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Groundwater Operating Strategy (GOS) associated with a water licence issued by 
the Department of Water & Environmental Regulation 
 
Name of licensee: Image Resources NL 
 
This document applies to the Image Resources application for a groundwater allocation of 2.2 GL/year for the 
Atlas Mineral Sands Project mine dewatering operation, Drawdown Mitigation Scheme (DMS) requirements, 
and for raw groundwater supplies to the process plant, mining operations, and domestic use. 
 
Intent 
 
To accompany an application for a groundwater allocation of 2.2 GL/year for the Atlas Mineral Sands Project. 
To establish initial management controls on mine dewatering operation, the DMS and for the raw groundwater 
supplies. 
 
Commitment 
 
It is understood that commitments given in the attached operating strategy will be a condition of an 
associated water licence if approved and that a breach of a commitment or any licence condition may be an 
infringement of the Rights in Water and Irrigation Act 1914. 
 
Amending the water resource operating strategy 
 
The licensee may apply to amend this document at any time, to account for changed circumstances  
 
Agreement 
I acknowledge that compliance with the approved document to the operating strategy is a condition of 
holding a licence, as issued under Section 5C of the Rights in Water and Irrigation Act 1914, to take and 
use water and I hereby agree to implement the commitment(s) within this operating strategy.  

 
 
Signatures  
Person legally responsible for water licence: ………………………………………. Date: ……………………….. 
 
 
 
Printed name: ……………………………………………………………………………. 
 
 
 
Approved by DWER delegated authority: ……………………….………………..… Date: ……………………….. 
 
 
 
Printed name: ……………………………………………………………….…………… 
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1. Introduction 
Image Resources NL (Image) is planning to develop the Atlas Mineral Sands Deposit (the Deposit). 
The Deposit is located approximately 18 km east of the coastal town of Cervantes in Western Australia 
(Figure 1). The development project occupies the southern half of the Deposit as shown in Figure 2 
(the Project). 

This Groundwater Operating Strategy (GOS) supports Image’s application for a licence to take 
groundwater issued by the Department of Water and Environmental Regulation under Section 5c of the 
Rights in Water and Irrigation (RIWI) Act 1914. This licence will enable Image to construct and 
operate a dry mineral sand mine and process plant at the Project site. 

The components of the mining operation in respect to groundwater allocations are in three parts: 

1. The Project will require dewatering of the Superficial Aquifer located in the Jurien Allocation 
Plan, Nambung Groundwater Sub-area to allow dry mining. The details of the mine 
dewatering are addressed in a H3 level hydrogeology report by MWES (2022b). The 
dewatering rates are estimated to represent 28% of the required total allocation. 

2. To protect vegetation beyond the mine footprint a Drawdown Mitigation Scheme (DMS) will 
be required and the specific monitoring and management requirements for this scheme are 
included in this GOS. The DMS is a form of the defined ‘Managed Aquifer Recharge’ (MAR) 
where chains of infiltration ponds are installed approximately 100 m from the edge of the pit. 
The source of the recharge water is estimated to be 14% of the total allocation sought. The 
mine dewatering rate in Part 1 above includes any water from the DMS reporting back to the 
pit area. The DMS is described in MWES (2022d). 

3. The Project will require a supply of raw groundwater for the mineral process plant, as well as 
for mining activities such as dust suppression, and for domestic requirements. This represents 
the remaining 58% of the allocation. The source of this water is yet to be finalised. 

In total, 2.2 GL/year of groundwater is required for the Project. 

This GOS has been compiled using the Department of Water and Environmental Regulation (DWER) 
guidelines for the defined “detailed water resource operating strategy” as documented in Appendix B 
of DWER (2020). This “detailed” level is determined by the following factors: 

• The volume of water to be taken is moderately high. 
• The level of available allocation in the DWER resource management unit is low. 
• There is potential to impact other users and ecosystems if the resource is not monitored and 

managed appropriately. 
• Across the Deposit, the salinity of the groundwater varies widely from 400 to 22,000 mg/L 

TDS (Total Dissolved Salts). 

The GOS is an important part of managing sources of groundwater for the operation, including mine 
dewatering, recharge water for the DMS and raw water for the mining and process plant operations. 
The GOS is also an essential component of the MAR scheme approval process as stipulated by DWER 
(2021). 
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2. Background 
The Deposit was initially discovered in the late 1990s by various companies when exploring between 
known mineral sand deposits at Jurien and Cooljarloo. The original tenements were leased to Renison 
Goldfields Consolidated (RGC) Mineral Sands Ltd and Westralian Sands Ltd. These companies 
eventually merged to form Iluka Resources Ltd, who continued the assessment. Image acquired the 
Deposit in 2010 and was granted mining lease M70/1305 on the 1st of April 2021 for a period of 30 
years. 

The aquifer in the Deposit has a maximum saturated thickness of 13 m and average 6 m. The mine will 
be excavated to a maximum depth of 16 m and require dewatering of the local Superficial Aquifer. Pits 
will be progressively backfilled with previously mined overburden and sand tailings from the process 
plant. 

A DMS is required to protect groundwater dependent vegetation (GDV) for the dry mining option. The 
perimeter around the mining area has sandy soils suitable for mitigation using infiltration (recharge) 
through chains of 100 to 200 m spaced, small (5 x 10 m), shallow (<1 m) excavated ponds. The chains 
form a drawdown barrier protecting vegetation reliant on the water table beyond the mining operation. 
Clean, low salinity (<2,230 mg/L TDS) water is pumped to the ponds from an external source 
supporting the water table and the GDV. Infiltration starts from the commencement of dewatering and 
continues until groundwater levels recover after mining. Recovery is aided by backfilling the mine pit 
behind the active work area with wet tails slurry. 

 

3. Administrative Requirements 
The groundwater resource in the Jurien Groundwater Allocation Area is part of the Mid-West 
Gascoyne Region and is managed by the Geraldton DWER office. The Deposit is in the Nambung 
Groundwater Sub-area and is wholly within the Superficial Aquifer. 

The groundwater to be accessed is from the Superficial Aquifer for mine dewatering and from the 
Yarragadee Aquifer near the plant site and further south. 

 

3.1. Other Water Licences Relevant to this Operating Strategy 
RIWI 1914 Act 5c licence 206586 was issued to Image to conduct infiltration testing studies 
for the proposed MAR scheme. The licence covers mining tenements M70/1305, E70/2636 
and E70/5034 and allocated 1,500 kL/year. 

 

3.2. Staged Development Associated with the Water Licence 
The water licence does not involve a formalised process for staged development of 
abstraction since the initial 12 month allocation will also be required for the subsequent 
years. 
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3.3. Previous Investigations of the Utilised Water Resource 
Three significant campaigns of government hydrogeological investigation drilling were 
completed in the study area prior to 2020: 

• The Geological Survey of Western Australia drilled a series of deep investigation 
bores on east-west traverse lines across the width of the Perth Basin. The nearest 
deep bore to the Project is ML8A/B (Figures 1 and 3). 

• In 1986, the Cataby Shallow (CS) series of groundwater monitoring bores were 
drilled in the southern half of the project area to investigate the hydrogeology of the 
superficial aquifers and the top of the underlying Mesozoic aquifers. Nearby dual 
level bores CS35D & S are shown in Figures 1 and 3. 

• In 1993, a further set of dual level bores, the Leeman Shallow (LS) series of bores 
was drilled in the northern part of the project area. The nearest bores were LS2A/B, 
LS3A/B and LS4A/B as shown in Figures 1 and 3. 

Over the past 2 years, Image have conducted drilling, testing and groundwater flow 
modelling, reported as follows: 

• Installation and testing of multi-level piezometers, production bores and observation 
bores over a wide area near the Deposit. The bores were tested by pumping and 
results applied to a regional groundwater flow model (MWES 2022b). 

• Testing of the permeability of several aquifers and an aquitard in the Deposit 
orebody (MWES 2022c). 

• Infiltration testing to determine the effectiveness of the infiltration ponds for the 
DMS (MWES 2022d). 

Results from all drilling and testing was used in the groundwater flow model reported by 
MWES (2022b). 

 

3.4. Water Resource Management / Allocation Plan 
The proposed abstraction is covered by the Jurien Groundwater Allocation Plan and 
Statement which was released in September 2010 (DoW 2010). Allocation limits are 
generally in place for the life of an allocation plan (usually 7–10 years) and are adjusted 
periodically as plans and water resource objectives are revised or new water resource 
challenges need to be addressed. (DoW 2017). 
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3.5. Person / Position Responsible for Implementation of the Operating Strategy 
 
Todd Colton 
Chief Operating Officer 
 

 Address: 
Image Resources NL 
Level 2, 
7 Ventnor Avenue, 
West Perth WA 6005 
 
Postal Address:  
PO Box 469 
West Perth WA 6872 
 

3.6. Reporting Submission Dates 
The water year starts and ends on 31st December 12:00 pm. Annual Groundwater Monitoring 
Summaries, as defined by DoW (2009b) will be submitted within 2 months of the end of the 
water year. Every three years, a Groundwater Monitoring Review, also defined by DoW 
(2009b) is required. The first monitoring summary will be submitted by 28th February 2024 
and the first monitoring review report will be due on 31st March 2026. The review provides 
more details on trends and risks to the environment and other users. 

 

3.7. Required Date for Operating Strategy Major Review 
To conform to guidelines presented in DWER (2020), this GOS will be critically reviewed 
three to six months prior to expiration of the licence. Other triggers that could cause a review 
of this GOS include: 

• Further significant development of a borefield. 
• Prolonged change in pumping requirements. 
• Drawdown resulting in a breach of the groundwater trigger levels set out in Section 

5 of this GOS (operating rules specific to detrimental impacts). 
• Abstraction resulting in groundwater quality variations in excess of the levels set out 

in Section 5 of this GOS. 

 

4. Water Source Description 
4.1. Surface Water Hydrology 

Local drainage arises from the eastern side of the Gingin Escarpment, a low ridge of 
Mesozoic sedimentary rocks at an elevation of 200 to 300 m. The Mount Jetty and Bibby 
creeks flood-out and coalesce near the Atlas Deposit in an area of very low surface gradients, 
including the “Nambung Flats”. The creek lines reform and coalesce to the west as the 
Nambung River which discharges into lakes and caves formed in the Tamala Limestone 
some 6 kms east of the coast (Figure 1). 
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There is no continuous water course through most of the catchment area. Runoff rates are 
evidently very low and local runoff is mostly retained in seasonal swales and ponds. 
Significant flows in the Nambung River are rare in recent years but potential peak flow rates 
are expected to be 183 m3/sec (MWES 2022a). 

Groundwater discharge to the river system occurs at several points where drainage lines 
cross the Gingin Escarpment and then discharge onto the coastal plain sediments. 
Groundwater can also be observed in deep drains excavated on private land closer to the 
Atlas Deposit. The project area catchments are an important part of the Nambung River 
catchment, forming the steepest and most direct surface flow paths to the main river. 

 

4.2. Regional Aquifer Description 
The superficial formations comprise a single unconfined aquifer system that is generally thin 
near the Atlas Deposit and thickens to the north and south. They include the Tamala 
Limestone, Bassendean Sand and Guildford Formation, collectively referred to as the 
Superficial Aquifer. The groundwater flow system in the Superficial Aquifer is bounded to 
the west by the Indian Ocean and to the east by the Gingin Escarpment. Recharge to the 
Superficial Aquifer from rainfall and associated runoff is widespread over the project area, 
while vertical movement in and out of the underlying Mesozoic aquifers is variable. 

All local Mesozoic aquifers are regionally unconfined and hydraulically connected to the 
overlying Superficial Aquifer. Some local confinement can occur where silt and clay units 
immediately underly the Superficial Aquifer or north of the Deposit where thin clays overly 
the Cattamarra Aquifer. 

The Yarragadee Aquifer comprises Yarragadee Formation units A through D. The preserved 
thickness of the Yarragadee Aquifer depends on fault displacement and formation dip. The 
lower section of the Yarragadee Aquifer (Unit A) is expected below most of the Deposit. 
This unit directly overlies the Cattamarra Aquifer and the contact dips to the south. Unit A is 
one of the sandier sections of the aquifer, but when tested in ATPB01 and 3, it had a 
relatively low transmissivity. The lower transmissivity is only in the upper, weathered part of 
Unit A. The eastern portion of the Yarragadee Aquifer, east of bore CS36S is expected to be 
even sandier and have less clay and cement matrix (Unit C). In this area it is up to 1,200 m 
thick. 

The Eneabba and Lesueur aquifers lie to the west of the Deposit and are also hydraulically 
connected with the Superficial Aquifer. They increase in thickness from zero at the western 
contact with the Kockatea Shale to a maximum of 1,500 m along the faulted contact with the 
Yarragadee Aquifer. The western pinch-out edge therefore represents a hydraulic barrier to 
the westerly movement of groundwater through the Mesozoic aquifers (DoW 2017). 
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4.3. Aquifer Descriptions at the Deposit 
The Deposit is a shallow mineral sand accumulation located on the western side of the Swan 
Coastal Plain. The plain consists of a series of sheet sands and low dunes (Bassendean 
Dunes) overlying older shoreline sand deposits (Bassendean Sands) interpreted as having 
formed during Middle to Late Pleistocene, probably during periods of high sea level. The 
Bassendean Sand consists of: 

• An upper layer of relatively high silt and clay fines described as a clayey sand with 
thickness up to 8 m and depths ranging from 1 to 8 m (the Aquitard). The slimes 
concentrations (silt and clay fines to 20 microns grainsize) in this unit range from 
10 to 20% in the central part of the Deposit and 20 to 25% at the ends of the 
Deposit. Thin bands of cemented ferruginous material (“coffee rock”) with 
interstitial clay are common near the top of this layer. 

• Below the upper layer, the slimes concentrations in the Bassendean Sand decrease 
with depth and transitions to a layer with silt and clay fines concentrations mainly 
less than 10% and often less than 5% (the main Superficial Aquifer). 

The water table lies generally near the top of the Aquitard, usually above, but sometimes 
below the contact with the Bassendean Dune sands. 

Below the Superficial Aquifer is the Mesozoic Yarragadee Formation and the Cadda 
Formation/ Cattamarra Coal Measures (CCM). The former is sand dominated and is referred 
to as the Yarragadee Aquifer, the latter is clay dominated and referred to as the Cattamarra 
Aquifer. The Cadda Formation is a thin, calcareous marker bed that is included in the 
Cattamarra Aquifer. 

 

4.4. Groundwater Monitoring Bore Network 
The network of existing bores is presented in Tables 1 and 2. Locations are shown on Figure 
3. Production bores were constructed by licensed water well drillers using PN 12 or 18 PVC 
with gravel packed annulus and bentonite and cement seals above slotted zones. Locations 
refer to the various water sources: 

• Deposit North, East and South includes areas near the Atlas mineral sands deposit 
(ATPB01 to 3 and ATOB01 to 3). 

• Bore ATPB04 was drilled as a domestic water supply from the Eneabba Aquifer 
near the Nambung Station homestead. 

• Yarragadee Aquifer locations south of the Deposit (ATPB05 and ATOB04 & 5). 
Also, further south is production bore ATPB11B and monitoring bores ATOB17 to 
20d/s. 

• Eneabba and Leseuer aquifers located on Nambung Station to the southwest of the 
Deposit (ATPB06 and ATOB6 to 8). 

• The Orebody location refers to shallow test bores located within the orebody. Some 
of these will eventually be exhumed by mining (ATPB07 to 10 and ATOB9d/s to 
16d/s). 

• Yarragadee Aquifer located at the proposed process plant site to the west of the 
Project (ATPB12 and ATOB21d/s & 22).  
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Table 1: Groundwater Production Bores 

Bore ID Location Easting Northing 
Collar 

RL 
(mAHD) 

Stickup 
(magl) 

Screen 
Top 

(mbtoc) 

Screen 
Base 

(mbtoc) 

Stratigraphy 
at Screens 

OWL 
(mbgl) OWL Date 

ATPB01 Deposit north 331341 6621052 40.0 0.53 4.25 22.25 Yarragadee 1.22 08-Aug-20 

ATPB02 Deposit east 332631 6619607 41.0 0.5 2.57 14.57 Superficial & 
Yarragadee 1.05 08-Aug-20 

ATPB03 Deposit south 330459 6616631 41.4 0.5 5.9 23.9 Yarragadee 3.24 08-Aug-20 

ATPB04 
Nambung 
Station 
Domestic 

329546 6616082 39.0 0.5 1 19 Eneabba - - 

ATPB05 
Yarragadee Unit 
A WS (southern 
site) 

332105 6614474 48.0 0.65 42 198 Yarragadee 8.35 13-Dec-21 

ATPB06 

Eneabba/ 
Lesueur WS 
(Nambung 
Station) 

329614 6615243 35.0 0.5 6 197 Eneabba & 
Lesueur 1.88 18-May-22 

ATPB07 Orebody central 
north 332009 6620561 39.8 0.5 7.5 13.5 Superficial 1.3 31-May-22 

ATPB08 Orebody central 
south 331695 6618166 43.1 0.63 9.63 15.63 Superficial 6.94 01-Jun-22 

ATPB09 Orebody north 332090 6621838 43.8 0.51 8.51 14.51 Superficial 1.52 02-Jun-22 

ATPB10 Orebody south 331491 6617152 45.3 0.48 12.48 15.48 Superficial 7.1 11-Jun-22 

ATPB11B 
Yarragadee Unit 
A WS (southern 
site) 

332129 6612765 47.3 1.0 54 100 Yarragadee 4.44 12-Aug-22 

ATPB12 
Yarragadee Unit 
A WS (process 
plant site)  

331050 6+617975 43.0 - - - Yarragadee - - 

Notes: Coordinate System = MGA (GDA94) Zone 50, RL (mAHD) collar elevation in m above Australian Height Datum, mbgl = metres below 
ground level, magl = metres above ground level, mbtoc = metres below top of casing, OWL = original water level, WS = water supply. 

 

Production bores listed in Table 1 can be used for regional monitoring purposes if not 
equipped as production bores. 
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Table 2: Groundwater Monitoring Bores 

Bore ID Location Easting Northing 
Collar 

RL 
(mAHD) 

Stick-
up 

(magl) 

Screen 
Top 

(mbtoc) 

Screen 
Base 

(mbtoc) 

Stratigraphy 
at Screens 

OWL 
(mbtoc) OWL Date 

ATOB01 Deposit north 331343 6621073 40.00 0.66 4.3 22.3 Yarragadee 1.34 08-Aug-20 

ATOB02 Deposit east 332648 6619604 41.00 0.7 2.75 8.75 Superficial 1.26 08-Aug-20 
ATOB03 Deposit south 330453 6616648 41.29 0.7 6.55 24.55 Yarragadee 3.39 08-Aug-20 

ATOB04 Yarragadee 
Unit A WS 

332100 6614485 48.00 0.68 13 25 Yarragadee 7.78 15-Sep-21 
ATOB05 332100 6614683 49.50 0.5 13 25 Yarragadee 9.26 22-Oct-21 

ATOB06 
Eneabba/ 
Lesueur WS 

329620 6615258 34.81 0.5 6 20 Eneabba 7.78 05-Apr-22 
ATOB07 329611 6615162 36.52 0.5 6 20 Eneabba 4.7 06-Apr-22 

ATOB08 329405 6615263 32.07 0.5 6 20 Eneabba 3.72 18-May-22 
ATOB09d 

Orebody 
central north 

331993 6620561 39.72 0.63 7.63 13.63 Superficial 0.84 06-Jun-22 

ATOB09s 331994 6620561 39.72 0.64 1.64 4.64 Superficial 0.83 06-Jun-22 
ATOB10d 332026 6620577 39.83 0.67 7.67 13.67 Superficial 0.91 06-Jun-22 

ATOB10s 332027 6620577 39.83 0.66 1.66 3.66 Superficial 0.96 06-Jun-22 
ATOB11d 

Orebody 
central south 

331710 6618166 43.13 0.56 9.56 15.56 Superficial 5.04 01-Jun-22 

ATOB11s 331710 6618166 43.13 0.55 4.55 6.55 Superficial 4.57 01-Jun-22 
ATOB12d 331695 6618151 43.17 0.64 9.64 15.64 Superficial 5.17 01-Jun-22 

ATOB12s 331695 6618151 43.17 0.6 4.6 6.6 Superficial 4.77 02-Jun-22 
ATOB13d 

Orebody north 

332087 6621817 42.38 0.83 8.83 14.83 Superficial 1.84 02-Jun-22 

ATOB13s 332087 6621817 42.38 0.71 1.71 4.71 Superficial 1.29 03-Jun-22 
ATOB14d 332112 6621835 42.45 0.58 7.58 13.58 Superficial 1.72 03-Jun-22 

ATOB14s 332112 6621835 42.45 0.53 1.53 3.53 Superficial 1.11 03-Jun-22 
ATOB15d 

Orebody 
south 

331512 6617152 45.28 0.82 12.82 15.82 Superficial 6.95 11-Jun-22 

ATOB15s 331512 6617152 45.28 1.09 7.09 10.09 Superficial 7.18 11-Jun-22 
ATOB16d 331494 6617168 45.31 1.13 13.13 16.13 Superficial 7.77 11-Jun-22 

ATOB16s 331494 6617168 45.31 0.95 6.95 9.95 Superficial 7.54 11-Jun-22 
ATOB17 

Yarragadee 
WS 

331590 6613208 44.76 0.7 4.7 6.7 Superficial 4.64 12-Jun-22 

ATOB18 332129 6612748 47.53 0.65 3.65 6.65 Superficial 4.51 12-Jun-22 
ATOB19 332139 6611864 42.71 0.65 5.15 8.15 Superficial 4.59 12-Jun-22 

ATOB20d 330742 6612085 36.68 0.62 7.62 13.62 Yarragadee 1.6 10-Jun-22 
ATOB20s 330742 6612085 36.68 0.58 2.58 5.58 Superficial 3.22 10-Jun-22 

ATOB21d 
Eneabba (west 
of plant site) 

330185 6617400 41.7 0.74 20.74 30.74 Eneabba 4.4 2-Nov-22 
ATOB21s 330183 6617400 41.7 0.65 3 7.65 Superficial 2.7 2-Nov-22 

ATOB22 331041 6617783 43.0 - 24 30 Yarragadee - - 
Notes: Coordinate System = MGA (GDA94) Zone 50, RL (mAHD) collar elevation in m above Australian Height Datum, mbgl = metres 

below ground level, magl = metres above ground level, mbtoc = metres below top of casing, OWL = original water level, WS = 
water supply. 

 

Not listed here are the shallow piezometers required to control the DMS. These will 
determine and regulate the effectiveness of the infiltration ponds at sustaining widespread 
elevated groundwater levels during mine dewatering. This scheme is described further in 
Chapter 4.6. 

Various dual level piezometers were constructed near the Deposit and are also not included 
in this list as they are expected to be temporary installations only. These are described in 
MWES (2022b) and prefixed “ATMB” in Figure 3. 
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4.5. Description of the Site Water Distribution Network 
During construction, water from early mine dewatering and from various borefields will be 
used for road building, soil compaction, dust suppression, camp supplies and concrete 
preparation. After commencement of mining in 2023, water will be used for mining (mainly 
dust suppression) and mineral processing (ore beneficiation) along with related industrial 
and domestic uses. 

At each mine dewatering centre, it is planned to install diesel generators as a source of 
electric power for in-pit sump pumps. At each production bore, it is planned to install 
powerlines to supply electricity and pump controllers, as well as facilities to measure the 
depth to groundwater at any time. Downhole electric submersible pumps will be installed in 
each production bore and water will be piped directly to the mine site through a common 
main pipeline to the site raw water pond. Each in-pit sump pump and production bore will be 
equipped with a totalising water flow meter. 

Recharge water for the infiltration ponds in the DMS will be distributed through a pipe 
network from a central tank storage. Each pond will have provision for controlling the input 
flow rate and for water sampling. The flow rate will be controlled by a float control system 
and the total water used by the scheme will be measured with a flow meter installed on the 
storage tank discharge line. 

 

4.6. Proposed Monitoring Parameters 
Note: Frequencies for all monitoring events listed here are discussed later in Section 7.2 and 
summarised in Table 5 of this report. 

Mine Dewatering: The mine dewatering system is monitored as follows: 

• The total abstraction from the sump pumps is measured through a totaliser flow 
meter. Guidelines for the installation of flow meters and measurement of 
groundwater abstraction are included in DoW (2009a and 2016). 

• The dimensions, location, and level of the base of the pit is measured on a regular 
basis as part of the mine operating process. 

• Field water quality parameters for mining (Mining FWQ) will comprise 
measurement of Electrical Conductivity (EC) to determine water salinity in each pit 
sump and from the common discharge pipeline. 

• On an annual basis, about one month before the end of the reporting period, a 
sample will be collected from the common discharge pipeline for more 
comprehensive chemical analysis. A list of Comprehensive Analysis (CA) 
parameters is included in Appendix A. This list was compiled from guidelines 
presented in DoW (2009b). 

DMS: At the discharge pipe into each infiltration pond comprising the DMS, the following 
critical field water quality parameters (DMS FWQ) will be measured: 

• Initially total suspended solids (TSS), but later turbidity. Because the latter can be 
done using a hand probe, it can replace laboratory measured TSS once a statistical 
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relationship has been developed between the two parameters. These parameters must 
be kept at low levels to prevent the infiltration ponds from clogging. 

• EC to determine water salinity. This can be converted to TDS using a measured 
relationship between the two parameters. The salinity of infiltration water must be 
lower than the upper-most salinity layer, located just below the water table. 

• pH to help determine if any precipitates could form when the infiltration water 
mixes with groundwater. Reduced permeability, caused by precipitation will 
improve the ability of the aquifer to protect GDVs by reducing drainage of water 
towards the mine dewatering operation. 

• On an annual basis, about one month before the end of the reporting period, the 
common infiltration water input to the DMS should be tested for CA parameters. 

After a period of testing, the number of sampling points in the MAR scheme may be reduced 
to just one for the entire infiltration system. One location may be able to substitute for the 
many if, during the testing period, it is shown that there is minimal difference between the 
turbidity, EC and pH at the individual discharge locations and at the common infiltration 
water input site. The testing period could be over a three-month period when at least three 
monitoring event results are expected. 

Simple and shallow water table level monitoring bores should be installed between each 
infiltration pond and in an outward direction from the drawdown mitigation barrier. 
Locations may require minimal clearing or could be on existing exploration traverse lines. 
Water levels could be monitored using down-hole pressure probes and a barometric pressure 
correction probe. 

Water Supply Borefields: The proposed monitoring network at each borefield will consist 
of the following components: 

• Dip tubes or air lines for manual water level measurement or pressure gauges for 
automatic water level measurements will be installed in each production bore. 

• A monitor bore located adjacent (within a nominal 10 to 50 m) to each production 
bore. 

• A network of more distant monitoring bores to enable the cone of drawdown and 
changes to the local water chemistry to be monitored. Bores will be strategically 
placed in relation to the mine dewatering operations, DMS and the borefields. 

• Field water quality for borefields (Borefield FWQ) will be comprise measurement of 
EC and pH. The samples will be collected from the pump outlet at each production 
bore. 

• On an annual basis, about one month before the end of the reporting period, a water 
sample collected from the outlet at each production bore should be tested for CA 
parameters. 

A weather station will be installed at the site, which will aid in determining local rainfall 
recharge. 

 



Atlas Mineral Sands Project GOS – November 2022         Image Resources 

Page 12 

5. Identifying and Managing Impacts 
Risks evaluated in the project include managing environmental impacts, sustainability issues and 
protection of the environment. There are groundwater dependant ecosystems (GDEs) in the area that 
are associated with geomorphic wetlands. Several privately owned bores and soaks (bulldozed scrapes 
into the water table) were identified across the site. Table 3 provides a summary of water issues, 
measurement requirements and management responses. 

 

Table 3: Impact Management Summary 

Issue Management 
Objective 

Measurement Management Response 

Drawdown 

GDVs not to 
be impacted 
by any 
groundwater 
abstraction 

Production bores and all monitoring 
bores: Groundwater levels to be measured 
in mining pits, borefield production bores 
and all monitoring bores at the borefields 
and the DMS. In each production bore, 
record if the bore is pumping or not at the 
time of measurement. 

Improve water level prediction tools 
(models). Limit, adjust and redistribute 
bore abstraction and flow into 
infiltration ponds as required. Increase 
number of infiltration ponds if required. 
New ponds could be sited between 
existing ponds. 
 

Reliable water 
supply  

Maintain 
water supply  

Production bores and close monitoring 
bores: Water flow totaliser meters installed 
at each production bore. Flow rates and 
pumping water levels are reviewed together. 
Monitoring bores within approximately 10 m 
from production bores can help determine if 
the production bores are deteriorating or the 
aquifer supply is reducing. 
 

Excess drawdown in each production 
bore can be caused by pumping faults 
requiring equipment maintenance. Also, 
blockage of screens requiring camera 
inspection and bore maintenance. If 
there is no improvement, the flow rate 
will need to be reduced. 

Groundwater 
quality 

Preserve 
groundwater 
quality 

Production bores and all monitoring 
bores: Various FWQ parameters as defined 
in Chapter 4.6. 

Identify and investigate any clear and 
significant trends in order to maintain 
pre-mine aquifer quality. 
 

Other users No impact on 
other users 

Distant monitoring bores: Measure water 
levels in monitoring bores placed in relation 
to  the mine dewatering operation, DMS and 
the borefields. 
 

Reduce draw from bore(s) closest to 
other user or make good their supply. 

Clogging of 
infiltration 
ponds 

Effective 
location, 
design, 
operation and 
monitoring of 
infiltration 
ponds. 

DMS: DMS FWQ parameters as defined in 
Chapter 4.6. Extend the list to include other 
parameters if required. 
 

Corrective techniques dependent on any 
clogging mechanism such as more 
frequent basin drying, scraping or 
chemical dosing. Improvements to basin 
design and pre-treatment of source 
water as outlined in national water 
recycling guidelines (NRMMC, EPHC 
& NHMRC 2009). 
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6. Operating Rules 
6.1. DMS Infiltration Ponds and Water Supply Bore Details 

DMS: At the DMS, infiltration ponds will be set a minimum distance of 100 m from the 
edge of the pit, in areas at most risk from drawdown. At each pond, water with compatible 
quality to the local groundwater is recirculated to the ponds by connecting pipelines and 
allowed to infiltrate to the top of the groundwater table. Infiltration water quality will be 
similar or better quality than the local groundwater as measured at the water table. The 
groundwater salinity should be less than 2,230 mg/L TDS as defined in MWES (2022d). 

The ponds are constructed along a line that forms a barrier between the pit and sensitive 
vegetation. The barrier will be constructed on both sides of the pit, extending from the 
southern end to the area of cleared vegetation at the northern end of the Deposit. As the pit 
and associated dewatering activities are progressed in a northly direction, with backfilling 
following once ore has been removed, ponds each side of the pit will be recharged until the 
groundwater returns to pre-mining levels. 

Water Supply Borefields: The primary operating strategy for the borefields will be to 
initially install, equip and use one or more stand-alone production bores for an initial supply 
(3-month start-up period) at instantaneous rates of up to 70 L/sec. Water requirements 
decline after 3 months as tailings decant returns are established allowing re-use of water 
recovered from the in-pit sand tailings deposits. Total abstraction is around 2.2 GL/year. 
Production bores will be operational throughout the year as water will be a continuous 
requirement for the Project. 

At each production bore is an adjacent monitoring bore (nominal distance 10 to 50 m) and in 
addition is a network of local and regional monitoring bores. Adjacent monitoring bore water 
levels will be used to measure drawdowns near each production bore on a month-to-month 
basis. Additional regional water level data will be used to determine the extent of the 
drawdown cone and overall impacts on an annual or as-required basis. 

 

6.2. Operating Rules Specific to Detrimental Impacts 
DMS: Protection of potential GDVs and other users water supplies is the prime focus of 
water level management. The DMS will be operated under limiting rules as follows: 

• Drawdown measured in monitoring bores placed external to the DMS will be limited 
to no more than: 

o 0.1 m/ year* to maximum total drawdown of 0.75 m where the original 
groundwater level was between 0 and 3 m below the ground surface. 

o 0.1 m/ year* to maximum total drawdown of 1.0 m where the original 
groundwater level was between 3 and 6 m below the ground surface. 

o 0.1 m/ year* to maximum total drawdown of 1.25 m where the original 
groundwater level was between 6 and 10 m below the ground surface. 

Note *: Groundwater levels are measured in only shallow bores and at the same time 
each year to eliminate any normal seasonal rises and falls. They are also analysed 
with due consideration of the annual rainfall shortfall or excess for the preceding 
year and any statistical variance recognised at each site during a baseline period of 
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monitoring. More on the measurement and analyses of drawdown thresholds and 
protection of GDV can be found in MWES (2022b Appendix F) and in the 
references included in this report. 
 
Only water levels measured in shallow bores are used for this purpose as deep bores 
contain pressure levels from deeper aquifers and are not representative of the level at 
the water table. Deeper aquifers can have water levels that are above or below the 
water table depending on the direction of vertical groundwater movement between 
aquifers at the site (see MWES 2022b). Existing bores with a suffix ‘s’ and proposed 
shallow DMS monitoring bores will be suitable for this process. 
 

• Management of the DMS: In areas where the groundwater table level has declined 
more than the limits stated above, the flow rate into the infiltration ponds, the 
number of infiltration ponds or the size of the infiltration ponds can be increased. In 
areas showing mounding instead of drawdown, the flow into adjacent ponds should 
be decreased by limiting the depth of water within the infiltration pond or turning off 
the supply. The flow into each pond should be measured using criteria discussed in 
Chapter 4.6. Infiltration ponds should be maintained as discussed in Chapter 5. 

 
Water Supply Borefields:  

• Reliable water supply: Equipment is regularly maintained, and water levels and 
chemistry monitored. 

• Other users: Measurement of water levels in strategic monitoring bores placed 
between the Atlas Project, including borefields, and the other users. Water levels can 
be compared to original water levels listed in Table 1. 

 

7. Monitoring and Reporting 
The monitoring program assigned to the sustainable operation at Atlas has been compiled using 
previous monitoring information and the most recent guidelines on bore metering and reporting (DoW 
2009a, 2009b, and 2016). Groundwater monitoring will incorporate minimum frequency records of 
abstraction volumes, groundwater levels, and groundwater quality. Selected higher frequency 
condition monitoring will be used to evaluate bore, borefield and aquifer performance and to optimise 
the ongoing development and equipment. 

To manage identified environmental risks, monitoring of the DMS will include all four of the principal 
types of MAR monitoring as defined in NRMMC, EPHC, NHMRC (2009 Section 7): 

1. Base line monitoring: Defining the state of the system prior to recharge. 
2. Validation monitoring: Validating the pre- and post-treatment of source water. 
3. Operational monitoring: day to day operation of the system to manage risk including 

supervisory control, data acquisition, and management responses. 
4. Verification monitoring: To confirm the MAR system is performing as anticipated. 
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Infiltration monitoring will involve the construction of specific DMS monitoring bores that are 
adequate to verify the spatial extent and depth of recharge water. Measurements of infiltration occur at 
or before the point of entry into the pond and adjusted for evaporation to estimate recharge volumes. 

Additional impact assessment will be undertaken if results of the proposed monitoring show 
drawdown greater in a real extent than predicted by modelling or significant changes in localised water 
quality. The scope of the additional impact assessment will be discussed with DWER and the GOS 
revised where necessary depending on the findings of the impact assessment. 

 

7.1. Purposes of the Water Monitoring Program 
The monitoring program, listed below has been designed to manage the issues described 
above, specifically to: 

• quantify changes to water table levels. 
• ensure a reliable water supply. 
• detect and quantify any changes in the quality of the native or recharged 

groundwater. 
• avoid impacting the water availability of other users. 
• ensure compliance with the drawdown limit rules as set out in Chapter 6.2 and 

below. 
• ensure correct operation of the infiltration ponds including operational procedures, 

process controls, verification of water quality, environmental performance and 
validation. 
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7.2. Monitoring Program 
A summary of monitoring commitments is provided in Table 4. Abstraction will be 
measured using flow meters that have been installed in accordance with DWER guidelines 
for use of meters (DoW 2016). 

 

Table 4: Monitoring Program 

Element  Commitment  Frequency  

Abstraction  Equipped pit sump ponds, DMS inputs and production bores. 
 

Monthly  

Water Levels  Pit sump ponds: Relative levels of all water in pit sumps as 
mAHD. 
Equipped and unequipped production bores: Groundwater 
levels in all production bores listed in Table 1. Record if pump is 
on or off at time of measurement. 
Monitoring bores adjacent to operational production bores: 
Groundwater levels to be measured in monitoring bores adjacent 
(within approximately 10 to 50 m) to the production bores. 
Strategic monitoring bores near other users. Strategic bores to 
be constructed and specifically designated as such. 
 

Monthly 
 

Local dedicated DMS monitoring bores: Water level 
measurements from shallow monitoring bores installed near 
infiltration ponds (baseline water levels and validation of flow 
direction). 

 

Initially weekly, 
extending out to 
monthly 
 

All other monitoring bores. All bores listed in Table 2. 
 

Quarterly 

Field Water 
Quality (FWQ) 

Pit sump ponds: Mine FWQ from each sump (Chapter 4.6). 
Operational production bores: Borefield FWQ from borehead 
tap when bores are equipped and operational Chapter 4.6). 
Monitoring bores adjacent to operational production bores: 
Borefield FWQ following EC/pH profiling (Chapter 4.6). 
 

Initially monthly, 
extending out to 
quarterly if 
proven minor 
variance 
 

DMS infiltration pond discharges: DMS FWQ (Chapter 4.6). 
Validation of additional water treatment before recharge and 
down gradient of attenuation zone: Field and laboratory analysis 
of native and recharged groundwater as outlined in DWER (2021 
Appendix D) guidelines and as informed by risk assessments. 
 

Initially weekly, 
extending out to 
monthly 
 

All other monitoring bores: Borefield FWQ following EC/pH 
profiling (Chapter 4.6). 
 

Quarterly 
 

Comprehensive 
Analysis (CA) 

All sites listed in the FWQ section above. Refer to the list of CA 
parameters in Appendix A. 
 

Annual 
 

Water Efficiency  Water balance and efficiency projects to be determined. 
Efficiency metric is kL per tonne of product shipped. 
 

Ongoing 
 

Note: Monthly readings should be taken at the end of each calendar month. Quarterly readings should be taken in March, 
June, September and December. If a reading is missed due to access issues, the reading should be taken during the 
following monitoring period.  
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7.3. Reporting 
A routine annual groundwater summary will be compiled and presented to DWER by the 
end of February each year, commencing in 2024. The first more detailed groundwater review 
is due at the end of March 2026 and every third year thereafter. All reports will include the 
following, as defined by DoW (2009b): 

• Groundwater Abstraction: Construct tables of monthly meter readings and 
abstraction totals for the preceding year. Include meter make, serial number and 
installation date, as well as the documented calibration schedule. 

• Groundwater Levels: Construct tables and hydrographs of monthly pumping and 
rest groundwater levels for the preceding year. Analyse groundwater level trends and 
comment on any impacts from abstraction, and actions undertaken to ensure 
compliance to the operating strategy commitments. 

• Groundwater Quality: Construct charts and tables of quarterly and annual results. 
Analyse groundwater quality trends and comment on any impacts from abstraction, 
infiltration, and state actions undertaken to ensure compliance to the operating 
strategy commitments. 

• Water Efficiency: Discuss water efficiency measures undertaken during the year. 
• Vegetation Health: Present results from an annual measurement of vegetation 

health. 

Triennial groundwater reviews include more detailed analysis of trends that could impact the 
environment and other users. 

 

8. Environmental Impact Management 
8.1. Potential Environmental Impacts Associated with Groundwater Abstraction 

At the Atlas Project site, impacts on vegetation around the pit area are controlled by the 
DMS. The details of the scheme, including testing and modelling results, supporting 
hydrogeological assessment, design and monitoring considerations are included in MWES 
(2022b, c and d). These studies included specific infiltration and pumping tests on the 
Superficial Aquifer and underlying Mesozoic aquifers as well as construction of a calibrated 
regional groundwater flow model that calculated mine dewatering rates, infiltration rates and 
drawdowns during the life of the Project. Testing showed the potential of the DMS to 
minimise impacts on the environment if appropriately monitored and managed. This GOS 
includes all considerations documented from these studies. 

East of the coastal cave and dune systems, lakes and wetlands that intersect the water table 
are common on the Bassendean Dune system. GDV, including strands of phreatic 
(groundwater dependent) vegetation are found in interdunal swales and surrounding 
geomorphic wetlands and watercourses. Banksia woodland can also contain overstorey 
species that are opportunistically groundwater-dependent, where the water table is within 
reach. Drainage lines through the Banksia woodland might also support groundwater-
dependent flooded gums (DoW 2017). 

Within the Project area, wetlands and potential GDVs are in areas with shallow groundwater 
as well as upward groundwater leakage. Preliminary groundwater modelling showed a DMS 
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could be located 100 m from the edge of a mine undergoing dewatering activities and will 
protect vegetation using realistic recharge rates and moderate recycling of water back to the 
mine. 

 

8.2. Impacts on Other Users 
Locally, several privately owned bores and soaks (bulldozed scrapes into the water table) 
were identified from the DWER database. Names and locations are summarised in Table 5. 
Almost no construction or hydrogeological information are available from these bores and 
soaks and some entities were old and historical and could not be found. None-the-less, 
strategic monitoring bores will be placed between the mine dewatering and borefield 
operations to protect potential future use of these sites. 

The Moora Region-White bore is a domestic supply bore for Nambung Station that was 
failing, probably due to its shallow depth, low permeability Eneabba Aquifer sediments and 
the drying climate. Image replaced the bore in 2020 with a new, larger diameter and deeper 
bore named “ATPB04”. 

 

Table 5: Private Bores and Soaks Summary 

Site 
Type 

Site ID1 Site Short Name Owner MGA94 
mE 

MGA94 
mN 

Stock Nambung - 27 27 Image 328630 6615934 

Nambung - 42 42 Hodby 325611 6622213 

Nambung - No1 No1 Image 330313 6616011 

Nambung - No1 Yewadabby 
No. 1 No1 Yewadabby Barleyman 329598 6617508 

Nambung - No10 Surveyors 
Swamp 

No10 Surveyors 
Swamp Nambung NP 327787 6610923 

Nambung - No2 - Bore No2 Image 331327 6611098 

Nambung - No2 - West No2 - West Avery 335853 6619443 

Nambung - No3 No3 Nambung NP 330205 6608620 

Nambung - No4 No4 Image 330200 6608839 

Nambung - No9 No9 Image 328784 6611975 

Domestic Moora Region – White. 
Replaced by bore ATPB04. White Image 329544 6616088 

Soak Nambung - 21 Nambung - 21 Avery 333677 6621520 

Nambung - 22 Nambung - 22 Cockram 330633 6623045 

Nambung - 24 Nambung - 24 Cockram 330661 6621779 

Nambung - No11 Nambung - No11 Image 329449 6616364 

Nambung - No2 - Soak Nambung - No2 Barleyman 329927 6617147 

Nambung - No5 Nambung - No5 Nambung NP 328857 6608844 

Nambung - No6 Nambung - No6 Nambung NP 328842 6609305 
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Site 
Type 

Site ID1 Site Short Name Owner MGA94 
mE 

MGA94 
mN 

Nambung - No7 Nambung - No7 Nambung NP 329610 6610163 

Nambung - No8 Flour Bag Flat Nambung - No8 
Flour Bag Flat Nambung NP 329169 6610974 

Notes: 1: As listed in the DWER database,  NP = National Park 
 

8.3. Potential Impacts of Water Use 
The bores, pipelines and associated infrastructure will be inspected weekly, particularly to 
detect leakages. 

 

8.4. Notification Procedure 
Should the project be in non-compliance with licence conditions or the operating strategy, 
the DWER will be notified in writing within 5 business days of the breach being identified. 
The notice will be accompanied by a proposed action plan to address the non-compliance. 

 

9. Contingency Program 
If management responses do not remediate issues arising, Image have identified contingency measures 
which shall be put in place to prevent both operational consequences and possible breaches of licence 
conditions. 

 

9.1. Contingency Measures for Management Objectives 
The contingency measures are listed in Table 6. 

 

Table 6: Contingency Measures 

Issue Management Response Contingency Measures 

Borefield 
drawdown trends 
excessive 

Detailed evaluation including model re-
calibration. 

Cease to pump from affected bore, adjust 
abstraction patterns by activation of standby 
bore/s, and install additional bores to assist in 
spreading water table drawdown within 6 
months of exceedance event. 
 

Reliable 
borefield water 
supply 

Carry out bore and pump maintenance as 
required to maintain the required water supply. 
Redistribute abstraction rates from bores 
following review by a Hydrogeologist. 
 

Install additional production bores, on 
application to DWER. 
 

Borefield 
groundwater 
quality 

If groundwater quality exceeds trigger values, 
redistribute the abstraction rate in affected 
bores, following review by a Hydrogeologist. 
 

Investigate additional sources of 
groundwater and submit report to DWER 
within 6 months. 
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Issue Management Response Contingency Measures 

Other users 
impacted 

Reduce draw from bore(s) closest to other user 
and make good their supply. 
 

Cease to pump from nearby bore(s), adjust 
abstraction patterns by activation of standby 
bore(s). 
 

Clogging of 
infiltration works 

Renovation techniques dependent on clogging 
mechanism which will likely include more 
frequent basin drying and scraping. 
Improvements to basin design and pre-
treatment of source water as outlined in 
national water recycling guidelines. 
 

Redesign infiltration ponds, increase 
maintenance schedule, increase number of 
ponds or deepen existing ponds. 

Insufficient 
flows for DMS 
infiltration 
operation 

Carry out bore and pump maintenance as 
required to maintain the required water supply. 
Redistribute abstraction rates from bores 
following review by a Hydrogeologist. 
 

Install additional production bores, on 
application to DWER. 
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10. Associated Maps 
 

Figure 1: Project Location Plan 
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Figure 2: Project Development Area 
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Figure 3: Bore Location Plan 
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11. Water Balance and Water Use Efficiency 
The site water circuit will be constructed to the usual high standard prevalent in mining and mineral 
processing project. After commencement of operations, ramp-up and stabilisation of mineral 
production, then water efficiency will be measured as kL per tonne of product shipped. A preliminary 
site water balance is provided in Figures 4 and 5 below. 

 

Figure 4: Mine Site Dewatering & Infiltration Rates 

 
 

Water efficiency and stewardship will be included in management plans. Sustainable water use and 
water consumption will be included in the site’s environmental awareness program and management 
plans where appropriate. Water efficiency goals and programs will be developed after construction and 
commissioning.  
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Figure 5: Total Site Water Balance 
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13. Summary List of Commitments 
 

Licensee: Image Resources NL  

Licence compliance: The Licensee will comply with this Operating Strategy as a condition of pending 
Groundwater Licence for the taking of water from aquifers within the Project region. 

Monitoring: The Licensee will undertake the monitoring program described in Table 4. 

Operating Rules: Stated rules will be complied with, including maximum 0.1 m/year drawdown 
beyond the DMS (as defined in Chapter 6.2). More DMS infiltration ponds will be excavated where 
limits are exceeded. 

Licence Breaches: The licensee shall inform DWER of any likely breach in the commitments of this 
operating strategy within 5 business days of the licensee being aware of the possible breach. This also 
includes situations which have required the implementation of a contingency response. 

Licence Reporting: An Annual Groundwater Monitoring Summary report and 3-yearly Groundwater 
Monitoring Review report shall be submitted on the 28 February and 31 March of each respective 
year, in formats described in Strategic Policy 5.03 (DoW 2009a) and Operational Policy 5.12 (DoW 
2009b) respectively. 

Additional Works: 

• Progressive infiltration testing. 
• Operating Strategy Review: This Operating strategy will be amended to describe further 

development of the borefield.  
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Appendix A: List of Comprehensive Analysis Parameters 

 
 
 

a: Field Water Quality (FWQ) Analysis 
• Temperature (ºC) 
• Field EC (Electrical Conductivity compensated to 25ºC) 
• Field pH 

b: Laboratory Analysis 
Physico-chemical 

• Lab pH 
• Lab EC (compensated to 25ºC) 
• TDS (Total dissolved solids measured by drying at 180ºC) 
• Total hardness (as CaCO3) 
• Total alkalinity (as CaCO3) 

Ions 
• Calcium Ca 
• Magnesium Mg 
• Sodium Na 
• Potassium K 
• Ammonium NH4 
• Phosphate PO4 
• Carbonate CO3 
• Bicarbonate HCO3 
• Chloride Cl 
• Sulphate SO4 
• Nitrate NO3 
• Nitrite NO2 
• Silica SiO2 

Metals (filter and acidify samples in field to report the dissolved component) 
• Aluminium Al 
• Arsenic As 
• Cadmium Cd 
• Chromium Cr 
• Iron Fe 
• Lead Pb 
• Manganese Mn 
• Mercury Hg 
• Selenium Se 
• Zinc Zn 
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