

va
nt

 w
at

er
 q

ua
lit

y 
gu

id
el

in
es

. 
^ 

D
is

so
lv

ed
 a

nd
 to

ta
l s

ilv
er

 c
on

ce
nt

ra
tio

ns
 w

er
e 

al
l b

el
ow

 th
e 

de
te

ct
io

n 
lim

it 
(<

0.
00

1 
m

g/
L)

, h
ow

ev
er

 th
e 

de
te

ct
io

n 
lim

it 
w

as
 g

re
at

er
 th

an
 th

e 
su

rfa
ce

 w
at

er
 q

ua
lit

y 
en

vi
ro

nm
en

ta
l o

bj
ec

tiv
es

 fo
r s

ilv
er

 
(0

.0
00

05
 m

g/
L)

. 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
15

Ta
bl

e 
B

5:
 B

as
el

in
e 

fie
ld

 m
on

ito
rin

g 
w

at
er

 q
ua

lit
y 

re
su

lts
 fo

r N
O

W
A

1,
 N

O
W

A
6 

an
d 

N
O

W
A

14
^.

Fi
eld

 P
ar

am
et

er
s 

Un
it 

Si
te

 
W

at
er

 Q
ua

lit
y 

Gu
id

eli
ne

s 

NO
W

A1
4 B

og
gy

 C
re

ek
 u

/s 
Ye

llo
w 

W
at

er
 H

ol
es

 C
re

ek
 

NO
W

A1
 B

og
gy

 C
re

ek
 u

/s 
Br

ut
he

n-
Bu

ch
an

 R
oa

d 
NO

W
A6

 B
og

gy
 C

re
ek

 u
/s 

No
wa

 
No

wa
 

SE
PP

 W
oV

 (2
00

3)
 

En
vir

on
m

en
ta

l q
ua

lit
y 

ob
jec

tiv
es

 - 
Cl

ea
re

d 
Hi

lls
 an

d 
Co

as
ta

l 
Pl

ain
s  

Me
an

 
Mi

ni
m

um
 

Ma
xim

um
 

Me
an

 
Mi

ni
m

um
 

Ma
xim

um
 

Me
an

 
Mi

ni
m

um
 

Ma
xim

um
 

General Parameters 

pH
  

pH
 U

nit
 

6.2
6 

5.5
4 

7.2
1 

6.5
7 

6.0
1 

7.2
5 

7.0
8 

6.4
2 

7.9
1 

6.4
-7

.7 
El

ec
tric

al 
Co

nd
uc

tiv
ity

 @
 

25
°C

  
μS

/cm
 

45
0 

29
7 

62
4 

58
5 

70
 

1,3
68

 
68

6 
27

6 
1,0

20
 

≤5
00

 

OR
P 

mV
 

25
0 

19
8 

33
8 

34
6 

11
9 

95
0 

21
6 

11
8 

27
0 

- 
Tu

rb
idi

ty 
NT

U 
32

 
0 

53
 

10
 

0 
40

 
5 

0 
15

 
≤1

0 

Di
ss

olv
ed

 O
2 l  

mg
/L 

(%
 

sa
tur

ati
on

) 
6.8

3 
(6

2.4
%

) 
5.3

3 
(4

8.9
3%

) 
8.3

2 
(8

2.3
6%

) 
6.2

8 
(5

9.2
4%

) 
5.4

7 
(4

9.1
2%

) 
7.4

8 
(7

6.1
%

) 
8.6

3 
(8

6.9
3%

) 
7.2

1 
(6

5.4
9%

) 
10

.23
 

(1
07

.92
%

) 
85

-1
10

%
 

Te
mp

er
atu

re
 

°C
 

10
.5 

6.8
 

14
 

12
.34

 
7.3

0 
20

.90
 

15
.50

 
8.4

0 
25

.00
 

- 
* 

SE
PP

 W
at

er
s 

of
 V

ic
to

ria
 (2

00
3)

 E
nv

iro
nm

en
ta

l q
ua

lit
y 

ob
je

ct
iv

es
 fo

r r
iv

er
s 

an
d 

st
re

am
s 

(C
le

ar
ed

 h
ills

 a
nd

 c
oa

st
al

 p
la

in
s)

. 
^ 

H
ig

hl
ig

ht
ed

 v
al

ue
s 

sh
ow

 a
 re

su
lt 

ou
ts

id
e 

of
 th

e 
re

le
va

nt
 w

at
er

 q
ua

lit
y 

cr
ite

ria
.  

 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
16

Ta
bl

e 
B

6:
 B

as
el

in
e 

la
bo

ra
to

ry
 s

am
pl

e 
w

at
er

 q
ua

lit
y 

re
su

lts
 fo

r N
O

W
A

1,
 N

O
W

A
6 

an
d 

N
O

W
A

14
^.

 

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y 

Gu
id

eli
ne

s 

NO
W

A1
4 B

og
gy

 
Cr

ee
k u

/s 
Ye

llo
w 

W
at

er
 H

ol
es

 C
re

ek
 

NO
W

A1
 B

og
gy

 C
re

ek
 u

/s 
Br

ut
he

n-
Bu

ch
an

 R
oa

d 
NO

W
A6

 B
og

gy
 C

re
ek

 u
/s 

No
wa

 
No

wa
 

SE
PP

 W
oV

 
(2

00
3)

 
En

vir
on

m
en

ta
l 

qu
ali

ty
 

ob
jec

tiv
es

 - 
Cl

ea
re

d 
Hi

lls
 

an
d 

Co
as

ta
l 

Pl
ain

s*
 

On
e-

of
f S

am
pl

in
g 

Ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

General Parameters 

pH
 (L

ab
) 

pH
 U

nit
 

- 
6.2

9 
7.0

3 
6.8

6 
7.1

9 
7.4

7 
6.7

2 
8.1

1 
6.4

-7
.7 

El
ec

tric
al 

Co
nd

uc
tiv

ity
 

(L
ab

) 
μS

/cm
 

1 
32

6 
50

6 
37

7 
63

4 
71

0 
28

1 
1,0

40
 

≤5
00

 

To
tal

 S
us

pe
nd

ed
 S

oli
ds

 
mg

/L 
5 

<5
 

<5
 

<5
 

<5
 

3 
<5

 
5 

- 
To

tal
 ha

rd
ne

ss
 as

 C
aC

O3
 

mg
/L 

1 
47

 
78

 
54

 
10

2 
12

4 
41

 
17

3 
- 

To
tal

 A
lka

lin
ity

 as
 C

aC
O3

 
mg

/L 
1 

6 
38

.0 
15

.0 
61

.0 
38

.5 
9.0

 
55

.0 
- 

Hy
dr

ox
ide

 A
lka

lin
ity

 a
s 

Ca
CO

3 
mg

/L 
1 

<1
 

<1
<1

<1
<1

<1
<1

- 

Ca
rb

on
ate

 A
lka

lin
ity

 as
 

Ca
CO

3 
mg

/L 
1 

<1
 

<1
<1

<1
<1

<1
<1

- 

Bi
ca

rb
on

ate
 A

lka
lin

ity
 a

s 
Ca

CO
3 

mg
/L 

1 
6 

38
.00

 
15

.00
 

61
.00

 
38

.50
 

9.0
0 

55
.00

 
- 

Oi
l a

nd
 G

re
as

e 
mg

/L 
5 

<5
 

<5
<5

<5
<5

<5
<5

ID
 

Major Ions 

So
diu

m
 

mg
/L 

1 
39

 
63

.5 
42

.0 
85

.0 
86

.0 
33

.0 
11

8.0
 

- 
Ma

gn
es

ium
 

mg
/L 

1 
9 

13
.0 

9.0
 

17
.0 

21
.8 

7.0
 

31
.0 

- 
Po

tas
siu

m
 

mg
/L 

1 
2 

3.5
 

3.0
 

4.0
 

4.8
 

2.0
 

7.0
 

- 
Ca

lci
um

 
mg

/L 
1 

4 
10

.0 
7.0

 
13

.0 
13

.8 
5.0

 
18

.0 
- 

Ch
lor

ide
 

mg
/L 

1 
87

 
13

7.0
 

96
.0 

17
8.0

 
19

0.8
 

60
.0 

28
2.0

 
- 

Flu
or

ide
 

mg
/L 

1 
<0

.1 
<0

.1
<0

.1
<0

.1
0.1

 
<0

.1 
0.2

 
- 

Su
lfa

te 
as

 S
O4

 - 
mg

/L 
1 

17
 

13
.5 

12
.0 

15
.0 

18
.5 

14
.0 

22
.0 

- 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
17

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y 

Gu
id

eli
ne

s 

NO
W

A1
4 B

og
gy

 
Cr

ee
k u

/s 
Ye

llo
w 

W
at

er
 H

ol
es

 C
re

ek
 

NO
W

A1
 B

og
gy

 C
re

ek
 u

/s 
Br

ut
he

n-
Bu

ch
an

 R
oa

d 
NO

W
A6

 B
og

gy
 C

re
ek

 u
/s 

No
wa

 
No

wa
 

SE
PP

 W
oV

 
(2

00
3)

 
En

vir
on

m
en

ta
l 

qu
ali

ty
 

ob
jec

tiv
es

 - 
Cl

ea
re

d 
Hi

lls
 

an
d 

Co
as

ta
l 

Pl
ain

s*
 

On
e-

of
f S

am
pl

in
g 

Ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

Tu
rb

idi
me

tric
 

Total Metals 

Al
um

ini
um

 
mg

/L 
0.0

1 
2.0

0 
1.0

4 
0.6

7 
0.0

3 
1.3

1 
0.0

55
A  

An
tim

on
y 

mg
/L 

0.0
01

 
0.0

07
 

0.0
13

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Ar
se

nic
 

mg
/L 

0.0
01

 
0.0

02
 

0.0
02

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

0.0
13

I  
Ba

riu
m 

mg
/L 

0.0
01

 
0.0

32
 

0.0
48

 
0.0

52
 

0.0
39

 
0.0

64
 

- 
Be

ryl
liu

m
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Bi
sm

uth
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Bo
ro

n 
mg

/L 
0.0

50
 

0.0
7 

0.0
7 

0.1
0 

<0
.05

 
0.1

7 
0.3

7C  
Ca

dm
ium

 
mg

/L 
0.0

00
1 

0.0
00

2 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
0.0

00
2H  

Ca
es

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Ce

riu
m 

mg
/L 

0.0
01

 
0.0

05
 

0.0
03

 
0.0

02
 

<0
.00

1 
0.0

04
 

- 
Ch

ro
mi

um
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
0.0

01
 

<0
.00

1 
0.0

01
 

0.0
01

CI
H  

Co
ba

lt 
mg

/L 
0.0

01
 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Co

pp
er

 
mg

/L 
0.0

01
 

0.0
05

 
0.0

03
 

0.0
01

 
0.0

01
 

0.0
01

 
0.0

01
4H  

Dy
sp

ro
siu

m
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Er

biu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Eu

ro
piu

m 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Ga
do

lin
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
18

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y 

Gu
id

eli
ne

s 

NO
W

A1
4 B

og
gy

 
Cr

ee
k u

/s 
Ye

llo
w 

W
at

er
 H

ol
es

 C
re

ek
 

NO
W

A1
 B

og
gy

 C
re

ek
 u

/s 
Br

ut
he

n-
Bu

ch
an

 R
oa

d 
NO

W
A6

 B
og

gy
 C

re
ek

 u
/s 

No
wa

 
No

wa
 

SE
PP

 W
oV

 
(2

00
3)

 
En

vir
on

m
en

ta
l 

qu
ali

ty
 

ob
jec

tiv
es

 - 
Cl

ea
re

d 
Hi

lls
 

an
d 

Co
as

ta
l 

Pl
ain

s*
 

On
e-

of
f S

am
pl

in
g 

Ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

Ga
lliu

m
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Ha
fni

um
 

mg
/L 

0.0
1 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
- 

Ho
lm

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Iro

n 
mg

/L 
0.0

50
 

2.0
2 

1.1
8 

0.7
0 

0.2
4 

1.1
6 

ID
 

Ind
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

La
nth

an
um

 
mg

/L 
0.0

01
 

0.0
03

 
0.0

02
 

0.0
01

 
<0

.00
1 

0.0
02

 
ID

 
Le

ad
 

mg
/L 

0.0
01

 
0.0

01
 

0.0
02

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

0.0
03

4H  
Lit

hiu
m 

mg
/L 

0.0
01

 
0.0

01
 

0.0
01

 
0.0

02
 

<0
.00

1 
0.0

04
 

- 
Lu

tet
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Ma
ng

an
es

e 
mg

/L 
0.0

01
 

0.0
33

 
0.0

22
 

0.0
06

 
0.0

03
 

0.0
09

 
1.9

C  
Me

rcu
ry 

mg
/L 

0.0
00

1 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
0.0

00
6 

Mo
lyb

de
nu

m 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Ne

od
ym

ium
 

mg
/L 

0.0
01

 
0.0

03
 

0.0
02

 
0.0

01
 

<0
.00

1 
0.0

02
 

- 
Ni

ck
el 

mg
/L 

0.0
01

 
0.0

04
 

0.0
02

 
0.0

01
 

<0
.00

1 
0.0

01
 

0.0
11

H  
Pr

as
eo

dy
mi

um
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Ru

bid
ium

 
mg

/L 
0.0

01
 

0.0
05

 
0.0

03
 

0.0
04

 
0.0

04
 

0.0
04

 
- 

Sa
ma

riu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Se

len
ium

 
mg

/L 
0.0

1 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

0.0
11

Be
 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
19

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y 

Gu
id

eli
ne

s 

NO
W

A1
4 B

og
gy

 
Cr

ee
k u

/s 
Ye

llo
w 

W
at

er
 H

ol
es

 C
re

ek
 

NO
W

A1
 B

og
gy

 C
re

ek
 u

/s 
Br

ut
he

n-
Bu

ch
an

 R
oa

d 
NO

W
A6

 B
og

gy
 C

re
ek

 u
/s 

No
wa

 
No

wa
 

SE
PP

 W
oV

 
(2

00
3)

 
En

vir
on

m
en

ta
l 

qu
ali

ty
 

ob
jec

tiv
es

 - 
Cl

ea
re

d 
Hi

lls
 

an
d 

Co
as

ta
l 

Pl
ain

s*
 

On
e-

of
f S

am
pl

in
g 

Ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

Si
lve

r^ 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
0.0

00
05

 
St

ro
nti

um
 

mg
/L 

0.0
01

 
0.0

35
 

0.0
54

 
0.1

06
 

0.0
45

 
0.1

67
 

- 
Te

llu
riu

m 
mg

/L 
0.0

05
 

<0
.00

5 
<0

.00
5 

<0
.00

5 
<0

.00
5 

<0
.00

5 
- 

Te
rb

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Th

all
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Th

or
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Th
uli

um
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Tin

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Tit

an
ium

 
mg

/L 
0.0

1 
0.0

2 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
- 

Ur
an

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Va
na

diu
m

 
mg

/L 
0.0

1 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

ID
 

Yt
ter

biu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Yt

triu
m 

mg
/L 

0.0
01

 
0.0

02
 

0.0
01

 
0.0

01
 

<0
.00

1 
0.0

02
 

- 
Zir

co
niu

m 
mg

/L 
0.0

05
 

<0
.00

5 
<0

.00
5 

<0
.00

5 
<0

.00
5 

<0
.00

5 
- 

Zin
c 

mg
/L 

0.0
05

 
0.0

30
 

0.0
10

 
0.0

05
 

<0
.00

5 
0.0

08
 

0.0
08

H  

Dissolved 
Metals 

Al
um

ini
um

 
mg

/L 
0.0

1 
0.3

2 
0.1

4 
0.0

8 
0.2

0 
0.0

9 
0.0

1 
0.3

2 
0.0

55
A  

An
tim

on
y 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Ar
se

nic
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
0.0

01
 

<0
.00

1 
0.0

02
 

0.0
13

I  



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
20

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y 

Gu
id

eli
ne

s 

NO
W

A1
4 B

og
gy

 
Cr

ee
k u

/s 
Ye

llo
w 

W
at

er
 H

ol
es

 C
re

ek
 

NO
W

A1
 B

og
gy

 C
re

ek
 u

/s 
Br

ut
he

n-
Bu

ch
an

 R
oa

d 
NO

W
A6

 B
og

gy
 C

re
ek

 u
/s 

No
wa

 
No

wa
 

SE
PP

 W
oV

 
(2

00
3)

 
En

vir
on

m
en

ta
l 

qu
ali

ty
 

ob
jec

tiv
es

 - 
Cl

ea
re

d 
Hi

lls
 

an
d 

Co
as

ta
l 

Pl
ain

s*
 

On
e-

of
f S

am
pl

in
g 

Ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

Ba
riu

m 
mg

/L 
0.0

01
 

0.0
26

 
0.0

58
 

0.0
45

 
0.0

70
 

0.0
68

 
0.0

34
 

0.0
98

 
- 

Be
ryl

liu
m

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Bi

sm
uth

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Bo

ro
n 

mg
/L 

0.0
5 

<0
.05

 
0.0

6 
<0

.05
 

0.1
0 

0.1
6 

<0
.05

 
0.5

1 
0.3

7C  
Ca

dm
ium

 
mg

/L 
0.0

00
1 

<0
.00

01
 

<0
.00

01
 

<0
.00

01
 

<0
.00

01
 

<0
.00

01
 

<0
.00

01
 

<0
.00

01
 

0.0
00

2H  
Ca

es
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Ce
riu

m 
mg

/L 
0.0

01
 

0.0
04

 
0.0

02
 

0.0
01

 
0.0

02
 

0.0
01

 
<0

.00
1 

0.0
04

 
- 

Ch
ro

mi
um

 
mg

/L 
0.0

01
 

0.0
01

 
0.0

01
 

<0
.00

1 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
0.0

01
CI

H  
Co

ba
lt 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Co
pp

er
 

mg
/L 

0.0
01

 
0.0

03
 

0.0
02

 
0.0

02
 

0.0
02

 
0.0

02
 

0.0
01

 
0.0

02
 

0.0
01

4H  
Dy

sp
ro

siu
m

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Er
biu

m 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Eu
ro

piu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Ga

do
lin

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Ga

lliu
m

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Ha

fni
um

 
mg

/L 
0.0

1 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

- 
Ho

lm
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Iro
n 

mg
/L 

0.0
5 

1.1
3 

0.7
7 

0.5
4 

0.9
9 

0.2
3 

0.0
9 

0.4
3 

ID
 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
21

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y 

Gu
id

eli
ne

s 

NO
W

A1
4 B

og
gy

 
Cr

ee
k u

/s 
Ye

llo
w 

W
at

er
 H

ol
es

 C
re

ek
 

NO
W

A1
 B

og
gy

 C
re

ek
 u

/s 
Br

ut
he

n-
Bu

ch
an

 R
oa

d 
NO

W
A6

 B
og

gy
 C

re
ek

 u
/s 

No
wa

 
No

wa
 

SE
PP

 W
oV

 
(2

00
3)

 
En

vir
on

m
en

ta
l 

qu
ali

ty
 

ob
jec

tiv
es

 - 
Cl

ea
re

d 
Hi

lls
 

an
d 

Co
as

ta
l 

Pl
ain

s*
 

On
e-

of
f S

am
pl

in
g 

Ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

Ind
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

La
nth

an
um

 
mg

/L 
0.0

01
 

0.0
02

 
0.0

01
 

<0
.00

1 
0.0

01
 

0.0
01

 
<0

.00
1 

0.0
02

 
ID

 
Le

ad
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

0.0
03

4H  
Lit

hiu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
0.0

04
 

<0
.00

1 
0.0

16
 

- 
Lu

tet
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Ma
ng

an
es

e 
mg

/L 
0.0

01
 

0.0
39

 
0.0

22
 

0.0
19

 
0.0

24
 

0.0
06

 
0.0

03
 

0.0
11

 
1.9

C  
Me

rcu
ry 

mg
/L 

0.0
00

1 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
<0

.00
01

 
0.0

00
6 

Mo
lyb

de
nu

m 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
ID

 
Ne

od
ym

ium
 

mg
/L 

0.0
01

 
0.0

03
 

0.0
01

 
<0

.00
1 

0.0
02

 
0.0

01
 

<0
.00

1 
0.0

02
 

- 
Ni

ck
el 

mg
/L 

0.0
01

 
0.0

03
 

0.0
01

 
0.0

01
 

0.0
01

 
0.0

01
 

<0
.00

1 
0.0

01
 

0.0
11

H  
Pr

as
eo

dy
mi

um
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Ru

bid
ium

 
mg

/L 
0.0

01
 

<0
.00

1 
0.0

03
 

0.0
02

 
0.0

03
 

0.0
05

 
0.0

02
 

0.0
08

 
- 

Sa
ma

riu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Se

len
ium

 
mg

/L 
0.0

1 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

0.0
11

Be
 

Si
lve

r^ 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
0.0

00
05

 
St

ro
nti

um
 

mg
/L 

0.0
01

 
0.0

37
 

0.0
95

 
0.0

61
 

0.1
28

 
0.1

59
 

0.0
46

 
0.3

06
 

- 
Te

llu
riu

m 
mg

/L 
0.0

05
 

<0
.00

5 
<0

.00
5 

<0
.00

5 
<0

.00
5 

<0
.00

5 
<0

.00
5 

<0
.00

5 
- 

Te
rb

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
22

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y 

Gu
id

eli
ne

s 

NO
W

A1
4 B

og
gy

 
Cr

ee
k u

/s 
Ye

llo
w 

W
at

er
 H

ol
es

 C
re

ek
 

NO
W

A1
 B

og
gy

 C
re

ek
 u

/s 
Br

ut
he

n-
Bu

ch
an

 R
oa

d 
NO

W
A6

 B
og

gy
 C

re
ek

 u
/s 

No
wa

 
No

wa
 

SE
PP

 W
oV

 
(2

00
3)

 
En

vir
on

m
en

ta
l 

qu
ali

ty
 

ob
jec

tiv
es

 - 
Cl

ea
re

d 
Hi

lls
 

an
d 

Co
as

ta
l 

Pl
ain

s*
 

On
e-

of
f S

am
pl

in
g 

Ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

Th
all

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Th
or

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Th

uli
um

 
mg

/L 
0.0

01
 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
- 

Tin
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Tit
an

ium
 

mg
/L 

0.0
1 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
- 

Ur
an

ium
 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

ID
 

Va
na

diu
m

 
mg

/L 
0.0

1 
<0

.01
 

0.0
1 

<0
.01

 
0.0

2 
0.0

1 
<0

.01
 

0.0
2 

ID
 

Yt
ter

biu
m 

mg
/L 

0.0
01

 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

<0
.00

1 
<0

.00
1 

- 
Yt

triu
m 

mg
/L 

0.0
01

 
0.0

02
 

0.0
01

 
<0

.00
1 

0.0
01

 
0.0

01
 

<0
.00

1 
0.0

01
 

- 
Zir

co
niu

m 
mg

/L 
0.0

1 
<0

.00
5 

<0
.00

5 
<0

.00
5 

<0
.00

5 
<0

.00
5 

<0
.00

5 
<0

.00
5 

- 
Zin

c 
mg

/L 
0.0

05
 

0.0
06

 
<0

.00
5 

<0
.00

5 
<0

.00
5 

0.0
03

 
<0

.00
5 

0.0
06

 
0.0

08
H  

Nutrients 

Am
mo

nia
 as

 N
 

mg
/L 

0.0
1 

<0
.01

 
0.0

3 
<0

.01
 

0.0
5 

0.0
3 

<0
.01

 
0.0

6 
0.9

D  
Ni

trit
e a

s N
 

mg
/L 

0.0
1 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
- 

Ni
tra

te 
as

 N
 

mg
/L 

0.0
1 

0.0
2 

0.0
7 

0.0
7 

0.0
7 

0.0
4 

0.0
2 

0.0
8 

0.7
 

Ni
trit

e +
 N

itra
te 

as
 N

 
mg

/L 
0.0

1 
0.0

2 
0.0

7 
0.0

7 
0.0

7 
0.0

4 
0.0

2 
0.0

8 
N/

A 
To

tal
 K

jel
da

hl 
Ni

tro
ge

n a
s 

N 
mg

/L 
0.1

 
<0

.1 
0.1

3 
<0

.1 
0.2

0 
0.1

1 
<0

.1 
0.3

0 
N/

A 

To
tal

 N
itro

ge
n a

s N
 

mg
/L 

0.1
 

<0
.1 

0.1
8 

<0
.1 

0.3
0 

0.1
1 

<0
.1 

0.3
0 

0.6
 

To
tal

 P
ho

sp
ho

ru
s a

s P
 

mg
/L 

0.0
1 

0.0
4 

0.0
2 

0.0
1 

0.0
2 

0.0
6 

0.0
4 

0.1
2 

0.0
45

 



N
ow

a 
N

ow
a 

Iro
n 

Pr
oj

ec
t 

S
ur

fa
ce

 W
at

er
 a

nd
 G

ro
un

dw
at

er
 S

tu
dy

E
ar

th
 S

ys
te

m
s 

R
ev

3
23

La
b 

Pa
ra

m
et

er
s 

Un
it 

La
bo

ra
to

ry
 

De
te

ct
io

n 
Li

m
it 

Si
te

 
W

at
er

 Q
ua

lit
y 

Gu
id

eli
ne

s 

NO
W

A1
4 B

og
gy

 
Cr

ee
k u

/s 
Ye

llo
w 

W
at

er
 H

ol
es

 C
re

ek
 

NO
W

A1
 B

og
gy

 C
re

ek
 u

/s 
Br

ut
he

n-
Bu

ch
an

 R
oa

d 
NO

W
A6

 B
og

gy
 C

re
ek

 u
/s 

No
wa

 
No

wa
 

SE
PP

 W
oV

 
(2

00
3)

 
En

vir
on

m
en

ta
l 

qu
ali

ty
 

ob
jec

tiv
es

 - 
Cl

ea
re

d 
Hi

lls
 

an
d 

Co
as

ta
l 

Pl
ain

s*
 

On
e-

of
f S

am
pl

in
g 

Ev
en

t 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 
Me

an
 

Mi
ni

m
um

 
Ma

xim
um

 

Re
ac

tiv
e P

ho
sp

ho
ru

s a
s P

 
mg

/L 
0.0

1 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

<0
.01

 
<0

.01
 

- 
To

tal
 C

ya
nid

e 
mg

/L 
0.0

04
 

<0
.00

4 
<0

.00
4 

<0
.00

4 
<0

.00
4 

<0
.00

4 
<0

.00
4 

<0
.00

4 
0.0

07
F  

Coliforms 

To
tal

 C
oli

for
ms

 
Co

lon
ies

/10
0m

L 
1 

4 
8 

8 
8 

27
 

0 
70

 
- 

Fa
ec

al 
Co

lifo
rm

s 
Co

lon
ies

/10
0m

L 
1 

<2
 

6 
6 

6 
91

 
12

 
20

0 
15

0#  
* 

SE
PP

 W
at

er
s 

of
 V

ic
to

ria
 (2

00
3)

 E
nv

iro
nm

en
ta

l q
ua

lit
y 

ob
je

ct
iv

es
 fo

r r
iv

er
s 

an
d 

st
re

am
s 

(C
le

ar
ed

 h
ills

 a
nd

 c
oa

st
al

 p
la

in
s)

; T
(9

5%
) M

et
al

s,
 T

 (9
9%

) N
on

-m
et

al
s,

 T
 (9

5%
) A

m
m

on
ia

. 
A
 A

lu
m

in
iu

m
 fo

r p
H

 >
 6

.5
; 

B
 C

he
m

ic
al

s 
fo

r w
hi

ch
 b

io
ac

cu
m

ul
at

io
n 

an
d 

se
co

nd
ar

y 
po

is
on

in
g 

ef
fe

ct
s 

sh
ou

ld
 b

e 
co

ns
id

er
ed

. 
C
 F

ig
ur

e 
m

ay
 n

ot
 p

ro
te

ct
 k

ey
 s

pe
ci

es
 fr

om
 a

cu
te

 (a
nd

 c
hr

on
ic

) t
ox

ic
ity

.  
R

ef
er

 to
 S

ec
tio

n 
8.

3.
7 

of
 A

N
ZE

C
C

/A
R

M
C

A
N

Z 
w

at
er

 q
ua

lit
y 

gu
id

el
in

es
. 

D
 A

m
m

on
ia

 a
s 

To
ta

l a
m

m
on

ia
 [N

H
4-

N
] a

t p
H

 8
.  

Fo
r c

ha
ng

es
 in

 tr
ig

ge
r v

al
ue

 w
ith

 p
H

 re
fe

r t
o 

S
ec

tio
n 

8.
3.

7.
2 

(A
N

ZE
C

C
/A

R
M

C
A

N
Z 

gu
id

el
in

es
). 

E
 fo

r T
ot

al
 S

el
en

iu
m

; 
F  C

ya
ni

de
 a

s 
un

-io
ni

se
d 

H
C

N
, m

ea
su

re
d 

as
 [C

N
]; 

se
e 

S
ec

tio
n 

8.
3.

7.
2 

(A
N

ZE
C

C
/A

R
M

C
A

N
Z 

gu
id

el
in

es
). 

H
 C

he
m

ic
al

s 
fo

r w
hi

ch
 a

lo
go

rit
hm

s 
ha

ve
 b

ee
n 

pr
ov

id
ed

 in
 ta

bl
e 

3.
4.

3 
(A

N
ZE

C
C

/A
R

M
C

A
N

Z 
G

ui
de

lin
es

) t
o 

ac
co

un
t f

or
 th

e 
ef

fe
ct

s 
of

 h
ar

dn
es

s.
  T

he
 v

al
ue

s 
ha

ve
 b

ee
n 

ca
lc

ul
at

ed
 

I  fo
r A

rs
en

ic
, A

sV
; f

or
 C

hr
om

iu
m

, C
rV

I; 
ID

= 
In

su
ffi

ci
en

t d
at

a 
to

 d
er

iv
e 

a 
re

lia
bl

e 
tri

gg
er

 v
al

ue
.  

U
se

rs
 a

dv
is

ed
 to

 c
he

ck
 if

 a
 lo

w
 re

lia
bi

lit
y 

va
lu

e 
or

 a
n 

E
C

L 
is

 g
iv

en
 in

 S
ec

tio
n 

8.
3.

7 
(A

N
ZE

C
C

/A
R

M
C

A
N

Z 
G

ui
de

lin
es

.) 
H

ig
hl

ig
ht

ed
 v

al
ue

s 
sh

ow
 g

ui
de

lin
e 

ex
ce

ed
an

ce
. R

ed
 h

ig
hl

ig
ht

s 
sh

ow
 th

e 
ex

ce
ed

an
ce

 o
f t

he
 re

le
va

nt
 w

at
er

 q
ua

lit
y 

gu
id

el
in

es
. 

^ 
D

is
so

lv
ed

 a
nd

 to
ta

l s
ilv

er
 c

on
ce

nt
ra

tio
ns

 w
er

e 
al

l b
el

ow
 th

e 
de

te
ct

io
n 

lim
it 

(<
0.

00
1 

m
g/

L)
, h

ow
ev

er
 th

e 
de

te
ct

io
n 

lim
it 

w
as

 g
re

at
er

 th
an

 th
e 

su
rfa

ce
 w

at
er

 q
ua

lit
y 

en
vi

ro
nm

en
ta

l o
bj

ec
tiv

es
 fo

r s
ilv

er
 

(0
.0

00
05

 m
g/

L)
. 



Nowa Nowa Iron Project Surface Water and Groundwater Study

Earth Systems Rev3 24

Table B7:  Baseline field monitoring water quality results for NOWA3^.

Field Parameters Unit 

Site Water Quality Guidelines 

NOWA3 Ironstone Creek d/s 
Decommissioned Quarry 

SEPP WoV (2003) 
Environmental quality 

objectives - Cleared Hills 
and Coastal Plains  

Mean Minimum Maximum 

Ge
ne

ra
l P

ar
am

ete
rs 

pH  pH Unit 4.18 3.82 4.87 6.4-7.7 
Electrical Conductivity @ 25°C  μS/cm 832 133 1,483 ≤500 

ORP mV 424 354 508 - 
Turbidity NTU 4.93 0 10.5 ≤10 

Dissolved O2 l mg/L (% 
saturation) 

7.36 
(68.6%) 

6.49 
(59.1%) 

8.89 
(86.9%) 85-110% 

Temperature °C 11.8 10.6 13.9 - 
* SEPP Waters of Victoria (2003) Environmental quality objectives for rivers and streams (Cleared hills and coastal plains). 
^ Highlighted values show a result outside of the relevant water quality criteria.   

Table B8:  Baseline laboratory sample water quality results for NOWA3^.

Lab Parameters Unit 
Laboratory 
Detection 

Limit 

Site Water Quality 
Guidelines 

NOWA3 Ironstone Creek d/s 
Decommissioned Quarry 

SEPP WoV (2003) 
Environmental 

quality objectives - 
Cleared Hills and 
Coastal Plains* 

Mean Minimum Maximum 

Ge
ne

ra
l P

ar
am

ete
rs 

pH (Lab) pH Unit - 4.41 3.79 5.19 6.4-7.7 
Electrical Conductivity 

(Lab) μS/cm 1 797 239 1,340 ≤500 

Total Suspended 
Solids mg/L 5 7 <5 11 - 

Total hardness as 
CaCO3 mg/L 1 158 26 284 - 

Total Alkalinity as 
CaCO3 mg/L 1 <1 <1 <1 - 

Hydroxide Alkalinity 
as CaCO3 mg/L 1 <1 <1 <1 - 

Carbonate Alkalinity 
as CaCO3 mg/L 1 <1 <1 <1 - 

Bicarbonate Alkalinity 
as CaCO3 mg/L 1 <1 <1 <1 - 
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Lab Parameters Unit 
Laboratory 
Detection 

Limit 

Site Water Quality 
Guidelines 

NOWA3 Ironstone Creek d/s 
Decommissioned Quarry 

SEPP WoV (2003) 
Environmental 

quality objectives - 
Cleared Hills and 
Coastal Plains* 

Mean Minimum Maximum 
Oil and Grease mg/L 5 <5 <5 <5 ID 

Ma
jor

 Io
ns

 

Sodium mg/L 1 77.5 28.0 125.0 - 
Magnesium mg/L 1 26.3 5.0 46.0 - 
Potassium mg/L 1 5.0 2.0 8.0 - 
Calcium mg/L 1 20.0 2.0 38.0 - 
Chloride mg/L 1 147.5 49.0 248.0 - 
Fluoride mg/L 1 0.45 0.10 0.80 - 

Sulfate as SO4 - 
Turbidimetric mg/L 1 143.0 21.0 265.0 - 

To
tal

 M
eta

ls 

Aluminium mg/L 0.01 5.27 2.10 8.43 0.055A 
Antimony mg/L 0.001 <0.001 <0.001 <0.001 ID 
Arsenic mg/L 0.001 0.002 0.001 0.002 0.013I 
Barium mg/L 0.001 0.042 0.021 0.062 - 

Beryllium mg/L 0.001 0.004 <0.001 0.008 ID 
Bismuth mg/L 0.001 <0.001 <0.001 <0.001 ID 
Boron mg/L 0.050 0.05 <0.05 0.07 0.37C 

Cadmium mg/L 0.0001 0.0002 <0.0001 0.0004 0.0002H 
Caesium mg/L 0.001 <0.001 <0.001 <0.001 - 
Cerium mg/L 0.001 0.013 0.007 0.019 - 

Chromium mg/L 0.001 0.001 <0.001 0.001 0.001CIH 
Cobalt mg/L 0.001 0.082 0.007 0.156 ID 
Copper mg/L 0.001 0.078 0.008 0.148 0.0014H 

Dysprosium mg/L 0.001 <0.001 <0.001 <0.001 - 
Erbium mg/L 0.001 <0.001 <0.001 <0.001 - 

Europium mg/L 0.001 <0.001 <0.001 <0.001 - 
Gadolinium mg/L 0.001 <0.001 <0.001 <0.001 - 

Gallium mg/L 0.001 <0.001 <0.001 <0.001 ID 
Hafnium mg/L 0.01 <0.01 <0.01 <0.01 - 
Holmium mg/L 0.001 <0.001 <0.001 <0.001 - 

Iron mg/L 0.05 1.33 0.92 1.74 ID 
Indium mg/L 0.001 <0.001 <0.001 <0.001 - 

Lanthanum mg/L 0.001 0.001 <0.001 0.002 ID 
Lead mg/L 0.001 <0.001 <0.001 <0.001 0.0034H 

Lithium mg/L 0.001 0.003 <0.001 0.006 - 
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Lab Parameters Unit 
Laboratory 
Detection 

Limit 

Site Water Quality 
Guidelines 

NOWA3 Ironstone Creek d/s 
Decommissioned Quarry 

SEPP WoV (2003) 
Environmental 

quality objectives - 
Cleared Hills and 
Coastal Plains* 

Mean Minimum Maximum 
Lutetium mg/L 0.001 <0.001 <0.001 <0.001 - 

Manganese mg/L 0.001 0.335 0.038 0.631 1.9C 
Mercury mg/L 0.0001 <0.0001 <0.0001 <0.0001 0.0006 

Molybdenum mg/L 0.001 <0.001 <0.001 <0.001 ID 
Neodymium mg/L 0.001 0.002 <0.001 0.003 - 

Nickel mg/L 0.001 0.015 0.002 0.028 0.011H 
Praseodymium mg/L 0.001 <0.001 <0.001 <0.001 - 

Rubidium mg/L 0.001 0.007 0.004 0.009 - 
Samarium mg/L 0.001 <0.001 <0.001 <0.001 - 
Selenium mg/L 0.01 <0.01 <0.01 <0.01 0.011Be 

Silver^ mg/L 0.001 <0.001 <0.001 <0.001 0.00005 
Strontium mg/L 0.001 0.065 0.028 0.101 - 
Tellurium mg/L 0.005 <0.005 <0.005 <0.005 - 
Terbium mg/L 0.001 <0.001 <0.001 <0.001 - 
Thallium mg/L 0.001 0.001 <0.001 0.001 ID 
Thorium mg/L 0.001 <0.001 <0.001 <0.001 - 
Thulium mg/L 0.001 <0.001 <0.001 <0.001 - 

Tin mg/L 0.001 <0.001 <0.001 <0.001 ID 
Titanium mg/L 0.01 0.01 <0.01 0.01 - 
Uranium mg/L 0.001 <0.001 <0.001 <0.001 ID 

Vanadium mg/L 0.01 <0.01 <0.01 <0.01 ID 
Ytterbium mg/L 0.001 <0.001 <0.001 <0.001 - 

Yttrium mg/L 0.001 0.001 <0.001 0.002 - 
Zirconium mg/L 0.005 <0.005 <0.005 <0.005 - 

Zinc mg/L 0.005 0.022 <0.005 0.042 0.008H 

Di
ss

olv
ed

 M
eta

ls 

Aluminium mg/L 0.01 3.37 0.61 7.42 0.055A 
Antimony mg/L 0.001 <0.001 <0.001 <0.001 ID 
Arsenic mg/L 0.001 0.002 <0.001 0.004 0.013I 
Barium mg/L 0.001 0.036 0.018 0.054 - 

Beryllium mg/L 0.001 0.004 <0.001 0.007 ID 
Bismuth mg/L 0.001 <0.001 <0.001 <0.001 ID 
Boron mg/L 0.05 0.03 <0.05 0.06 0.37C 

Cadmium mg/L 0.0001 0.0002 <0.0001 0.0003 0.0002H 
Caesium mg/L 0.001 <0.001 <0.001 <0.001 - 
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Lab Parameters Unit 
Laboratory 
Detection 

Limit 

Site Water Quality 
Guidelines 

NOWA3 Ironstone Creek d/s 
Decommissioned Quarry 

SEPP WoV (2003) 
Environmental 

quality objectives - 
Cleared Hills and 
Coastal Plains* 

Mean Minimum Maximum 
Cerium mg/L 0.001 0.009 0.004 0.018 - 

Chromium mg/L 0.001 <0.001 <0.001 <0.001 0.001CIH 
Cobalt mg/L 0.001 0.082 0.006 0.167 ID 
Copper mg/L 0.001 0.059 0.008 0.133 0.0014H 

Dysprosium mg/L 0.001 0.001 <0.001 0.003 - 
Erbium mg/L 0.001 0.001 <0.001 0.002 - 

Europium mg/L 0.001 <0.001 <0.001 <0.001 - 
Gadolinium mg/L 0.001 0.001 <0.001 0.003 - 

Gallium mg/L 0.001 <0.001 <0.001 <0.001 ID 
Hafnium mg/L 0.01 <0.01 <0.01 <0.01 - 
Holmium mg/L 0.001 <0.001 <0.001 <0.001 - 

Iron mg/L 0.05 1.06 0.55 1.89 ID 
Indium mg/L 0.001 <0.001 <0.001 <0.001 - 

Lanthanum mg/L 0.001 0.003 0.001 0.006 ID 
Lead mg/L 0.001 <0.001 <0.001 <0.001 0.0034H 

Lithium mg/L 0.001 0.002 <0.001 0.004 - 
Lutetium mg/L 0.001 <0.001 <0.001 <0.001 - 

Manganese mg/L 0.001 0.376 0.035 0.810 1.9C 
Mercury mg/L 0.0001 <0.0001 <0.0001 <0.0001 0.0006 

Molybdenum mg/L 0.001 <0.001 <0.001 <0.001 ID 
Neodymium mg/L 0.001 0.004 0.002 0.008 - 

Nickel mg/L 0.001 0.016 0.002 0.033 0.011H 
Praseodymium mg/L 0.001 0.001 <0.001 0.002 - 

Rubidium mg/L 0.001 0.006 0.002 0.010 - 
Samarium mg/L 0.001 0.001 <0.001 0.002 - 
Selenium mg/L 0.01 <0.01 <0.01 <0.01 0.011Be 

Silver^ mg/L 0.001 <0.001 <0.001 <0.001 0.00005 
Strontium mg/L 0.001 0.064 0.027 0.109 - 
Tellurium mg/L 0.005 <0.005 <0.005 <0.005 - 
Terbium mg/L 0.001 <0.001 <0.001 <0.001 - 
Thallium mg/L 0.001 0.001 <0.001 0.001 ID 
Thorium mg/L 0.001 <0.001 <0.001 <0.001 - 
Thulium mg/L 0.001 <0.001 <0.001 <0.001 - 

Tin mg/L 0.001 <0.001 <0.001 <0.001 ID 
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Lab Parameters Unit 
Laboratory 
Detection 

Limit 

Site Water Quality 
Guidelines 

NOWA3 Ironstone Creek d/s 
Decommissioned Quarry 

SEPP WoV (2003) 
Environmental 

quality objectives - 
Cleared Hills and 
Coastal Plains* 

Mean Minimum Maximum 
Titanium mg/L 0.01 <0.01 <0.01 <0.01 - 
Uranium mg/L 0.001 <0.001 <0.001 <0.001 ID 

Vanadium mg/L 0.01 0.01 <0.01 0.02 ID 
Ytterbium mg/L 0.001 0.001 <0.001 0.001 - 

Yttrium mg/L 0.001 0.010 0.002 0.024 - 
Zirconium mg/L 0.005 <0.005 <0.005 <0.005 - 

Zinc mg/L 0.005 0.017 <0.005 0.033 0.008H 

Nu
trie

nts
 

Ammonia as N mg/L 0.01 0.02 <0.01 0.06 0.9D 
Nitrite as N mg/L 0.01 <0.01 <0.01 <0.01 - 
Nitrate as N mg/L 0.01 0.01 <0.01 0.02 0.7 

Nitrite + Nitrate as N mg/L 0.01 0.01 <0.01 0.02 N/A 
Total Kjeldahl 
Nitrogen as N mg/L 0.1 0.14 <0.1 0.40 N/A 

Total Nitrogen as N mg/L 0.1 0.14 <0.1 0.40 0.6 
Total Phosphorus as 

P mg/L 0.01 0.05 0.02 0.09 0.045 

Reactive Phosphorus 
as P mg/L 0.01 <0.01 <0.01 <0.01 - 

Total Cyanide mg/L 0.004 <0.004 <0.004 <0.004 0.007F 

Co
lifo

rm
s Total Coliforms Colonies/10

0mL 1 11 0 22 - 

Faecal Coliforms Colonies/10
0mL 1 11 8 12 150# 

* SEPP Waters of Victoria (2003) Environmental quality objectives for rivers and streams (Cleared hills and coastal plains); T(95%) 
Metals, T (99%) Non-metals, T (95%) Ammonia. 
A Aluminium for pH > 6.5; 
B Chemicals for which bioaccumulation and secondary poisoning effects should be considered. 
C Figure may not protect key species from acute (and chronic) toxicity.  Refer to Section 8.3.7 of ANZECC/ARMCANZ water quality 
guidelines. 
D Ammonia as Total ammonia [NH4-N] at pH 8.  For changes in trigger value with pH refer to Section 8.3.7.2 (ANZECC/ARMCANZ 
guidelines). 
E for Total Selenium; 
F Cyanide as un-ionised HCN, measured as [CN]; see Section 8.3.7.2 (ANZECC/ARMCANZ guidelines). 
H Chemicals for which alogorithms have been provided in table 3.4.3 (ANZECC/ARMCANZ Guidelines) to account for the effects of 
hardness.  The values have been calculated 
I for Arsenic, AsV; for Chromium, CrVI; 
ID= Insufficient data to derive a reliable trigger value.  Users advised to check if a low reliability value or an ECL is given in Section 
8.3.7 (ANZECC/ARMCANZ Guidelines.) 
Highlighted values show guideline exceedance. Red highlights show the exceedance of the relevant water quality guidelines. 
^ Dissolved and total silver concentrations were all below the detection limit (<0.001 mg/L), however the detection limit was greater 
than the surface water quality environmental objectives for silver (0.00005 mg/L). 
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Annex D 
Surface and groundwater laboratory analyses 






















































































































