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Executive Summary 

A drawdown mitigation scheme (DMS) is required at the Atlas mineral sands project to protect 

groundwater dependent vegetation (GDV) for the dry mining option. The perimeter around the proposed 

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 water is 

pumped to the ponds from an external source supporting the water table and the GDVs. Recycling of some 

infiltrated water back to the excavated pits causes the mine dewatering rate to increase by 20-40%. This 

water is then used in the mineral processing plant. 

Less sandy, more clayey soils are only located along creek beds within the Nambung Flats, to the north of 

the current proposed mining area. If needed, infiltration ponds in these areas can be deepened to penetrate 

through the surficial clayey soils but will also need to be more closely spaced. 

The DMS is as a form of Managed Aquifer Recharge (MAR) as defined by current government guidelines. 

These provide significant benefit to the environment by keeping the water table at its original level beyond 

the drawdown barrier. 

Three representative full scale pond infiltration tests were completed, two in sandy soils and one in the 

clayey soils at Nambung Flats. Each test consisted of pumping groundwater into an adjacent excavated 

pond at rates between 1.0 and 1.6 L/sec, until the pond was filled. Water levels in the pond and nearby 

groundwater levels in the production bore and one or more observation bores were carefully monitored 

throughout the 46 to 115-hour tests. Infiltration capacity and the leakage characteristics of underlying 

sediments were initially calculated using an analytical approach. Local, small but detailed numerical 

groundwater flow models were then used to determine the effectiveness of a drawdown barrier system over 

the longer term. Each model was calibrated using the infiltration testing results. 

The infiltration testing and local modelling showed sandy soils will be suitable environments for successful 

MAR and for forming a drawdown mitigation barrier. Despite the short duration of each test, the radius of 

influence of the infiltration ponds was calculated to be between 30 and 50 m in the sandy environments and 

20 m in the clayey environment at Nambung Flats. Over the life of the mine these will increase to over 100 

m in the former but only 30 m in the latter. Infiltration rates from each pond were 0.3 to 0.6 L/sec and 0.2 

L/sec respectively. 

This report provides results from the infiltration testing and references results from supporting studies: 

• Regional groundwater flow modelling. 

• Orebody hydraulic testing. 

It is also part of an application for approval of the MAR project, covering infiltration (recharge) and 

recovery. The source for the infiltration water and therefore chemical compatibility with groundwater at 

the recharge site is the subject of another ongoing study. The source water will not impact the aquifer after 

recharge as it is fully captured by pit dewatering and used in the process plant. 

The MAR application is in accordance with government guidelines and covers: 

• Site descriptions and design, including potential impacts on the environment and other users. 

• A H3 level hydrogeological assessment using results from the regional groundwater flow model. 

The model was completed in accordance with Australian Government Guidelines. 

• A risk assessment. 
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Monitoring and management of the MAR project is the subject of a separate Groundwater Operating 

Strategy (GOS). 

A regional numerical groundwater flow model was developed in a separate study to determine the overall 

dewatering and pond infiltration requirements for the Atlas Project. Results from infiltration pond testing 

contributed to this study. Several conceptual layouts of infiltration points were investigated, each involving 

an approximately north-south line of discontinuous recharge ponds in a trial area to the west of the initial 

mining area. This location was considered representative of the remaining deposit which will require ponds 

on both sides of each mining area, including the southern and north ends of the total mining area. The 

closer the line of infiltration ponds to the mine pit edge, the smaller the area of sensitive vegetation affected 

by high drawdowns. However, nearness to the pit causes a greater volume of recycled infiltration water to 

flow into the pit and higher dewatering rates. On balance, a line of recharge ponds located approximately 

100 metres from the pit edge will best satisfy environmental concerns. The spacing between each 

infiltration pond will need to be about 200 m around most of the deposit, reducing to 100 m in the southern 

area and further in the Nambung Flats alluvial area. 

Infiltration starts from the commencement of dewatering and continues until groundwater levels recover 

after mining. Recovery is aided by backfilling each newly mined pit with wet tailings. 

To further understand the effectiveness of the DMS, the hydrogeology of the Superficial Aquifer along the 

orebody was tested in a separate study using four controlled pumping tests and by mapping measured 

slimes concentrations (clay and fine silts up to 20-micron grainsize). Full results were reported separately 

but have been combined with the pond infiltration results presented here. Testing has shown the proposed 

mining to be in a highly variable aquifer system with three defined layers: 

1. A top layer of relatively clean, permeable dune sands suitable for infiltration. Where saturated, this 

is the least variable unit in the Superficial Aquifer with horizontal hydraulic conductivities 

(permeabilities) between 1 and 8 m/day. The lateral spread of the infiltrated water depends on 

lower vertical hydraulic conductivities in this unit as well as water spreading along the top of the 

underlying aquitard. 

2. The middle layer is the most variable unit. It fluctuates from a very fine-grained sand to a sandy 

clay but is generally described as a clayey fine-grained sand and has been designated an aquitard. 

Vertical hydraulic conductivities defining potential infiltration and under-drainage rates were 

measured and ranged from 0.0005 to 0.25 m/day. There was no evidence for a complete lack of 

permeability thereby forming a base to a perched aquifer. The water table is usually above or just 

below the top of this layer. The aquifer will drawdown during mining, but the infiltration ponds are 

expected to continually infiltrate and top up the aquifer along the DMS barrier. The variable 

hydraulic properties of the aquitard will limit the rate of drawdown of the water table, but not 

prevent drawdown during the life of the Project. A slowly drawing down water level in a low 

permeability aquitard will require less top-up infiltration. The opposite occurs in a higher 

permeability aquitard, essentially creating an ideal, self-limiting solution and effective drawdown 

barrier. 

3. The bottom layer of the Superficial Aquifer is sandier and forms a widespread aquifer which is in 

hydraulic contact with the underlying Yarragadee and Cattamarra aquifers. These layers control the 

overall mine dewatering rates. The sandy Superficial Aquifer has horizontal hydraulic 

conductivities ranging from 2.3 to 6.6 m/day. The underlying upper section of the Yarragadee or 

Cattamarra aquifers has a lower conductivity of around 0.3 m/day. At the infiltration test sites, the 

combined Superficial and underlying aquifers averaged 0.4 to 0.7 m/day. 
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Results from infiltration testing and hydrogeological testing of the Superficial Aquifer along the orebody 

support the current regional groundwater flow model. The model assumes conservative average values for 

aquifer parameters and for the positions and spacing of the infiltration ponds. The measured high degree of 

natural variability in the Superficial Aquifer, particularly the aquitard is represented as a low horizontal 

hydraulic conductivity of 0.1 m/day. And an overall vertical conductivity of 0.01 m/day. The underlying 

Yarragadee Aquifer in the project area has a horizontal hydraulic conductivity of 0.3 m/day. The 

conceptual spacing of the infiltration ponds and the overall pumping rates over the life of the mine are 

represented by the regional model. 

For the DMS, infiltration water salinity should be around 1,500 to 3,500 μS/cm EC, or lower (less than 

2,230 mg/L TDS). 
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1. Introduction 

Image Resources (Image) are planning to develop part of the Atlas Mineral Sands Deposit (the 

Deposit). The Deposit is located approximately 18 kms 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 report provides details of a proposed Managed Aquifer Recharge (MAR) scheme in support of 

an Environmental Impact Assessment and regulatory approvals. The Deposit is partially submerged 

below the water table so dewatering will be required for dry mining. Potential impacts of dewatering 

drawdown on the surrounding environment and other users will be managed by a drawdown 

mitigation scheme (DMS). This uses a line (barrier) of water infiltration (recharge) ponds. The MAR 

scheme provides significant benefit to the environment by keeping the water table at its original level 

beyond the drawdown barrier. The DMS is a type of MAR, classified as “infiltration or injection for 

environmental benefit” (DWER 2021b). 

The most effective DMS is a series of excavated ponds (sometimes called trenches) located optimally 

around the mine excavation. Clean, sediment free water with compatible quality to local shallow 

groundwater is reticulated to the ponds by connecting pipelines and allowed to infiltrate to the top of 

the groundwater table. At this site, this scheme has advantages over physical barriers in preventing 

all drawdown propagating past the barrier. Physical barriers such as grout curtains and membranes 

must be completely sealed and placed all the way to the bottom of any permeable formation. These 

are expensive and any minor leak will cause drawdown beyond the barrier. At Atlas, there are no 

impermeable layers to seat the grout or membrane barrier as there is continuous hydraulic connection 

to several hundred metres depth. Any gaps beneath the barrier will allow equalisation of groundwater 

levels either side of the barrier and continued outward propagation of drawdown. 

This report is structured as follows: 

• Three full-scale infiltration pond tests were completed at representative sites near the 

Deposit. A drawdown was created beneath each pit by local pumping and leakage rates from 

the ponds quantified. Groundwater levels were measured around the test area to determine 

the impact of recharge on local aquifers, including the lateral extent of the infiltrated water. 

The evaluation methodology included analyses of groundwater drawdown and recovery 

charts (analytical approach) as well as forward predictions using detailed local numerical 

groundwater flow models (the Local Models). Each model was calibrated using the 

infiltration test results. 

• Results from infiltration testing were compared with hydraulic testing and mapping of 

measured slimes concentrations (clay and fine silts up to 20-micron size) across the Project. 

This extended the hydrogeological knowledge from the infiltration test sites to the full 

Project area. Details of the hydraulic testing and mapping results are included in a separate 

report by MWES (2022b). 

• All results were compared with parameters used in a regional numerical groundwater flow 

model (the Regional Model) developed by MWES (2022a). This model covered all areas 

shown in Figure 1 (the Study area), with appropriate fine spaced detail in the Project area. 

This model was used to determine mine dewatering rates and optimal conceptual MAR 

infiltration positions and total flow rates for the Project. 
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Figure 1: Regional Location Plan 
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Figure 2: Project Development Area 
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The report contains almost all the components for a MAR application to the Department of Water 

and Environmental Regulation (DWER), including: 

• A description of the proposed MAR scheme and the recharge/ recovery relationships. 

• Potential impacts on water levels, including a risk assessment. 

• A summary of the H3 level hydrogeological assessment, as required by DWER guidelines 

for MAR proposals. The main body of the assessment is in MWES (2022a). 

• Specific recharge and recovery factors required by MAR scheme applications. 

• Other factors required by the MAR guidelines, including determination of recovery volumes, 

time between recharge and recovery, and definition of MAR management zones. 

This report does not include a description of the water source for the MAR scheme as this will be 

reported separately (in prep). Similarly, it does not include an analysis of the suitability of the source 

water and compatibility with receiving groundwater chemistry. 

All MAR schemes require a documented Groundwater Operating Strategy (GOS). Recommendations 

are made in this report, but the final GOS document is separate (in prep). 

A checklist of requirements for a MAR application is included in Appendix A. Further requirements 

of the MAR application to include H3 level hydrogeological studies is presented in a separate 

checklist in Appendix B. As this level of hydrogeological assessment requires the support of a 

groundwater flow model, a checklist of compliance against the Australian Groundwater Modelling 

guidelines is included in Appendix C. The latter is for compliance of the Regional Model only. 

 

2. Site Description 

The description of the site, including climate, topography, geomorphology, geology, groundwater 

hydrology, potential GDVs and a description of the Regional Model are included in MWES (2022a). 

Relevant information supporting drawdown mitigation by MAR is reproduced here and in subsequent 

chapters of this report. 

The ground surface is generally flat but slopes towards the Nambung Flats and west along the 

Nambung River system. At the Project it rises to the south, away from the river system. 

The Deposit is in a geomorphic unit known as the Coastal Backplain, an area with extensive surficial 

sand deposits referred to as Bassendean Dune Sand. These are 1 to 2 m thick in sheet sand deposits, 

increasing in dunal areas towards the southern part of the Project. The sands are relatively clean, 

unconsolidated fine to coarse grained and quartzose. There are also sandy and clayey alluvial 

deposits associated with current drainage systems and wetlands that cross the Deposit, to the north of 

the Project. The alluvial deposits can be thicker but also comprise a significant component of fine to 

coarse grained quartz sands. Both units are relevant to the capacity of the ground to infiltrate and 

spread water. These units should be good for infiltration, but some ponds may need to be excavated 

to sufficient depth to reach permeable strata with the desired infiltration characteristics. 

The relevant aquifers in the deposit area are the Superficial Aquifer and the underlying Mesozoic 

aged Yarragadee and Cattamarra aquifers. These are the saturated permeable sections of the 

Bassendean Sand, Yarragadee Formation, and the Cattamarra Coal Measures (CCM)/ Cadda 
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Formation respectively. The shallow Superficial Aquifer is variably saturated across the deposit, 

from 11 m thick in the mid-north to absent in the south. The average thickness of saturation is around 

5 m. The recharge ponds for the Project area will be excavated into the permeable top part of the 

Bassendean Dune sands overlying the Superficial Aquifer. More clayey surficial alluvial deposits are 

only to the north of the current Project in the Nambung Flats. 

Below the dune sands, the Superficial Aquifer comprises a variably permeable aquitard with finer 

grained sand and more clayey sediments. The aquitard overlies a more sandy and more permeable 

basal part of the Superficial Aquifer. These units were studied by MWES (2022b), but the main 

features relevant to the MAR study were: 

• The dune sands are the least variable component of the local geology. All other superficial 

units, particularly the aquitard have highly variable hydrogeological properties across the 

site. 

• The horizontal hydraulic conductivity (kh) (permeability) of the upper section of the aquitard, 

immediately below the dune sand and where saturated was relatively consistent and generally 

varied from 0.25 to 0.3 m/day. Lower hydraulic conductivities of 0.03 m/day were noted near 

the Nambung Flats. 

• The water table lies within the dune sands or within the top part of the aquitard. 

• The vertical hydraulic conductivity (kv) of the overall aquitard is a critical parameter 

influencing underdrainage and infiltration rates and was highly variable within a range from 

0.03 to 0.25 m/day. The infiltration testing extended this range down to 0.0005 m/day. The 

associated slimes concentrations (clay and fine silts up to 20-micron grainsize) were 15-35%. 

• The horizontal hydraulic conductivity of the lower sand unit is higher and ranged from 2.3 to 

6.6 m/day. Slimes concentrations were generally 0 to 10%. One outlier value was 0.08 m/day 

where slimes concentrations were 10-30%. 

• There were no identified perched aquifers at the Deposit. The aquitard permeability ranged 

from very low, but measurable over the short duration of the tests, to relatively high 

permeability. In some areas there was no aquitard and only clean sands with a negligible 

slimes’ component. The consequences of this to the MAR scheme are discussed later in this 

report. 

The lithology at the contact between the superficial formations and the underlying Mesozoic 

formations was mapped over the Deposit using mineral exploration lithology logs, particularly the 

presence of fine grained lithologies (slimes). Coarser grained sand dominated lithologies at the base 

of the superficial formations overlie sands and sandstone in the Yarragadee Formation, extending 

north into part of the CCM. In the Project area, the superficial formations only overly the Yarragadee 

Formation. The Superficial Aquifer is therefore in direct hydraulic connection with the Yarragadee 

and Cattamarra aquifers. 

In the Project area, mining will excavate the superficial formations and will require dewatering of the 

basal sand layer as well as depressurisation of the underlying Yarragadee Aquifer. The overall mine 

dewatering rate is controlled mainly by the hydraulic properties of these two units.  
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It was therefore concluded from previous studies: 

• There are no significant hydraulic barrier layers preventing drawdown of the water table as 

the Superficial Aquifer is dewatered, and the Yarragadee Aquifer is depressurised during 

mining activities. 

• The dune sand is ideal for infiltration, but surficial clayey alluvial sediments will require 

deeper and closer spaced excavations. These are only to north of the current Project. 

• The variable hydraulic properties of the aquitard will limit the rate of drawdown of the water 

table, but not prevent drawdown during the life of the Project. A slowly drawing down water 

level in a low permeability aquitard will require less top-up infiltration. The opposite occurs 

in a higher permeability aquitard, essentially creating an ideal, self-limiting solution and 

effective drawdown barrier. 

 

3. Infiltration Testing 

3.1. Infiltration Test Configuration 

Three infiltration tests were completed at sites shown in Figure 3. The sites were considered 

representative of soil types across the Deposit, comprising mainly sandy soils with high 

hydraulic conductivities (Mine Earth 2021). Rare low conductivities were in parts of soil 

landscapes described as “plain, often poorly drained; semi-wet soil, pale yellow sands over 

pan, sandy duplexes, wet soil” and “seasonally wet plain and depressions, often saline; 

characterised by salt tolerant vegetation, or salt pans” (refer sampling sites S03 and S22 

respectively in Figure 4). 

Two tests infiltrated water into the Bassendean Dune sands (ATPB01 & 3) and one was into 

the more clayey alluvial deposits along the Nambung River drainage system (ATPB02). 

Each test comprised a production bore pumping water into an adjacent excavated pond until it 

filled. The infiltration and bore drawdown/ recovery measurements continued for a period to a 

maximum 115 hours. Groundwater was pumped from beneath each pond to simulate mine 

dewatering conditions. Groundwater levels were carefully monitored in nearby observation 

bores (“ATOB” prefix bores) and deep/ shallow piezometers (“ATMB” prefix and “d” or “s” 

suffix): 

• The deep production bores were screened in deep sand layers within the Superficial 

Aquifer and within the interconnected Yarragadee and Cattamarra aquifers. Bore 

depths ranged from 15 to 25 m below ground level (mbgl). The screen tops were from 

3 to 5 mbgl and had overlying casing annular seals. Infiltration drainage therefore had 

a component of downwards flow towards the pumping bore. There was also expected 

to be a component of lateral flow caused by natural sediments having higher 

permeabilities in a horizontal direction than in a vertical direction. Also, with water 

spreading along the top of the aquitard, quicker than it can infiltrate. 

• The deep observation bores and piezometers were screened in the same interval as the 

production bores. 

• The shallow bores and piezometers were screened in the upper part of the Superficial 

Aquifer. 
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The configuration of bores and ponds is shown in Figures 5 to 7 and the main testing 

parameters are summarised in Table 1. Appendix D contains all of the infiltration testing 

results, including the pond water level charts. 
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Figure 3: Infiltration Testing Locations 
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Figure 4: Distribution of Soil Types and Hydraulic Conductivities 



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application             Image Resources 

Page 13 

Figure 5: Location of ATPB01 Infiltration Test Site 
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Figure 6: Location of ATPB02 Infiltration Test Site 

 



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application             Image Resources 

Page 15 

Figure 7: Location of ATPB03 Infiltration Test Site 
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Table 1: Infiltration Test Sites 

Pump 

Bore 

Observation 

Bores (s) 

Pump 

Rate 

(L/sec) 

GW 

Salinity 

(mg/L 

TDS)1 

Test 

Duration 

(hrs) (incl. 

recovery) 

Total 

Volume 

Pumped 

(kL) 

Pond Dimensions (m) 

Top Base Depth 

ATPB01 ATOB01 & 

ATMB04d/s 

1.5 300 46 108 11.5 x 4.7 7.4 x 2.7 0.9 

ATPB02 ATOB02 & 

ATMB07d/s 

1.6 22,000 73 36.5 11.9 x 5.5 NA2 0.6 

ATPB03 ATOB03 1.0 970 115 83 8.8 x 6.1 6.4 x 5 1.0 

Notes 1: GW (groundwater) salinity as Total Dissolved Salts (TDS) measured when sites were originally tested in September 2020. 

 2: Partly flooded prior to test. 

 

3.2. Infiltration Test Site Results 

The results from the infiltration tests were initially evaluated using an analytical approach. 

Aquifer transmissivities, drainage factors and storage coefficients were measured from 

drawdown curves in the production bores, observation bores and piezometers (Table 2). 

When comparing these results with the original pumping tests reported in MWES (2022a), it 

was apparent that drawdowns from the early time in each test were obscured by early leakage 

from the ponds. This is a sign for success of the project but provides only late time 

transmissivity and hydraulic conductivity values, which are higher than in the original tests. 
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Table 2: Analytical Infiltration Test Results 

Site 

(AT*) 

Test 

Type1 

Bore 

ID 

(AT*) 

Location Aquifer/ 

Type/ 

Saturated 

Thickness 

Pump 

Rates 

(L/sec) 

Pumping 

Durations 

(mins) 

Max. 

Draw-

down 

Solution T2 

(m2/d) 

1/B2 

(1/m) 

β/r2 

(1/m) 

S2 kh
2 

(m/d) 

kv’2 

(m/d) 

Notes 

PB01 CRT& 

RT 

PB01 - Yarragadee/ 

unconfined/ 

21.7 m 

2, 1, 2, 

1.5 

3, 7, 11, 9, 

1200 

8.72 Tartakovsky-

Neuman 

13 - - 9e-6 0.6 - Quick recovery. Curve match indicates gravity 

drainage in early pumping data. Base of 

infiltration pit above sandy clay interval which 

is from 3 to 6 m. 

OB01 22.2 m N 3.24 23 - - 1.9e-5 0.6 - 

RT MB04d 22 m E 2.9 Theis 

Recovery 

92 - - - 4.0 - Rapid recovery, High transmissivity indicative 

of recharge from infiltration pond. ATMB04d 

screens sandstone while ATMB04s screens 

clayey sand. 

MB04s 22 m E 0.31 105 - - - 4.6 - 

CRT& 

RT 

PB01 - 8.72 Cooley-Case 25 1e-5 1.1e-3 1.1e-6 1.2 1.5e-8 Leaky aquitard defined as 6 m thick.  

OB01 22 m E 3.24 

PB02 CRT 

& RT 

PB02 - Superficials 

& top of 

Yarragadee/ 

unconfined/ 

13.8m 

0.3, 

2.7, 

1.1, 2, 

1.4, 

1.6 

5,1, 2, 6, 

10, 357 

2.67 Tartakovsky-

Neuman 

37   6.9e-3 1.6  Consistent calculated transmissivity in both 

production and observation bores. Screening 

mostly fine to coarse sand and some coquinite. 

RT OB02 22.3 m E 1.04 Theis 

Recovery 

38   - 1.7  Screens mostly medium to coarse sand and fine 

silty sand. 

MB07d 87 m 

NNE 

0.62 30   1.3 ATMB07d screens fine sand below 6 m of 

mudstone while ATMB07s screens medium to 

coarse sand and medium grained sandstone. MB07s 87 m 

NNE 

0.59   

CRT 

& RT 

PB02  2.67 Cooley-Case 62 1e-5 1e-5 4.7e-3 4.5 2.5e-8 Leaky aquitard defined as 4 m thick. 

OB02 22.3 m E 1.04 

PB03 CRT 

& RT 

PB03 - Yarragadee/ 

unconfined/ 

21.16 m 

5.6, 

2.8, 

2.4, 

2.1, 

2.1, 

0.5, 

1.0 

0.5, 0.5, 2, 

1, 4, 3, 

1389 

12.8 Theis 

Recovery 

36   - 1.6  Difficulty curve matching pumping data due to 

quick recovery relative to displacement, 

indicative of the infiltration pit. Screens mostly 

coarse to very coarse quartz sand, feldspathic 

sand, and minor clay. 

OB03 16.9 m N 2.6    Screens 3 m of clay overlying mostly coarse to 

very coarse feldspathic quartz sand. 

PB03  12.8 Cooley-Case 3.7 0.04 0.09 4.7e-3 0.2 0.01 Aquitard defined as 3 m thick. 

OB03 16.9 m N 2.6 

Notes:  1:  CRT = constant rate test, RT = recovery test 

 2:  T = late time transmissivity, B and β are late time leakage parameters, r = distance between pumping bore and observation bore, S = late time storage coefficient, kh = late time horizontal 

hydraulic conductivity, and kv’ = late time vertical conductivity in the aquitard. 
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3.3. Infiltration Test Modelling 

To further analyse infiltration testing results and particularly determine long term 

characteristics of infiltration effectiveness and impacts, each test site was modelled using a 

numerical groundwater flow model. Importantly, the models were calibrated using the 

infiltration test results. These models are referred to as Local Models to differentiate them 

from the Atlas regional groundwater flow model, designated the Regional Model. The latter 

was constructed in accordance with Australian Groundwater Modelling guidelines referenced 

in Appendix C. 

Development of a layered groundwater flow model was undertaken to predict infiltration 

water levels and drawdowns from each of the three test sites. MODFLOW-2005 was used as 

the modelling platform and Visual MODFLOW 2009 was used as the pre- and post-processor. 

MODFLOW is a 3D block-centred finite difference mesh originally developed by the United 

States Geological Survey. 

 

3.3.1. Local Model Structure 

The structure of each model is summarised in Table 3. The models comprised 14 layers: 

• 5 or 6 layers represented the dune sands and alluvium. 

• 1 to 3 layers represented the aquitard. 

• 5 to 8 layers represented the basal Superficial Aquifer sand layer and the 

underlying Yarragadee or Cattamarra aquifers. 
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Table 3: Local Groundwater Flow Modelling Structure 

Pump 

Bore 

Site 

(AT*) 

Limits (MGA 

GDA94) 

Model 

Elevation 

Limits 

(mAHD) 

Initial 

GW 

Level 

(mAHD) 

Dunal Sand/ Alluvial Clay & Sand Superficial Aquifer Aquitard Basal Superficial Aquifer & 

Mesozoic Aged Aquifers 

East-

West 

North-

South 

Layers 

(depths) 

kh kv S Sy Layers 

(depths) 

kh kv S Sy Layers 

(depths) 

kh kv S 

PB01 331,090- 

331,590 

6,620,810-

6,621,310 

40.6-39.9 

to -200 

38.9 1-6 (0-3m) 8 0.8 0.002 0.1 7-9 (3-

6m) 

0.01 

→0.005 

0.001 

→0.0005 

0.002 0.1 10-14 (6-

240m) 

0.6→ 

0.7 

0.06→ 

0.07 

9e-5 

PB02 332,400-

332,900 

6,619,355-

6,619,854 

43.7-40.8 

to -200 

41.5 1-6 (0-3m) 5 

→1 

0.5 

→0.1 

0.002 0.1 7 (3-

4m) 

0.01 0.001 0.002 0.1 8-12 

(SA 4-15m) 

13& 14 

(CA 15-

242m) 

1.5 

→5/ 

0.5 

0.15 

→0.5/ 

0.05 

1e-5 

PB03 330,210-

330,710 

6,616,380-

6,616,880 

46.8-39.7 

to -200 

38.5 1-5 (0-5m) 8 

→5 

0.8 

→0.5 

0.002 0.1 6 (5-

6m) 

0.01 0.001 0.002 0.1 7-14 (6-

241.4m) 

1.5 

→0.4 

0.15 

→0.04 

3e-8 

Notes: GW = Groundwater 

Hydraulic conductivity (kh & kv), Storage Coefficient & Specific Yield (S & Sy) are shown as initial values, while post-calibration values are to the right of the arrows. 

 SA = Superficial aquifer. CA = Cattamarra Aquifer 

 

All three model dimensions were 500 m x 500 m, sufficiently large so simulated water levels were not impacted by model boundaries. These boundaries were of the no-flow 

type. The top-most layer includes a rainfall recharge rate of 8 mm/yr and an evapotranspiration rate of 75 mm/yr and extinction depth of 2 m. Production and observation 

bores were screened at their correct depths. A pumping rate was applied to each production bore for the duration of the test. Infiltration ponds were modelled using 

MODFLOW’s river boundary condition (RIV). Pond water levels were assigned to the RIV cells to simulate the rising and falling stages of each test. The drainage rate is 

controlled by the height of water in the pond and the hydraulic nature of the surrounding aquifer. 

The pumping bore and the deep observation bores and piezometers were screened in the lower sandy Superficial Aquifer and Yarragadee/ Cattamarra aquifers. Shallow bores 

and piezometers were screened in sediments at the base of the Superficial Aquifer aquitard. Infiltration was observed through measurements of the pond water level, while 

aquifer and leakage parameters were calculated from bore drawdown curves. 
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3.3.2. ATPB01 Model Calibration and Results 

During the calibration process, the aquifer parameters were altered slightly as shown in 

Table 3. The horizontal conductivity of the main lower Superficial/ Yarragadee aquifer 

was increased from 0.6 to 0.7 m/day, while the vertical conductivity of the aquitard was 

reduced from 0.001 to 0.0005 m/day. The best calibration was achieved in the shallow 

piezometer, ATMB04s (Table 4). 

 

Table 4: ATPB01 Infiltration Test Model Calibration 

Bore Actual 

Drawdown (m) 

Modelled 

Drawdown (m) 

Comments 

ATPB01 8.7 9.4  

ATOB01 3.2 1.4 It is likely the main aquifer is increasing in 

permeability in the direction from the pumping 

bore to these bores, producing lower drawdowns 

than in the simplified infiltration model. 

ATMB04d 2.9 1.4 

ATMB04s 0.31 0.28 Screened at the base of the aquitard, so a good 

calibration of the impact of the aquitard. 

Note: Drawdowns were measured at end of pumping (20.5 hrs duration). 

 

The pumping bore, ATPB01 was shown to have achieved widespread depressurisation 

during the test and effectively under-drained the infiltration pond. Similarly, water 

levels surrounding the pond, above the aquitard were kept at elevated levels over a wide 

radius indicating a high degree of success for the project. The local pumping and 

discharge caused a measurable flow between the pond and bore (Table 5). 

 

Table 5: ATPB01 Infiltration Test Results 

Test Element Test Results Comments 

Test radius of 

depressurisation 

145 m Measured in model layer 11 

Test radius of infiltration 

Influence 

50 m Measured in model layer 3. 

Pond leakage rate during 

test 

0.3-0.4 L/sec Reduces during test as the 

pond water level dropped. 
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3.3.3. ATPB02 Model Calibration and Results 

During the calibration process, the aquifer parameters were altered slightly as shown in 

Table 3. The horizontal conductivity of the main aquifer was increased from 1.5 to 5 

m/day, and the alluvial aquifer was reduced from 5 to 1 m/day. The best fit was 

achieved in the closest observation bore ATOB02 (Table 6). 

 

Table 6: ATPB02 Infiltration Test Model Calibration 

Bore Actual 

Drawdown (m) 

Modelled 

Drawdown (m) 

Comments 

ATPB02 2.7 3.3  

ATOB02 1.0 1.0 Screened at the base of the aquitard, so a good 

calibration of the impact of the aquitard. 

ATMB07d 0.6 0.4 It is likely the main aquifer is increasing in 

permeability in the direction from the pumping 

bore to these bores, producing lower drawdowns 

than in the simplified infiltration model. 

ATMB07s 0.6 0.4 

Note: Drawdowns were measured at end of pumping (6 hrs). 

 

The pumping bore, ATPB02 was shown to have achieved widespread depressurisation 

during the test and effectively under-drained the infiltration pond. Water levels 

surrounding the pond, above the aquitard were kept at elevated levels, but the radius of 

infiltration was only 20 m. The local pumping and discharge caused a measurable but 

low flow between the pond and the bore (Table 7). 

 

Table 7: ATPB02 Infiltration Test Results 

Test Element Test Results Comments 

Radius of 

depressurisation 

200 m Measured in model layer 11 

Radius of infiltration 

influence 

20 m Measured in model layer 3 

Pond leakage rate during 

test 

0.1 L/sec Average leakage rate. 
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3.3.4. ATPB03 Model Calibration and Results 

During the calibration process, the aquifer parameters were altered slightly as shown in 

Table 3. The horizontal conductivity of the main aquifer was reduced from 1.5 to 0.4 

m/day and the dune sand aquifer was reduced from 8 to 5 m/day. The best fit was 

achieved in the pumping bore ATPB03 (Table 8). 

 

Table 8: ATPB03 Infiltration Test Model Calibration 

Bore Actual 

Drawdown (m) 

Modelled 

Drawdown (m) 

Comments 

ATPB03 12.8 11.3 Good fit 

ATOB03 2.6 1.6 It is likely the main aquifer is increasing in 

permeability in the direction from the pumping 

bore to the observation bore, producing lower 

drawdowns than in the simplified infiltration 

model. 

Note: Drawdowns were measured at end of pumping (24 hrs). 

 

The pumping bore, ATPB03 was shown to have achieved widespread depressurisation 

during the test and effectively under-drained the infiltration pond. Similarly, water 

levels surrounding the pond, above the aquitard were kept at elevated levels over a wide 

radius indicating a high degree of success for the project. The local pumping and 

discharge caused a measurable flow between the pond and bore (Table 9). 

 

Table 9: ATPB03 Infiltration Test Results 

Test Element Test Results Comments 

Radius of 

depressurisation 

170 m Measured in model layer 9. 

Radius of infiltration 

influence 

30 m Measured in model layer 5. 

Pond leakage rate during 

test 

0.3-0.6 L/sec Reduces during test as the 

pond water level dropped. 

 

  



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

Page 23 

3.3.5. Forecast Infiltration Radius and Rates 

The calibrated models were then used to determine the flow rates required to keep water 

levels at a stable level over a 12-month period. In each case the pond was kept topped 

up and the radius of influence, as well as the infiltration rate were measured. All 

parameters stabilised quickly and remained so over the full 12-month period. 

 

Table 10: Summary of Forecast Infiltration at each Test Site 

Test Site Infiltration 

Radius of 

Influence (m) 

Recharge 

Rate (L/sec) 

Comments 

ATPB01 100 0.3 Good radius of drawdown 

ATPB02 30 0.2 More infiltration ponds will be required in the 

alluvial aquifer area. 

ATPB03 180 0.6 In practice, the recharge rate will be reduced 

with time to keep the radius to less than 100 

m. 

Note: All are constant rates over one year 

 

As the current Project is in the southern half of the Deposit only, the best test to 

represent the mine dewatering and mitigation barrier is ATPB03. This has similar 

hydrogeological characteristics in terms of: 

• High permeability in the consistent and widespread Bassendean Dune sands. 

• Low permeability, particularly vertical hydraulic conductivity in the clayey 

sand aquitard layer. 

• Moderate high permeability in the underlying sandy Superficial Aquifer layer 

and hydraulically connected Yarragadee Aquifer. 

 

4. Proposed Infiltration Pond Design 

The following design was determined from the successful infiltration tests. Small open ponds, about 

10 m long by 5 m wide by up to 1.0 m deep are favoured at the recharge points rather than wells or 

bores. This is because ponds are relatively easy to rehabilitate or reduce and enlarge as necessary if 

they are found to be infiltrating too fast or not. In a few places’ ponds may need to be enlarged as 

well as cut deeper to penetrate through shallow clayey sand. 

The pipe leading into each pond will need to have a valve to enable adjustment of flow, and a way of 

measuring the flow. It may be proven adequate to measure flow from a hose by temporarily diverting 

the hose into a calibrated bucket, otherwise a weir (orifice or v-notch types) or flow meter will need 

to be installed on each inlet tube. As the total flow to the infiltration system must be measured for 

licencing purposes, a flow meter will be needed along the main pipe system. 
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The inflow rate can be controlled using a float switch placed in the pond and keeping the pond water 

level at a pre-determined, but adjustable depth. 

The pipe and flow control infrastructure can be moved as pit water levels fully recover in each of the 

previously mined areas. 

 

5. Proposed Infiltration Pond Monitoring 

At each discharge pipe, the following critical water quality parameters should 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 relationship has been 

developed between the two parameters. These parameters must be kept at low levels. 

• Electrical conductivity (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 

match the upper-low salinity layer of groundwater. 

• 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. 

After a period of testing, the number of sampling points may be reduced to just one for the entire 

infiltration system. One test may be able to substitute for the many tests. 

Simple and shallow water table level monitoring bores should be installed between each pond and in 

an outward direction from the drawdown mitigation barrier. Water levels could be monitored using 

down-hole pressure probes and a barometric pressure correction probe. 

Infiltration volumes and recovery volumes from the mine water discharge should be measured as part 

of licencing requirements. Losses such as net evaporation from infiltration ponds should be 

calculated from local rainfall and pre-determined seasonal evaporation rates. 

 

6. H3 Level Hydrogeological Assessment 

A H3 level hydrogeological assessment is required for the MAR application as defined in 

Appendices B and C. This assessment is substantially contained within MWES (2022a) with 

supporting evidence from this report and MWES (2022b). The essential information is summarised in 

this chapter with appropriate references. 

 

6.1. Location of Assessment 

The location of the assessment is shown in Figures 1 and 2. The location of the infiltration test 

sites in Figure 3. 
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6.2. Climate 

The climate type is Mediterranean with hot dry summers and cool wet winters, similar to Perth 

but notably drier and sunnier. Bureau of Meteorology (BoM) Stations located at Jurien Bay 

and Badgingarra Research Station have continuous records of more than 50 years and straddle 

the Study area. 

Average monthly rainfalls and evaporation data were derived from the BoM gridded dataset. 

The nearest grid points were 0.8 km southwest of production bore PB02 for rainfall data and 

3.6 km north of PB01 for Class A Pan evaporation data (Table 11). 

Mean monthly temperature maxima range from 18 to 32 degrees centigrade and minima from 

10 to 21 degrees centigrade. 

 

Table 11: Gridded Average Monthly Rainfall 

and Class A Pan Evaporation 

Month Rainfall Evaporation 

January 9 333 

February 15.6 284 

March 12.7 252 

April 35.8 165 

May 84.9 107 

June 132.4 77 

July 115.4 74 

August 92.1 86 

September 46.8 112 

October 33.4 172 

November 15.5 229 

December 7 290 

Total 600.6 2181 

 

6.3. Hydrogeology 

Across the regional Study area, several superficial formations, Tamala Limestone, Bassendean 

Sand and Guildford Formation contain various hydraulically connected sediments with 

thickness dependent on depth of saturation. In the Deposit area, only the Bassendean Sand is 

present, underlying the Bassendean Dune Sand geomorphological unit. 

Regional superficial formations are only significantly developed to the west of the Gingin 

Escarpment. They form an unconfined aquifer that has been subdivided into two main 

systems: 

• An undifferentiated Superficial Aquifer comprising the Middle to Late Pleistocene 

aged Bassendean Sand and Guildford Formation as well as the Pliocene aged 
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Yoganup Formation. The Bassendean Sand is widespread while the Guildford 

Formation is mainly in the south-eastern corner of the study area. The older Yoganup 

Formation was also identified in the south-eastern corner at bore CS31D. The latter is 

generally limited to the foot of the Gingin Escarpment and has been described as a 

relict shoreline deposit with interfingering transgressive marine and non-marine 

sediments (paralic), light grey, fine to very coarse-grained, quartz sand and granule 

gravels, clayey in places (Kern 1988). 

• Aquifers that also comprise part of the Superficial Aquifer but have been separately 

named in the Study as the Late Pleistocene aged Tamala Limestone, due to their 

unique and contrasting hydrogeological properties. The limestone is pale yellow, 

weathering to grey, and consists of calcareous quartz sand commonly cemented by 

limestone. The aquifer is karstic in nature, containing numerous solution channels and 

cavities. The Nambung cave system is developed in the limestone. The eastern edge of 

the Tamala Limestone is considered to partly overlie as well as interfinger with the 

Bassendean Sand (Kern 1993 & 1997). 

Mesozoic rocks outcrop at the surface in the plateau region to the east of the Gingin 

Escarpment, referred to as the Arrowsmith Region. To the west of the escarpment, the 

subsurface geology comprises flat lying Quaternary and Pliocene superficial formations 

separated by an unconformable erosional surface from a series of older Mesozoic formations 

that form part of the Perth Basin. The Mesozoic rocks are located along the eastern edge of the 

Beagle Ridge, a mid-basin ridge of relatively shallow pre-Permian aged basement. The 

Mesozoic rocks are generally downfaulted to the east towards the Coomaloo Trough by a 

series of north-south orientated normal faults. Some small graben structures have preserved 

pockets of younger rocks, such as the wedge-shaped body of south dipping Yarragadee 

Formation sediments that lie beneath most of the Atlas Deposit. The structural sub-division for 

the area between the Beagle Ridge and the Coomaloo Trough has been named the Cadda 

Terrace (Mory & Iasky 1996). 

The permeability in each of the Mesozoic units is controlled by the proportion of coarse clastic 

sediments versus fine grained silt and clay-based sediments as well as the degree of 

weathering and lithification. Intergranular pore cementation and presence of a clay matrix will 

all impact the permeability of the aquifer. Even a small percentage of intergranular material 

can impact the permeability considerably. 

 

6.4. Exiting Groundwater Use 

Several privately owned bores and soaks (bulldozed scrapes into the watertable) were 

identified across the Study area from the DWER database. Locations are shown in Figure 8. 

Almost no construction or hydrogeological information are available from these bores and 

soaks. 
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Figure 8: Private Bores and Soaks Location Plan 
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6.5. Additional Drilling & Testing Results 

Shallow and deep piezometers were installed into Superficial and Mesozoic sediments at 18 

sites across the Study area. At eight sites where superficial formations were thin or 

unsaturated, both piezometers were installed into Mesozoic rocks (MWES 2022a). 

Three production bores were installed at the Study area, and one was installed to replace the 

domestic water supply bore at Nambung Station. An observation bore was installed next to 

each production bore. Pumping tests were completed using the three new production bores. At 

each site a multi-rate, 48-hour constant rate and a recovery test were completed (MWES 

2022a). 

 

6.6. Groundwater Chemistry 

The salinity in the study area, measured as average Electrical Conductivity (EC) in each 

aquifer varies widely from 560 to 28,200 µS/cm (equivalent to 400 to 22,000 mg/L Total 

Dissolved Salts (TDS)). Some localised higher values were measured in the shallow part of 

the aquifer in the Nambung Flats area. TDS values were calculated from EC values using the 

methodology and regression formulae described in MWES (2022a). 

Low salinity groundwater occurs in the western area where there is either downward leakage 

from rainfall recharge (south of piezometer ATMB12) or where the Mesozoic aquifers have 

inherently low groundwater salinity (Yarragadee, Lesueur, and parts of the Eneabba Aquifer). 

The high salinity water is to the east of the Atlas Deposit where there is an upward flow of 

saline groundwater from the Cattamarra Aquifer and further localised evaporative 

concentration or salts. Commander (1978) observed groundwater salinity increasing in the 

direction of flow along the Eneabba Borehole Line, possibly accounting for some of the 

inherent high groundwater salinity in the Cattamarra Aquifer. Kern (1993 & 1997) observed 

high salinities in parts of the Superficial Aquifer where groundwater discharged to wetlands. 

Salinisation was caused by evaporative concentration of salts in the near-surface part of the 

aquifer. 

Groundwater samples were collected from almost all monitoring bores across the Study area 

during December 2021. Impacts to mining from anomalous elements in groundwater are 

expected to be zero or minimal as highest values were remote from the Deposit. Furthermore, 

with dry mining and drawdown mitigation, there is a hydraulic barrier promoted by clean 

water infiltration separating the zone from the mine.  

At Atlas, high iron (Fe) concentrations are from groundwater situated in organic rich 

sediments that were only found some 1.6 to 2.1 kms west of the Deposit. High manganese 

(Mn) concentrations, on the other hand are associated with natural saline groundwaters along 

the north-eastern part of the Deposit. Other detectable but low concentration elements were 

arsenic (As) and nickel (Ni) from isolated occurrences associated with organic sediments to 

the west of the Deposit or one occurrence of As some 600 m to the east of the southern part of 

the Deposit. 
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Groundwaters in the Study area are neutral to slightly acidic and alkaline. The pH values range 

from 6.2 to 8.2. 

High resolution EC profiles were measured using down-hole probes in all shallow observation 

bores installed as part of the orebody hydrogeology study (MWES 2022b). The EC profiles 

quantify any variation in salinity with depth and any possible stratification, inversion, or 

surface water-groundwater interaction. These measure the upper-most layer of lower salinity 

water, likely to be used by GDVs. Most sites show a general increasing trend in salinity within 

the first few meters below the water table where the groundwater is slightly fresher becoming 

more saline. Anomalous high salinity near the Nambung Flats results from localised 

infiltration of saline surface water. Salinities across the site were variable: 

• Northern site: 1,469 to 2,900 μS/cm EC (1,126 to 1,896 mg/L TDS). 

• Northern central site: Edge of highly saline groundwater: 2,317 to 91,228 μS/cm EC 

(1,557 to 128,690 mg/L TDS). 

• Southern central site: 3,552 to 3,742 μS/cm EC (2,260 to 2,368 mg/L TDS). 

• Southern site: 3,306 to 3,504 μS/cm EC (2,122 to 2.233 mg/L TDS). 

For the DMS, infiltration water salinity should therefore be around 1,500 to 3,500 μS/cm EC, 

or lower (less than 2,230 mg/L TDS). 

All analytical results, from all studies at atlas are included in Appendix E. 

 

6.7. Regional Groundwater Modelling 

The Atlas Regional groundwater flow model is fully described in MWES 2022a, including an 

explanation of the conceptual groundwater flow system, model objectives, boundaries, 

recharge, evapotranspiration, calibration, sensitivity analysis and results. 

The model was developed to determine pumping rates required to dewater the saturated 

sediments at the Deposit and to also determine the maximum spread of the cone of drawdown, 

with and without a DMS. The dewatering rates and the recharge pond infiltration rates were a 

major component of the site water balance and will determine the need for water storage 

facilities and quantities of additional raw water supplies imported to the operation. 

 

6.7.1. Model Setup 

The model is fully described in MWES (2022a). 

 

6.7.2. Determining Optimum Infiltration Pond Locations 

Preliminary groundwater modelling showed a recharge barrier system 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 

(MWES 2022a). 



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

Page 30 

The DMS was tested along the western side of the Deposit for an earlier mining plan by 

Optiro (2017), specifically mining periods one and two as these were representative of the 

remaining periods and the rest of the mine perimeter. Only one side of the pit was tested 

as the other side was expected to produce similar results. In the groundwater flow model, 

each infiltration pond was represented as a shallow (0.5 m deep) recharge well, placed 

into the pre-mine water table level. The pump rate to the well was adjusted until the 

required degree of drawdown mitigation was achieved. 

There were three modelled scenarios: recharge ponds set 100, 150 or 200 m from the 

edge of the pit. Ponds closer than 100 m to the pit are not practical as it becomes difficult 

and costly to recharge water at increasingly higher flow rates. Greater distance from the 

pit protects less vegetation but requires a lower recharge flow rate. The ponds can be 

placed reasonably close to the area where vegetation needs to be protected, so could vary 

from a minimum of 100 m outwards, depending on site requirements. 

The total recharge rate, averaged over both mining periods one and two, decreased from 

25 to 9 L/sec as the ponds were moved away from the pits. So, the recharge requirement 

was sensitive to the pit to pond distance. 

As recharge into ponds causes recycling of water back to the pit through the aquifers, the 

closer ponds also caused an increase in the pit dewatering rate. The amount of water 

recycling back to the pit as a percentage of the total dewatering rate, averaged over 

mining periods one and two, drops from 34% to only 14% as the ponds were moved 

further from the pit. The average additional dewatering requirement, above the original 

dry mine dewatering rate decreased from 48 to 31% as the recharge ponds were also 

moved out. 

Pond to pond spacings were tested at 100, 150 and 200 m to determine an optimum 

configuration. In the northern area, a pond spacing of 200 m was successful, but in the 

southern part of the Deposit where hydraulic conductivities were lower, a 100 m spacing 

was required to control groundwater levels and minimise propagation of drawdown 

between the ponds. In total, 13 infiltration ponds were used in the model. 

 

6.7.3. Mine Dewatering Plan 

The latest dry mining scenario with DMS is expected to proceed from south to north as 

shown in Figure 9. This mining schedule was developed in April 2022 and replaces 

earlier schedules developed in 2017 and August 2021. Each mining block has a duration 

of 3 months and supports a steady ore mining rate of 250 tonnes/hr. 
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Figure 9: Atlas Ore Mining Schedule (April 2022) 
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Dewatering is most likely to be from in-pit sumps due to the low production flows 

observed from recent bores installed near the Deposit. The dewatering requirements were 

simulated using a Modflow Drain boundary function to represent the pits during quarterly 

mining periods. The dewatering schedule was assumed to start three months prior to 

mining to allow fine grained sediments to fully drain and to supply initial water for 

mining, construction and domestic purpose. Mining was also simplified by combining 

overburden and orebody mining into one quarterly period, although it is possible that 

overburden mining could precede orebody mining by up to three months. The 

simplification was justified on the basis that the overburden/ orebody contact is highly 

variable, generally dips to the west and descends to a maximum of only 3 metres above 

the base of the orebody in each mining block. 

Rainfall recharge is applied to the model and then increased to the average rainfall rate of 

500mm/yr during mining and for 3 months following mining. The continued period 

accounts for the aquifer receiving all the annual rainfall prior to rehabilitating the mining 

block. No allowance was made for capturing and storing intermittent storm water. 

Wet sand tailings are returned to a mining void where water levels have been depressed 

from previous dewatering. They are not expected to contribute to mine dewatering 

requirements as approximately 60% of the water in the deposited tailings will be decanted 

using cyclones and returned to the process plant. Only a minimal amount of water is 

expected to seep back to groundwater and the remainder will be retained in the tailings 

pile. Lateral movement of the seeped water to the adjacent mining cell will contribute a 

negligible amount to the total dewatering discharge. 

 

6.7.4. Modelling Results 

The expected total dewatering and infiltration rates for the April 2022 mine plan schedule 

is shown graphically in Figure 10. 

During the first and second quarterly periods, the mine discharge rate will average 34.8 

L/sec (3,000 m3/day) but will drop to an average 16.1 L/sec (1,400 m3/day) over the 

remaining life of the Project. The infiltration rate to all ponds also starts up high during 

the first three quarterly mining periods (average 21 L/sec or 1,800 m3/day) but drops to 

an average 6.7 L/sec (580 m3/day) over the remaining life. The high initial rates are due 

to the larger surface area and longer perimeter of the initial mining block. 
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Figure 10: Pit Dewatering and Pond Infiltration Rates 

 

 

7. Risk Assessment 

The following items were considered in the risk assessment: 

• All recharge water is contained within the immediate area of the MAR infiltration ponds. 

About 20-40% is captured by the mine dewatering operations and recycled to the process 

plant. The rest remains in the aquifer, replacing groundwater that is draining to the mine 

dewatering operation. 

• The water that will infiltrate through the ponds will be compatible with the existing 

groundwater. This water needs to have a salinity less than 2,230 mg/L TDS. The source of 

the water has not been identified so this aspect of the risk assessment will be presented 

elsewhere. 

• Only low salinity water is added to the groundwater and will result in only improved overall 

groundwater quality. 

• There are no other uses of groundwater, except GDVs within the area impacted by 

drawdown. This area is between the pit wall and the infiltration pond barrier, located a 

minimum distance of 100 m. Ponds can be sited further from the pit wall if the location is 

already cleared and within the footprint of the mine. Essentially no drawdown is allowed 

beyond the infiltration ponds and therefore cannot impact other users and the GDVs. 

• Similarly, geomorphic wetlands are located in the northern part of the deposit and will be 

protected by the DMS. 

Start of mining 
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• Recharge and recovery are undertaken in the same hydraulically interconnected aquifer, the 

Superficial Aquifer. This was demonstrated by orebody hydrogeological studies (MWES 

2022b). 

• The infiltrated water moves immediately to the pit dewatering recovery pumps and is only 

resident in the aquifer for a short time. Recovery volumes are lower than the recharge 

volumes. 

 

8. Groundwater Operating Strategy 

A Groundwater Operating Strategy (GOS) is reported as a separate document (in prep). 

 

9. Management Approach 

The management approach is included in the GOS (in prep). 

 

10. Approvals for Source Water 

The source water was not known at the time of this study so will be reported elsewhere (in prep). 

 

11. Additional Information for MAR Approval 

Additional data required for MAR approvals is listed in Appendix A. This chapter summarises the 

items raised in the various DWER guidelines. 

 

11.1. Siting of MAR Works 

The MAR works are to be located around the perimeter of the open pit in the region defined as 

the area of disturbance for mining purposes. No additional clearing will be required for all 

works required for the MAR project. Operating infiltration ponds move progressively north as 

the mine moves. Drawdown contours for each mining stage are included in Appendix F. 

 

11.2. Considered Recharge Factors 

In accordance with DWER (2021a) guidelines, the following recharge factors were 

considered: 

• The capacity of the unsaturated materials above the water table and the Superficial 

Aquifer were tested and reported in this report. This was supported by further 

hydrogeological testing along the orebody as reported by MWES (2022b). Hydraulic 

connection was achieved between the sandy sub-soils and the main aquifer, being the 

lower sandy layer in the Superficial Aquifer. 

• Infiltration rates were determined from the Regional Model as between 6.7 and 21 

L/sec. Rates will be monitored and adjusted in the field to maintain groundwater 
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levels beyond the DMS to support GDVs and to prevent water logging, surface 

discharge. The rate will allow for net evaporation losses from the infiltration ponds. 

 

11.3. Considered Recovery Factors 

In accordance with DWER (2021a) guidelines, the following recovery factors were 

considered: 

• Recharge water moves directly to the mine dewatering recovery system. 

• Recovery is connected to the recharge system by various sandy and clayey sand layers 

in the Superficial Aquifer. 

 

11.4. Recovery Volumes 

In accordance with DWER (2021a) guidelines, the following recovery volume factors were 

considered: 

• The location of recharge and recovery infrastructure has been optimised to minimise 

the works footprint and any potential impacts on GDVs and other users of 

groundwater. 

• Recharge volumes are adjusted in accordance with the infiltration management plan to 

minimise impacts on GDVs and other users. 

• Net evaporation of water from infiltration ponds is minimised by the small size of the 

ponds. 

• Travel of infiltrated water beyond the DMS will be significantly (20-40%) towards the 

mine dewatering scheme but will also replenish dewatered water from beneath, 

between and outside of the infiltration ponds. The travel of infiltrated water is 

controlled by adjustment of the recharge volumes to keep the groundwater levels at 

their original level. 

 

11.5. Recharge and Recovery Timing 

In accordance with DWER (2021a) guidelines, the following recovery time factors were 

considered: 

• Travel time between recharge and recovery depends on the characteristics of the 

aquifer. These are described as part of the Regional Model in MWES (2022a). 

• All other recharge and recovery timing factors are not applicable to the MAR system 

proposed here. 

 

11.6. MAR Management Zones 

In accordance with DWER (2022a & b) MAR management zones may be required to facilitate 

the licensing of works and management of water quality and quantity. Proponents must 
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consider the need for a MAR management zone in consultation with DWER and, where 

required, include a proposed management zone in their hydrogeological assessment. The 

management zone boundary and any sub-zones will be assessed and approved on a case-by-

case basis, based on the proponent’s hydrogeological assessment, requirements of other 

agencies, and any other relevant information. 

MAR management zones will be decided following consultation with DWER, using this 

report to provide relevant information.  

 

12. Monitoring and Management 

To be included in the GOS (in prep). 

 

13. Conclusions 

It is concluded that employment of a groundwater recharge scheme to mitigate drawdown around the 

Atlas deposit is feasible. A line of recharge ponds about 100 metres from the pit will fit the 

requirements. Greater distance is preferrable if still within the area of mine disturbance. 

The volumes of water required for recharge and the increased mine dewatering flow resulting from 

recycle are moderate. This is in accordance with hydraulic conductivity values for the Superficial and 

underlying aquifers, determined from testing and applied to the regional groundwater flow model. 

Significant reductions in the recharge rate can be achieved if the ponds can be moved further from 

the pits. 

The recharge system and associated piezometers should be installed prior to any mining so that 

monitoring of the drawdown can take place. If it is considered a strong possibility that drawdown due 

to Atlas mining would not produce unacceptable impacts on vegetation outside of 100 m from the pit. 

 

14. Recommendations 

Outstanding requirements for completion of the MAR application are: 

• Identify a source of recharge water and investigate impacts of the water on the receiving 

groundwater environment. 

• Identify MAR management zones following review of this report by DWER. 
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Report Limitations 

MWES Consulting (MWES) have prepared this report for the use of Image Resources Ltd in accordance with the usual care and 

thoroughness of the consulting profession. It is based on generally accepted practices and standards at the time it was prepared. No 

other warranty expresses or implied, is made as to the professional advice included in this report. 

MWES has made no independent verification of this information beyond the agreed scope of works and MWES assumes no 

responsibility for any inaccuracies or omissions. No indications were found during our investigations that information reviewed at 

the time of our investigations that information contained in this report as provided to MWES was false. 

This report was prepared in July in October 2022 and is based on the conditions encountered and information reviewed at the time 

of preparation. MWES disclaims responsibility for any changes that may have occurred after this time. 

This report should be read in full. No responsibility is accepted for use of any part of this report in any context. 

Whilst to the best of our knowledge information contained in this report is accurate at the date of issue, subsurface conditions, 

including groundwater levels; can change in a limited time. Therefore, this document and the information contained herein should 

only be regarded as valid at the time of the investigation unless otherwise explicitly stated in this report. 
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Appendix A: Guideline Checklist – Managed Aquifer Recharge 

The following guideline was used to construct this report: 

• DWER 2021a, ‘Guideline, Water and Environmental Considerations for Managed Aquifer 

Recharge Operations in Western Australia’, Department of Water and Environmental 

Regulation, January 2021. 

The guideline is summarised, and comments included on how this report conforms to the guideline. 

The guideline was derived from the following government policy: 

• DWER 2021b, ‘Policy, Managed Aquifer Recharge in Western Australia’, Department of 

Water and Environmental Regulation, January 2021. 

Additional reference guidance was also obtained from the following report. 

• NRMMC, EPHC & NHMRC 2009, ‘Australian Guidelines for Water Recycling: Managing 

Health and Environmental Risks (Phase 2), Managed Aquifer Recharge’, National Resource 

Management Ministerial Council, Environment Protection and Heritage Council & National 

Health and Medical Research Council, National Water Quality Management Strategy 

Document 24, July 2009. 

Managed Aquifer Recharge (MAR) can be part of the solution to the challenge of meeting increasing 

demand for water by users and the environment. MAR can have many social, economic, and 

environmental benefits where hydrogeological and environmental conditions are suitable, provided it 

is well managed to ensure that potential impacts on the environment, water users and public 

health are acceptable. Aquifers can be injected using bores/ wells or infiltrated through ponds or 

galleries. Abstraction or recovery of the recharge water is undertaken using bores/ wells or other 

groundwater pumping mechanisms. The MAR method adopted is largely governed by the 

hydrogeological setting and land availability (DWER 2021a). 

In the policy document (DWER 2021b), MAR is defined as the intentional recharge of an aquifer 

under controlled conditions for subsequent recovery, demonstrable environmental benefit, or 

mitigation of the impacts of abstraction. The department will approve MAR projects provided 

potential impacts on the environment, other water users, including public health (if applicable) 

are determined to be acceptable based on the policy and guideline. 

 

Defined MAR activities (DWER 2021b): 

1. Infiltration or injection of treated wastewater at wastewater treatment plants with subsequent 

approved abstraction. 

2. Collection of water for MAR where a demonstrable excess exists. Demonstrable excess being only that 

portion of water that is not required for maintenance of the hydrological regime or ecological 

requirements of receiving water bodies. 



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

3. Infiltration or injection of stormwater for MAR from existing drainage systems that normally 

discharge to the ocean  

4. Infiltration or injection for environmental benefit. 

In this study, Activity 4 is where approval is sought as injection will be used to protect 

groundwater dependent vegetation by mitigating drawdown from mine dewatering activities. 

 

Activities that are not MAR (DWER 2021b): 

1. Recharge and recovery not undertaken in the same or interconnected aquifers. 

2. Disposal of water through infiltration or injection. 

3. Re-injection/ infiltration of dewatering excess after abstraction. Although this activity is a mitigation 

of the impacts of abstraction, it is a return of dewatering volumes (generally to the same aquifer), not 

input of additional water, and can therefore not be accounted for outside of the allocation limit as 

MAR. 

4. Water sensitive design that is used to mimic natural hydrological processes in urban and rural 

developments for the maintenance of the hydrological regime or ecological requirements of receiving 

water bodies. 

5. Land use changes or activities that result in additional groundwater recharge and raise groundwater 

levels. 

In this study, recharge and recovery are both into the Superficial Aquifer (Condition 1). The 

water is not disposed and is not excess to abstraction (Conditions 2 &3). It is not an environment 

as defined in Condition 4 and will not raise groundwater levels as stated in Condition 5. 

 

Other relevant definitions (DWER 2021b): 

1. Any source of water may be suitable if it is environmentally compatible with the receiving aquifer and 

does not impact the environment at the source. 

2. Recovery of recharge water will only be allowed after water has been injected or infiltrated. Under 

some circumstances there will be a requirement for recharge water to remain within the aquifer for an 

approved amount of time (residence time) before recovery can begin; or for recharge to be undertaken 

for an approved period before recovery. 

3. Where there are extenuating circumstances, and an emergency supply of water is required prior to 

recharge, MAR scheme operators may be allowed to abstract an agreed volume of water prior to 

recharge. In these circumstances, the proponent must demonstrate that the emergency supply is in the 

public interest, that recharge will commence within a short period of time, and that the impacts of 

abstraction on the environment, water users and public health will be acceptable and manageable.  

4. Recovery volumes must not exceed recharge or banked volumes and must take losses and potential 

impacts of abstraction into account. 

5. Any abstraction exceeding recharge volumes will require a separate licence to take water and as this 

water will be taken from existing water resources, the required volume must be available under the 

allocation limit. 

6. Recovery volumes must be estimated as part of the hydrogeological assessment. The department will 

determine appropriate recovery volumes for licensing purposes based on estimates provided by the 

proponent in their hydrogeological assessment, as well as other management considerations. 
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7. Proponents may bank or store recharge water within a suitable aquifer for a period of time, provided 

they can demonstrate that the water will be available for recovery when required and that the impacts 

upon the environment, water users and public health will be acceptable and manageable. 

8. Proponents wishing to bank recharge water must demonstrate in their hydrogeological assessment 

that the water will be available for recovery when required. 

9. The department will determine the allowable period of banking on a case-by-case basis, based on the 

proponent’s hydrogeological assessment and other relevant information. 

10. Historical recharge that has occurred before the granting of a licence to take water will not be 

considered as banked recharge water that can be recovered and will not be included in the water 

entitlement. Proponents must apply for a licence to take water and provide the required supporting 

information to the department to undertake MAR. Upon issue of the licence to take water, future 

metered recharge volumes may be recovered as per the licence conditions. 

11. Recharge and recovery operations should ideally be undertaken within the same aquifer to ensure 

they are hydraulically connected but may be undertaken in different aquifers that are part of the same 

groundwater system and interconnected if the net effect on the groundwater system is determined to be 

acceptable by DWER. 

12. Connection between recharge and recovery operations must be demonstrated by the proponent as part 

of the hydrogeological assessment of the proposed MAR operations. 

13. Recharge and recovery volumes will be managed separately to existing allocation limits for water 

resources since MAR contributes an additional input to a groundwater resource. Allocation limits do 

not need to be amended as a result of MAR recharge or recovery. 

14. Recharge and recovery volumes must be metered (or where this is not possible, measured), and must 

take losses into account (e.g., evaporation from infiltration basins). 

15. MAR management zones may be required to facilitate the licensing of bores/ works and management 

of water quality and quantity. 

16. Proponents must consider the need for a MAR management zone in consultation with DWER and, 

where required, include a proposed management zone in their hydrogeological assessment. 

17. The management zone boundary and any sub-zones will be assessed and approved on a case-by-case 

basis, based on the proponent’s hydrogeological assessment, requirements of other agencies, and any 

other relevant information. 

This study is compatible with these definitions, as demonstrated in the following checklists The 

checklists cover all hydrogeological aspects of the project. 
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Table AppA-1: General Checklist for Government Approvals from DWER 2021b Policy 

Department Description Included in 

Application 

(yes/no) 

Comment 

DWER 

Approvals 

Processes 

Summary of MAR approvals from DWER, relevant to hydrogeological studies: 

• Construction of injection bores/ wells and infiltration works intercepting groundwater, or 

infiltration works above the water table are subject a Works Approval in accordance with the 

Environmental Protection Act (EP Act) 1986 (Pt V). Relevant only to Prescribed Premises 

Categories 54 & 85 (sewerage facilities >100 m3/d & between 20 & 100 m3/d). 

• Bores/ well construction requires a Section 26D Licence under the Rights in Water & Irrigation 

(RIWI) Act 1914. 

no Not required as not a sewage 

facility and not bores/ wells. 

• Taking groundwater aquifers at the source requires a Section 5c Licence under the RIWI Act 

1914. 
not yet Source not finalised. 

• Any activity or works that disturbs, destroys, or interferes with the bank or bed of a watercourse 

or drain, or a wetland situated wholly or partly on Crown Land or land demised by the Crown. 

Requires a Section 17, 17(1) & 17(3) Beds and Banks Permit under the RIWI Act 1914. 

not yet To be included in the EPA 

referral/ mining application. 

Environmental 

Protection 

Authority 

(EPA) 

Environmental impact assessment under the EP Act 1986 (Pt IV), when likely to have a significant effect 

on the environment: 

• Risk assessment. 

• Hydrogeological assessment. 

• Information and surveys on existing vegetation / ecosystems. 

yes Subject of this report. 

Department of 

Health (DoH) 

Approvals only required for wastewater treatment systems and recycled treated sewerage. no Not relevant 
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Table AppA-2: Specific Checklist from DWER 2021a Guidelines 

Information in 

Assessment 

Description Included in 

Application 

(yes/no) 

Comment 

General 

Approvals 

Applications under the RIWI Act 1914 must be supported by additional information to demonstrate that 

the operation’s impacts on the environment, water users and public health will be acceptable and 

manageable. 

yes Subject of this report. 

MAR proposals that are likely to have a significant effect on the environment should be referred to the 

EPA under Section 38 of the EP Act 1986. 

yes Has been referred to the EPA. 

Site 

Preparation & 

Construction 

Bore/ well construction requires RIWI Act 1914 Section 26D Licence. Bores should be constructed in 

accordance with Australian guidelines: NULDC 2020, ‘Minimum Construction Requirements for Water 

Bores in Australia’, National Uniform Drillers Licencing Committee, 4th Edition, 2020. Additional 

considerations should be taken into account for MAR bores/wells, particularly for injection, including: 

• Effects of construction and annulus backfill materials on well efficiencies and upward flow in the 

well annulus (e.g., consider using natural formation material in the annulus instead of gravel pack, 

and if gravel pack is to be used it should be washed). 

• Appropriate headworks design to eliminate air entrainment and cascading in the well. 

• Appropriate use of materials for the MAR operations’ expected timeframe. 

• Best practice cementing procedures, including using stabilisers, pressure cementing, cement bond 

logs and pressure testing. 

• Appropriate construction and use of materials to withstand anticipated injection pressures. 

• Appropriate construction to allow remediation if required and monitoring. 

• Adequate development of well upon completion. 

• If sumps are used, they should be cleaned out before re-use between injection cycles to minimise 

effects on water quality. 

no No bores to be constructed other 

than source which is reported 

separately. 

Construction activities near watercourses and wetlands requires RIWI Act 1914 Beds and Banks Permit.  

Any MAR works constructed in the vicinity of wetlands and their buffers and waterways, and their 

foreshore areas should demonstrate no adverse impacts on high-value water resources, including areas of 

high conservation significance for flora, fauna and landscapes/ landforms (e.g., karst areas). Included are 

public drinking water source area wellheads and reservoirs. 

not yet Included in the EPA referral/ 

mining application. 

Construction activities relating to Prescribed Premises under the EP Act 1986 require special 

consideration. Note a MAR activity involving sewerage/ wastewater facilities and recycling is, by 

definition, a Prescribed Premises (numbers 54 & 85). 

no Not relevant 
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Information in 

Assessment 

Description Included in 

Application 

(yes/no) 

Comment 

Approvals for 

Obtaining 

Source Water 

Any source of water can be used for MAR, with relevant approvals. Natural groundwater or surface water 

resources may be used, as well as alternative sources such as wastewater, stormwater, drainage water and 

desalinated water. Pre-treatment of source water may be required before infiltrating or injecting to ensure 

the water quality and environmental values of the aquifer are protected. A licence to take water will be 

required under Section 5c of the RIWI Act 1914 if source water is to be taken from non-artesian aquifers 

and surface water resources within Proclaimed Areas, artesian aquifers anywhere within the state, and 

irrigation districts proclaimed under the RIWI Ac 1914. To obtain approval to take and use the source 

water, proponents must demonstrate that ecological water requirements will be met, and that potential 

impacts on other water users will be acceptable. 

not yet Source not identified as yet. 

Approval 

Guidelines - 

Prior MAR 

Activities 

DWER 

• Operational Policy 5.12 – Hydrogeological reporting associated with a groundwater well licence 

(DoW 2009). 

• Operational Policy 5.08 – Use of operating strategies in the water licensing process (DoW 2010). 

• Strategic Policy – Protecting public drinking water source areas in (PDWSA) WA (DoW 2016). 

• Water Quality Protection Note 25, Land use compatibility for PDWSAs (DoW 2016). 

• Guideline for approval of non-drinking water systems in WA – urban developments (DoW 2013). 

yes This report contains or 

references all information 

required for a H3 level 

hydrogeological report under 

Operating Policy 5.12. An 

operating strategy is being 

developed separately. Not in a 

PDWSA. 

EPA 

• Environmental guidance for planning and development – Guidance statement 33 (EPA 2008). 

• Environmental factor guideline: Inland waters (EPA 2016). 

• Environmental Factor Guideline: Social Surroundings (EPA 2016). 

yes Where relevant. 

Other WA Agencies 

• State planning policy 2.9, Water resources (WA Planning Commission 2006). 

• Better urban water management (WA Planning Commission 2008). 

yes Where relevant. 
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Information in 

Assessment 

Description Included in 

Application 

(yes/no) 

Comment 

National 

• National Water Quality Management Strategy (Australian Government 2018): 

o Australian Guidelines for Water Recycling: Managing health and environmental risks (Phase 

1) (NRMMC, EPHC, AHMC 2006). 

o Australian Guidelines for Water Recycling: Managing health and environmental risks (Phase 

2), Augmentation of drinking water supplies (NRMMC, EPHC, NHMRC 2008). 

o Australian Guidelines for Water Recycling: Managing health and environmental risks (Phase 

2), Managed Aquifer Recharge (NRMMC, EPHC, NHMRC 2009). 

o Australian Guidelines for Water Recycling: Managing health and environmental risks (Phase 

2), Stormwater harvesting and reuse (NRMMC, EPHC, NHMRC 2009). 

• Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZECC-

ARMCANZ 2018). 

• Guidelines for Groundwater Quality Protection in Australia (ARMCANZ & ANZECC 2013). 

• Australian Drinking Water Guidelines (NHMRC, NRMMC 2011 [routinely updated]). 

yes Where relevant. 

Siting of MAR 

Works 

Siting of the MAR project should consider: 

• Conservation of native vegetation by avoiding native vegetation clearing wherever possible. If 

avoidance is not possible, then siting should minimise clearing and mitigate the impacts of 

clearing, such as by avoiding areas of higher environmental value. 

yes Conservation of native 

vegetation covered by mining 

approvals. Chapter 11.1 

considers siting issues. 

• Potential impacts of recharge on water quality. Consider proximity to existing production 

bores/wells, PDSWAs and environmental receptors such as groundwater-dependent ecosystems 

(GDE) or connected surface water systems. There may be cases where it is beneficial to site 

injection bores/wells or infiltration works close to GDEs to positively impact water levels. But in 

these cases, the quality of recharge water must also be acceptable. This is particularly important if 

the recharge water is of a different quality to the receiving groundwater, but the potential for 

chemical changes within the aquifer also need to be considered. The location of contaminated sites 

also needs to be identified to ensure that MAR operations do not worsen any existing water quality 

issues. 

yes Impacts on other users is not 

possible as the cone of 

drawdown from mine dewatering 

is restrained by the drawdown 

mitigation scheme. The MAR 

scheme supports GDE’s beyond 

the mine footprint. Source water 

has not been identified but must 

be <2,230 mg/L TDS (ref Ch. 7). 

• Potential impacts of recovery on water levels and supplies. The distance between proposed 

recovery bores/wells and existing production bores/wells needs to be considered to ensure that the 

impacts on water levels and water supplies in existing bores/wells are minimised. Adequate 

distance is also required so that MAR recharge water is not accessed by the existing bores/wells. 

Siting MAR recovery bores/wells too close to environmental receptors such as wetlands may 

lower water levels and result in adverse impacts on the ecology. 

yes The recharge - recovery distance 

was developed using a regional 

groundwater flow model 

(MWES 2022a and Ch. 6.7.2 & 

7) 
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Information in 

Assessment 

Description Included in 

Application 

(yes/no) 

Comment 

• Distance between recharge and recovery. The distance between recharge and recovery sites 

must consider factors such as the travel time and residence time within the aquifer. For aquifer 

storage and recovery operations, where recharge and recovery are undertaken using a single 

bore/well, travel time is not a factor, but residence time may be. 

yes Refer Ch. 6.7.2 & 7. 

• Optimising recovery. Recharge and recovery works should be sited to allow optimal recovery of 

water. For example, installing injection bores/wells near the coast and recovery bores/wells up-

gradient near GDE, may limit the volume or recharge water that can be recovered, as it will flow 

offshore. 

yes Refer Ch. 6.7.2 & 7. 

Supporting 

Information 

The following information is required to support the application: 

• Hydrogeological assessment. Must be in accordance with H3 level hydrogeological reporting 

(includes groundwater flow modelling). See separate checklist for compliance with Operational 

Policy 5.12 – Hydrogeological reporting associated with a groundwater well licence (DoW 2009). 

Investigations such as infiltration/injection tests or test pumping will generally be required to 

determine feasible recharge and recovery rates and volumes. The degree of testing that is 

appropriate may vary depending on the scale of the proposed operation. Studies should assess the 

viability and potential impacts of sourcing, recharging, and recovering water on the environment, 

water users and public health. 

yes All information included in this 

report except detailed results 

from groundwater flow 

modelling (required for a H3 

level assessment report), which 

is reported separately. A 

summary of the modelling is 

included in this report, along 

with the infiltration testing 

results. 

• A small-scale trial may be appropriate, particularly for large MAR operations. All relevant 

approvals must be obtained to conduct the trial as well as the full-scale operation. 
yes Section 5c RIWI Act 1914 

licence obtained for trials. 

• Risk assessment. The proponent must fully assess the risks of the proposed MAR operation. The 

level of detail will depend on the scale of the operation, water source, treatment method, 

sensitivity of the receiving environment, potential impacts of abstraction, and the proposed end-

use of the abstracted water. Need to identify the relevant environmental values to be protected 

within the aquifers in which recharge and abstraction will take place, as well as any connected 

water-dependent ecosystems. Other water users, sensitive water resources such as PDWSAs, and 

assets (e.g., infrastructure, recreation areas and heritage sites) that may be impacted must also be 

identified. 

yes Ch. 7 in this report. 

• Groundwater Operating Strategy (GOS). Proponents will generally be required to develop a 

water resource management operating strategy in accordance with DWER guidelines and policies. 

Including Operational Policy 5.08 – Use of operating strategies in the water licensing process 

(DoW 2010). The GOS should include information relevant to the ongoing management, 

monitoring and reporting of MAR activities that have the potential to impact water resources, the 

yes Reported separately but 

referenced in Ch. 8 of this report. 
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Information in 

Assessment 

Description Included in 

Application 

(yes/no) 

Comment 

environment, water users and public health. Further guidance in DWER 2021a (pages 20 to 23 & 

Appendices D to F). 

Recharge 

Factors to 

Consider 

Factors to consider in relation to recharge operations are outlined below: 

• The capacity of the aquifer(s) to be recharged, considering the nature of the aquifer, existing 

groundwater levels and other relevant factors.  

yes Included in the regional 

groundwater flow modelling 

report by MWES (2022a), but 

also referenced in Ch. 11.2. 

• Potential recharge rates and volumes based on injection capacity of infiltration works and injection 

bores/wells. 
yes  

• Appropriate infiltration rates and injection pressures must be determined to avoid water logging 

and potential damage to aquifers (e.g., fracturing). 
yes  

• Estimates of recharge volumes should be provided, considering losses (e.g., evaporation). yes  

• Groundwater mounding or raising of the watertable to a level that causes problems such as 

waterlogging or flooding, with risks to other bores/wells, the environment and public health. 
yes  

• Surface discharge if groundwater mounding is too close to the surface, with potential impacts on 

surface water bodies and vegetation, or potential health and safety implications. 
yes  

• Changes to the groundwater flow regime. yes  

• Determine the area of influence of recharge (spatial extent and depth), for protection of 

environmental values and users, and determining boundaries of MAR management zones. More on 

this below. 

yes Ch. 3.3.5 and regional 

groundwater flow modelling 

report by MWES (2022a) 

• Changes to groundwater chemistry (improvements/ degradation) in the aquifer being recharged or 

overlying/underlying aquifers because of differences in the chemistry of the recharge water and in-

situ groundwater, or chemical reactions between recharge water and aquifer sediments (e.g., 

salinity and mixing, oxidation-reduction processes, acidification, mobilisation of arsenic, iron and 

heavy metals). The risks of these potential changes must be considered in the risk assessment and 

may be determined through monitoring, geochemical modelling, and techniques such as aquifer 

matrix testing. 

not yet Source water not identified, but 

salinity must be less than 2,230 

mg/L TDS. 

The impact of any geochemical 

changes to the groundwater 

environment will need to be 

evaluated once the source is 

known. • Significant changes in groundwater temperature, which can result in geochemical changes (e.g., 

changes in pH levels or the solubility of minerals) or stratification, and/or reduce the efficiency of 

the MAR operation. 

not yet 

• Changes to water chemistry in hydraulically connected surface water systems. not yet 
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Information in 

Assessment 

Description Included in 

Application 

(yes/no) 

Comment 

• Potential for clogging of infiltration works injection bores/wells or aquifers (biological, physical, 

chemical, or mechanical) and changes to the aquifer’s recharge potential (over time, dissolution 

and precipitation of minerals can affect aquifer transmissivity and stability). 

not yet 

Recovery 

Factors to 

Consider 

Factors to consider in relation to recovery operations are outlined below: 

• Potential impacts of recovery upon ecosystems and other water users. 

yes Included in the regional 

groundwater flow modelling 

report by MWES (2022a), but 

also referenced in Ch. 11.3. 

• Potential for movement of the saltwater interface because of abstraction (i.e., saline intrusion). not applicable  

• Potential for intercepting contaminated water or changing the flow direction of a contaminant 

plume. 
not applicable  

• Connectivity across aquitards, other geological units, or geological structures (e.g., faults). yes Included in groundwater flow 

modelling. 
• Hydraulic connection between recharge and recovery points. yes 

Determine 

Recovery 

Volumes 

Factors to consider in determining recovery volumes include: 

• Location of recharge and recovery bores/wells or infiltration works. Potential impacts on 

groundwater users or ecosystems need to be considered when siting recharge and recovery bores/ 

wells or infiltration works. They may need to be relocated, or recovery volumes reduced, if it is 

determined that they may unacceptably impact these receptors. 

yes Included in the regional 

groundwater flow modelling 

report by MWES (2022a), but 

also referenced in Ch. 11.4. 

• Potential losses or depletion of recharge water may occur during the MAR operation, including 

during: 

o The recharge phase (e.g., evaporation during infiltration, and discharge to surface water. 

o The storage/banking phase (the longer the water is banked in an aquifer, the less likely it will 

be recoverable, as recharge water may migrate away from recovery points or discharge to 

surface waters or offshore).  

yes 

• Migration of groundwater away from the recharge and recovery points. The rate travel will depend 

on aquifer transmissivity and location. (e.g., if recharging near the coast, water may quickly flow 

offshore, depending on aquifer characteristics, and the recovery volume will be limited. In a highly 

transmissive aquifer such as limestone, recharge water may flow away from recovery points very 

quickly, making storage or even recovery unfeasible). 

yes 
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Information in 

Assessment 

Description Included in 

Application 

(yes/no) 

Comment 

• Storage requirements. The maximum volume of surface water to be stored at any one time should be 

calculated to determine adequate storage requirements. 
not applicable  

• Recharge volumes. If the volume of recharge increases or decreases, the recovery volume will 

change accordingly. Proponents should take the reliability of the source into account when 

determining potential recharge and abstraction volumes, as this may affect the continuity of supply 

and feasibility of the operation. 

not yet Source water not identified but is 

expected to be a reliable external 

groundwater borefield. 

• Banking periods and volumes. Recovery volumes will need to account for banking where this is 

proposed. 
not applicable  

Determine 

Time Between 

Recharge & 

Recovery  

Factors to consider in determining time lag include: 

• Aquifer characteristics, hydraulic gradients and the distance between recharge and recovery bores or 

works (i.e., travel time). 

yes Included in the regional 

groundwater flow modelling 

report by MWES (2022a), but 

also referenced in Ch. 11.5. 

• A requirement or allowance for residence time within the aquifer to meet water quality standards for 

end use, or to protect environmental values (e.g., to allow sufficient denitrification prior to reaching 

a wetland or watercourse). If the potential exists for human exposure (e.g., through irrigation of 

public open space), the DoH will require determination of appropriate residence time in the aquifer, 

and validation and verification of water quality. 

not applicable  

• A requirement to recharge water for a certain period of time before recovery; for example, to allow 

increases in potentiometric levels or water levels to reach the recovery bore/well. 
not applicable  

• If the recharge water is to be banked for a period of time. not applicable  

Defining a 

MAR 

Management 

Zone 

Proponents may be required to define MAR management zones as part of the hydrogeological 

assessment, to facilitate the licensing of bores/works and management of water quality and quantity. This 

concept is shown diagrammatically in DWER (2021a) (Appendix G). 

• The MAR management zone is the area of influence around recharge bores/ wells or infiltration 

works, considering both water quality and quantity. This may incorporate several sub-zones as 

outlined in NRMMC, EPHC & NHMRC (2009). The area of influence of water quality changes 

needs to be considered when defining sub-zones, considering factors such as the water quality 

requirements for intended end uses, the protection of other water users, and the environmental 

values of aquifers and ecosystems. 

yes Chapter 11.6 in this report. 
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Information in 

Assessment 

Description Included in 

Application 

(yes/no) 

Comment 

• A zone of attenuation may be needed. Recovery bores/wells should be located within the appropriate 

part of the MAR management zone to ensure water quality requirements are met. The area of 

hydraulic impact of the proposed recharge should also be considered and a hydraulic impact sub-

zone may be included as part of the management zone. Recovery bores/wells should be located 

within the area of hydraulic impact, as there must be connection between recharge and recovery to 

ensure water quantity requirements are met. 

Not applicable  

• Within confined aquifers, recovery should be from the area where the injection of water increases 

groundwater storage (i.e. within the zone of pressure head change). As this area can be large, further 

constraints to the management zone boundaries and recovery locations may need to be determined 

on a case-by-case basis. 

Not applicable  

• The potential for interference effects with other users should also be minimised.  yes No other users within the MAR 

management zone. 

• Requirements of other agencies, particularly the Department of Health, will also need to be 

considered in defining the boundary of the MAR management zone. 
yes No issues identified. 

• MAR management zone boundaries should be provided to DWERs spatial information system. yes  
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Appendix B: Guideline Checklist – H3 Level Hydrogeological Assessment 

The following guidelines were used to construct this report: 

• DWER 2020, ‘Procedure, Water Licences and Permits, Plain English Version’, Department of Water 

and Environmental Regulation, December 2020. 

• DoW 2009, ‘Operational Policy no. 5.12- Hydrogeological Reporting Associated with a 

Groundwater Well Licence’, Department of Water, November 2009. 

The guidelines are summarised, and comments included on how this report conforms to the guidelines. 

 

Section AppB – 1: DWER 2020 Guidelines 

The Procedure: water licences and permits (procedure) outlines how the Department of Water and 

Environmental Regulation (DWER) assess applications and manage a water licence and/or permit under the 

Rights in Water and Irrigation Act 1914 (RIWI Act) and the Rights in Water and Irrigation Regulations 2000 

(RIWI Regulations). The sections relevant to the construction of a H level hydrogeological report to support 

a RIWI Act Section 5c groundwater well licence application is summarised in Table AppA-1. 
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Table AppB-1: Checklist for DWER 2020 Guidelines - RIWI Act Section 5c Licence Applications 

Information 

to Include 

Description Included in 

Application 

(yes/no) 

Comment 

Scope This checklist is applicable to an application to take water as prescribed under section 5c RIWI Act to: 

• take underground water or surface water (Schedule 1, clause 4 of the RIWI Act). 

• renew a licence to take water (Schedule 1, clause 22 of the RIWI Act) 

• amend a licence to take water (Schedule 1, clause 23 of the RIWI Act) 

• approve an agreement to take water (Schedule 1, clause 32 of the RIWI Act) 

• approve to transfer a section 5C licence or water entitlement (Schedule 1, clause 32 of the 

RIWI Act). 

not yet Licence is to take underground water 

for the source water. 

Is a Licence 

Required? 

The RIWI Act states that a person must have a water licence to take water from a well and/or 

underground source in a proclaimed groundwater area, or as otherwise prescribed by regulations 

(section 5C). A licence is not required for dewatering purposes if: 

• water is used for stock, gardening, or domestic purposes. 

• water taken from the well is from a non-artesian water table aquifer: and 

o the pumped rate is less than or equal 10 L/s over a period of less than 30 days: and 

o the total does not exceed 25,000 kL. 

(Note, there are other exemptions that also apply to Section 26D RIWI Act licences for construction 

of wells: 

• Under the RIWI Exemption Order 2012 (Section 26C), a Section 26D licence is not required 

for a non-artesian well that is constructed solely for the purposes of monitoring (water levels 

or water quality). 

• Exemptions from requiring a licence to construct a well also apply to certain stock and 

domestic situations. Contact the relevant regional office for further information. Exempt 

domestic and stock purposes are: 

o domestic and ordinary use. 

o Watering an area of lawn or garden with an area less than 0.2 ha. 

o Firefighting. 

o Cattle and stock not raised under intensive conditions as defined by Section 21 (4) 

of the RIWA Act.) 

 

not yet A Section 5c licence is required for the 

source water. Section 26D licences will 

be required for construction of all 

production bores drilled as part of the 

Atlas Project. 

Considers if 

Resource is 

Available 

Use the DWER online Water Register to identify the relevant water resource area and determine if 

water is available for their proposed activity. In areas where no water is available, DWER encourage 

applicants to consider alternative options to apply for water. 

yes Several alternatives are currently being 

considered. 



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application                  MWES 

 

 

Information 

to Include 

Description Included in 

Application 

(yes/no) 

Comment 

Contact 

DWER if 

Needed 

Contact DWER to discuss the proposal in further detail, if: 

• the proposed activity is complex and/or major. 

• the proposed activity has the potential to cause a significant impact on the environment, other 

users or public health. 

• there is a need to discuss how to avoid or mitigate the impacts of the proposal. 

• there is a need to discuss what information should be supplied to support the application 

and/or assessment. 

yes Scoping meetings held with DWER in 

June 2022. A preliminary report on 

proposed MAR activities  was 

submitted to DWER for approval of a 

Section 5c for the infiltration testing. 

Consult 

with EPA 

Before an applicant submits a water licence application, they should determine whether the proposed 

activity is a ‘significant proposal’. If so, they should consult with the EPA about whether to refer it for 

formal assessment under Part IV of the EP Act (section 38(1)). A significant proposal is one that is 

likely, if implemented, to have a significant effect on the environment (section 37B). 

no Project has been referred to EPA. 

Submit 

Application 

Complete and submit the appropriate application form for the proposed activity (Schedule 1 clause 4 

of the RIWI Act; regulations 4 and 33 of the RIWI Regulations).   

yes Image Resources to submit application 

form. 

Application 

Validation 

DWER will decide if the application is ‘valid’ if it has: 

• given enough written proof to demonstrate eligibility to hold a water licence. 

• used the correct application form. 

• filled out all the mandatory fields on the application form. 

• paid the prescribed fee(s) (if applicable). 

yes Image Resources to submit valid 

application form. 
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Section AppB – 2: DWER (formerly DoW) 2009 Guidelines 

The intent of this guideline was to provide a framework for hydrogeological reports submitted to the 

Department of Water and Environmental Regulation (DWER). In most areas of the state, groundwater use 

must be licensed under the Rights in Water and Irrigation Act 1914 (RIWI Act) by DWER, with the 

exceptions of stock and domestic use and some limited dewatering purposes (see Table AppB-1 above). 

Before a groundwater well licence (GWL) is issued, DWER undertakes an assessment, including an 

evaluation of the potential impacts of taking the groundwater. On some occasions, DWER requires additional 

information particularly if the: 

• volume of water requested is large. 

• level of knowledge regarding the state of the groundwater source is limited. 

• demand for accessing a particular groundwater resource is high. 

• potential impacts of taking the water are considered significant. 

In these cases, the licence applicant may be requested by DWER to undertake a hydrogeological assessment 

(under Clause 4(2) Schedule 1 RIWI Act) at their own cost, to determine the potential impacts of taking the 

groundwater. DWER will determine the level of assessment, but the applicant can be guided by information 

included in Table AppA-2. The levels are: 

• H1 – desktop hydrogeological assessment only. 

• H2 – basic hydrogeological assessment including drilling and test pumping. 

• H3 – detailed hydrogeological assessment including drilling, test pumping and a groundwater model. 

The levels are determined using a point scoring system set out in Table AppB-2. Yellow highlighted cells 

refer to the status of the current assessment. 

 

Table AppB - 2: Reference for the Assessment of H Level for Hydrogeological Reports 

Notes: + Not applicable to fractured rock aquifers. *Salinity as total dissolved salts from National Land and Water Audit. Score = a+b+c+d+e 

  

Volume Requested 

(kL/year) 

Level of Allocation+ Potential for Unacceptable Impacts Existing Salinity 

(mg/L TDS)* Other Users GDEs 

<10,000 (0 points) 0 to <30% (C1) 

(0 points) 

Impacts unlikely 

(0 points) 

Impacts unlikely 

(0 points) 

Fresh <500 mg/L 

(4 points) 

10,001–50,000 

(2 points) 

30 to <70% (C2) 

(1 point) 

Impacts possible 

(2 points) 

Impacts possible 

(2 points) 

Marginal TDS 501–

1,500 mg/L (3 points) 

50,001–250,000 

(4 points) 

70 to <100% (C3) 

(3 points) 

Impacts likely 

(5 points) 

Impacts likely 

(5 points) 

Brackish TDS 1,501–

5,000 mg/L (2 points) 

250,001–500,000 

(6 points) 

100% and over (C4) 

(5 points) 

  Saline TDS 5,001–

50,000 mg/L (1 point) 

500,001–1 million 

(8 points) 

   Hypersaline >50,000 

mg/L (0 points) 

1-2.5 million (15 points)     

>2.5 million (20 points)     

Points assigned = a Points assigned = b Points assigned = c Points assigned = d Points assigned = e 
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For this study, a H3 level hydrogeological report is required as stipulated in the MAR guidelines. 

 

Table AppA-3: Recommended Assessment Based on Accumulated Points 

Accumulated 

Points 

Recommended Assessment 

0 - 7 points Generally, no assessment required, unless other knowledge of risks indicates that H1 level 

assessment (desktop hydrogeological assessment is warranted) 

8 – 12 points H1 level of assessment (desktop hydrogeological assessment). However, low volume 

applications with low risk of impacts may not warrant an assessment. These cases can be 

discussed with DWER’s hydrogeologists. 

12 – 18 points H2 level of assessment (basic hydrogeological assessment, including installation and 

testing of investigation bores). 

> 19 points H3 level of assessment (detailed hydrogeological assessment including installation and 

testing of investigation bores and a groundwater model). 

 

Table AppB-4 includes a checklist of all components required for a H3 level hydrogeological assessment 

report supporting a Section 5c RIWI Act application. This level of assessment is likely to apply to 

applications for significant volumes of water in areas where impacts on other groundwater users and the 

environment are likely, or where the size and nature of the groundwater resources are not well known. This 

high-level hydrogeological assessment requires the applicant to undertake investigations to determine the 

potential impacts of the proposed abstraction on the aquifer, environment, and surrounding users. This study 

requires all the requirements of a H2 level assessment (drilling, of production & monitoring bores, test 

pumping, geophysical logging, and chemical analyses of groundwater), with the addition of groundwater 

flow modelling (DoW 2009). 
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Table AppB-4: H3 Level Hydrogeological Assessment Guidelines  

Information in Assessment Description Included 

(yes/no) 

Comment 

Introduction Describe the location of the proposed activity, including groundwater management areas, 

including quantity and purpose of groundwater abstraction, crop areas, details of any planned 

urbanisation (area; lot sizes) etc. Include current and intended land and water use and vendor’s 

and purchaser’s properties for transfers/ agreements. 

Include location plan(s) (preferably A4 size, at a commonly used scale such as 1:100,000 or 

1:250,000) showing the following information: 

• Topographic map sheet name 

• MGA coordinates in GDA94 datum 

• basic topographic features 

• locations of current and proposed production and monitoring bores 

• locations and names of other users’ bores (private, public and Ministerial criteria 

bores  

• cadastral/land tenure information (include vendor’s and purchaser’s properties for 

transfers/agreements) 

• areas of current and/or proposed activities (i.e., crops; mining; urbanisation) location 

of all potential groundwater-dependent ecosystems (e.g., wetlands; terrestrial 

vegetation; caves), particularly identifying those with Ministerial Conditions – source 

Department of Water, 

• other relevant information. 

yes Refer several Figures in the report. The 

topographic map sheet name is 1936-N 

Cervantes and Wongonderrah 

1:50,000. 

Climate/ Rainfall Brief discussion of the climate in area of the proposed activity and include relevant data such 

as rainfall/streamflow values, short- and long-term data, and other climate factors. 

yes Chapter 6.2. Only annual averages are 

relevant to this study. 

Hydrogeology Describe relevant details of the groundwater system, including an overview of the 

groundwater system, recharge and discharge areas, interconnection between aquifers, and 

connection with groundwater-dependent ecosystems. Identification and description of the 

aquifer that is to be developed, estimates and discussion of groundwater storage and recharge 

potential, analysis of local groundwater trends and proposed bore construction. 

yes Chapter 6.3. Most of the information 

was derived from the referenced 

regional hydrogeology studies 

completed by MWES in 2022. 

Existing Groundwater Use Provide an assessment of existing groundwater use in the vicinity of the proposed abstraction 

site (and current abstraction sites for transfers/ agreements). Consider potential issues such as 

concentration of groundwater abstraction. Other licensed, and where possible, unlicensed 

groundwater users (such as garden bores or stock bores) should be identified, and estimates 

should be provided of existing use. 

yes Chapter 6.4. 
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Information in Assessment Description Included 

(yes/no) 

Comment 

Groundwater Investigations Specific requirements may be determined in consultation with DWER hydrogeologists. no None indicated so far. 

Drilling Bores should be constructed in accordance with Australian guidelines: NULDC 2020, 

‘Minimum Construction Requirements for Water Bores in Australia’, National Uniform 

Drillers Licencing Committee, 4th Edition, 2020. 

no Not applicable for recharge by 

infiltration ponds and recovery by in-

pit drainage sumps. 

Details of all production/ monitoring bores as bore completion reports, including: 

• a diagram of each bore showing details of all casings, screens, and packers. 

• purpose of bore, i.e., production/ monitoring. 

• MGA coordinates in GDA94 datum coordinates of each bore. 

• surveyed level of bore (if available). 

• geophysical logs (if applicable). 

• palynology (if applicable). 

• lithological details. 

• water level(s) and measurement reference point (top of collar etc) and date. 

no As above. 

Test Pumping Test pumping should be undertaken in accordance with Australian Standard: AS/NZS 2368 – 

1990 ‘Test Pumping of Water Wells’. 

yes Test pumping not infiltration ponds. 

Test pumping is required to adequately assess potential long-term impacts of the proposed 

abstraction to the aquifer, environment, and surrounding users. It will also allow assessment of 

water availability for the proposed development. 

At least one bore should be test pumped and one observation bore should be monitored, 

however, the number and placement of bores will vary depending on the proximity of 

groundwater-dependent ecosystems and other groundwater users. 

Data should include aquifer parameters, bore yields, and distance-drawdown analysis. 

yes Chapters 3 and 4. 

Groundwater Chemistry Groundwater sampling should be undertaken in accordance with the Australian Standard: 

AS/NZS 5667, 1998 and wherever possible, a NATA-registered laboratory should undertake 

the analyses, using NATA-accredited analysis methods. If a NATA registered laboratory is 

not available, evidence to support data quality should be presented in the report. 

yes A sample was collected previously 

from the test source bore at the end of 

the 72-hour constant rate test and 

analysed by NATA certified laboratory 

Envirolab. 

A description of groundwater chemistry should be provided, including a discussion on the 

potential for water quality impacts likely through migration of different quality water. See 

Table AppA-5 for a list of parameters to measure. 

yes The regional groundwater flow 

modelling report. 
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Information in Assessment Description Included 

(yes/no) 

Comment 

Groundwater Modelling An appropriate analytical or numerical groundwater model must be used to predict the likely 

impacts of the proposed groundwater abstraction. The type and level of modelling may be 

determined in consultation with DWER hydrogeologists. 

yes Chapter 6.7. Most of the information 

was derived from the referenced 

regional hydrogeology studies 

completed by MWES in 2022a. 

Numerical groundwater models should be developed using the latest Australian Modelling 

Guidelines. Refer to the MWES modelling checklist for this process.  

yes As above and Appendix C. 

A digital copy of the groundwater model should be submitted to DWER, together with the 

hydrogeological report. 

yes  

Assessment of Potential 

Impacts 

Identify any potential impacts to the aquifer, environment, or other groundwater users such as 

bore yield, groundwater level changes, leakage from other aquifers, saltwater intrusion, 

acidification, and water quality changes. Evaluate the extent of the cone of depression, caused 

by groundwater abstraction using aquifer parameters obtained from test pumping or from 

other factual, referenced information. For transfers/ agreements, consider whether the 

proposed abstraction will result in positive, negative, or neutral impacts. 

yes Chapter 7. Most of the information was 

derived from the referenced regional 

hydrogeology studies completed by 

MWES in 2022a. 

Groundwater Monitoring A proposed groundwater monitoring program should be provided where appropriate (e.g., 

high water use or proximity to sensitive environments), to monitor the impacts of ongoing 

groundwater abstraction upon commencement of operations. Observation bores used for test 

pumping may be suitable for ongoing monitoring. The monitoring program should be 

designed to assess aquifer performance and determine any impact on other users and/or the 

environment. 

yes Chapter 8. Details in a separate report. 

Management Approach/ 

Conclusions 

Describe whether the impacts of taking the water are assessed to be acceptable, manageable, 

or unacceptable. If the impacts are identified as manageable, the applicant should describe 

how the taking of water will be managed to reduce potential impacts. 

yes Chapter 9. Details in a separate report. 
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Section AppB-3: Groundwater Chemistry Requirements 

For each set of analyses, the department requires the following information, preferably on a chain of 

custody form: 

• laboratory name and address. 

• site and sample identification (i.e., site name; sample number). 

• sampling details (date, time, depth/reference point – top of casing/ground. 

• level, etc, collection method, collection instrument). 

• sample treatment details (filtered/unfiltered, preservation (e.g., HNO3 etc)). 

• analytical method code for each analyte. 

• units for each analyte. 

• how result is expressed for each analyte (e.g., as N or as CaCO3). 

• the form of each analyte, if applicable (i.e., total or filtered). 

• limit of reporting for each analyte. 

For field results, include site and sample details as above, on a suitable form. Also document the 

instrument used to measure each parameter, specify the parameter being measured and the units 

reported for each result. 

Two suites of chemical analyses are presented here: 

• Major Components Analysis (MCA): usually undertaken to characterise groundwater 

quality or detect significant changes in groundwater quality. This is the basic suite of 

analysis used for low values projects or projects with low environmental impacts. 

• Comprehensive Analysis (CA): most commonly applies to activities with the potential to 

contaminate the groundwater, such as horticulture, industry and, in some cases, mining. In 

these cases, additional analytes to those specified in the major component analyses may need 

to be measured (e.g., nitrate; total phosphorus, indicating possible groundwater pollution by 

fertilisers). This is for most projects, particularly metalliferous mining projects and if the 

groundwater is of high value or has potential environmental impacts. 

Projects requiring water for human consumption will require a more comprehensive suite of analyses, 

refer to Australian drinking water guidelines (NHMRC & NRMMC 2004, ‘National Water Quality 

Management Strategy, Australian Drinking Water Guidelines’, Australian Government – National 

Health and Medical Research Council & Natural Resource Management Ministerial Council, 2004). 

Parameters to be measured are presented below. 
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1. Major Components Analysis (MCA) 

a: Field Analysis 

• Temperature (ºC) 

• Electrical Conductivity (compensated to 25ºC, or if uncompensated – report the 

value measured and the temperature; report complete units (e.g., mS/cm, not mS) 

• pH 

• Eh (optional, depending on hydrogeological requirements for the project) 

• Dissolved oxygen (mg/L and %DO) (optional as above) 

• Bicarbonate (HCO3) (or measured in the laboratory) 

b: Laboratory Analysis 

Physico-chemical 

• pH 

• Electrical Conductivity (compensated to 25ºC, or if uncompensated – report the 

value measured and the temperature; report complete units (e.g., mS/cm, not mS) 

• 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 

• Silica SiO2 

Metals (filter and acidify samples in field to report the dissolved component) 

• Aluminium Al 

• Iron Fe 

• Manganese Mn 

Other Analytes where appropriate (e.g., bromide; nickel; arsenic) 
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2. Comprehensive Analysis (CA) 

a: Field Analysis 

• Temperature (ºC) 

• Electrical Conductivity (compensated to 25ºC, or if uncompensated – report the 

value measured and the temperature; report complete units (e.g., mS/cm, not mS) 

• pH 

• Eh (optional, depending on hydrogeological requirements for the project) 

• Dissolved oxygen (mg/L and %DO) (optional as above) 

• Bicarbonate (HCO3) (or measured in the laboratory) 

b: Laboratory Analysis 

Physico-chemical 

• pH 

• Electrical Conductivity (compensated to 25ºC, or if uncompensated – report the 

value measured and the temperature; report complete units (e.g., mS/cm, not mS) 

• 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 (Fe2+ and Fe3+ are optional, depending on hydrogeological requirements for 

the project) 

• Lead Pb 

• Manganese Mn 

• Mercury Hg 

• Selenium Se 

• Zinc Zn  



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

Nutrients 

• Total Kjeldahl Nitrogen (TKN) (or measure Total N and take away Nitrate and 

Nitrite concentrations) 

• Total Phosphorus (TP) (or calculated from Phosphate concentration) 

Other Analytes where appropriate (e.g., bromide; nickel; arsenic) 
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Appendix C: Guideline Checklist – Australian Modelling Guidelines 

The following guideline was used to construct the Regional Model report (MWES 2022a): 

• Barnett B., Townley L.R., Post V., Evans R.E., Hunt R.J., Peeters L., Richardson S., Werner 

A.D., Knapton A. and Boronkay A. 2012, ‘Australian Groundwater Modelling Guidelines’, 

June 2012. 

The guidelines are summarised, and comments included on how this report conforms to the 

guidelines. 

 

Section AppC – 1: General Compliance Checklist 

Three levels of review are suggested:  

• A model appraisal by a non-technical audience to evaluate model results. 

• A peer review by experienced hydrogeologists and modellers for an in-depth review of the 

model and results. 

• A post-audit, a critical re-examination of the model when new data is available or the model 

objectives change. 

The primary task of the reviewer is to provide advice on whether the model is fit for purpose. The 

model’s purpose/objectives and how these have been decided by the model team and client should 

have been documented. A checklist of review questions can help in judging whether a model is fit for 

purpose. 

Table AppC-1 provides a generic compliance test for groundwater models. The 10 questions are 

essential aspects that any groundwater model needs to satisfy independent of model objectives or 

confidence-level classification. This compliance test can be used to summarise and communicate the 

results of the peer review. 

The current review is by the author of the Regional Model and associated reporting to determine any 

significant gaps. 

 

Table AppC-1: Compliance Checklist 

Compliance Items Included 

(yes/no) 

Comment 

1. Are the model objectives and model confidence level classification clearly 

stated? 

yes  

2. Are the objectives satisfied? yes  

3. Is the conceptual model consistent with objectives and confidence level 

classification? 

yes  
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Compliance Items Included 

(yes/no) 

Comment 

4. Is the conceptual model based on all available data, presented clearly, and 

reviewed by an appropriate reviewer? 

yes Originally reviewed by 

Rockwater 

5. Does the model design conform to best practice? yes  

6. Is the model calibration satisfactory? yes  

7.  Are the calibrated parameter values and estimated fluxes plausible? yes  

8.  Do the model predictions conform to best practice? yes  

9.  Is the uncertainty associated with the predictions reported? no Addressed in an indirect way 

through the sensitivity analyses. 

10.  Is the model fit for purpose? yes  

 

Section AppC – 2: Detailed Review Checklist 

Table AppC-2 provides a more detailed checklist for model review based on this guidelines 

document. The checklist elements are grouped by chapter of the guidelines and consist of two levels 

of questions. The first level is general, with questions that can be addressed during both appraisal and 

peer review. The second level provides more detailed questions or model aspects that need to be 

assessed. These questions are typically part of a peer review. 

The questions in the checklist are intended to be generic and widely applicable. A scoring system is 

purposefully not included in the checklist. Reviewers should apply their experienced judgement on 

whether a question is applicable or to what degree the question needs to be satisfied in the context of 

the stated model purpose/ objectives based on the model objectives and model confidence level. This 

does not preclude reviewers commenting on issues that may be outside the scope of the study, but the 

fitness for purpose of the model should be judged in relation to the stated scope and objective of the 

study. 

 

Table AppC-2: Review Checklist 

Review Items Included 

(yes/no) 

Comment 

1. Planning   

1.1 Are the project objectives stated? yes  

1.2 Are the model objectives stated? yes  

1.3 Is it clear how the model will contribute to meeting the project 

objectives? 

yes  

1.4 Is a groundwater model the best option to address the project and 

model objectives? 

yes  

1.5 Is the target model confidence-level classification stated and 

justified? Class 1, 2, or 3 in order of increasing confidence. Model as a 

whole or individual model predictions? 

no The model was not classified. 

1.6 Are the planned limitations and exclusions of the model stated? e g., 

basement layers, lateral variation in vertical head of an aquitard 

yes  
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Review Items Included 

(yes/no) 

Comment 

2. Conceptualisation   

2.1 Has a literature review been completed, including examination of 

prior investigations? 

yes  

2.2 Is the aquifer system adequately described? yes  

2.2.1 hydrostratigraphy including aquifer type (porous, fractured rock 

etc) 

yes  

2.2.2 lateral extent, boundaries and significant internal features such as 

faults and regional folds 

yes  

2.2.3 aquifer geometry including layer elevations and thicknesses yes  

2.2.4 confined or unconfined flow and the variation of these conditions 

in space and time? 

yes  

2.3 Have data on groundwater stresses been collected and analysed? yes  

2.3.1 recharge from rainfall, irrigation, floods, lakes yes  

2.3.2 river or lake stage heights no Not applicable. 

2.3.3 groundwater usage (pumping, returns etc) no Not applicable. 

2.3.4 evapotranspiration yes  

2.3.5 other?   

2.4 Have groundwater level observations been collected and analysed? yes  

2.4.1 selection of representative bore hydrographs yes  

2.4.2 comparison of hydrographs yes  

2.4.3 effect of stresses on hydrographs no Climate conditions produced 

historical stresses. Not relevant 

to mine dewatering model.  

2.4.4 watertable maps/piezometric surfaces? yes  

2.4.5 If relevant, are density and barometric effects taken into account 

in the interpretation of groundwater head and flow data? 

no Not relevant. 

2.5 Have flow observations been collected and analysed? no Non available or applicable. 

2.5.1 baseflow in rivers no 

2.5.2 discharge in springs no 

2.5.3 location of diffuse discharge areas? no 

2.6 Is the measurement error or data uncertainty reported? yes Qualitative only. 

2.6.1 measurement error for directly measured quantities (e.g., 

piezometric level, concentration, flows) 

no Not available. 

2.6.2 spatial variability/heterogeneity of parameters no 

2.6.3 interpolation algorithm(s) and uncertainty of gridded data? no 

2.7 Have consistent data units and geometric datum been used? yes  

2.8 Is there a clear description of the conceptual model? yes  

2.8.1 Is there a graphical representation of the conceptual model? yes Pit wall section Figure 23 in 

MWES 2022a. 

2.8.2 Is the conceptual model based on all available, relevant data? yes  
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Review Items Included 

(yes/no) 

Comment 

2.9 Is the conceptual model consistent with the model objectives and 

target model confidence level classification? 

yes  

2.9.1 Are the relevant processes identified? yes  

2.9.2 Is justification provided for omission or simplification of 

processes? 

yes High variability of 

hydrogeological properties in 

Superficial Aquifer averaged as 

one value but tested with 

sensitivity analysis. 

2.10 Have alternative conceptual models been investigated? Mainly 

different geological interpretations and recharge estimates (Refsgaard et 

al 2012). 

yes  Different recharge 

methodologies. 

3. Design and construction (document during construction)   

3.1 Is the design consistent with the conceptual model? yes  

3.2 Is the choice of numerical method and software appropriate? yes  

3.2.1 Are the numerical and discretisation methods appropriate? 

Equation assumptions and mesh density in areas of importance 

yes  

3.2.2 Is the software reputable? yes Modflow 2005 

3.2.3 Is the software included in the archive or are references to the 

software provided? 

yes  

3.3 Are the spatial domain and discretisation appropriate? yes  

3.3.1 1D/2D/3D. Depends on directions of flow yes Quasi-3D. 

3.3.2 lateral extent yes  

3.3.3 layer geometry? yes  

3.3.4 Is the horizontal discretisation appropriate for the objectives, 

problem setting, conceptual model and target confidence level 

classification? 

yes  

3.3.5 Is the vertical discretisation appropriate? Are aquitards divided in 

multiple layers to model time lags of propagation of responses in the 

vertical direction? Several layers for single aquitard account for delay 

in travel time 

yes  

3.4 Are the temporal domain and discretisation appropriate? yes  

3.4.1 steady state or transient. Periodic fluctuation and/or long-term 

trends? 

yes Transient model with 360 days 

prior to pumping stress to 

equilibrate water levels. 

3.4.2 stress periods yes  

3.4.3 time steps? yes  

3.5 Are the boundary conditions plausible and sufficiently unrestrictive? yes  

3.5.1 Is the implementation of boundary conditions consistent with the 

conceptual model? 

yes  

3.5.2 Are the boundary conditions chosen to have a minimal impact on 

key model outcomes? How is this ascertained? 

yes  

3.5.3 Is the calculation of diffuse recharge consistent with model 

objectives and confidence level? 

yes  
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Review Items Included 

(yes/no) 

Comment 

3.5.4 Are lateral boundaries time-invariant? no Sufficiently distant to be set as 

constant no-flow boundaries. 

3.6 Are the initial conditions appropriate? Usually from steady state or 

calibrated model 

yes  

3.6.1 Are the initial heads based on interpolation or on groundwater 

modelling? 

yes Interpolated from measured 

groundwater levels. 

3.6.2 Is the effect of initial conditions on key model outcomes 

assessed? 

yes  

3.6.3 How is the initial concentration of solutes obtained (when 

relevant)? 

no Not applicable. 

3.7 Is the numerical solution of the model adequate? yes  

3.7.1 Solution method/solver yes  

3.7.2 Convergence criteria yes  

3.7.3 Numerical precision yes  

4. Calibration and sensitivity   

4.1 Are all available types of observations used for calibration? no Only one full season from all 

new and historical monitoring 

bores. Older data is too remote 

from the orebody to be as 

relevant.  

4.1.1 Groundwater head data yes  

4.1.2 Flux observations yes In or out of the pit shape. 

4.1.3 Other: environmental tracers, gradients, age, temperature, 

concentrations etc. 

no Not applicable. 

4.2 Does the calibration methodology conform to best practice? yes  

4.2.1 Parameterisation yes  

4.2.2 Objective function  yes  

4.2.3 Identifiability of parameters yes  

4.2.4 Which methodology is used for model calibration? yes Matching water levels in all 

close and regional bores over 

one full season. 

4.3 Is a sensitivity of key model outcomes assessed against?   

4.3.1 parameters  yes  

4.3.2 boundary conditions no Boundaries are remote from the 

assessed part of model. 

4.3.3 initial conditions yes  

4.3.4 stresses yes Seasonal variation. 

4.4 Have the calibration results been adequately reported? yes  

4.4.1 Are their graphs showing modelled and observed hydrographs at 

an appropriate scale? 

no Only graphs cross plotting 

observed and modelled water 

levels. 
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Review Items Included 

(yes/no) 

Comment 

4.4.2 Is it clear whether observed or assumed vertical head gradients 

have been replicated by the model? 

yes Water levels in shallow 

observation bore were plotted 

separately to deep observation 

bores. 

4.4.3 Are calibration statistics reported and illustrated in a reasonable 

manner? 

yes  

4.5 Are multiple methods of plotting calibration results used to highlight 

goodness of fit robustly? Is the model sufficiently calibrated? 

yes  

4.5.1 spatially yes  

4.5.2 temporally yes But only over one full season. 

4.6 Are the calibrated parameters plausible? yes  

4.7 Are the water volumes and fluxes in the water balance realistic? yes  

4.8 has the model been verified? yes  

5. Prediction   

5.1 Are the model predictions designed in a manner that meets the model 

objectives? 

yes  

5.2 Is predictive uncertainty acknowledged and addressed? yes Addressed in the sensitivity 

analyses. 

5.3 Are the assumed climatic stresses appropriate? yes  

5.4 Is a null scenario defined? no Not needed 

5.5 Are the scenarios defined in accordance with the model objectives 

and confidence level classification? 

yes  

5.5.1 Are the pumping stresses similar in magnitude to those of the 

calibrated model? If not, is there reference to the associated reduction 

in model confidence? 

no  

5.5.2 Are well losses accounted for when estimating maximum 

pumping rates per well? 

no Not applicable 

5.5.3 Is the temporal scale of the predictions commensurate with the 

calibrated model? If not, is there reference to the associated reduction 

in model confidence? 

yes One year calibration vs 3.5 

years simulation 

5.5.4 Are the assumed stresses and timescale appropriate for the stated 

objectives? 

yes  

5.6 Do the prediction results meet the stated objectives? yes  

5.7 Are the components of the predicted mass balance realistic? yes  

5.7.1 Are the pumping rates assigned in the input files equal to the 

modelled pumping rates? 

yes  

5.7.2 Does predicted seepage to or from a river exceed measured or 

expected river flow? 

no Not applicable 

5.7.3 Are there any anomalous boundary fluxes due to superposition of 

head dependent sinks (e.g., evapotranspiration) on head-dependent 

boundary cells (Type 1 or 3 boundary conditions)? 

no Boundaries are remote from the 

assessed part of model. 

5.7.4 Is diffuse recharge from rainfall smaller than rainfall? yes  

5.7.5 Are model storage changes dominated by anomalous head 

increases in isolated cells that receive recharge? 

no  



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

Review Items Included 

(yes/no) 

Comment 

5.8 Has particle tracking been considered as an alternative to solute 

transport modelling? 

no No applicable. 

6. Uncertainty  Not completed. 

6.1 Is some qualitative or quantitative measure of uncertainty associated 

with the prediction reported together with the prediction? 

  

6.2 Is the model with minimum prediction-error variance chosen for 

each prediction? 

  

6.3 Are the sources of uncertainty discussed?   

6.3.1 measurement of uncertainty of observations and parameters   

6.3.2 structural or model uncertainty   

6.4 Is the approach to estimation of uncertainty described and 

appropriate? 

  

6.5 Are there useful depictions of uncertainty?   

7. Solute transport  Not applicable. 

7.1 Has all available data on the solute distributions, sources and 

transport processes been collected and analysed? 

  

7.2 Has the appropriate extent of the model domain been delineated and 

are the adopted solute concentration boundaries defensible? 

  

7.3 Is the choice of numerical method and software appropriate?   

7.4 Is the grid design and resolution adequate, and has the effect of the 

discretisation on the model outcomes been systematically evaluated? 

  

7.5 Is there sufficient basis for the description and parameterisation of 

the solute transport processes? 

  

7.6 Are the solver and its parameters appropriate for the problem under 

consideration? 

  

7.7 Has the relative importance of advection, dispersion and diffusion 

been assessed? 

  

7.8 Has an assessment been made of the need to consider variable 

density conditions? 

  

7.9 Is the initial solute concentration distribution sufficiently well-

known for transient problems and consistent with the initial conditions 

for head/pressure? 

  

7.10 Is the initial solute concentration distribution stable and in 

equilibrium with the solute boundary conditions and stresses? 

  

7.11 Is the calibration based on meaningful metrics?   

7.12 Has the effect of spatial and temporal discretisation and solution 

method taken into account in the sensitivity analysis? 

  

7.13 Has the effect of flow parameters on solute concentration 

predictions been evaluated, or have solute concentrations been used to 

constrain flow parameters? 

  

7.14 Does the uncertainty analysis consider the effect of solute transport 

parameter uncertainty, grid design and solver selection/settings? 

  

7.15 Does the report address the role of geologic heterogeneity on solute 

concentration distributions? 
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Review Items Included 

(yes/no) 

Comment 

8. Surface water–groundwater interaction  Not applicable. 

8.1 Is the conceptualisation of surface water–groundwater interaction in 

accordance with the model objectives? 

  

8.2 Is the implementation of surface water–groundwater interaction 

appropriate? 

  

8.3 Is the groundwater model coupled with a surface water model?   

8.3.1 Is the adopted approach appropriate?   

8.3.2 Have appropriate time steps and stress periods been adopted?   

8.3.3 Are the interface fluxes consistent between the groundwater and 

surface water models? 
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Appendix D: Infiltration Testing Results 

 

This appendix contains graphical charts of pond and bore water levels measured throughout the 

testing process. 
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PROJECT INFORMATION

Company:  MWES Consulting
Client:  Image Resources
Location:  Atlas
Test Well:  ATPB01 
Test Date:  May 2022

AQUIFER DATA

Saturated Thickness:  21.7 m Anisotropy Ratio (Kz/Kr):  0.001
Aquitard Thickness (b'):  6. m Aquitard Thickness (b"):  0.01 m

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
ATPB01 331341 6621052

Observation Wells
Well Name X (m) Y (m)

ATPB01 331341 6621052
ATOB01 331343 6621073

SOLUTION

Aquifer Model:  Leaky Solution Method:  Cooley-Case

T  = 25.16 m2/day S  = 1.101E-6
1/B  = 1.0E-5 m-1 ß/r  = 0.00107 m-1

S'/Sy = 0. L/b'  = 0.
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ATPB02 INFILTRATION PIT CRT

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
ATPB02 332631 6619607

Observation Wells
Well Name X (m) Y (m)

ATPB02 332631 6619607
ATOB02 332648 6619604
ATMB07s 332682 6619677
ATMB07d 332682 6619677

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Theis

T  = 15.27 m2/day S  = 2.759E-21
Kz/Kr = 0.144 b  = 13.8 m
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ATPB02 INFILTRATION PIT CRT

WELL DATA

Pumping Wells
Well Name X (m) Y (m)

ATPB02 332631 6619607

Observation Wells
Well Name X (m) Y (m)
ATPB02 332631 6619607
ATOB02 332648 6619604
ATMB07s 332682 6619677
ATMB07d 332682 6619677

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Theis

T  = 15.27 m2/day S  = 2.759E-21
Kz/Kr = 0.144 b  = 13.8 m
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ATPB02 INFILTRATION PIT CRT

AQUIFER DATA

Saturated Thickness:  13.8 m Anisotropy Ratio (Kz/Kr):  0.01
Aquitard Thickness (b'):  4. m Aquitard Thickness (b"):  0.01 m

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
ATPB02 332631 6619607

Observation Wells
Well Name X (m) Y (m)

ATPB02 332631 6619607
ATOB02 332648 6619604
ATMB07s 332682 6619677

SOLUTION

Aquifer Model:  Leaky Solution Method:  Cooley-Case

T  = 61.6 m2/day S  = 4.683E-5
1/B  = 1.0E-5 m-1 ß/r  = 1.0E-5 m-1

S'/Sy = 0. L/b'  = 0.
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ATPB02 INFILTRATION PIT CRT

AQUIFER DATA

Saturated Thickness:  13.8 m Anisotropy Ratio (Kz/Kr):  0.001

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
ATPB02 332631 6619607

Observation Wells
Well Name X (m) Y (m)

ATPB02 332631 6619607

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Tartakovsky-Neuman

T  = 41.85 m2/day S  = 0.0005715
Sy  = 0.1 Kz/Kr = 0.001
kD  = 5.
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ATPB03 INFILTRATION PIT CRT

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
ATPB03 330459 6616631

Observation Wells
Well Name X (m) Y (m)

ATPB03 330459 6616631
ATOB03 330453 6616648

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Theis

T  = 10.16 m2/day S  = 0.0001175
Kz/Kr = 0.324 b  = 21.1 m
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WELL DATA

Pumping Wells
Well Name X (m) Y (m)

ATPB03 330459 6616631

Observation Wells
Well Name X (m) Y (m)
ATPB03 330459 6616631
ATOB03 330453 6616648

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Theis

T  = 10.16 m2/day S  = 0.0001175
Kz/Kr = 0.324 b  = 21.1 m
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ATPB03 INFILTRATION PIT CRT

AQUIFER DATA

Saturated Thickness:  21.1 m

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
ATPB03 330459 6616631

Observation Wells
Well Name X (m) Y (m)

ATPB03 330459 6616631

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Neuman

T  = 3.622 m2/day S  = 1.41E-5
Sy  = 0.1 Kz/Kr = 0.4452
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ATPB03 INFILTRATION PIT CRT

AQUIFER DATA

Saturated Thickness:  21.16 m Anisotropy Ratio (Kz/Kr):  0.001

WELL DATA

Pumping Wells
Well Name X (m) Y (m)
ATPB03 330459 6616631

Observation Wells
Well Name X (m) Y (m)

ATPB03 330459 6616631

SOLUTION

Aquifer Model:  Confined Solution Method:  Theis (Recovery)

T  = 36.19 m2/day S/S' = 0.764
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Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

 

Appendix E: Groundwater Chemistry 

This appendix contains all relevant groundwater chemistry analysis including: 

• Shallow and deep groundwater salinity distribution.  

• Shallow and deep groundwater TDS concentration distribution. 

• Shallow and deep groundwater Manganese concentration distribution. 

• Shallow and deep groundwater Iron concentration distribution. 

• Shallow EC Profiles (4 pages). 

• ATPB01-3 groundwater chemistry certificates of analysis (11 Pages). 

• ATMB bores, ATOB1-4, BH3, ATPB1-3 and ATPB05 groundwater chemistry certificates of 

analysis (37 Pages). 

• ATPB06 groundwater chemistry certificates of analysis (11 Pages). 

• Groundwater chemistry compared to Australian drinking water guidelines. 
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Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

 

 



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

 

 



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

 

 



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

 

 



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

 

 

  



Atlas Orebody Hydrogeology - Drilling and Pumping Test Report         MWES 
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Atlas Orebody Hydrogeology - Drilling and Pumping Test Report         MWES 
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Envirolab Services (WA) Pty Ltd trading as MPL Laboratories

ABN 53 140 099 207

16-18 Hayden Court Myaree WA 6154

ph 08 9317 2505   fax 08 9317 4163

lab@mpl.com.au

www.mpl.com.au

CERTIFICATE OF ANALYSIS 274332

1 Bramall St, East Perth, WA, 6004Address

Robert MeyerAttention

MWES ConsultingClient

Client Details

21/12/2021Date completed instructions received

21/12/2021Date samples received

45 WaterNumber of Samples

MWES Consulting - Atlas IMR037Your Reference

Sample Details

Please refer to the last page of this report for any comments relating to the results.

Results are reported on a dry weight basis for solids and on an as received basis for other matrices.

Samples were analysed as received from the client. Results relate specifically to the samples as received.

Please refer to the following pages for results, methodology summary and quality control data.

Analysis Details

Tests not covered by NATA are denoted with *Accredited for compliance with ISO/IEC 17025 - Testing.

NATA Accreditation Number 2901. This document shall not be reproduced except in full.

22/02/2022Date of Issue

22/02/2022Date results requested by

Report Details

Michael Kubiak, Laboratory Manager

Authorised By

Michael Mowle, Metals/Inorganics Supervisor

Lien Tang, Assistant Operations Manager

Results Approved By

Revision No: R00

274332MPL Reference: Page | 1 of 37



Client Reference: MWES Consulting - Atlas IMR037

<0.020.10<0.02<0.02<0.020.02mg/LNitrite as NO2 

<0.0050.032<0.005<0.005<0.0050.005mg/LNitrite as N

0.070.190.080.110.500.02mg/LNitrate as NO3 

0.0160.0420.0190.0240.110.005mg/LNitrate as N

192,10049221900.1NTUTurbidity

632,10045191105mg/LTotal Suspended Solids

27,00012,0006201,8007505mg/LTotal Dissolved Solids (grav)

37,00019,0001,1003,0001,5001µS/cmElectrical Conductivity (EC)

7.67.77.17.57.1pH UnitspH

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202115/12/202116/12/202116/12/202117/12/2021Date Sampled

ATMB07DATMB07SATMB06DATMB05DATMB04DPQLUNITSYour Reference

274332-10274332-9274332-8274332-7274332-6Our Reference

Miscellaneous Inorganics

0.02<0.02<0.02<0.02<0.020.02mg/LNitrite as NO2 

0.006<0.005<0.05<0.05<0.0050.005mg/LNitrite as N

0.140.05<0.02<0.020.060.02mg/LNitrate as NO3 

0.0320.012<0.05<0.050.0130.005mg/LNitrate as N

12,0001921,00015013,0000.1NTUTurbidity

13,0008065,00026029,0005mg/LTotal Suspended Solids

1,00029,00022,00019015,0005mg/LTotal Dissolved Solids (grav)

1,50040,00032,00013026,0001µS/cmElectrical Conductivity (EC)

7.07.67.86.57.2pH UnitspH

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date prepared

GWGWGWGWGWType of sample

17/12/202117/12/202117/12/202117/12/202117/12/2021Date Sampled

ATMB04SATMB02DATMB02SATMB01DATMB01SPQLUNITSYour Reference

274332-5274332-4274332-3274332-2274332-1Our Reference

Miscellaneous Inorganics

MPL Reference: 274332

R00Revision No:

Page | 2 of 37



Client Reference: MWES Consulting - Atlas IMR037

<0.02<0.02<0.02<0.02<0.020.02mg/LNitrite as NO2 

<0.05<0.005<0.005<0.005<0.0050.005mg/LNitrite as N

<0.02<0.02<0.02<0.020.050.02mg/LNitrate as NO3 

<0.05<0.005<0.005<0.0050.0120.005mg/LNitrate as N

8,200492,8008015,0000.1NTUTurbidity

7,600154,000998,2005mg/LTotal Suspended Solids

6,9001,60014,0001,5003,0005mg/LTotal Dissolved Solids (grav)

8,2001,90018,0002,7004,3001µS/cmElectrical Conductivity (EC)

6.26.86.06.95.7pH UnitspH

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date prepared

GWGWGWGWGWType of sample

16/12/202116/12/202116/12/202116/12/202116/12/2021Date Sampled

ATMB13SATMB12DATMB12SATMB11DATMB11SPQLUNITSYour Reference

274332-20274332-19274332-18274332-17274332-16Our Reference

Miscellaneous Inorganics

<0.020.07<0.02<0.02<0.020.02mg/LNitrite as NO2 

<0.0050.022<0.005<0.005<0.0050.005mg/LNitrite as N

0.040.770.09<0.020.180.02mg/LNitrate as NO3 

0.0090.170.020<0.0050.0400.005mg/LNitrate as N

1706,000150422,8000.1NTUTurbidity

24011,00094625,7005mg/LTotal Suspended Solids

5,70016,0009701,9001,2005mg/LTotal Dissolved Solids (grav)

8,90027,0001,7003,1001,8001µS/cmElectrical Conductivity (EC)

7.58.07.47.27.0pH UnitspH

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date prepared

GWGWGWGWGWType of sample

16/12/202116/12/202115/12/202115/12/202115/12/2021Date Sampled

ATMB010DATMB010SATMB09DATMB08DATMB08SPQLUNITSYour Reference

274332-15274332-14274332-13274332-12274332-11Our Reference

Miscellaneous Inorganics

MPL Reference: 274332

R00Revision No:

Page | 3 of 37



Client Reference: MWES Consulting - Atlas IMR037

<0.02<0.02<0.02<0.02<0.020.02mg/LNitrite as NO2 

<0.005<0.005<0.005<0.005<0.0050.005mg/LNitrite as N

17<0.02<0.020.02<0.020.02mg/LNitrate as NO3 

3.8<0.005<0.0050.006<0.0050.005mg/LNitrate as N

99688,8001,1003100.1NTUTurbidity

180534,2002503005mg/LTotal Suspended Solids

2708901,2001,4002,7005mg/LTotal Dissolved Solids (grav)

4901,3001,7002,5004,4001µS/cmElectrical Conductivity (EC)

7.55.65.77.16.2pH UnitspH

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202115/12/202115/12/202115/12/202115/12/2021Date Sampled

ATMB18SATMB17DATMB17SATMB16DATMB16SPQLUNITSYour Reference

274332-30274332-29274332-28274332-27274332-26Our Reference

Miscellaneous Inorganics

<0.02<0.02<0.020.05<0.020.02mg/LNitrite as NO2 

<0.005<0.005<0.0050.015<0.0050.005mg/LNitrite as N

0.040.037.08.70.040.02mg/LNitrate as NO3 

0.0080.0071.62.00.0080.005mg/LNitrate as N

2912,0004315,000170.1NTUTurbidity

3333,0008616,000395mg/LTotal Suspended Solids

4203801,8007901,0005mg/LTotal Dissolved Solids (grav)

8206903,4001,5001,9001µS/cmElectrical Conductivity (EC)

7.67.47.47.77.4pH UnitspH

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202115/12/202115/12/202115/12/202116/12/2021Date Sampled

ATMB15DATMB15SATMB14DATMB14SATMB13DPQLUNITSYour Reference

274332-25274332-24274332-23274332-22274332-21Our Reference

Miscellaneous Inorganics

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.02<0.02<0.02<0.02<0.020.02mg/LNitrite as NO2 

0.006<0.05<0.005<0.005<0.0050.005mg/LNitrite as N

0.15<0.020.290.110.040.02mg/LNitrate as NO3 

0.034<0.050.0650.0250.0090.005mg/LNitrate as N

182.020544.30.1NTUTurbidity

33<52115345mg/LTotal Suspended Solids

1,30064015,0007408305mg/LTotal Dissolved Solids (grav)

2,5001,00023,0001,5001,3001µS/cmElectrical Conductivity (EC)

7.46.87.66.96.3pH UnitspH

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date prepared

GWGWGWGWGWType of sample

17/12/202115/12/202115/12/202117/12/202118/12/2021Date Sampled

BH3ATPB03ATPB02ATPB01ATOB05PQLUNITSYour Reference

274332-40274332-39274332-38274332-37274332-36Our Reference

Miscellaneous Inorganics

0.070.05<0.02<0.02<0.020.02mg/LNitrite as NO2 

0.0220.015<0.005<0.005<0.0050.005mg/LNitrite as N

0.04<0.020.720.303.90.02mg/LNitrate as NO3 

0.008<0.0050.160.0690.890.005mg/LNitrate as N

11481602904.40.1NTUTurbidity

15160110260125mg/LTotal Suspended Solids

85098016,0006803205mg/LTotal Dissolved Solids (grav)

1,3001,60023,0001,4006001µS/cmElectrical Conductivity (EC)

6.25.97.56.87.7pH UnitspH

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date prepared

GWGWGWGWGWType of sample

18/12/202115/12/202115/12/202117/12/202115/12/2021Date Sampled

ATOB04ATOB03ATOB02ATOB01ATMB18DPQLUNITSYour Reference

274332-35274332-34274332-33274332-32274332-31Our Reference

Miscellaneous Inorganics

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

<0.020.02mg/LNitrite as NO2 

<0.0050.005mg/LNitrite as N

0.150.02mg/LNitrate as NO3 

0.0330.005mg/LNitrate as N

640.1NTUTurbidity

125mg/LTotal Suspended Solids

7605mg/LTotal Dissolved Solids (grav)

1,5001µS/cmElectrical Conductivity (EC)

7.0pH UnitspH

21/12/2021-Date analysed

21/12/2021-Date prepared

GWType of sample

17/12/2021Date Sampled

ATPB Duplicate 
2

PQLUNITSYour Reference

274332-46Our Reference

Miscellaneous Inorganics

<0.02<0.020.0900.04<0.020.02mg/LNitrite as NO2 

<0.005<0.0050.0270.013<0.0050.005mg/LNitrite as N

0.27<0.020.070.08<0.020.02mg/LNitrate as NO3 

0.062<0.0050.0160.018<0.0050.005mg/LNitrate as N

5.50.44926720.1NTUTurbidity

9<5130241105mg/LTotal Suspended Solids

15,000<57301,6002,4005mg/LTotal Dissolved Solids (grav)

23,00021,1002,7003,1001µS/cmElectrical Conductivity (EC)

7.65.65.87.05.8pH UnitspH

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/202121/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202116/12/202118/12/202116/12/202116/12/2021Date Sampled

ATPB Duplicate 
1

ATPB BlankATPB05CS35DCS35SPQLUNITSYour Reference

274332-45274332-44274332-43274332-42274332-41Our Reference

Miscellaneous Inorganics

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

6,5002,600170500943mg/LHardness as CaCO3 

15100.0906.48.4%Ionic Balance

1,90082024270391mg/LSulphate

11,0005,2002405402901mg/LChloride

200260120190795mg/LTotal Alkalinity as CaCO3 

<5<5<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

200260120190795mg/LBicarbonate HCO3  as CaCO3 

8,4003,5001404102300.5mg/LSodium - Dissolved

1,1004502768180.5mg/LMagnesium - Dissolved

83526.012190.5mg/LPotassium - Dissolved

73032023898.20.5mg/LCalcium - Dissolved

4/01/202222/12/202122/12/202122/12/202122/12/2021-Date analysed

4/01/202222/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202115/12/202116/12/202116/12/202117/12/2021Date Sampled

ATMB07DATMB07SATMB06DATMB05DATMB04DPQLUNITSYour Reference

274332-10274332-9274332-8274332-7274332-6Our Reference

Ionic Balance

975,7004,100173,2003mg/LHardness as CaCO3 

9.115130.04321%Ionic Balance

462,1001,10011,3001mg/LSulphate

30013,00010,000266,8001mg/LChloride

73240700181905mg/LTotal Alkalinity as CaCO3 

<5<5<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

73240700181905mg/LBicarbonate HCO3  as CaCO3 

2409,9007,700176,3000.5mg/LSodium - Dissolved

191,1007702.46400.5mg/LMagnesium - Dissolved

2059502.3730.5mg/LPotassium - Dissolved

8.24803702.92400.5mg/LCalcium - Dissolved

22/12/20214/01/20224/01/202222/12/20214/01/2022-Date analysed

22/12/20214/01/20224/01/202222/12/20214/01/2022-Date prepared

GWGWGWGWGWType of sample

17/12/202117/12/202117/12/202117/12/202117/12/2021Date Sampled

ATMB04SATMB02DATMB02SATMB01DATMB01SPQLUNITSYour Reference

274332-5274332-4274332-3274332-2274332-1Our Reference

Ionic Balance

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

3,2002105,4002701,1003mg/LHardness as CaCO3 

0.28106.99.4-4.0%Ionic Balance

3,000<13,10051,3001mg/LSulphate

1,4003604,5005807101mg/LChloride

7816044170225mg/LTotal Alkalinity as CaCO3 

<5<5<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

7816044170225mg/LBicarbonate HCO3  as CaCO3 

9502702,6004205000.5mg/LSodium - Dissolved

3103779051980.5mg/LMagnesium - Dissolved

198.02614120.5mg/LPotassium - Dissolved

78025870242900.5mg/LCalcium - Dissolved

4/01/20224/01/20224/01/202222/12/20214/01/2022-Date analysed

4/01/20224/01/20224/01/202222/12/20214/01/2022-Date prepared

GWGWGWGWGWType of sample

16/12/202116/12/202116/12/202116/12/202116/12/2021Date Sampled

ATMB13SATMB12DATMB12SATMB11DATMB11SPQLUNITSYour Reference

274332-20274332-19274332-18274332-17274332-16Our Reference

Ionic Balance

8102,3001903201203mg/LHardness as CaCO3 

8.8219.7118.1%Ionic Balance

417702<2301mg/LSulphate

2,3006,9003106403201mg/LChloride

3005101701901405mg/LTotal Alkalinity as CaCO3 

<5<5<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

3005101701901405mg/LBicarbonate HCO3  as CaCO3 

1,6006,7002504702800.5mg/LSodium - Dissolved

1204502842200.5mg/LMagnesium - Dissolved

40548.6145.40.5mg/LPotassium - Dissolved

1201703159140.5mg/LCalcium - Dissolved

22/12/20214/01/202222/12/20214/01/20224/01/2022-Date analysed

22/12/20214/01/202222/12/20214/01/20224/01/2022-Date prepared

GWGWGWGWGWType of sample

16/12/202116/12/202115/12/202115/12/202115/12/2021Date Sampled

ATMB010DATMB010SATMB09DATMB08DATMB08SPQLUNITSYour Reference

274332-15274332-14274332-13274332-12274332-11Our Reference

Ionic Balance

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

120972202909003mg/LHardness as CaCO3 

5.29.48.89.91.6%Ionic Balance

28<113059801mg/LSulphate

442803205508201mg/LChloride

1202842170295mg/LTotal Alkalinity as CaCO3 

<5<5<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

1202842170295mg/LBicarbonate HCO3  as CaCO3 

521902403906300.5mg/LSodium - Dissolved

141834461300.5mg/LMagnesium - Dissolved

4.46.58.38.1100.5mg/LPotassium - Dissolved

248.831401500.5mg/LCalcium - Dissolved

22/12/202122/12/20214/01/202222/12/202122/12/2021-Date analysed

22/12/202122/12/20214/01/202222/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202115/12/202115/12/202115/12/202115/12/2021Date Sampled

ATMB18SATMB17DATMB17SATMB16DATMB16SPQLUNITSYour Reference

274332-30274332-29274332-28274332-27274332-26Our Reference

Ionic Balance

1401104201101903mg/LHardness as CaCO3 

-3.6-3.13.33.6-1.2%Ionic Balance

51710084441mg/LSulphate

110767701904201mg/LChloride

2702303403602405mg/LTotal Alkalinity as CaCO3 

<5<5<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

2702303403602405mg/LBicarbonate HCO3  as CaCO3 

110975603003000.5mg/LSodium - Dissolved

8.48.84711210.5mg/LMagnesium - Dissolved

5.95.68.61.7140.5mg/LPotassium - Dissolved

43308926400.5mg/LCalcium - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202115/12/202115/12/202115/12/202116/12/2021Date Sampled

ATMB15DATMB15SATMB14DATMB14SATMB13DPQLUNITSYour Reference

274332-25274332-24274332-23274332-22274332-21Our Reference

Ionic Balance

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

2302003,400931203mg/LHardness as CaCO3 

8.51.3149.17.7%Ionic Balance

601401,0004431mg/LSulphate

5201606,0003002701mg/LChloride

2108224072845mg/LTotal Alkalinity as CaCO3 

<5<5<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

2108224072845mg/LBicarbonate HCO3  as CaCO3 

4301204,3002401900.5mg/LSodium - Dissolved

392359018160.5mg/LMagnesium - Dissolved

116.063198.20.5mg/LPotassium - Dissolved

29424007.0200.5mg/LCalcium - Dissolved

22/12/202122/12/20214/01/202222/12/20214/01/2022-Date analysed

22/12/202122/12/20214/01/202222/12/20214/01/2022-Date prepared

GWGWGWGWGWType of sample

17/12/202115/12/202115/12/202117/12/202118/12/2021Date Sampled

BH3ATPB03ATPB02ATPB01ATOB05PQLUNITSYour Reference

274332-40274332-39274332-38274332-37274332-36Our Reference

Ionic Balance

1102003,40085613mg/LHardness as CaCO3 

7.97.2146.0-2.9%Ionic Balance

31101,00042241mg/LSulphate

2803106,100290611mg/LChloride

5643230741905mg/LTotal Alkalinity as CaCO3 

<5<5<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

5643230741905mg/LBicarbonate HCO3  as CaCO3 

1902204,400220980.5mg/LSodium - Dissolved

1734590178.20.5mg/LMagnesium - Dissolved

6.66.865184.60.5mg/LPotassium - Dissolved

18254006.4110.5mg/LCalcium - Dissolved

22/12/202122/12/20214/01/202222/12/202122/12/2021-Date analysed

22/12/202122/12/20214/01/202222/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

18/12/202115/12/202115/12/202117/12/202115/12/2021Date Sampled

ATOB04ATOB03ATOB02ATOB01ATMB18DPQLUNITSYour Reference

274332-35274332-34274332-33274332-32274332-31Our Reference

Ionic Balance

MPL Reference: 274332

R00Revision No:

Page | 10 of 37



Client Reference: MWES Consulting - Atlas IMR037

933mg/LHardness as CaCO3 

8.9%Ionic Balance

441mg/LSulphate

3001mg/LChloride

735mg/LTotal Alkalinity as CaCO3 

<55mg/LHydroxide OH-  as CaCO3 

<55mg/LCarbonate CO3 
2-  as CaCO3 

735mg/LBicarbonate HCO3  as CaCO3 

2400.5mg/LSodium - Dissolved

180.5mg/LMagnesium - Dissolved

190.5mg/LPotassium - Dissolved

7.10.5mg/LCalcium - Dissolved

22/12/2021-Date analysed

22/12/2021-Date prepared

GWType of sample

17/12/2021Date Sampled

ATPB Duplicate 
2

PQLUNITSYour Reference

274332-46Our Reference

Ionic Balance

3,400<3813308503mg/LHardness as CaCO3 

1404.09.80.48%Ionic Balance

1,000<1<1141,2001mg/LSulphate

6,000<12505602901mg/LChloride

240<537250325mg/LTotal Alkalinity as CaCO3 

<5<5<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

240<537250325mg/LBicarbonate HCO3  as CaCO3 

4,300<0.51504303900.5mg/LSodium - Dissolved

580<0.515551100.5mg/LMagnesium - Dissolved

61<0.59.611110.5mg/LPotassium - Dissolved

390<0.57.6431600.5mg/LCalcium - Dissolved

4/01/202222/12/202122/12/202122/12/20214/01/2022-Date analysed

4/01/202222/12/202122/12/202122/12/20214/01/2022-Date prepared

GWGWGWGWGWType of sample

15/12/202116/12/202118/12/202116/12/202116/12/2021Date Sampled

ATPB Duplicate 
1

ATPB BlankATPB05CS35DCS35SPQLUNITSYour Reference

274332-45274332-44274332-43274332-42274332-41Our Reference

Ionic Balance

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

<0.0010.0030.0050.0100.0020.001mg/LZinc-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LLead-Dissolved

<0.0010.0020.0020.0060.0020.001mg/LNickel-Dissolved

<0.001<0.001<0.001<0.0010.0020.001mg/LMolybdenum-Dissolved

0.180.591.90.0140.0300.005mg/LManganese-Dissolved

<0.01<0.010.030.660.020.01mg/LIron-Dissolved

<0.001<0.001<0.0010.003<0.0010.001mg/LCopper-Dissolved

<0.001<0.001<0.0010.001<0.0010.001mg/LChromium-Dissolved

<0.0010.0020.0010.005<0.0010.001mg/LCobalt-Dissolved

<0.0001<0.0001<0.0001<0.0001<0.00010.0001mg/LCadmium-Dissolved

0.050.420.38<0.020.250.02mg/LBoron-Dissolved

<0.001<0.0010.0060.0020.0020.001mg/LArsenic-Dissolved

<0.01<0.010.020.22<0.010.01mg/LAluminium-Dissolved

167703400.84000.5mg/LSulfur - Dissolved

<0.05<0.050.210.12<0.050.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

17/12/202117/12/202117/12/202117/12/202117/12/2021Date Sampled

ATMB04SATMB02DATMB02SATMB01DATMB01SPQLUNITSYour Reference

274332-5274332-4274332-3274332-2274332-1Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.0540.002<0.0010.0020.0130.001mg/LZinc-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LLead-Dissolved

0.010.003<0.0010.001<0.0010.001mg/LNickel-Dissolved

<0.001<0.001<0.0010.002<0.0010.001mg/LMolybdenum-Dissolved

0.950.370.560.110.0300.005mg/LManganese-Dissolved

<0.010.010.020.12<0.010.01mg/LIron-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LCopper-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LChromium-Dissolved

<0.0010.0020.001<0.001<0.0010.001mg/LCobalt-Dissolved

0.00010.0001<0.0001<0.0001<0.00010.0001mg/LCadmium-Dissolved

0.300.10.03<0.020.050.02mg/LBoron-Dissolved

<0.0010.0010.0020.003<0.0010.001mg/LArsenic-Dissolved

0.01<0.01<0.010.01<0.010.01mg/LAluminium-Dissolved

7002907.287120.5mg/LSulfur - Dissolved

<0.05<0.05<0.05<0.05<0.050.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202115/12/202116/12/202116/12/202117/12/2021Date Sampled

ATMB07DATMB07SATMB06DATMB05DATMB04DPQLUNITSYour Reference

274332-10274332-9274332-8274332-7274332-6Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.0040.0020.0040.0140.0030.001mg/LZinc-Dissolved

<0.001<0.0010.001<0.001<0.0010.001mg/LLead-Dissolved

<0.0010.0090.0010.0070.0070.001mg/LNickel-Dissolved

<0.0010.0020.0010.003<0.0010.001mg/LMolybdenum-Dissolved

0.0760.0900.0110.370.0910.005mg/LManganese-Dissolved

0.190.010.92100.110.01mg/LIron-Dissolved

<0.0010.002<0.001<0.0010.0010.001mg/LCopper-Dissolved

<0.001<0.0010.0030.002<0.0010.001mg/LChromium-Dissolved

<0.0010.002<0.0010.006<0.0010.001mg/LCobalt-Dissolved

<0.00010.0001<0.0001<0.0001<0.00010.0001mg/LCadmium-Dissolved

0.520.600.050.080.040.02mg/LBoron-Dissolved

0.0010.0170.0180.002<0.0010.001mg/LArsenic-Dissolved

0.02<0.010.030.040.020.01mg/LAluminium-Dissolved

162301.51.5120.5mg/LSulfur - Dissolved

<0.05<0.05<0.05<0.05<0.050.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

16/12/202116/12/202115/12/202115/12/202115/12/2021Date Sampled

ATMB010DATMB010SATMB09DATMB08DATMB08SPQLUNITSYour Reference

274332-15274332-14274332-13274332-12274332-11Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.0260.0010.10<0.0010.0190.001mg/LZinc-Dissolved

<0.001<0.0010.002<0.0010.0010.001mg/LLead-Dissolved

0.0010.0010.023<0.0010.0250.001mg/LNickel-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LMolybdenum-Dissolved

0.710.110.550.210.0990.005mg/LManganese-Dissolved

886.6510.29580.01mg/LIron-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LCopper-Dissolved

<0.0010.001<0.001<0.001<0.0010.001mg/LChromium-Dissolved

<0.0010.0010.01<0.0010.0090.001mg/LCobalt-Dissolved

<0.0001<0.00010.0006<0.0001<0.00010.0001mg/LCadmium-Dissolved

<0.020.040.080.080.050.02mg/LBoron-Dissolved

<0.0010.0040.007<0.0010.0720.001mg/LArsenic-Dissolved

0.120.010.20<0.010.340.01mg/LAluminium-Dissolved

1,0001.31,1001.64000.5mg/LSulfur - Dissolved

<0.05<0.05<0.05<0.05<0.050.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

16/12/202116/12/202116/12/202116/12/202116/12/2021Date Sampled

ATMB13SATMB12DATMB12SATMB11DATMB11SPQLUNITSYour Reference

274332-20274332-19274332-18274332-17274332-16Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.002<0.0010.0150.0010.0070.001mg/LZinc-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LLead-Dissolved

<0.001<0.001<0.0010.0010.0010.001mg/LNickel-Dissolved

<0.0010.0010.0020.0020.0010.001mg/LMolybdenum-Dissolved

0.0440.023<0.0050.120.0910.005mg/LManganese-Dissolved

<0.010.03<0.01<0.010.030.01mg/LIron-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LCopper-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LChromium-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LCobalt-Dissolved

<0.0001<0.0001<0.0001<0.0001<0.00010.0001mg/LCadmium-Dissolved

0.030.03<0.020.060.350.02mg/LBoron-Dissolved

0.007<0.001<0.001<0.001<0.0010.001mg/LArsenic-Dissolved

0.03<0.010.01<0.010.050.01mg/LAluminium-Dissolved

2.08.935267.60.5mg/LSulfur - Dissolved

<0.05<0.05<0.05<0.05<0.050.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202115/12/202115/12/202115/12/202116/12/2021Date Sampled

ATMB15DATMB15SATMB14DATMB14SATMB13DPQLUNITSYour Reference

274332-25274332-24274332-23274332-22274332-21Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.0040.0570.0990.0070.0980.001mg/LZinc-Dissolved

<0.0010.0050.004<0.001<0.0010.001mg/LLead-Dissolved

<0.0010.0020.0040.0400.0270.001mg/LNickel-Dissolved

<0.001<0.0010.002<0.001<0.0010.001mg/LMolybdenum-Dissolved

<0.0050.0430.0270.0800.890.005mg/LManganese-Dissolved

<0.01155.30.021.60.01mg/LIron-Dissolved

<0.0010.0020.002<0.0010.0010.001mg/LCopper-Dissolved

<0.0010.0240.003<0.001<0.0010.001mg/LChromium-Dissolved

<0.001<0.0010.0020.0470.0140.001mg/LCobalt-Dissolved

<0.0001<0.0001<0.0001<0.00010.00020.0001mg/LCadmium-Dissolved

0.04<0.02<0.020.050.030.02mg/LBoron-Dissolved

<0.0010.010.0030.0020.0020.001mg/LArsenic-Dissolved

<0.010.521.4<0.010.010.01mg/LAluminium-Dissolved

8.82.4392.63300.5mg/LSulfur - Dissolved

<0.05<0.05<0.05<0.05<0.050.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202115/12/202115/12/202115/12/202115/12/2021Date Sampled

ATMB18SATMB17DATMB17SATMB16DATMB16SPQLUNITSYour Reference

274332-30274332-29274332-28274332-27274332-26Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.0180.0270.012<0.0010.0040.001mg/LZinc-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LLead-Dissolved

0.0030.0010.001<0.0010.0010.001mg/LNickel-Dissolved

0.001<0.001<0.001<0.001<0.0010.001mg/LMolybdenum-Dissolved

0.360.120.660.180.0050.005mg/LManganese-Dissolved

29180.14<0.01<0.010.01mg/LIron-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LCopper-Dissolved

0.0290.001<0.001<0.001<0.0010.001mg/LChromium-Dissolved

0.0040.0020.001<0.001<0.0010.001mg/LCobalt-Dissolved

<0.0001<0.0001<0.0001<0.0001<0.00010.0001mg/LCadmium-Dissolved

<0.020.020.20.050.040.02mg/LBoron-Dissolved

0.0110.0030.001<0.0010.0020.001mg/LArsenic-Dissolved

0.150.04<0.01<0.010.020.01mg/LAluminium-Dissolved

2.532310137.80.5mg/LSulfur - Dissolved

<0.05<0.05<0.05<0.05<0.050.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

18/12/202115/12/202115/12/202117/12/202115/12/2021Date Sampled

ATOB04ATOB03ATOB02ATOB01ATMB18DPQLUNITSYour Reference

274332-35274332-34274332-33274332-32274332-31Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.0050.0040.0110.0020.0070.001mg/LZinc-Dissolved

<0.001<0.001<0.001<0.0010.0010.001mg/LLead-Dissolved

0.007<0.0010.001<0.0010.0020.001mg/LNickel-Dissolved

0.002<0.001<0.001<0.001<0.0010.001mg/LMolybdenum-Dissolved

0.026<0.0050.790.190.660.005mg/LManganese-Dissolved

0.020.820.060.02260.01mg/LIron-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LCopper-Dissolved

<0.0010.002<0.001<0.0010.0170.001mg/LChromium-Dissolved

<0.001<0.0010.002<0.0010.0030.001mg/LCobalt-Dissolved

<0.0001<0.0001<0.0001<0.0001<0.00010.0001mg/LCadmium-Dissolved

0.04<0.020.20.05<0.020.02mg/LBoron-Dissolved

0.003<0.0010.001<0.0010.0050.001mg/LArsenic-Dissolved

<0.010.47<0.01<0.010.200.01mg/LAluminium-Dissolved

1943310142.30.5mg/LSulfur - Dissolved

<0.05<0.05<0.05<0.05<0.050.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

17/12/202115/12/202115/12/202117/12/202118/12/2021Date Sampled

BH3ATPB03ATPB02ATPB01ATOB05PQLUNITSYour Reference

274332-40274332-39274332-38274332-37274332-36Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.005<0.0010.172.90.0440.001mg/LZinc-Dissolved

<0.001<0.001<0.0010.0080.0030.001mg/LLead-Dissolved

0.001<0.0010.0020.0060.0040.001mg/LNickel-Dissolved

<0.001<0.001<0.001<0.001<0.0010.001mg/LMolybdenum-Dissolved

0.78<0.0050.160.099<0.0050.005mg/LManganese-Dissolved

0.03<0.01393.6200.01mg/LIron-Dissolved

<0.001<0.001<0.0010.0030.0020.001mg/LCopper-Dissolved

<0.001<0.0010.0200.0130.0050.001mg/LChromium-Dissolved

0.002<0.001<0.001<0.001<0.0010.001mg/LCobalt-Dissolved

<0.0001<0.0001<0.0001<0.00010.00030.0001mg/LCadmium-Dissolved

0.20.03<0.020.05<0.020.02mg/LBoron-Dissolved

<0.001<0.0010.0010.0020.0020.001mg/LArsenic-Dissolved

<0.01<0.010.020.080.570.01mg/LAluminium-Dissolved

310<0.51.06.64000.5mg/LSulfur - Dissolved

<0.05<0.050.06<0.05<0.050.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/202122/12/2021-Date prepared

GWGWGWGWGWType of sample

15/12/202116/12/202118/12/202116/12/202116/12/2021Date Sampled

ATPB Duplicate 
1

ATPB BlankATPB05CS35DCS35SPQLUNITSYour Reference

274332-45274332-44274332-43274332-42274332-41Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

0.0010.001mg/LZinc-Dissolved

<0.0010.001mg/LLead-Dissolved

<0.0010.001mg/LNickel-Dissolved

<0.0010.001mg/LMolybdenum-Dissolved

0.190.005mg/LManganese-Dissolved

0.020.01mg/LIron-Dissolved

<0.0010.001mg/LCopper-Dissolved

<0.0010.001mg/LChromium-Dissolved

<0.0010.001mg/LCobalt-Dissolved

<0.00010.0001mg/LCadmium-Dissolved

0.050.02mg/LBoron-Dissolved

<0.0010.001mg/LArsenic-Dissolved

<0.010.01mg/LAluminium-Dissolved

140.5mg/LSulfur - Dissolved

<0.050.05mg/LPhosphorus - Dissolved

22/12/2021-Date analysed

22/12/2021-Date prepared

GWType of sample

17/12/2021Date Sampled

ATPB Duplicate 
2

PQLUNITSYour Reference

274332-46Our Reference

Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:
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0.0780.5850.040Bq/LGross Beta

0.0892.550.085Bq/LGross Alpha

GWGWGWType of sample

15/12/202117/12/202115/12/2021Date Sampled

ATPB Duplicate 
1

BH3ATPB03PQLUNITSYour Reference

274332-45274332-40274332-39Our Reference

Gross alpha/beta

0.1240.7670.9530.234<0.064Bq/LGross Beta

0.0851.711.790.4240.035Bq/LGross Alpha

GWGWGWGWGWType of sample

15/12/202116/12/202115/12/202115/12/202117/12/2021Date Sampled

ATPB02ATMB12DATMB09DATMB08DATMB04DPQLUNITSYour Reference

274332-38274332-19274332-13274332-12274332-6Our Reference

Gross alpha/beta

MPL Reference: 274332

R00Revision No:
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0.06300.423<0.110Bq/LRadium-228

0.07800.187<0.050Bq/LRadium-226

GWGWGWType of sample

15/12/202117/12/202115/12/2021Date Sampled

ATPB Duplicate 
1

BH3ATPB03PQLUNITSYour Reference

274332-45274332-40274332-39Our Reference

Radioactivity Analysis

0.09400.4320.4930.181<0.160Bq/LRadium-228

0.07200.2430.1480.0990<0.057Bq/LRadium-226

GWGWGWGWGWType of sample

15/12/202116/12/202115/12/202115/12/202117/12/2021Date Sampled

ATPB02ATMB12DATMB09DATMB08DATMB04DPQLUNITSYour Reference

274332-38274332-19274332-13274332-12274332-6Our Reference

Radioactivity Analysis

MPL Reference: 274332

R00Revision No:
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Determination of various metals by ICP-MS. METALS-022

Determination of various metals by ICP-AES. 
 

METALS-020

Hardness calculated from Calcium and Magnesium as per APHA latest edition 2340B.METALS-008

Anions - a range of anions are determined by Ion Chromatography based on APHA latest edition Method 4110-B. Soils and 
other sample types reported from a water extract unless otherwise specified (standard soil extract ratio 1:5).

INORG-081

Nitrate - determined colourimetrically. Soils are analysed from a water extract.INORG-055

Nitrite - determined colourimetrically. Soils are analysed from a water extract.INORG-055

Ion Balance Calculation: Cations in water by ICP-OES; Anions in water by IC; Alkalinity in water by Titration using APHA 
methods.

INORG-040

Turbidity - measured nephelometrically using a turbidimeter, in accordance with APHA latest edition, 2130 B.INORG-022

Suspended Solids - determined gravimetrically by filtration of the sample. The solids are dried at 104±5°CINORG-019

Total Dissolved Solids - determined gravimetrically. The solids are dried at 180±10°CINORG-018

Alkalinity - determined titrimetrically based on APHA latest edition, Method 2320-B. Soils reported from a 1:5 water extract 
unless otherwise specified.

INORG-006

Conductivity and Salinity - measured using a conductivity cell at 25°C based on APHA latest edition Method 2510. Soils 
reported from a 1:5 water extract unless otherwise specified.

INORG-002

pH - Measured using  pH meter and electrode base on APHA latest edition, Method 4500-H+. Please note that the results for 
water analyses may be indicative only, as analysis can be completed outside of the APHA recommended holding times. Soils 
are reported from a 1:5 water extract unless otherwise specified.

INORG-001

Analysed by SGS Radiation Services, accreditation number 14174Ext-055

Methodology SummaryMethod ID

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

1131090<0.02<0.0221[NT]INORG-0550.02mg/LNitrite as NO2 

1131090<0.005<0.00521[NT]INORG-0550.005mg/LNitrite as N

1128200.040.0421[NT]INORG-0550.02mg/LNitrate as NO3 

11282220.010.00821[NT]INORG-0550.005mg/LNitrate as N

[NT]870171721[NT]INORG-0220.1NTUTurbidity

[NT][NT]8363921[NT]INORG-0195mg/LTotal Suspended Solids

[NT][NT]01000100021[NT]INORG-0185mg/LTotal Dissolved Solids (grav)

[NT]10601900190021[NT]INORG-0021µS/cmElectrical Conductivity (EC)

[NT]10607.47.421[NT]INORG-001pH UnitspH

21/12/202121/12/202121/12/202121/12/202121[NT]-Date analysed

21/12/202121/12/202121/12/202121/12/202121[NT]-Date prepared

274332-42LCS-3RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Miscellaneous Inorganics

98990<0.02<0.0211[NT]INORG-0550.02mg/LNitrite as NO2 

98990<0.005<0.00511[NT]INORG-0550.005mg/LNitrite as N

1008200.180.1811[NT]INORG-0550.02mg/LNitrate as NO3 

1008250.0420.04011[NT]INORG-0550.005mg/LNitrate as N

[NT]8702800280011[NT]INORG-0220.1NTUTurbidity

[NT][NT]86200570011[NT]INORG-0195mg/LTotal Suspended Solids

[NT]9291100120011[NT]INORG-0185mg/LTotal Dissolved Solids (grav)

[NT]10601800180011[NT]INORG-0021µS/cmElectrical Conductivity (EC)

[NT]10307.07.011[NT]INORG-001pH UnitspH

21/12/202121/12/202121/12/202121/12/202111[NT]-Date analysed

21/12/202121/12/202121/12/202121/12/202111[NT]-Date prepared

274332-22LCS-2RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Miscellaneous Inorganics

111990<0.02<0.021<0.02INORG-0550.02mg/LNitrite as NO2 

111990<0.005<0.0051<0.005INORG-0550.005mg/LNitrite as N

999700.060.061<0.02INORG-0550.02mg/LNitrate as NO3 

999770.0140.0131<0.005INORG-0550.005mg/LNitrate as N

[NT]87013000130001<0.1INORG-0220.1NTUTurbidity

[NT]96029000290001<5INORG-0195mg/LTotal Suspended Solids

[NT]106714000150001<5INORG-0185mg/LTotal Dissolved Solids (grav)

[NT]106026000260001<1INORG-0021µS/cmElectrical Conductivity (EC)

[NT]10307.27.21[NT]INORG-001pH UnitspH

21/12/202121/12/202121/12/202121/12/2021121/12/2021-Date analysed

21/12/202121/12/202121/12/202121/12/2021121/12/2021-Date prepared

274332-2LCS-1RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Miscellaneous Inorganics

MPL Reference: 274332

R00Revision No:
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Client Reference: MWES Consulting - Atlas IMR037

[NT][NT]0<0.02<0.0241[NT]INORG-0550.02mg/LNitrite as NO2 

[NT][NT]0<0.005<0.00541[NT]INORG-0550.005mg/LNitrite as N

[NT][NT]0<0.02<0.0241[NT]INORG-0550.02mg/LNitrate as NO3 

[NT][NT]0<0.005<0.00541[NT]INORG-0550.005mg/LNitrate as N

[NT][NT]3747241[NT]INORG-0220.1NTUTurbidity

[NT][NT]912011041[NT]INORG-0195mg/LTotal Suspended Solids

[NT][NT]02400240041[NT]INORG-0185mg/LTotal Dissolved Solids (grav)

[NT][NT]03100310041[NT]INORG-0021µS/cmElectrical Conductivity (EC)

[NT][NT]25.95.841[NT]INORG-001pH UnitspH

[NT][NT]21/12/202121/12/202141[NT]-Date analysed

[NT][NT]21/12/202121/12/202141[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Miscellaneous Inorganics

[NT][NT]0<0.02<0.0231[NT]INORG-0550.02mg/LNitrite as NO2 

[NT][NT]0<0.005<0.00531[NT]INORG-0550.005mg/LNitrite as N

[NT][NT]34.03.931[NT]INORG-0550.02mg/LNitrate as NO3 

[NT][NT]00.890.8931[NT]INORG-0550.005mg/LNitrate as N

[NT][NT]24.34.431[NT]INORG-0220.1NTUTurbidity

[NT][NT]8131231[NT]INORG-0195mg/LTotal Suspended Solids

[NT][NT]331032031[NT]INORG-0185mg/LTotal Dissolved Solids (grav)

[NT][NT]261060031[NT]INORG-0021µS/cmElectrical Conductivity (EC)

[NT][NT]07.77.731[NT]INORG-001pH UnitspH

[NT][NT]21/12/202121/12/202131[NT]-Date analysed

[NT][NT]21/12/202121/12/202131[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Miscellaneous Inorganics

MPL Reference: 274332

R00Revision No:
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[NT][NT]813012011[NT]METALS-0083mg/LHardness as CaCO3 

[NT]990303011[NT]INORG-0811mg/LSulphate

[NT]107032032011[NT]INORG-0811mg/LChloride

[NT]97014014011[NT]INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT]970<5<511[NT]INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT]97014014011[NT]INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT]91730028011[NT]METALS-0200.5mg/LSodium - Dissolved

[NT]955212011[NT]METALS-0200.5mg/LMagnesium - Dissolved

[NT]9225.35.411[NT]METALS-0200.5mg/LPotassium - Dissolved

[NT]9619171411[NT]METALS-0200.5mg/LCalcium - Dissolved

22/12/20214/01/202222/12/20214/01/202211[NT]-Date analysed

22/12/20214/01/202222/12/20214/01/202211[NT]-Date prepared

274332-21LCS-2RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance

[NT][NT][NT]32001<3METALS-0083mg/LHardness as CaCO3 

97980130013001<1INORG-0811mg/LSulphate

1011070680068001<1INORG-0811mg/LChloride

[NT]9701901901<5INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT]970<5<51<5INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT]9701901901<5INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT]91[NT]63001<0.5METALS-0200.5mg/LSodium - Dissolved

[NT]95[NT]6401<0.5METALS-0200.5mg/LMagnesium - Dissolved

[NT]92[NT]731<0.5METALS-0200.5mg/LPotassium - Dissolved

[NT]96[NT]2401<0.5METALS-0200.5mg/LCalcium - Dissolved

22/12/20214/01/202222/12/20214/01/202214/01/2022-Date analysed

22/12/20214/01/202222/12/20214/01/202214/01/2022-Date prepared

274332-2LCS-1RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance

MPL Reference: 274332

R00Revision No:
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[NT][NT][NT]19021[NT]METALS-0083mg/LHardness as CaCO3 

[NT][NT]0444421[NT]INORG-0811mg/LSulphate

[NT][NT]042042021[NT]INORG-0811mg/LChloride

[NT][NT]024024021[NT]INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT][NT]0<5<521[NT]INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT][NT]024024021[NT]INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT][NT][NT]30021[NT]METALS-0200.5mg/LSodium - Dissolved

[NT][NT][NT]2121[NT]METALS-0200.5mg/LMagnesium - Dissolved

[NT][NT][NT]1421[NT]METALS-0200.5mg/LPotassium - Dissolved

[NT][NT][NT]4021[NT]METALS-0200.5mg/LCalcium - Dissolved

22/12/2021[NT]22/12/202122/12/202121[NT]-Date analysed

22/12/2021[NT]22/12/202122/12/202121[NT]-Date prepared

274332-40[NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance

[NT][NT]33300320020[NT]METALS-0083mg/LHardness as CaCO3 

11199[NT]300020[NT]INORG-0811mg/LSulphate

*107[NT]140020[NT]INORG-0811mg/LChloride

[NT]99[NT]7820[NT]INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT]99[NT]<520[NT]INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT]99[NT]7820[NT]INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT]107297095020[NT]METALS-0200.5mg/LSodium - Dissolved

[NT]106031031020[NT]METALS-0200.5mg/LMagnesium - Dissolved

[NT]1065181920[NT]METALS-0200.5mg/LPotassium - Dissolved

[NT]105481078020[NT]METALS-0200.5mg/LCalcium - Dissolved

22/12/202122/12/202122/12/20214/01/202220[NT]-Date analysed

22/12/202122/12/202122/12/20214/01/202220[NT]-Date prepared

274332-22LCS-3RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance

MPL Reference: 274332

R00Revision No:
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[NT][NT][NT]6131[NT]METALS-0083mg/LHardness as CaCO3 

[NT][NT]0242431[NT]INORG-0811mg/LSulphate

[NT][NT]0616131[NT]INORG-0811mg/LChloride

[NT][NT]518019031[NT]INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT][NT]0<5<531[NT]INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT][NT]518019031[NT]INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT][NT][NT]9831[NT]METALS-0200.5mg/LSodium - Dissolved

[NT][NT][NT]8.231[NT]METALS-0200.5mg/LMagnesium - Dissolved

[NT][NT][NT]4.631[NT]METALS-0200.5mg/LPotassium - Dissolved

[NT][NT][NT]1131[NT]METALS-0200.5mg/LCalcium - Dissolved

[NT][NT]22/12/202122/12/202131[NT]-Date analysed

[NT][NT]22/12/202122/12/202131[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance

[NT][NT]012012030[NT]METALS-0083mg/LHardness as CaCO3 

110[NT][NT]2830[NT]INORG-0811mg/LSulphate

*[NT][NT]4430[NT]INORG-0811mg/LChloride

[NT][NT][NT]12030[NT]INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT][NT][NT]<530[NT]INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT][NT][NT]12030[NT]INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT][NT]2535230[NT]METALS-0200.5mg/LSodium - Dissolved

[NT][NT]0141430[NT]METALS-0200.5mg/LMagnesium - Dissolved

[NT][NT]04.44.430[NT]METALS-0200.5mg/LPotassium - Dissolved

[NT][NT]0242430[NT]METALS-0200.5mg/LCalcium - Dissolved

22/12/2021[NT]22/12/202122/12/202130[NT]-Date analysed

22/12/2021[NT]22/12/202122/12/202130[NT]-Date prepared

274332-42[NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance

MPL Reference: 274332

R00Revision No:

Page | 29 of 37



Client Reference: MWES Consulting - Atlas IMR037

[NT][NT][NT]85041[NT]METALS-0083mg/LHardness as CaCO3 

[NT][NT]01200120041[NT]INORG-0811mg/LSulphate

[NT][NT]029029041[NT]INORG-0811mg/LChloride

[NT][NT]0323241[NT]INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT][NT]0<5<541[NT]INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT][NT]0323241[NT]INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT][NT][NT]39041[NT]METALS-0200.5mg/LSodium - Dissolved

[NT][NT][NT]11041[NT]METALS-0200.5mg/LMagnesium - Dissolved

[NT][NT][NT]1141[NT]METALS-0200.5mg/LPotassium - Dissolved

[NT][NT][NT]16041[NT]METALS-0200.5mg/LCalcium - Dissolved

[NT][NT]22/12/20214/01/202241[NT]-Date analysed

[NT][NT]22/12/20214/01/202241[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance

[NT][NT]020020039[NT]METALS-0083mg/LHardness as CaCO3 

[NT][NT][NT]14039[NT]INORG-0811mg/LSulphate

[NT][NT][NT]16039[NT]INORG-0811mg/LChloride

[NT][NT][NT]8239[NT]INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT][NT][NT]<539[NT]INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT][NT][NT]8239[NT]INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT][NT]012012039[NT]METALS-0200.5mg/LSodium - Dissolved

[NT][NT]0232339[NT]METALS-0200.5mg/LMagnesium - Dissolved

[NT][NT]06.06.039[NT]METALS-0200.5mg/LPotassium - Dissolved

[NT][NT]0424239[NT]METALS-0200.5mg/LCalcium - Dissolved

[NT][NT]22/12/202122/12/202139[NT]-Date analysed

[NT][NT]22/12/202122/12/202139[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance
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10010000.0020.0029[NT]METALS-0220.001mg/LZinc-Dissolved

92990<0.001<0.0019[NT]METALS-0220.001mg/LLead-Dissolved

959900.0030.0039[NT]METALS-0220.001mg/LNickel-Dissolved

1091040<0.001<0.0019[NT]METALS-0220.001mg/LMolybdenum-Dissolved

9510400.370.379[NT]METALS-0220.005mg/LManganese-Dissolved

#10400.010.019[NT]METALS-0220.01mg/LIron-Dissolved

92980<0.001<0.0019[NT]METALS-0220.001mg/LCopper-Dissolved

98990<0.001<0.0019[NT]METALS-0220.001mg/LChromium-Dissolved

9410200.0020.0029[NT]METALS-0220.001mg/LCobalt-Dissolved

1041030<0.00010.00019[NT]METALS-0220.0001mg/LCadmium-Dissolved

10910500.10.19[NT]METALS-0220.02mg/LBoron-Dissolved

10610300.0010.0019[NT]METALS-0220.001mg/LArsenic-Dissolved

891050<0.01<0.019[NT]METALS-0220.01mg/LAluminium-Dissolved

[NT]93[NT]2909[NT]METALS-0200.5mg/LSulfur - Dissolved

[NT]95[NT]<0.059[NT]METALS-0200.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/20219[NT]-Date analysed

22/12/202122/12/202122/12/202122/12/20219[NT]-Date prepared

274332-20LCS-2RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Dissolved Metals in Water

1019900.0020.0021<0.001METALS-0220.001mg/LZinc-Dissolved

101990<0.001<0.0011<0.001METALS-0220.001mg/LLead-Dissolved

9695670.0010.0021<0.001METALS-0220.001mg/LNickel-Dissolved

10310300.0020.0021<0.001METALS-0220.001mg/LMolybdenum-Dissolved

10310130.0290.0301<0.005METALS-0220.005mg/LManganese-Dissolved

1039700.020.021<0.01METALS-0220.01mg/LIron-Dissolved

97950<0.001<0.0011<0.001METALS-0220.001mg/LCopper-Dissolved

98950<0.001<0.0011<0.001METALS-0220.001mg/LChromium-Dissolved

100980<0.001<0.0011<0.001METALS-0220.001mg/LCobalt-Dissolved

1041040<0.0001<0.00011<0.0001METALS-0220.0001mg/LCadmium-Dissolved

10811500.250.251<0.02METALS-0220.02mg/LBoron-Dissolved

1049900.0020.0021<0.001METALS-0220.001mg/LArsenic-Dissolved

1041070<0.01<0.011<0.01METALS-0220.01mg/LAluminium-Dissolved

[NT]93[NT]4001<0.5METALS-0200.5mg/LSulfur - Dissolved

98950<0.05<0.051<0.05METALS-0200.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/2021122/12/2021-Date analysed

22/12/202122/12/202122/12/202122/12/2021122/12/2021-Date prepared

274332-2LCS-1RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Dissolved Metals in Water
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[NT][NT]00.0010.00119[NT]METALS-0220.001mg/LZinc-Dissolved

[NT][NT]0<0.001<0.00119[NT]METALS-0220.001mg/LLead-Dissolved

[NT][NT]00.0010.00119[NT]METALS-0220.001mg/LNickel-Dissolved

[NT][NT]0<0.001<0.00119[NT]METALS-0220.001mg/LMolybdenum-Dissolved

[NT][NT]00.110.1119[NT]METALS-0220.005mg/LManganese-Dissolved

[NT][NT][NT]6.619[NT]METALS-0220.01mg/LIron-Dissolved

[NT][NT]0<0.001<0.00119[NT]METALS-0220.001mg/LCopper-Dissolved

[NT][NT]00.0010.00119[NT]METALS-0220.001mg/LChromium-Dissolved

[NT][NT]00.0010.00119[NT]METALS-0220.001mg/LCobalt-Dissolved

[NT][NT]0<0.0001<0.000119[NT]METALS-0220.0001mg/LCadmium-Dissolved

[NT][NT]00.040.0419[NT]METALS-0220.02mg/LBoron-Dissolved

[NT][NT]00.0040.00419[NT]METALS-0220.001mg/LArsenic-Dissolved

[NT][NT]00.010.0119[NT]METALS-0220.01mg/LAluminium-Dissolved

[NT][NT][NT]1.319[NT]METALS-0200.5mg/LSulfur - Dissolved

[NT][NT][NT]<0.0519[NT]METALS-0200.05mg/LPhosphorus - Dissolved

[NT][NT]22/12/202122/12/202119[NT]-Date analysed

[NT][NT]22/12/202122/12/202119[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Dissolved Metals in Water

96100[NT]0.00311[NT]METALS-0220.001mg/LZinc-Dissolved

9398[NT]<0.00111[NT]METALS-0220.001mg/LLead-Dissolved

9198[NT]0.00711[NT]METALS-0220.001mg/LNickel-Dissolved

110104[NT]<0.00111[NT]METALS-0220.001mg/LMolybdenum-Dissolved

101103[NT]0.09111[NT]METALS-0220.005mg/LManganese-Dissolved

92103[NT]0.1111[NT]METALS-0220.01mg/LIron-Dissolved

9298[NT]0.00111[NT]METALS-0220.001mg/LCopper-Dissolved

9799[NT]<0.00111[NT]METALS-0220.001mg/LChromium-Dissolved

97102[NT]<0.00111[NT]METALS-0220.001mg/LCobalt-Dissolved

103103[NT]<0.000111[NT]METALS-0220.0001mg/LCadmium-Dissolved

11398[NT]0.0411[NT]METALS-0220.02mg/LBoron-Dissolved

105102[NT]<0.00111[NT]METALS-0220.001mg/LArsenic-Dissolved

96104[NT]0.0211[NT]METALS-0220.01mg/LAluminium-Dissolved

[NT]110[NT]1211[NT]METALS-0200.5mg/LSulfur - Dissolved

1161130<0.05<0.0511[NT]METALS-0200.05mg/LPhosphorus - Dissolved

22/12/202122/12/202122/12/202122/12/202111[NT]-Date analysed

22/12/202122/12/202122/12/202122/12/202111[NT]-Date prepared

274332-40LCS-3RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Dissolved Metals in Water
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[NT][NT]10.100.09928[NT]METALS-0220.001mg/LZinc-Dissolved

[NT][NT]00.0040.00428[NT]METALS-0220.001mg/LLead-Dissolved

[NT][NT]00.0040.00428[NT]METALS-0220.001mg/LNickel-Dissolved

[NT][NT]00.0020.00228[NT]METALS-0220.001mg/LMolybdenum-Dissolved

[NT][NT]00.0270.02728[NT]METALS-0220.005mg/LManganese-Dissolved

[NT][NT][NT]5.328[NT]METALS-0220.01mg/LIron-Dissolved

[NT][NT]00.0020.00228[NT]METALS-0220.001mg/LCopper-Dissolved

[NT][NT]290.0040.00328[NT]METALS-0220.001mg/LChromium-Dissolved

[NT][NT]00.0020.00228[NT]METALS-0220.001mg/LCobalt-Dissolved

[NT][NT]0<0.0001<0.000128[NT]METALS-0220.0001mg/LCadmium-Dissolved

[NT][NT]0<0.02<0.0228[NT]METALS-0220.02mg/LBoron-Dissolved

[NT][NT]00.0030.00328[NT]METALS-0220.001mg/LArsenic-Dissolved

[NT][NT]01.41.428[NT]METALS-0220.01mg/LAluminium-Dissolved

[NT][NT][NT]3928[NT]METALS-0200.5mg/LSulfur - Dissolved

[NT][NT][NT]<0.0528[NT]METALS-0200.05mg/LPhosphorus - Dissolved

[NT][NT]22/12/202122/12/202128[NT]-Date analysed

[NT][NT]22/12/202122/12/202128[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Dissolved Metals in Water

[NT][NT][NT]0.02620[NT]METALS-0220.001mg/LZinc-Dissolved

[NT][NT][NT]<0.00120[NT]METALS-0220.001mg/LLead-Dissolved

[NT][NT][NT]0.00120[NT]METALS-0220.001mg/LNickel-Dissolved

[NT][NT][NT]<0.00120[NT]METALS-0220.001mg/LMolybdenum-Dissolved

[NT][NT][NT]0.7120[NT]METALS-0220.005mg/LManganese-Dissolved

[NT][NT]0888820[NT]METALS-0220.01mg/LIron-Dissolved

[NT][NT][NT]<0.00120[NT]METALS-0220.001mg/LCopper-Dissolved

[NT][NT][NT]<0.00120[NT]METALS-0220.001mg/LChromium-Dissolved

[NT][NT][NT]<0.00120[NT]METALS-0220.001mg/LCobalt-Dissolved

[NT][NT][NT]<0.000120[NT]METALS-0220.0001mg/LCadmium-Dissolved

[NT][NT][NT]<0.0220[NT]METALS-0220.02mg/LBoron-Dissolved

[NT][NT][NT]<0.00120[NT]METALS-0220.001mg/LArsenic-Dissolved

[NT][NT][NT]0.1220[NT]METALS-0220.01mg/LAluminium-Dissolved

[NT][NT][NT]100020[NT]METALS-0200.5mg/LSulfur - Dissolved

[NT][NT]0<0.05<0.0520[NT]METALS-0200.05mg/LPhosphorus - Dissolved

[NT][NT]22/12/202122/12/202120[NT]-Date analysed

[NT][NT]22/12/202122/12/202120[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Dissolved Metals in Water

MPL Reference: 274332

R00Revision No:

Page | 33 of 37



Client Reference: MWES Consulting - Atlas IMR037

[NT][NT]00.0040.00439[NT]METALS-0220.001mg/LZinc-Dissolved

[NT][NT]0<0.001<0.00139[NT]METALS-0220.001mg/LLead-Dissolved

[NT][NT]0<0.001<0.00139[NT]METALS-0220.001mg/LNickel-Dissolved

[NT][NT]0<0.001<0.00139[NT]METALS-0220.001mg/LMolybdenum-Dissolved

[NT][NT]0<0.005<0.00539[NT]METALS-0220.005mg/LManganese-Dissolved

[NT][NT]10.830.8239[NT]METALS-0220.01mg/LIron-Dissolved

[NT][NT]0<0.001<0.00139[NT]METALS-0220.001mg/LCopper-Dissolved

[NT][NT]00.0020.00239[NT]METALS-0220.001mg/LChromium-Dissolved

[NT][NT]0<0.001<0.00139[NT]METALS-0220.001mg/LCobalt-Dissolved

[NT][NT]0<0.0001<0.000139[NT]METALS-0220.0001mg/LCadmium-Dissolved

[NT][NT]0<0.02<0.0239[NT]METALS-0220.02mg/LBoron-Dissolved

[NT][NT]0<0.001<0.00139[NT]METALS-0220.001mg/LArsenic-Dissolved

[NT][NT]20.460.4739[NT]METALS-0220.01mg/LAluminium-Dissolved

[NT][NT]0434339[NT]METALS-0200.5mg/LSulfur - Dissolved

[NT][NT]0<0.05<0.0539[NT]METALS-0200.05mg/LPhosphorus - Dissolved

[NT][NT]22/12/202122/12/202139[NT]-Date analysed

[NT][NT]22/12/202122/12/202139[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Dissolved Metals in Water

[NT][NT][NT]0.00430[NT]METALS-0220.001mg/LZinc-Dissolved

[NT][NT][NT]<0.00130[NT]METALS-0220.001mg/LLead-Dissolved

[NT][NT][NT]<0.00130[NT]METALS-0220.001mg/LNickel-Dissolved

[NT][NT][NT]<0.00130[NT]METALS-0220.001mg/LMolybdenum-Dissolved

[NT][NT][NT]<0.00530[NT]METALS-0220.005mg/LManganese-Dissolved

[NT][NT][NT]<0.0130[NT]METALS-0220.01mg/LIron-Dissolved

[NT][NT][NT]<0.00130[NT]METALS-0220.001mg/LCopper-Dissolved

[NT][NT][NT]<0.00130[NT]METALS-0220.001mg/LChromium-Dissolved

[NT][NT][NT]<0.00130[NT]METALS-0220.001mg/LCobalt-Dissolved

[NT][NT][NT]<0.000130[NT]METALS-0220.0001mg/LCadmium-Dissolved

[NT][NT][NT]0.0430[NT]METALS-0220.02mg/LBoron-Dissolved

[NT][NT][NT]<0.00130[NT]METALS-0220.001mg/LArsenic-Dissolved

[NT][NT][NT]<0.0130[NT]METALS-0220.01mg/LAluminium-Dissolved

[NT][NT]18.98.830[NT]METALS-0200.5mg/LSulfur - Dissolved

[NT][NT]0<0.05<0.0530[NT]METALS-0200.05mg/LPhosphorus - Dissolved

[NT][NT]22/12/202122/12/202130[NT]-Date analysed

[NT][NT]22/12/202122/12/202130[NT]-Date prepared

[NT][NT]RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Dissolved Metals in Water
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Not ReportedNR

National Environmental Protection MeasureNEPM

Not specifiedNS

Laboratory Control SampleLCS

Relative Percent DifferenceRPD

Greater than>

Less than<

Practical Quantitation LimitPQL

Insufficient sample for this testINS

Test not requiredNA

Not testedNT

Result Definitions
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Guideline limits for Rinse Water Quality reported as per analytical requirements and specifications of AS 4187, Amdt 2 2019, Table
7.2

The recommended maximums for analytes in urine are taken from “2018 TLVs and BEIs”, as published by ACGIH (where available).
Limit provided for Nickel is a precautionary guideline as per Position Paper prepared by AIOH Exposure Standards Committee,
2016.

Australian Drinking Water Guidelines recommend that Thermotolerant Coliform, Faecal Enterococci, & E.Coli levels are less than
1cfu/100mL. The recommended maximums are taken from "Australian Drinking Water Guidelines", published by NHMRC & ARMC
2011.

Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds which
are similar to the analyte of interest, however are not expected to be found in real samples.

Surrogate Spike

This comprises either a standard reference material or a control matrix (such as a blank sand or water) fortified
with analytes representative of the analyte class. It is simply a check sample.

LCS (Laboratory
Control Sample)

A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix spike
is to monitor the performance of the analytical method used and to determine whether matrix interferences
exist.

Matrix Spike

This is the complete duplicate analysis of a sample from the process batch. If possible, the sample selected
should be one where the analyte concentration is easily measurable.

Duplicate

This is the component of the analytical signal which is not derived from the sample but from reagents,
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for
samples.

Blank

Quality Control Definitions

Samples for Microbiological analysis (not Amoeba forms) received outside of the 2-8°C temperature range do not meet the ideal
cooling conditions as stated in AS2031-2012.

Measurement Uncertainty estimates are available for most tests upon request.

Where sampling dates are not provided, Envirolab are not in a position to comment on the validity of the analysis where
recommended technical holding times may have been breached.

When samples are received where certain analytes are outside of recommended technical holding times (THTs), the analysis has
proceeded. Where analytes are on the verge of breaching THTs, every effort will be made to analyse within the THT or as soon as
practicable.

In circumstances where no duplicate and/or sample spike has been reported at 1 in 10 and/or 1 in 20 samples respectively, the
sample volume submitted was insufficient in order to satisfy laboratory QA/QC protocols.

Matrix Spikes, LCS and Surrogate recoveries: Generally 70-130% for inorganics/metals (not SPOCAS); 60-140% for
organics/SPOCAS (+/-50% surrogates) and 10-140% for labile SVOCs (including labile surrogates), ultra trace organics and
speciated phenols is acceptable.

Duplicates: >10xPQL - RPD acceptance criteria will vary depending on the analytes and the analytical techniques but is typically in
the range 20%-50% – see ELN-P05 QA/QC tables for details; <10xPQL - RPD are higher as the results approach PQL and the
estimated measurement uncertainty will statistically increase.

For VOCs in water samples, three vials are required for duplicate or spike analysis.

Spikes for Physical and Aggregate Tests are not applicable.

Filters, swabs, wipes, tubes and badges will not have duplicate data as the whole sample is generally extracted during sample
extraction.

Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency to meet
or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix spike recoveries for
the batch were within the laboratory acceptance criteria.

Laboratory Acceptance Criteria
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Radiological testwork conducted by SGS Melbourne EH&S, report reference ME324475.
 
 Nutrients:PQL raised on samples#2,3,20 and 39 due to matrix interference.
 
 # Percent recovery not available due to the analyte signal being much greater than the spike amount. An acceptable recovery was 
achieved for the LCS.
 
 * Low (or high) spike recovery was obtained for this sample. Sample matrix interference is suspected. However, an acceptable 
recovery was achieved for the LCS.
 
 The mass imbalance may be caused by other ions that have not been measured.
 
 ATMB01D: EC to TDS ratios are outside a normal expected value due to sample matrix - result confirmed by re-analysis.

Report Comments
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Envirolab Services (WA) Pty Ltd trading as MPL Laboratories

ABN 53 140 099 207

16-18 Hayden Court Myaree WA 6154

ph 08 9317 2505   fax 08 9317 4163

lab@mpl.com.au

www.mpl.com.au

CERTIFICATE OF ANALYSIS 249361

1 Bramall St, East Perth, WA, 6004Address

Rob MeyerAttention

MWES ConsultingClient

Client Details

Atlas IMR23Location

31/08/2020Date completed instructions received

31/08/2020Date samples received

3 WaterNumber of Samples

MWES ConsultingYour Reference

Sample Details

Please refer to the last page of this report for any comments relating to the results.

Results are reported on a dry weight basis for solids and on an as received basis for other matrices.

Samples were analysed as received from the client. Results relate specifically to the samples as received.

Please refer to the following pages for results, methodology summary and quality control data.

Analysis Details

Tests not covered by NATA are denoted with *Accredited for compliance with ISO/IEC 17025 - Testing.

NATA Accreditation Number 2901. This document shall not be reproduced except in full.

04/09/2020Date of Issue

04/09/2020Date results requested by

Report Details

Michael Kubiak, Laboratory Manager

Authorised By

Heram Halim, Operations Manager

Results Approved By

Revision No: R00
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<0.5<10<0.50.5mg/LNitrite as NO2 

<0.5<100.50.5mg/LNitrate as  NO3 

3.5969.00.1NTUTurbidity

2125145mg/LTotal Suspended Solids

97022,0003005mg/LTotal Dissolved Solids (grav)

1,40030,0005801µS/cmElectrical Conductivity (EC)

6.07.16.8pH UnitspH

01/09/202001/09/202001/09/2020-Date analysed

01/09/202001/09/202001/09/2020-Date prepared

GroundwaterGroundwaterGroundwaterType of sample

20/08/202027/08/202023/08/2020Date Sampled

ATPB03ATPB02ATPB01PQLUNITSYour Reference

249361-3249361-2249361-1Our Reference

Miscellaneous Inorganics
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824,700693mg/LHardness as CaCO3 

-7.40.28-1.3%Ionic Balance

371,400131mg/LSulphate

36011,0001401mg/LChloride

45230315mg/LTotal Alkalinity as CaCO3 

<5<5<55mg/LHydroxide OH-  as CaCO3 

<5<5<55mg/LCarbonate CO3 
2-  as CaCO3 

45230315mg/LBicarbonate HCO3  as CaCO3 

1905,500750.5mg/LSodium - Dissolved

16810120.5mg/LMagnesium - Dissolved

15703.50.5mg/LPotassium - Dissolved

6.65408.10.5mg/LCalcium - Dissolved

01/09/202001/09/202001/09/2020-Date analysed

01/09/202001/09/202001/09/2020-Date prepared

GroundwaterGroundwaterGroundwaterType of sample

20/08/202027/08/202023/08/2020Date Sampled

ATPB03ATPB02ATPB01PQLUNITSYour Reference

249361-3249361-2249361-1Our Reference

Ionic Balance
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0.0190.0300.0240.001mg/LZinc-Dissolved

<0.001<0.001<0.0010.001mg/LLead-Dissolved

<0.001<0.001<0.0010.001mg/LNickel-Dissolved

<0.001<0.001<0.0010.001mg/LMolybdenum-Dissolved

0.180.840.0220.005mg/LManganese-Dissolved

0.040.171.20.01mg/LIron-Dissolved

<0.001<0.001<0.0010.001mg/LCopper-Dissolved

<0.001<0.001<0.0010.001mg/LChromium-Dissolved

<0.001<0.0010.0020.001mg/LCobalt-Dissolved

<0.0001<0.0001<0.00010.0001mg/LCadmium-Dissolved

0.050.21<0.020.02mg/LBoron-Dissolved

<0.0010.002<0.0010.001mg/LArsenic-Dissolved

<0.01<0.01<0.010.01mg/LAluminium-Dissolved

114605.80.5mg/LSulfur - Dissolved

<0.05<0.1<0.050.05mg/LPhosphorus - Dissolved

02/09/202002/09/202002/09/2020-Date analysed

02/09/202002/09/202002/09/2020-Date prepared

GroundwaterGroundwaterGroundwaterType of sample

20/08/202027/08/202023/08/2020Date Sampled

ATPB03ATPB02ATPB01PQLUNITSYour Reference

249361-3249361-2249361-1Our Reference

Dissolved Metals in Water
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Determination of various metals by ICP-MS. METALS-022

Determination of various metals by ICP-AES. 
 

METALS-020

Hardness calculated from Calcium and Magnesium as per APHA latest edition 2340B.METALS-008

Anions - a range of anions are determined by Ion Chromatography based on APHA latest edition Method 4110-B. Soils and 
other sample types reported from a water extract unless otherwise specified (standard soil extract ratio 1:5).

INORG-081

Ion Balance Calculation: Cations in water by ICP-OES; Anions in water by IC; Alkalinity in water by Titration using APHA 
methods.

INORG-040

Turbidity - measured nephelometrically using a turbidimeter, in accordance with APHA latest edition, 2130 B.INORG-022

Suspended Solids - determined gravimetrically by filtration of the sample. The solids are dried at 104±5°CINORG-019

Total Dissolved Solids - determined gravimetrically. The solids are dried at 180±10°CINORG-018

Alkalinity - determined titrimetrically based on APHA latest edition, Method 2320-B. Soils reported from a 1:5 water extract 
unless otherwise specified.

INORG-006

Conductivity and Salinity - measured using a conductivity cell at 25°C based on APHA latest edition Method 2510. Soils 
reported from a 1:5 water extract unless otherwise specified.

INORG-002

pH - Measured using  pH meter and electrode base on APHA latest edition, Method 4500-H+. Please note that the results for 
water analyses may be indicative only, as analysis can be completed outside of the APHA recommended holding times. Soils 
are reported from a 1:5 water extract unless otherwise specified.

INORG-001

Methodology SummaryMethod ID
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Client Reference: MWES Consulting

[NT]1010<0.5<0.51<0.5INORG-0810.5mg/LNitrite as NO2 

[NT]8600.50.51<0.5INORG-0810.5mg/LNitrate as  NO3 

[NT]110[NT]9.01<0.1INORG-0220.1NTUTurbidity

[NT]99[NT]141<5INORG-0195mg/LTotal Suspended Solids

[NT]104[NT]3001<5INORG-0185mg/LTotal Dissolved Solids (grav)

[NT]104[NT]5801<1INORG-0021µS/cmElectrical Conductivity (EC)

[NT]101[NT]6.81[NT]INORG-001pH UnitspH

[NT]01/09/202001/09/202001/09/2020101/09/2020-Date analysed

[NT]01/09/202001/09/202001/09/2020101/09/2020-Date prepared

[NT]LCS-1RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Miscellaneous Inorganics

MPL Reference: 249361
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Client Reference: MWES Consulting

[NT][NT][NT]691<3METALS-0083mg/LHardness as CaCO3 

[NT]88013131<1INORG-0811mg/LSulphate

[NT]9401401401<1INORG-0811mg/LChloride

[NT]98[NT]311<5INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT]98[NT]<51<5INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT]98[NT]311<5INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT]98[NT]751<0.5METALS-0200.5mg/LSodium - Dissolved

[NT]97[NT]121<0.5METALS-0200.5mg/LMagnesium - Dissolved

[NT]97[NT]3.51<0.5METALS-0200.5mg/LPotassium - Dissolved

[NT]97[NT]8.11<0.5METALS-0200.5mg/LCalcium - Dissolved

[NT]01/09/202001/09/202001/09/2020101/09/2020-Date analysed

[NT]01/09/202001/09/202001/09/2020101/09/2020-Date prepared

[NT]LCS-1RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance
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Client Reference: MWES Consulting

[NT]95[NT][NT][NT][NT]<0.001METALS-0220.001mg/LZinc-Dissolved

[NT]96[NT][NT][NT][NT]<0.001METALS-0220.001mg/LLead-Dissolved

[NT]94[NT][NT][NT][NT]<0.001METALS-0220.001mg/LNickel-Dissolved

[NT]104[NT][NT][NT][NT]<0.001METALS-0220.001mg/LMolybdenum-Dissolved

[NT]97[NT][NT][NT][NT]<0.005METALS-0220.005mg/LManganese-Dissolved

[NT]105[NT][NT][NT][NT]<0.01METALS-0220.01mg/LIron-Dissolved

[NT]94[NT][NT][NT][NT]<0.001METALS-0220.001mg/LCopper-Dissolved

[NT]97[NT][NT][NT][NT]<0.001METALS-0220.001mg/LChromium-Dissolved

[NT]96[NT][NT][NT][NT]<0.001METALS-0220.001mg/LCobalt-Dissolved

[NT]101[NT][NT][NT][NT]<0.0001METALS-0220.0001mg/LCadmium-Dissolved

[NT]96[NT][NT][NT][NT]<0.02METALS-0220.02mg/LBoron-Dissolved

[NT]101[NT][NT][NT][NT]<0.001METALS-0220.001mg/LArsenic-Dissolved

[NT]100[NT][NT][NT][NT]<0.01METALS-0220.01mg/LAluminium-Dissolved

[NT]97[NT][NT][NT][NT]<0.5METALS-0200.5mg/LSulfur - Dissolved

[NT]111[NT][NT][NT][NT]<0.05METALS-0200.05mg/LPhosphorus - Dissolved

[NT]02/09/2020[NT][NT][NT][NT]02/09/2020-Date analysed

[NT]02/09/2020[NT][NT][NT][NT]02/09/2020-Date prepared

[NT]LCS-1RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Dissolved Metals in Water
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Client Reference: MWES Consulting

Not ReportedNR

National Environmental Protection MeasureNEPM

Not specifiedNS

Laboratory Control SampleLCS

Relative Percent DifferenceRPD

Greater than>

Less than<

Practical Quantitation LimitPQL

Insufficient sample for this testINS

Test not requiredNA

Not testedNT

Result Definitions
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Client Reference: MWES Consulting

Guideline limits for Rinse Water Quality reported as per analytical requirements and specifications of AS 4187, Amdt 2 2019, Table
7.2

The recommended maximums for analytes in urine are taken from “2018 TLVs and BEIs”, as published by ACGIH (where available).
Limit provided for Nickel is a precautionary guideline as per Position Paper prepared by AIOH Exposure Standards Committee,
2016.

Australian Drinking Water Guidelines recommend that Thermotolerant Coliform, Faecal Enterococci, & E.Coli levels are less than
1cfu/100mL. The recommended maximums are taken from "Australian Drinking Water Guidelines", published by NHMRC & ARMC
2011.

Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds which
are similar to the analyte of interest, however are not expected to be found in real samples.

Surrogate Spike

This comprises either a standard reference material or a control matrix (such as a blank sand or water) fortified
with analytes representative of the analyte class. It is simply a check sample.

LCS (Laboratory
Control Sample)

A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix spike
is to monitor the performance of the analytical method used and to determine whether matrix interferences
exist.

Matrix Spike

This is the complete duplicate analysis of a sample from the process batch. If possible, the sample selected
should be one where the analyte concentration is easily measurable.

Duplicate

This is the component of the analytical signal which is not derived from the sample but from reagents,
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for
samples.

Blank

Quality Control Definitions

Samples for Microbiological analysis (not Amoeba forms) received outside of the 2-8°C temperature range do not meet the ideal
cooling conditions as stated in AS2031-2012.

Measurement Uncertainty estimates are available for most tests upon request.

Where sampling dates are not provided, Envirolab are not in a position to comment on the validity of the analysis where
recommended technical holding times may have been breached.

When samples are received where certain analytes are outside of recommended technical holding times (THTs), the analysis has
proceeded. Where analytes are on the verge of breaching THTs, every effort will be made to analyse within the THT or as soon as
practicable.

In circumstances where no duplicate and/or sample spike has been reported at 1 in 10 and/or 1 in 20 samples respectively, the
sample volume submitted was insufficient in order to satisfy laboratory QA/QC protocols.

Matrix Spikes, LCS and Surrogate recoveries: Generally 70-130% for inorganics/metals (not SPOCAS); 60-140% for
organics/SPOCAS (+/-50% surrogates) and 10-140% for labile SVOCs (including labile surrogates), ultra trace organics and
speciated phenols is acceptable.

Duplicates: >10xPQL - RPD acceptance criteria will vary depending on the analytes and the analytical techniques but is typically in
the range 20%-50% – see ELN-P05 QA/QC tables for details; <10xPQL - RPD are higher as the results approach PQL and the
estimated measurement uncertainty will statistically increase.

For VOCs in water samples, three vials are required for duplicate or spike analysis.

Spikes for Physical and Aggregate Tests are not applicable.

Filters, swabs, wipes, tubes and badges will not have duplicate data as the whole sample is generally extracted during sample
extraction.

Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency to meet
or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix spike recoveries for
the batch were within the laboratory acceptance criteria.

Laboratory Acceptance Criteria
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Client Reference: MWES Consulting

Samples received in good order: No
 
 Sample #1 & #3: TDS and TSS tested outside of recommended holding time.
 Sample #2: Turbidity tested outside of recommended holding time.
 
 Note: Some results have raised pqls. In these cases the sample's high TDS required the sample to be diluted prior to analysis.

Report Comments
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Envirolab Services (WA) Pty Ltd trading as MPL Laboratories

ABN 53 140 099 207

16-18 Hayden Court Myaree WA 6154

ph 08 9317 2505   fax 08 9317 4163

lab@mpl.com.au

www.mpl.com.au

CERTIFICATE OF ANALYSIS 282058

1 Bramall Street, East Perth, WA, 6004Address

Robert MeyerAttention

MWES ConsultingClient

Client Details

23/05/2022Date completed instructions received

23/05/2022Date samples received

1 WaterNumber of Samples

MWES Consulting - ATLAS IMR42Your Reference

Sample Details

Please refer to the last page of this report for any comments relating to the results.

Results are reported on a dry weight basis for solids and on an as received basis for other matrices.

Samples were analysed as received from the client. Results relate specifically to the samples as received.

Please refer to the following pages for results, methodology summary and quality control data.

Analysis Details

Tests not covered by NATA are denoted with *Accredited for compliance with ISO/IEC 17025 - Testing.

NATA Accreditation Number 2901. This document shall not be reproduced except in full.

31/05/2022Date of Issue

31/05/2022Date results requested by

Report Details

Michael Kubiak, Laboratory Manager

Authorised By

Heram Halim, Operations Manager

Results Approved By

Revision No: R00
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Client Reference: MWES Consulting - ATLAS IMR42

<50.5mg/LNitrite as NO2 

<50.5mg/LNitrate as  NO3 

560.1NTUTurbidity

85mg/LTotal Suspended Solids

5,4005mg/LTotal Dissolved Solids (grav)

9,4001µS/cmElectrical Conductivity (EC)

7.0pH UnitspH

24/05/2022-Date analysed

24/05/2022-Date prepared

GWType of sample

20/05/2022Date Sampled

ATPB06PQLUNITSYour Reference

282058-1Our Reference

Miscellaneous Inorganics

MPL Reference: 282058
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Client Reference: MWES Consulting - ATLAS IMR42

9603mg/LHardness as CaCO3 

-5.1%Ionic Balance

3501mg/LSulphate

3,1001mg/LChloride

1305mg/LTotal Alkalinity as CaCO3 

<55mg/LHydroxide OH-  as CaCO3 

<55mg/LCarbonate CO3 
2-  as CaCO3 

1305mg/LBicarbonate HCO3  as CaCO3 

1,6000.5mg/LSodium - Dissolved

1800.5mg/LMagnesium - Dissolved

530.5mg/LPotassium - Dissolved

890.5mg/LCalcium - Dissolved

24/05/2022-Date analysed

24/05/2022-Date prepared

GWType of sample

20/05/2022Date Sampled

ATPB06PQLUNITSYour Reference

282058-1Our Reference

Ionic Balance

MPL Reference: 282058
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Client Reference: MWES Consulting - ATLAS IMR42

0.930.001mg/LZinc-Total

0.0010.001mg/LLead-Total

0.0030.001mg/LNickel-Total

<0.0010.001mg/LMolybdenum-Total

0.0610.005mg/LManganese-Total

4.30.01mg/LIron-Total

<0.0010.001mg/LCopper-Total

<0.0010.001mg/LChromium-Total

0.0010.001mg/LCobalt-Total

<0.00010.0001mg/LCadmium-Total

0.470.02mg/LBoron-Total

0.0010.001mg/LArsenic-Total

0.020.01mg/LAluminium-Total

1100.5mg/LSulfur -Total

<0.050.05mg/LPhosphorus - Total

25/05/2022-Date analysed

25/05/2022-Date digested

GWType of sample

20/05/2022Date Sampled

ATPB06PQLUNITSYour Reference

282058-1Our Reference

Total Metals in water

MPL Reference: 282058
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Client Reference: MWES Consulting - ATLAS IMR42

Determination of various metals by ICP-MS. METALS-022

Determination of various metals by ICP-AES. 
 

METALS-020

Hardness calculated from Calcium and Magnesium as per APHA latest edition 2340B.METALS-008

Anions - a range of anions are determined by Ion Chromatography based on APHA latest edition Method 4110-B. Soils and 
other sample types reported from a water extract unless otherwise specified (standard soil extract ratio 1:5).

INORG-081

Ion Balance Calculation: Cations in water by ICP-OES; Anions in water by IC; Alkalinity in water by Titration using APHA 
methods.

INORG-040

Turbidity - measured nephelometrically using a turbidimeter, in accordance with APHA latest edition, 2130 B.INORG-022

Suspended Solids - determined gravimetrically by filtration of the sample. The solids are dried at 104±5°CINORG-019

Total Dissolved Solids - determined gravimetrically. The solids are dried at 180±10°CINORG-018

Alkalinity - determined titrimetrically based on APHA latest edition, Method 2320-B. Soils reported from a 1:5 water extract 
unless otherwise specified.

INORG-006

Conductivity and Salinity - measured using a conductivity cell at 25°C based on APHA latest edition Method 2510. Soils 
reported from a 1:5 water extract unless otherwise specified.

INORG-002

pH - Measured using  pH meter and electrode base on APHA latest edition, Method 4500-H+. Please note that the results for 
water analyses may be indicative only, as analysis can be completed outside of the APHA recommended holding times. Soils 
are reported from a 1:5 water extract unless otherwise specified.

INORG-001

Methodology SummaryMethod ID
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Client Reference: MWES Consulting - ATLAS IMR42

[NT]101[NT][NT][NT][NT]<0.5INORG-0810.5mg/LNitrite as NO2 

[NT]99[NT][NT][NT][NT]<0.5INORG-0810.5mg/LNitrate as  NO3 

[NT]88[NT][NT][NT][NT]<0.1INORG-0220.1NTUTurbidity

[NT]109[NT][NT][NT][NT]<5INORG-0195mg/LTotal Suspended Solids

[NT]99[NT][NT][NT][NT]<5INORG-0185mg/LTotal Dissolved Solids (grav)

[NT]107[NT][NT][NT][NT]<1INORG-0021µS/cmElectrical Conductivity (EC)

[NT]103[NT][NT][NT][NT][NT]INORG-001pH UnitspH

[NT]24/05/2022[NT][NT][NT][NT]24/05/2022-Date analysed

[NT]24/05/2022[NT][NT][NT][NT]24/05/2022-Date prepared

[NT]LCS-1RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Miscellaneous Inorganics

MPL Reference: 282058
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Client Reference: MWES Consulting - ATLAS IMR42

[NT][NT][NT][NT][NT][NT]<3METALS-0083mg/LHardness as CaCO3 

[NT]95[NT][NT][NT][NT]<1INORG-0811mg/LSulphate

[NT]92[NT][NT][NT][NT]<1INORG-0811mg/LChloride

[NT]101[NT][NT][NT][NT]<5INORG-0065mg/LTotal Alkalinity as CaCO3 

[NT]101[NT][NT][NT][NT]<5INORG-0065mg/LCarbonate CO3 
2-  as CaCO3 

[NT]101[NT][NT][NT][NT]<5INORG-0065mg/LBicarbonate HCO3  as CaCO3 

[NT]109[NT][NT][NT][NT]<0.5METALS-0200.5mg/LSodium - Dissolved

[NT]110[NT][NT][NT][NT]<0.5METALS-0200.5mg/LMagnesium - Dissolved

[NT]110[NT][NT][NT][NT]<0.5METALS-0200.5mg/LPotassium - Dissolved

[NT]107[NT][NT][NT][NT]<0.5METALS-0200.5mg/LCalcium - Dissolved

[NT]24/05/2022[NT][NT][NT][NT]24/05/2022-Date analysed

[NT]24/05/2022[NT][NT][NT][NT]24/05/2022-Date prepared

[NT]LCS-1RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Ionic Balance
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R00Revision No:

Page | 7 of 11



Client Reference: MWES Consulting - ATLAS IMR42

[NT]106[NT][NT][NT][NT]<0.001METALS-0220.001mg/LZinc-Total

[NT]106[NT][NT][NT][NT]<0.001METALS-0220.001mg/LLead-Total

[NT]104[NT][NT][NT][NT]<0.001METALS-0220.001mg/LNickel-Total

[NT]104[NT][NT][NT][NT]<0.001METALS-0220.001mg/LMolybdenum-Total

[NT]103[NT][NT][NT][NT]<0.005METALS-0220.005mg/LManganese-Total

[NT]105[NT][NT][NT][NT]<0.01METALS-0220.01mg/LIron-Total

[NT]107[NT][NT][NT][NT]<0.001METALS-0220.001mg/LCopper-Total

[NT]104[NT][NT][NT][NT]<0.001METALS-0220.001mg/LChromium-Total

[NT]111[NT][NT][NT][NT]<0.001METALS-0220.001mg/LCobalt-Total

[NT]107[NT][NT][NT][NT]<0.0001METALS-0220.0001mg/LCadmium-Total

[NT]117[NT][NT][NT][NT]<0.02METALS-0220.02mg/LBoron-Total

[NT]105[NT][NT][NT][NT]<0.001METALS-0220.001mg/LArsenic-Total

[NT]106[NT][NT][NT][NT]<0.01METALS-0220.01mg/LAluminium-Total

[NT]104[NT][NT][NT][NT]<0.5METALS-0200.5mg/LSulfur -Total

[NT]105[NT][NT][NT][NT]<0.05METALS-0200.05mg/LPhosphorus - Total

[NT]25/05/2022[NT][NT][NT][NT]25/05/2022-Date analysed

[NT]25/05/2022[NT][NT][NT][NT]25/05/2022-Date digested

[NT]LCS-1RPDDup.Base#BlankMethodPQLUnitsTest Description

Spike Recovery %DuplicateQUALITY CONTROL: Total Metals in water
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Client Reference: MWES Consulting - ATLAS IMR42

Not ReportedNR

National Environmental Protection MeasureNEPM

Not specifiedNS

Laboratory Control SampleLCS

Relative Percent DifferenceRPD

Greater than>

Less than<

Practical Quantitation LimitPQL

Insufficient sample for this testINS

Test not requiredNA

Not testedNT

Result Definitions
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Client Reference: MWES Consulting - ATLAS IMR42

Guideline limits for Rinse Water Quality reported as per analytical requirements and specifications of AS 4187, Amdt 2 2019, Table
7.2

The recommended maximums for analytes in urine are taken from “2018 TLVs and BEIs”, as published by ACGIH (where available).
Limit provided for Nickel is a precautionary guideline as per Position Paper prepared by AIOH Exposure Standards Committee,
2016.

Australian Drinking Water Guidelines recommend that Thermotolerant Coliform, Faecal Enterococci, & E.Coli levels are less than
1cfu/100mL. The recommended maximums are taken from "Australian Drinking Water Guidelines", published by NHMRC & ARMC
2011.

Surrogates are known additions to each sample, blank, matrix spike and LCS in a batch, of compounds which
are similar to the analyte of interest, however are not expected to be found in real samples.

Surrogate Spike

This comprises either a standard reference material or a control matrix (such as a blank sand or water) fortified
with analytes representative of the analyte class. It is simply a check sample.

LCS (Laboratory
Control Sample)

A portion of the sample is spiked with a known concentration of target analyte. The purpose of the matrix spike
is to monitor the performance of the analytical method used and to determine whether matrix interferences
exist.

Matrix Spike

This is the complete duplicate analysis of a sample from the process batch. If possible, the sample selected
should be one where the analyte concentration is easily measurable.

Duplicate

This is the component of the analytical signal which is not derived from the sample but from reagents,
glassware etc, can be determined by processing solvents and reagents in exactly the same manner as for
samples.

Blank

Quality Control Definitions

Samples for Microbiological analysis (not Amoeba forms) received outside of the 2-8°C temperature range do not meet the ideal
cooling conditions as stated in AS2031-2012.

Measurement Uncertainty estimates are available for most tests upon request.

Where sampling dates are not provided, Envirolab are not in a position to comment on the validity of the analysis where
recommended technical holding times may have been breached.

When samples are received where certain analytes are outside of recommended technical holding times (THTs), the analysis has
proceeded. Where analytes are on the verge of breaching THTs, every effort will be made to analyse within the THT or as soon as
practicable.

In circumstances where no duplicate and/or sample spike has been reported at 1 in 10 and/or 1 in 20 samples respectively, the
sample volume submitted was insufficient in order to satisfy laboratory QA/QC protocols.

Matrix Spikes, LCS and Surrogate recoveries: Generally 70-130% for inorganics/metals (not SPOCAS); 60-140% for
organics/SPOCAS (+/-50% surrogates) and 10-140% for labile SVOCs (including labile surrogates), ultra trace organics and
speciated phenols is acceptable.

Duplicates: >10xPQL - RPD acceptance criteria will vary depending on the analytes and the analytical techniques but is typically in
the range 20%-50% – see ELN-P05 QA/QC tables for details; <10xPQL - RPD are higher as the results approach PQL and the
estimated measurement uncertainty will statistically increase.

For VOCs in water samples, three vials are required for duplicate or spike analysis.

Spikes for Physical and Aggregate Tests are not applicable.

Filters, swabs, wipes, tubes and badges will not have duplicate data as the whole sample is generally extracted during sample
extraction.

Duplicate sample and matrix spike recoveries may not be reported on smaller jobs, however, were analysed at a frequency to meet
or exceed NEPM requirements. All samples are tested in batches of 20. The duplicate sample RPD and matrix spike recoveries for
the batch were within the laboratory acceptance criteria.

Laboratory Acceptance Criteria
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Client Reference: MWES Consulting - ATLAS IMR42

Nitrate & Nitrite: Note raised PQL. Due to background TDS, samples required dilution prior to instrument analysis.

Report Comments
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GROUNDWATER CHEMISTRY COMPARED TO
AUSTRALIAN DRINKING WATER GUIDELINES (2021)

ADWG 2021 ‐ Health (mg/l) Limit 50 3 0.01 4 0.002 0.05 2 0.5 0.05 0.02 0.01

ADWG 2021 ‐ Health (mg/l) Half Limit Trigger 25 1.5 0.005 2 0.001 0.025 1 0.25 0.025 0.01 0.005

ADWG 2021 ‐ Aesthetic (mg/l) Limit <6.5 or >8.5 600 NL NL NL 180 250 NL NL NL 250 NL 200 NL NL NL 0.2 NL 1 0.3 0.1 3 0.5 0.5

Bore ID Date pH(lab) TDS Ca K Mg Na Cl
HCO3 

(CaCO3)
CO3 

(CaCO3)
OH 

(CaCO3)
SO4

Alkalinity 
(CaCO3)

Hardness
(CaCO3)

NO3 
(N)

NO2 
(N)

P S
Ion Balance 

(%)
Al As B Cd

Cr 
(Total)

Co Cu Fe Mn Mo Ni Pb Zn
Gross Alpha 

(Bq/L)
Gross Beta 
(Bq/L)

Rad‐226 Rad‐228

ATMB01d 17/12/2021 6.5 190 2.9 2.3 2.4 17 26 18 ‐5 ‐5 1 18 17 ‐0.05 ‐0.05 0.12 0.8 0.043 0.22 0.002 ‐0.02 ‐0.0001 0.001 0.005 0.003 0.66 0.014 ‐0.001 0.006 ‐0.001 0.01

ATMB01s 17/12/2021 7.2 15000 240 73 640 6300 6800 190 ‐5 ‐5 1300 190 3200 0.013 ‐0.005 ‐0.05 400 21 ‐0.01 0.002 0.25 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 0.02 0.03 0.002 0.002 ‐0.001 0.002

ATMB02d 17/12/2021 7.6 29000 480 59 1100 9900 13000 240 ‐5 ‐5 2100 240 5700 0.012 ‐0.005 ‐0.05 770 15 ‐0.01 ‐0.001 0.42 ‐0.0001 ‐0.001 0.002 ‐0.001 ‐0.01 0.59 ‐0.001 0.002 ‐0.001 0.003

ATMB02s 17/12/2021 7.8 22000 370 50 770 7700 10000 700 ‐5 ‐5 1100 700 4100 ‐0.05 ‐0.05 0.21 340 13 0.02 0.006 0.38 ‐0.0001 ‐0.001 0.001 ‐0.001 0.03 1.9 ‐0.001 0.002 ‐0.001 0.005

ATMB04d 17/12/2021 7.1 750 8.2 19 18 230 290 79 ‐5 ‐5 39 79 94 0.11 ‐0.005 ‐0.05 12 8.4 ‐0.01 ‐0.001 0.05 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 ‐0.01 0.03 ‐0.001 ‐0.001 ‐0.001 0.013 0.035 ‐0.064

ATMB04s 17/12/2021 7.0 1000 8.2 20 19 240 300 73 ‐5 ‐5 46 73 97 0.032 0.006 ‐0.05 16 9.1 ‐0.01 ‐0.001 0.05 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 ‐0.01 0.18 ‐0.001 ‐0.001 ‐0.001 ‐0.001

ATMB05d 16/12/2021 7.5 1800 89 12 68 410 540 190 ‐5 ‐5 270 190 500 0.024 ‐0.005 ‐0.05 87 6.4 0.01 0.003 ‐0.02 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 0.12 0.11 0.002 0.001 ‐0.001 0.002

ATMB06d 16/12/2021 7.1 620 23 6.0 27 140 240 120 ‐5 ‐5 24 120 170 0.019 ‐0.005 ‐0.05 7.2 0.09 ‐0.01 0.002 0.03 ‐0.0001 ‐0.001 0.001 ‐0.001 0.02 0.56 ‐0.001 ‐0.001 ‐0.001 ‐0.001

ATMB07d 15/12/2021 7.6 27000 730 83 1100 8400 11000 200 ‐5 ‐5 1900 200 6500 0.016 ‐0.005 ‐0.05 700 15 0.01 ‐0.001 0.3 0.0001 ‐0.001 ‐0.001 ‐0.001 ‐0.01 0.95 ‐0.001 0.01 ‐0.001 0.054

ATMB07s 15/12/2021 7.7 12000 320 52 450 3500 5200 260 ‐5 ‐5 820 260 2600 0.042 0.032 ‐0.05 290 10 ‐0.01 0.001 0.1 0.0001 ‐0.001 0.002 ‐0.001 0.01 0.37 ‐0.001 0.003 ‐0.001 0.002

ATMB08d 15/12/2021 7.2 1900 59 14 42 470 640 190 ‐5 ‐5 ‐2 190 320 ‐0.005 ‐0.005 ‐0.05 1.5 11 0.04 0.002 0.08 ‐0.0001 0.002 0.006 ‐0.001 10 0.37 0.003 0.007 ‐0.001 0.014 0.424 0.234

ATMB08s 15/12/2021 7.0 1200 14 5.4 20 280 320 140 ‐5 ‐5 30 140 120 0.04 ‐0.005 ‐0.05 12 8.1 0.02 ‐0.001 0.04 ‐0.0001 ‐0.001 ‐0.001 0.001 0.11 0.091 ‐0.001 0.007 ‐0.001 0.003

ATMB09d 15/12/2021 7.4 970 31 8.6 28 250 310 170 ‐5 ‐5 2 170 190 0.02 ‐0.005 ‐0.05 1.5 9.7 0.03 0.018 0.05 ‐0.0001 0.003 ‐0.001 ‐0.001 0.92 0.011 0.001 0.001 0.001 0.004 1.79 0.953

ATMB10d 16/12/2021 7.5 5700 120 40 120 1600 2300 300 ‐5 ‐5 41 300 810 0.009 ‐0.005 ‐0.05 16 8.8 0.02 0.001 0.52 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 0.19 0.076 ‐0.001 ‐0.001 ‐0.001 0.004

ATMB10s 16/12/2021 8.0 16000 170 54 450 6700 6900 510 ‐5 ‐5 770 510 2300 0.17 0.022 ‐0.05 230 21 ‐0.01 0.017 0.6 0.0001 ‐0.001 0.002 0.002 0.01 0.09 0.002 0.009 ‐0.001 0.002

ATMB11d 16/12/2021 6.9 1500 24 14 51 420 580 170 ‐5 ‐5 5 170 270 ‐0.005 ‐0.005 ‐0.05 1.6 9.4 ‐0.01 ‐0.001 0.08 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 0.29 0.21 ‐0.001 ‐0.001 ‐0.001 ‐0.001

ATMB11s 16/12/2021 5.7 3000 290 12 98 500 710 22 ‐5 ‐5 1300 22 1100 0.012 ‐0.005 ‐0.05 400 ‐4 0.34 0.072 0.05 ‐0.0001 ‐0.001 0.009 ‐0.001 58 0.099 ‐0.001 0.025 0.001 0.019

ATMB12d 16/12/2021 6.8 1600 25 8.0 37 270 360 160 ‐5 ‐5 ‐1 160 210 ‐0.005 ‐0.005 ‐0.05 1.3 10 0.01 0.004 0.04 ‐0.0001 0.001 0.001 ‐0.001 6.6 0.11 ‐0.001 0.001 ‐0.001 0.001 1.71 0.767

ATMB12s 16/12/2021 6.0 14000 870 26 790 2600 4500 44 ‐5 ‐5 3100 44 5400 ‐0.005 ‐0.005 ‐0.05 1100 6.9 0.2 0.007 0.08 0.0006 ‐0.001 0.01 ‐0.001 51 0.55 ‐0.001 0.023 0.002 0.1

ATMB13d 16/12/2021 7.4 1000 40 14 21 300 420 240 ‐5 ‐5 44 240 190 0.01 ‐0.005 ‐0.05 7.6 ‐1.2 0.05 ‐0.001 0.35 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 0.03 0.091 0.001 0.001 ‐0.001 0.001

ATMB13s 16/12/2021 6.2 6900 780 19 310 950 1400 78 ‐5 ‐5 3000 78 3200 ‐0.05 ‐0.05 ‐0.05 1000 0.28 0.12 ‐0.001 ‐0.02 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 88 0.71 ‐0.001 0.001 ‐0.001 0.026

ATMB14d 15/12/2021 7.4 1800 89 8.6 47 560 770 340 ‐5 ‐5 100 340 420 1.6 ‐0.005 ‐0.05 35 3.3 0.01 ‐0.001 ‐0.02 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 ‐0.01 ‐0.005 0.002 ‐0.001 ‐0.001 0.015

ATMB14s 15/12/2021 7.7 790 26 1.7 11 300 190 360 ‐5 ‐5 84 360 110 2 0.015 ‐0.05 26 3.6 ‐0.01 ‐0.001 0.06 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 ‐0.01 0.12 0.002 0.001 ‐0.001 0.001

ATMB15d 15/12/2021 7.6 420 43 5.9 8.4 110 110 270 ‐5 ‐5 5 270 140 0.008 ‐0.005 ‐0.05 2 ‐3.6 0.03 0.007 0.03 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 ‐0.01 0.044 ‐0.001 ‐0.001 ‐0.001 0.002

ATMB15s 15/12/2021 7.4 380 30 5.6 8.8 97 76 230 ‐5 ‐5 17 230 110 0.007 ‐0.005 ‐0.05 8.9 ‐3.1 ‐0.01 ‐0.001 0.03 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 0.03 0.023 0.001 ‐0.001 ‐0.001 ‐0.001

ATMB16d 15/12/2021 7.1 1400 40 8.1 46 390 550 170 ‐5 ‐5 5 170 290 0.006 ‐0.005 ‐0.05 2.6 9.9 ‐0.01 0.002 0.05 ‐0.0001 ‐0.001 0.047 ‐0.001 0.02 0.08 ‐0.001 0.04 ‐0.001 0.007

ATMB16s 15/12/2021 6.2 2700 150 10 130 630 820 29 ‐5 ‐5 980 29 900 ‐0.005 ‐0.005 ‐0.05 330 1.6 0.01 0.002 0.03 0.0002 ‐0.001 0.014 0.001 1.6 0.89 ‐0.001 0.027 ‐0.001 0.098

ATMB17d 15/12/2021 5.6 890 8.8 6.5 18 190 280 28 ‐5 ‐5 ‐1 28 97 ‐0.005 ‐0.005 ‐0.05 2.4 9.4 0.52 0.01 ‐0.02 ‐0.0001 0.024 ‐0.001 0.002 15 0.043 ‐0.001 0.002 0.005 0.057

ATMB17s 15/12/2021 5.7 1200 31 8.3 34 240 320 42 ‐5 ‐5 130 42 220 ‐0.005 ‐0.005 ‐0.05 39 8.8 1.4 0.003 ‐0.02 ‐0.0001 0.003 0.002 0.002 5.3 0.027 0.002 0.004 0.004 0.099

ATMB18d 15/12/2021 7.7 320 11 4.6 8.2 98 61 190 ‐5 ‐5 24 190 61 0.89 ‐0.005 ‐0.05 7.8 ‐2.9 0.02 0.002 0.04 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 ‐0.01 0.005 ‐0.001 0.001 ‐0.001 0.004

ATMB18s 15/12/2021 7.5 270 24 4.4 14 52 44 120 ‐5 ‐5 28 120 120 3.8 ‐0.005 ‐0.05 8.8 5.2 ‐0.01 ‐0.001 0.04 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 ‐0.01 ‐0.005 ‐0.001 ‐0.001 ‐0.001 0.004

ATOB01 17/12/2021 6.8 680 6.4 18 17 220 290 74 ‐5 ‐5 42 74 85 0.069 ‐0.005 ‐0.05 13 6 ‐0.01 ‐0.001 0.05 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 ‐0.01 0.18 ‐0.001 ‐0.001 ‐0.001 ‐0.001

ATOB02 15/12/2021 7.5 16000 400 65 590 4400 6100 230 ‐5 ‐5 1000 230 3400 0.16 ‐0.005 ‐0.05 310 14 ‐0.01 0.001 0.2 ‐0.0001 ‐0.001 0.001 ‐0.001 0.14 0.66 ‐0.001 0.001 ‐0.001 0.012

ATOB03 15/12/2021 5.9 980 25 6.8 34 220 310 43 ‐5 ‐5 110 43 200 ‐0.005 0.015 ‐0.05 32 7.2 0.04 0.003 0.02 ‐0.0001 0.001 0.002 ‐0.001 18 0.12 ‐0.001 0.001 ‐0.001 0.027

ATOB04 18/12/2021 6.2 850 18 6.6 17 190 280 56 ‐5 ‐5 3 56 110 0.008 0.022 ‐0.05 2.5 7.9 0.15 0.011 ‐0.02 ‐0.0001 0.029 0.004 ‐0.001 29 0.36 0.001 0.003 ‐0.001 0.018

ATOB05 18/12/2021 6.3 830 20 8.2 16 190 270 84 ‐5 ‐5 3 84 120 0.009 ‐0.005 ‐0.05 2.3 7.7 0.2 0.005 ‐0.02 ‐0.0001 0.017 0.003 ‐0.001 26 0.66 ‐0.001 0.002 0.001 0.007

ATPB01 17/12/2021 6.9 740 7 19 18 240 300 72 ‐5 ‐5 44 72 93 0.025 ‐0.005 ‐0.05 14 9.1 ‐0.01 ‐0.001 0.05 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 0.02 0.19 ‐0.001 ‐0.001 ‐0.001 0.002

ATPB02 15/12/2021 7.6 15000 400 63 590 4300 6000 240 ‐5 ‐5 1000 240 3400 0.065 ‐0.005 ‐0.05 310 14 ‐0.01 0.001 0.2 ‐0.0001 ‐0.001 0.002 ‐0.001 0.06 0.79 ‐0.001 0.001 ‐0.001 0.011 0.085 0.124

ATPB03 15/12/2021 6.8 640 42 6.0 23 120 160 82 ‐5 ‐5 140 82 200 ‐0.05 ‐0.05 ‐0.05 43 1.3 0.47 ‐0.001 ‐0.02 ‐0.0001 0.002 ‐0.001 ‐0.001 0.82 ‐0.005 ‐0.001 ‐0.001 ‐0.001 0.004 0.085 0.04

ATPB05 18/12/2021 5.8 730 7.6 9.6 15 150 250 37 ‐5 ‐5 ‐1 37 81 0.016 0.027 0.06 1 4 0.02 0.001 ‐0.02 ‐0.0001 0.02 ‐0.001 ‐0.001 39 0.16 ‐0.001 0.002 ‐0.001 0.17

BH3 (Cockham 01) 17/12/2021 7.4 1300 29 11 39 430 520 210 ‐5 ‐5 60 210 230 0.034 0.006 ‐0.05 19 8.5 ‐0.01 0.003 0.04 ‐0.0001 ‐0.001 ‐0.001 ‐0.001 0.02 0.026 0.002 0.007 ‐0.001 0.005 2.55 0.585

CS35D 16/12/2021 7.0 1600 43 11 55 430 560 250 ‐5 ‐5 14 250 330 0.018 0.013 ‐0.05 6.6 9.8 0.08 0.002 0.05 ‐0.0001 0.013 ‐0.001 0.003 3.6 0.099 ‐0.001 0.006 0.008 2.9

CS35S 16/12/2021 5.8 2400 160 11 110 390 290 32 ‐5 ‐5 1200 32 850 ‐0.005 ‐0.005 ‐0.05 400 0.48 0.57 0.002 ‐0.02 0.0003 0.005 ‐0.001 0.002 20 ‐0.005 ‐0.001 0.004 0.003 0.044

NL = No Limit within the Australian Drinking Water Guidelines (2021)



Atlas Mineral Sands Project – Infiltration Testing Report & MAR Application    Image Resources 

 

 

Appendix F: Progressive Drawdown Contours 

This appendix includes maps of the Atlas groundwater drawdown stages 1 through to 13. 
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