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Introduction 
In response to hydrogeological queries (received 20/09/2017) raised by the Department of Mines, Industry 
Regulation and Safety (DMIRS) and the Department of Water, Environment and Regulation (DWER) on 
review of the Corunna Downs mining proposal, (Figure 1) Stantec was commissioned by Atlas Iron Limited 
(Atlas) to undertake additional hydrogeological investigations. 

In summary DMIRS and DWER were looking for the following additional hydrogeological information to 
support the assessment of impacts on groundwater dependent ecosystems (GDEs): 

a. Groundwater depth data inclusive of seasonal variation to allow robust assessment of spatial 
variation, particularly for the area occupied by the Razorback Pit. 

b. Accurate hydrogeological cross-section of the Razorback pit area, which clearly shows; the pit in 
relation to cave CO-CA-03 and pool CO-WS-14, groundwater levels at known points, projected 
groundwater table, and description of hydraulic barriers/conduits. 

c. Hydrological and hydrogeological context of the soak, including a discussion on the 
recharge/discharge nature of this zone. 

d. Revised drawdown predictions based on ‘life of mine’ at each of the GDEs, including all water 
sources/pools and the potential freshwater spring/soak. 

e. Discussion of all water sources/pools permanency and groundwater connectivity and an 
assessment of Project impacts using DWER’s Rapid Risk Assessment tool. 

f. Catchment analysis/conceptual model demonstrating the mechanisms and sources of water 
discharging into cave CO-CA-03 and pool CO-WS-14 and how the Project may impact these (e.g., 
how removal of the ridge - mining of Razorback Pit may reduce seepage/water levels). 

This document aims to address the above information request. 
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Figure 1: Project Location and Layout 
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A. Groundwater Depth Data 
This section provides a discussion of historical water level data and seasonal variation over the Project area  

A total of 42 monitoring bores and 414 Reverse Circulation (RC) geological exploration holes distributed 
across the Project area comprise the available depth to groundwater data (Figure A-1). 

Groundwater monitoring at the Project began in 2013 with monitoring of four exploration water supply 
bores (CRD0004, CRD0005, CRD0015, and CRD0024), four existing RC holes (CRD0017, CRD0018, CRD0022, 
and CRD0023) located between Shark Gully and Runway pits and with the installation of three monitoring 
bores (CRD0001, CRD0002 and CRD0003) located at the proposed Split Rock pit. A datalogger installed in 
monitoring bore CRD0003 in April 2014 has continuously recorded hourly water level data and provides the 
most detailed historical hydrograph in the pit areas of the Project (i.e., on the range). Additional 
monitoring bores were installed in 2015 at Split Rock and Shark Gully pits (CRD0031 and CRD0033) and on 
the east side of the deposits in the lower lying area of the proposed camp (CRD0027, CRD0071, and 
CRD0075). In 2017 several water supply bores were also installed and tested in the area of the proposed 
camp (CRD0082, and CRD0083). As of October 2017 a program of monthly or bi-monthly monitoring of 
selected bores provides continued tracking of depth to water across the Project area (subject to access).  

Downhole geophysical logging conducted during RC exploration drilling programs between 2013 and 2015 
includes resistivity logs that show depth to water. The distribution of RC geophysical logs is generally limited 
to the elevated areas of Banded Iron Formation (BIF) outcrop where prospective mineralisation occurs (i.e., 
on the range) and generally does not include the valleys and lower lying elevations or in non-iron ore 
prospective terrain. Camp water supply bores and regional monitoring locations help to define water 
levels in the lower lying areas of the Project where geophysical data is lacking. 

Data from downhole resistivity logs coupled with manually collected depth to water data from monitoring 
bores provides the most spatially complete water level dataset and was input into the groundwater model 
for calibration (See Section D and Appendix A). Output from the calibrated groundwater model (Figure 
A-3) represents the best understanding of regional baseline water level conditions over the Project area. 
Higher resolution depth to groundwater contour maps exist only in the vicinity of pit areas where data 
density is sufficient.  

Water table elevations between pit areas (i.e., on the range) vary by as much as 82 m and broadly mimic 
topography across the Project area. Water level elevations currently lie at approximately 352 metres 
Australian Height Datum (m AHD) at Split Rock, 339 m AHD at Razorback, 421 m AHD at Shark Gully and 
353 m AHD at Runway (Figure A-3). In this area depths to water range from 25 to over 60 metres below 
ground level (mbgl) whereas off the range water levels in the lower lying elevations (i.e., the proposed 
camp) range from 3 to 10 mbgl (Figure A-2 and Figure A-3).  

Since the establishment of baseline depth to water ongoing monitoring in available bores over the Project 
area shows groundwater recession occurring at varying rates across the pit areas, with the exception of 
Shark Gully (Figure A-3). Water levels in the northern most area of the Project at Runway show the greatest 
decline (1.6 m/year) while available data for Shark Gully indicates nil or only a slight decline in water levels 
over the same period. Shark Gully occurs at the highest elevation over the Project area and within a steep 
gully that drains to the west. Water levels at Shark Gully are relatively shallow when compared to the other 
pit areas suggesting it may be located within a perched or compartmentalised aquifer system. 

Apart from the differences in water table elevation between pit areas, the variance in rates of annual 
recession also appears to support the presence of a perched or compartmentalised aquifer system, as 
supported by the marked decline in water levels at Runway (1.6 m/year) and to a lesser extent at Split 
Rock and Razorback. Overall annual recession on the range averages 0.46 m/year.  
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Figure A-1 Bore Locations 

 

 



 

22 March 2018 │ Status: Final │ Project No.: 83503916 │ Our ref: GDE Rev1 Final Report 

Page 5 

As discussed earlier, water levels at Split Rock are the most well-documented in the area and include 
hourly datalogger data since April 2014 covering three periods of seasonal recharge. Analysis of manual 
and datalogger data at Split Rock shows that water level recession occurs at an annual rate of 0.37 
m/year (Figure A-4). Since monitoring began a total of 1.37 m of recession has occurred at Split Rock; less 
than but similar in magnitude, to overall recession at Runway pit (6.65 m). 

While water table elevations and rates of recession differ between pits, similarities in geology, structure, 
physiography and associated drainage characteristics, and observed seasonal fluctuations suggest that 
the mechanism for recharge and responses to seasonal events (i.e., seasonal variation in groundwater 
levels) may be similar across the range. Response to rainfall events (Marble Bar #004106) at Split Rock 
varies from nil to approximately 0.2 m (Figure A-4) whereas the average rainfall response at Shark Gully is 
0.42 m. While the density of data at Runway and Razorback precludes definitive resolution of seasonal 
fluctuation the similarities discussed above would suggest seasonal fluctuations in groundwater at these 
locations may be of a similar magnitude. 

Specifically, hydrographs in the Razorback pit area suggest recession occurring at a rate of 0.03 to 0.2 
m/year similar to the nearby Split Rock pit area. This similarity combined with its proximity to Split Rock and 
similar geology suggests that Razorback may experience similar responses to seasonal rainfall of 0.2 to 
0.4 m depending on rainfall duration and intensity. 

Observed seasonal variation and response to rainfall recharge is considerably less in the pit areas (i.e., on 
the range) than in the lower lying areas where depth to water is shallower. Near the proposed Camp area 
groundwater monitoring at bores CRD0027 and CRD0075 suggests seasonal variation may be up to 2 m in 
response to rainfall events (Figure A-5 and Figure A-6). Water levels at CRD0075 show a drawdown 
response from test pumping at CRD0083 whereas no response was observed at CRD0027 over the same 
period, associated with CRD0083 and CRD0075 lying on the opposite side of a fault contact to CRD0027 
(discussed further in Section C), which explains the variance in response to rainfall between these two 
bores.  
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Figure A-2: Baseline Water Table Levels 
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Figure A-3: Historical Water Level Hydrographs 
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Figure A-4: Water Level Recession and Seasonal Variation at Split Rock (2013 to 2018) 

 

 
Figure A-5: Water Level Recession and Seasonal Variation NE of Soak Fault Contact (2017 to 2018) 
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Figure A-6: Water Level Recession and Seasonal Variation West of Soak Fault Contact (2017 to 2018) 
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B. Hydrogeological Cross-section of Razorback Pit Area 
Conceptually, the hydrogeological setting for the region comprises predominantly fractured rock within a 
package of crystalline rocks that have been exposed to significant structural deformation and 
metamorphism. With the exception of weathered and mineralised zones, groundwater storage and 
transmission principally occurs in joints, fractures and other defects in the rock mass. The highly faulted 
nature of the fractured rock setting may hydraulically compartmentalise individual blocks of rock mass 
such that the phreatic surface (water table) may not form a continuum across geological boundaries. 

Figure B-1 presents a hydrogeological cross section of the Razorback Pit area, including the non-
permanent Pilbara Leaf-nosed Bat roost/cave CO-CA-03, and Pool CO-WS-14. The location of this cross 
section in plan view is provided on a local water table contour map of the Razorback Pit area (Figure B-2). 
Recent monitoring of available open RC holes (clear to the water table) in the Razorback pit area 
coupled with depth to water data from geophysical surveys enabled development of the local water 
table contours. Beneath Razorback Pit the water table gradient slopes gently to the east before 
intersecting a geological/fault contact.  

 
Figure B-1: Razorback water table and pit cross section West to East 
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Figure B-2: Razorback pit area water levels 

Cave and Pool Setting 

The non-permanent Pilbara Leaf-nosed Bat roost/cave CO-CA-03, and Pool CO-WS-14 are situated under 
a ledge (RL approximately 330 mAHD) at the confluence of two major drainage lines and a known fault or 
faults (Figure B-3). The pool RL is approximately 321 mAHD. Water has been observed flowing constantly 
over the ledge and so far (i.e. since observations have commenced) independent of season (i.e. persisting 
during the dry season, noting less than 0.8mm of rainfall was received at the nearest weather station in 
Marble Bar (004106) during this period (Figure B-3)).  

It is possible the cave has developed along zones of enhanced weathering associated with the fault/s NNE 
to SSW, although this has not been established. The cave is approximately 41 m long and forms a rising 
void up to a measured roof RL of 338.6 mAHD. The cave contains a seep, the presence of which has also 
been observed to be independent of seasonality (i.e. persisting during the dry season, noting less than 
0.8mm of rainfall was received at the nearest weather station in Marble Bar (004106) during this period), 
the top of which is believed to be at approximately 333.03 mAHD.  
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Figure B-3: Water over ledge into CO-WS-14 

 

Cave and Pool Water Levels 

The only possible sources of the water that is flowing over the ledge above the cave entrance and the 
pool are: 

 Discharge from perched or fully saturated fractured rock flow systems within the Cleaverville BIF or 
cherts, onto the surface and flowing down gradient over the ledge in the vicinity of the cave; and . 

 Surface water overland flow from recent rainfall.  

 

The water levels in the cave area (in Cleaverville Formation) appear to be structurally controlled, i.e. there 
are geological structures which provide storage and maintain groundwater levels within the BIF block, at a 
stable elevation of 338 to 339 m RL as indicated by exploration (RC) holes in the area of the proposed 
Razorback pit, directly to the west and south of the cave. This may be a combination of vertical and 
horizontal features which are responsible for compartmentalisation of groundwater in this area.  

These elevations hold even to the immediate south of the cave (a distance of less than 50 m) (Figure B-2).  
It is feasible that groundwater contained in the Cleaverville Formation (BIF) block to the west of the cave, 
discharges to the surface in areas where ground elevations are approximately 330 to 335 m RL (aligning 
with the elevation of the observed seepage), via structural pathways, before reaching  pool CO-WS-14).  

Pool CO-WS-14 has been observed to receive surface flow from upstream (i.e., over the ledge) 
independent of season and likely an expression of groundwater. This pool may also receive some seepage 
from the cave although this has not been observed. Contributions from surface flow generated from 
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rainfall events must also be recognised as a mechanism for periodic replenishment of water within the 
pool.  

Mining levels 

Mining in the area has currently been designed to remain above the watertable. The base of the open pit 
(345 m RL) will remain above the watertable at historically measured exploration bores (and as confirmed 
by recent dipping in November 2017), which is currently at an elevation of 338 to 339 m RL (Figure A-3). 
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C. Hydrogeological Context of the “Soak” 
The Soak is an intermittent spring (no observed flow to date) located on or adjacent to a fault line that 
forms the contact between the Mount Roe Basalt to the west and predominantly sedimentary rocks of the 
Hardey Formation to the east (Figures C1 and C2). The fault occurs near a break in topographic gradient. 
To the west of the fault, the Mount Roe Basalt comprises topographically higher ground while to the east of 
the fault lies the Hardey Formation on lower, more topographically subdued terrain (Figure C2). The higher 
ground to the west of the fault provides storage for infiltrating rainfall, in turn providing hydraulic head to 
drive groundwater flow towards discharge locations. 

Local groundwater gradients in the area of the soak slope west to east toward the Coongan River. 
Measured depths to groundwater in the area varies from 3 (CRD0075) to 10 m (CRD0027) below ground 
level with seasonal fluctuation of up to 2 m (observed) depending on location east or west of the fault 
contact, antecedent  ground saturation conditions, and duration and intensity of rainfall events (Figure A-5 
and Figure A-6). To the west side of the fault within the Mt Roe basalt, seasonal fluctuation and response to 
rainfall recharge (CRD0075) appears to be greater than occurs to the east side of the fault (CRD0027) over 
the same periods. Monitoring of these bores during a recent rainfall event (January 2018) showed a water 
level response in CRD0075 of approximately 1.9 m whereas CRD0027 responded by approximately 0.78 m 
(Figure A-5 and Figure A-6). This difference in observed water level response supports the presence of 
differing hydrogeological domains east and west of the fault contact, as does the apparent lack of 
response to test pumping at CRD0027 over the same period. 

Two separate hydrogeological processes could explain the presence of the soak. One possibility is that the 
faulted contact zone provides a permeability pathway within the overall fractured rock setting, 
discharging water at surface when groundwater levels rise high enough to intersect the surface or 
immediate subsurface (i.e. it is the easiest path for groundwater to discharge at the surface). Conversely, 
the fault may form the contact between rock masses of distinctly differing hydrogeological character, 
acting as a barrier between differing hydrogeological domains such that groundwater flow across the 
fault zone is impeded, so heads will increase on the western side of the fault until the groundwater 
discharges to the surface. Evidence collected to date including the differing water level elevations and 
apparent non-response to test pumping across the fault suggests that the fault zone acts as a barrier to 
flow. In either case the result is the same, with the soak acting as a discharge location for groundwater, as 
long as the water table elevation (or potentiometric head) is sufficient to intersect the ground surface. 

The soak area down topographic gradient and east of the fault, does not necessarily require saturated 
groundwater conditions below its footprint, to manifest as a zone of damp ground. Groundwater 
discharging across the fault may infiltrate unsaturated conditions on the eastern side of the fault, wetting 
up observed clay in the area, or it may effectively be semi-perched within the Hardey Formation domain. 
Groundwater discharging across the fault may occur in the sub-surface with moist surface conditions 
reflecting capillary action bringing the water closer to the surface. However, the concentration of patches 
of ground that appear to represent local “headwater” catchments for surface water drainage features in 
the immediate proximity of the soak, indicate that surface flow does occur at times (Figure C-3). 
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Figure C-1: Geological plan showing location of the “Soak” 
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Figure C-2: Geological cross section showing the location of the “Soak” 

 

 

 
Figure C-3: Soak location 
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D. Revised Drawdown Prediction 
The simple numerical model mentioned in Section A as being used to generate a baseline water table 
surface, was primarily constructed to allow assessment of drawdown impacts due to pumping 
groundwater for site water requirements.  The model was constructed in the numerical groundwater 
modelling code MODFLOW-2005 using the Upstream Weighting Package. The Groundwater Vistas 
graphical user interface (Version 6.96) was used to develop the model input files and process the model 
output. Technical details of the model are summarised in Appendix A. 

The Class 1 model (Australian groundwater modelling guidelines, 2012) was constructed to incorporate 
structural elements such as major faults and key geological formations, in recognition of the fractured rock 
nature of the groundwater environment in the project area. Compartmentalisation is common in 
structurally complex terrains so the model gave some flexibility in exploring the implications of structure on 
groundwater movement and drawdown. The model domain has dimensions of 39 km (north to south) by 
25.4 km (east to west), and has 3 layers with the top layer incorporating a digital terrain model of actual 
topography (Figure D-1). 

Key features of interest were incorporated into the model, such as abstraction bores and environmental 
features such as known rock pools and seepage locations (soaks). This was to allow assessment of the 
drawdown impacts that abstraction would have on these key features. 

Model zone hydraulic properties in the key areas of interest were based upon actual parameters 
determined from hydraulic testing carried out at production bores installed during groundwater 
exploration programs. The model was calibrated to the available groundwater level data set, by adjusting 
until a reasonable calibration was achieved (Appendix A). 

The best calibrated model was used to predict drawdown at the end of the life of the mine (LoM), 
equivalent to 2190 days of mining and associated groundwater abstraction whilst meeting the mine’s 
operational need for water over the LoM. Model parameters, including water abstraction locations and 
rates are detailed in Appendix A. 

Table D-1 lists the drawdown results at specified time steps for each of the key environmental features. The 
maximum predicted drawdown at the end of LOM is presented on Figure D1.  

While drawdown contours in the southern cluster (associated with water abstraction at CRD0074 and 
CRD0007) may be considered to be tentative given no test pumping has been conducted in this area, 
available information from testing in other areas and from exploration bores (including the nature of water 
level distribution) suggests that aquifer permeability may be low and/or the aquifer geometry may be 
affected by compartmentalisation, in support of model parameters.   

Future drilling and test pumping on the range will provide useful information to better understand the 
hydrogeological environment/connectivity in this area and can be used to revise this model and 
associated drawdown estimations at the key environmental features. 
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Table D-1:   Drawdown estimates for key environmental locations, at specified time steps 

Key Environmental 
Feature 

Drawdown estimations over the Life of Min (m) 

0.5 Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 

CO-WS-01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 
CO-WS-02 0.01 0.04 0.12 0.22 0.33 0.45 0.56 
CO-WS-03 0.91 1.34 1.79 2.01 2.15 2.24 2.30 

CO-WS-05* 0.69 1.25 2.07 2.63 3.02 3.31 3.52 

CO-WS-08* 0.75 1.27 2.01 2.51 2.86 3.12 3.31 

CO-WS-09* 0.01 0.02 0.04 0.07 0.09 0.10 0.11 
CO-WS-10 0.00 0.00 0.01 0.01 0.01 0.02 0.02 

CO-WS-11* 0.01 0.03 0.09 0.15 0.21 0.26 0.29 
CO-WS-12 0.00 0.01 0.02 0.03 0.03 0.04 0.05 

CO-WS-13* 0.91 1.48 2.30 2.85 3.24 3.52 3.73 

CO-WS-14* 0.02 0.04 0.06 0.07 0.08 0.09 0.10 
Soak (CRD-13-14) 2.17 2.59 2.93 3.12 3.23 3.32 3.43 

* Subject to further hydrogeological characterisation (i.e. drilling and test pumping of proposed water 
abstraction bores on the range. 
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Figure D-1: Drawdown estimate at end of the life of mine (LOM) 
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E. Pool Permanency, Groundwater Connectivity and 
DWER Rapid Risk Assessment 

This section assesses the Project’s water abstraction impacts on pools using the DWER Rapid Risk 
Assessment tool in consideration of their permanency and likely groundwater connectivity. 

A number of significant water sources (i.e., pools) were identified within and surrounding the Projects 
Development Envelope during a terrestrial vertebrate survey and defined as follows: 

 Semi-permanent water sources: bodies of water that were large or permanent enough to contain 
water for the majority of the year. 

 Permanent water sources: those that were distinctly ground-water fed, contained obligate 
phreatophyte vegetation (such as Melaleuca argentea) and/or aquatic vegetation (such as Typha 
domingensis), and usually consisted of flowing water that led to prominent water pools. 

A total of six semi-permanent water sources and five permanent water sources were recorded within the 
Study Area (Figure 1). To evaluate the groundwater dependency of these pools, along with their 
permanency the following investigations have been completed: 

 Surveying of all pools (excluding pool CO-WS-02) to allow a comparison of the Pool RL with the 
estimated watertable RL. Where Pool and estimated watertable RLs are separated by more than10 m 
this pool is unlikely to have any reliance on groundwater. Note that negative values for depth to the 
water table are model-derived from 100m by 100m model elements, but conceptually indicate the 
groundwater may discharge at these locations. 

 Recording of pool depths using staff gauges (where pool bottom/substrate does not preclude 
installation) and data loggers at pools CO-WS-01, CO-WS-08, CO-WS-10, CO-WS-11, CO-WS-12, CO-WS-
13, and CO-WS-14. Any pools previously presumed to be permanent/perennial which have been 
observed to be dry have been revised as semi-permanent/ephemeral.  

 Observation of any seepage (infers groundwater connectivity) and the nature of the pools (e.g., solid 
rock base and walls). 

 Hydrochemical sampling of pools and selected reference bores (including Stable isotopes O-18, D and 
Radioactive radon-222 (Rn-222) in October 2017). Laboratory certificates for the baseline water quality, 
hydrochemical and isotope analyses are provided in Appendix B and selected results are summarised 
in Table E-1. 
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Table E-1:   Selected hydrochemistry results 

Pool ID Survey 
Altitude 
(RL) 

Model 
Depth to 
Water 
Table (m) 

O-18 (‰ 
SMOW) 

D (‰ 
SMOW) 

Rn-222 
(Bq/L) 

TDS Cl 
(mg/L) 

Groundwater 
dependency 
based on 
hydrochemistry 

CO-WS-01 255.627 -4.8 -7.81 -52.2 0.17 210 31 Likely 

CO-WS-02 371.1 42.8 - - - - - Unlikely 

CO-WS-03 227.531 1.4 - - - 180 21 Unlikely (dry) 

CO-WS-05 313.184 48.9 -5.98 -42.5 6.27 690 120 Likely 
CO-WS-08 321.721 60.2 10.37 25.4 0.10 510 52 Unlikely 

CO-WS-09 344.725 11.3 - - - 2800 710 Unlikely (dry) 

CO-WS-10 297.225 -28.6 0.93 -15.7 0.11 400 160 Unlikely 

CO-WS-11 398.728 62.4 21.1 75.7 0.14 33 4 Unlikely 

CO-WS-12 373.970 40.4 -6.46 -46 1.09 100 21 Likely 
CO-WS-13 327.170 62.6 3.14 -5.3 0.01 550 65 Unlikely 

CO-WS-14 320.990 -1.5 -7.81 -42.5 0.09 210 32 Likely 
Groundwater 
control 
sample range 

-  -8.45 to    
-6.24 
(Av. -
7.77) 

-58.3 to    
-41.3 
(Av. -
51.74) 

MDA 
to 13.1 

36 to 
1800 

12 to 
500 
(Av. 
130) 

- 

Notes: 

 Blue shading indicates a possible groundwater signature, yellow shading indicates a possible rainfall/surface water 
signature and nil shading is inconclusive. 

 CO-WS-02 was not sampled as there is no longer safe access to this pool. 
 Pools CO-WS-03 and CO-WS-09 were dry at the time of hydrochemical and isotope sampling. 
 38 Groundwater samples were collected (See Appendix C). 
 Survey altitude recorded October-November 2017. 

 

Radon-222 measurements indicate possible groundwater signal in pools CO-WS-05 and CO-WS-12. All other 
pool samples show low Rn-222 values typical for surface water. Stable isotope data also suggests potential 
groundwater presence in pools CO-WS-05 and CO-WS-12, however stable isotope depletion typically 
found in groundwater was also recorded for pools CO-WS-14 and CO-WS-01. Continuing evaporation, 
typical for static surface water without continuous replenishment from groundwater would preferentially 
remove lighter isotopes, resulting in the presence of heavier signatures. 

Based on the above hydrochemical considerations only a subset of sampled pools appear to be actively 
connected to/maintained (i.e., replenished) by groundwater; CO-WS-01, CO-WS-5, CO-WS-12 and CO-WS-
14. However, in consideration of the additional investigations and field data a number of other pools (CO-
WS-08, CO-WS-09, CO-WS-10 and CO-WS-13) may also receive seasonal groundwater contributions as 
detailed in Table E2. 

Water level hydrographs from available pools (Figure E-1) suggest that pools CO-WS-08, CO-WS-10 and 
CO-WS-13 receive minimal contribution from groundwater (steep antecedent trend indicative of a 
dominant evaporative influence) whereas pools CO-WS-12 and CO-WS-14 show a more gradual decline in 
water level suggesting ongoing groundwater replenishment. All pools show the influence of rainfall runoff 
indicating surface water forms a significant component of pool water. 
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Figure E-1: Pool hydrographs 

 

Table E-2 also provides an assessment of each of the pools permanency and groundwater dependency 
based on all field investigation results and observations to date, along with a drawdown risk assessment for 
each of the pools in consideration of the drawdown estimations in Section D and based on the following 
rapid risk assessment methodology provided by DWER: 

 Low/acceptable risk: 

○ Change in pool depth <0.25m where permanence is maintained = acceptable risk. 
○ Change in pool depth >0.25m where permanence is maintained and deep (>1.25m) and shallow 

(>0.45m) pool habitat is retained. 

 Moderate risk (to water quality and habitat provision):  

○ Change in pool depth >0.25m where permanence is maintained, deep (>1.25m) habitat regime is not 
retained but shallow (>0.45m) pool habitat is retained. Should be managed with monitoring and 
management against site specific triggers. 

 High risk: 

○ Change in pool depth such that it is no longer permanent and/or deep and shallow habitat is not 
retained. 
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Table E-2:   Assessment of Pools Permanency, Groundwater Dependency and Drawdown Impacts 

Pool^        Assessment of Pool Permanency and Groundwater 
Dependency 

Estimated 
End of LOM 
Drawdown 

(m)~ 

Risk of Impact 
to Permanent 
Pool 

09-
12/10/17 

25/10/17  24/11/17  19‐

20/12/17 

6‐

8/03/18 

CO-WS-01  0.808  -  -  0.808 0.808 Perennial/Likely: 
Radon-222 data indicates possible rainfall/surface 
water signature, however stable isotopes (0-18 and D) 
suggest possible groundwater presence. Chemical (TDS 
and chloride) date was inconclusive. 

Likely presence of/reliance on groundwater is also 
supported by field observations (i.e., evidence of 
seepage and through flow on all monitoring events) 
and a comparison of the water sources Reference 
Level (RL) with the estimated water table RL (within 
10m). 

Note this pool has rock bottom and sides so was not 
possible to install staff gauge. At the time of sampling, 
seepage into the pool was very low (estimated at <0.5 
L/s) and is a possible cause for the contrary Radon level 
(i.e., Radon dissipates quickly once exposed to air 
suggesting the groundwater contribution to this pool 
may be seasonally variable). 

0.02  Low/ 
acceptable risk: 
change in pool 
depth <0.25 m. 

CO-WS-02  -  -  -  - - Ephemeral/Unlikely 
No field observations (including water sampling) could 
be made for this pool as there is no longer safe access, 
however based on a comparison of the water sources 
RL with the estimated water table RL (over 10m) it is 
unlikely to be a permanent/perennial pool as 
supported by Stantec’s original observations (pool 
located in sheltered gorge, has rock walls and bottom, 
no evidence of seepage and absence of groundwater 
dependent vegetation). 

0.56  Acceptable risk: 
non-permanent 
pool  



 

22 March 2018 │ Status: Final │ Project No.: 83503916 │ Our ref: GDE Rev1 Final Report 

Page 24 

Pool^        Assessment of Pool Permanency and Groundwater 
Dependency 

Estimated 
End of LOM 
Drawdown 

(m)~ 

Risk of Impact 
to Permanent 
Pool 

09-
12/10/17 

25/10/17  24/11/17  19‐

20/12/17 

6‐

8/03/18 

CO-WS-03  Dry  -  -  - - Ephemeral /Unlikely. 
This pool was dry at time of sampling for radon and 
stable isotope testing. While a comparison of the water 
sources RL with the estimated water table RL (within 
10m) indicates the potential for this pool to have some 
groundwater contribution, field observations (i.e., no 
observed seepage, rock bottom and sides, pool dry in 
October) suggest this pool is semi-permanent and not 
reliant on groundwater. 

Chemical (TDS and chloride) date was inconclusive. 

2.3  Acceptable risk: 
non-permanent 
pool 

CO-WS-05  0.211  -  0.211  Very little 
water 
present, 
receded 
below 
staff 
gauge 

Pools 
appeared 
larger in 
extent 
than Dec 
2017, 
however 
still below 
staff 
gauge 

Perennial/ Likely 
While a comparison of the water sources RL with the 
estimated water table RL (>10m) suggests the pool is 
not groundwater fed, radon-222 and stable isotope (0-
18 and D) data both indicate probable groundwater 
signature and is supported by field observations (i.e., 
observed seepage and constant water level between 
October and November).  

Chemical (TDS and chloride) data was inconclusive. 

3.52   

High risk: 
Change in pool 
depth so that it 
is no longer 
permanent 

CO-WS-08  0.915  0.907  Dry  Dry 1.45 Ephemeral/ Potential seasonal contribution 
Radon-222 and stable isotope (0-18 and D) data are 
more typical of surface water and I supported by a 
comparison of the water sources RL with the estimated 
water table RL (over 10m).  While the TDS and chloride 
data was inconclusive, field observations (i.e., observed 
seepage) suggests there may be seasonal 
groundwater contribution to this pool. 

3.31  Acceptable risk: 
non-permanent 
pool 
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Pool^        Assessment of Pool Permanency and Groundwater 
Dependency 

Estimated 
End of LOM 
Drawdown 

(m)~ 

Risk of Impact 
to Permanent 
Pool 

09-
12/10/17 

25/10/17  24/11/17  19‐

20/12/17 

6‐

8/03/18 

CO-WS-09  Dry  -  -  - - Ephemeral/ Potential seasonal contribution 
This pool was dry at time of sampling for radon 222 and 
stable isotope testing. While the chemical (evapo-
concentrated TDS and chloride) data and comparison 
of the water sources RL with the estimated water table 
RL (over 10m) suggests the pool may not have any 
groundwater reliance, field observations (i.e., no 
observed seepage, pool dry in October, rock bottom 
and sides), suggest there may be seasonal 
groundwater contribution to the pool. 

0.11  Acceptable risk: 
non-permanent 
pool 

CO-WS-10  -  1.100  0.770  0.500 1.170 Perennial/ Potential seasonal contribution 
While a comparison of the water sources RL with the 
estimated water table RL (within 10m) indicates the 
potential for this pool to have some groundwater 
reliance, radon-222 and stable isotope (0-18 and D) 
data are more typical of surface water and supported 
by field observations (e.g., no observed seepage). This 
pool has rock bottom and sides and is well sheltered 
which is believed to be contributing to the persistence 
of this pool well into the dry season. 

Chemical (TDS and chloride) date was inconclusive. 

0.02  Acceptable risk: 
pool is not 
groundwater 
dependent and 
change in pool 
depth <0.25 m 

CO-WS-11  0.731  -  -  Very little 
water 
present, 
receded 
below 
staff 
gauge 

Water 
level over 
staff 
gauge 

Perennial /Unlikely 
Comparison of the water sources RL with the estimated 
water table RL (over 10m), field observations (i.e., no 
observed seepage,) and radon-222, stable isotope (0-
18 and D) and chemical (TDS and chloride) data 
indicates a clear rainwater signature. 

0.29  Acceptable risk: 
pool is not 
groundwater 
dependent 
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Pool^        Assessment of Pool Permanency and Groundwater 
Dependency 

Estimated 
End of LOM 
Drawdown 

(m)~ 

Risk of Impact 
to Permanent 
Pool 

09-
12/10/17 

25/10/17  24/11/17  19‐

20/12/17 

6‐

8/03/18 

CO-WS-12  0.670  0.576  0.454  0.375 0.662 Perennial/Likely 
While a comparison of the water sources RL with the 
estimated water table RL (>10m) suggests the pool is 
not groundwater fed, Radon-222 and stable isotope (0-
18 and D) data indicates probable groundwater 
signature and is supported by field observations (i.e., 
observed seepage). 

Chemical (TDS and chloride) date was inconclusive. 

0.05  Low/ 
acceptable risk: 
change in pool 
depth <0.25 m. 

CO-WS-13  0.502  0.400  Dry  Dry 0.850 Ephemeral/ Potential seasonal contribution 
While radon-222 and stable isotope (0-18 and D) data 
are typical of surface water, and a comparison of the 
water sources RL with the estimated water table RL is 
greater than 10m.  Field observations (i.e., observed 
seepage) suggest there may be seasonal groundwater 
contribution to this pool. 

Chemical (TDS and chloride) date was inconclusive. 

3.73  Acceptable risk: 
non-permanent 
pool 

CO-WS-14  0.900  0.942  0.889  0.898 0.890 Perennial/Likely 
Stable isotope (0-18 and D) data indicates probable 
groundwater signature, supported by field observations 
(i.e., observed seepage) and a comparison of the 
water sources RL with the estimated water table RL 
(within 10m). However, radon-222 data indicates 
possible rainfall/surface water signature, this result is 
likely to be associated with its exposure to air (at which 
point it dissipates quickly), given its seeping from 
upstream of the pool. 

Chemical (TDS and chloride) date was inconclusive. 

0.10  Low/ 
acceptable risk: 
change in pool 
depth <0.25 m. 

Note: 
^ Photos of each of the pools provided in Appendix D.  
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* Logger data has been used to more accurately define water levels/pool depths for Pools CO-WS-08, CO-WS-10, CO-WS-12, CO-WS-13, CO-WS-14. Loggers installed at pools CO-WS-
01 and CO-WS-11 have not yet been retrieved/ downloaded due to access issues.  All other recorded pool depths are based on staff gauge observations.  

` Pool CO-WS-02 has not been visited since it was first identified during the Stantec terrestrial vertebrate fauna survey (March 2014) as there is no longer safe access. 
~ End of Life of Mine (LOM) drawdown as defined in Section D. 
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With the exception of Pool CO-WS-05, impacts to all other pools from drawdown associated with the 
proposed water abstraction activities are anticipated to be acceptable.  Given pool CO-WS-05 
permanency and reliance on groundwater and based on an observed pool depth of 0.211m (recorded 
between October-November 2017), this pools permanency is anticipated to be impacted over the entire 
LoM (i.e. drawdown is predicted to be 0.69 m at 0.5 years and increase to 3.52 m by the End of LOM, as 
documented in Section D). While the permanency of this pool will be impacted by water abstraction, this 
pool is likely to persist as a semi-permanent pool associated with seasonal rainfall and runoff contributions. 
The model demonstrates that it will take approximately 11.6 years or 4227 days after the completion of 
water abstraction activities, before saturated water table groundwater discharge is reinstated at this pool 
(Figure E-2). 

 

 

Figure E-2: Recovery curve at Pool CO-WS-05 
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F. Catchment Analysis/ Impact Assessment of Cave 
CO-CA-03 and Pool CO-WS-14 

Cave CO-CA-03 (the cave) has been identified as a non-permanent breeding roost for the Pilbara Leaf-
nosed Bat (i.e., evidence of usage during some part of the 9 month breeding cycle, but not occupied 
year-round), and is considered critical habitat essential for both the daily and long-term survival of the 
species (DEE, 20171). This species requires a stable, warm and humid microclimate for diurnal roosting 
because of its poor ability to maintain heat and water balance. While field observations have recorded 
what appears to be a permanent seep within the back chamber of this cave, it has not been found to 
maintain the necessary humid microclimate to support this species as a permanent diurnal roost (e.g., 52-
56 % relative humidity was recorded on 23 November 2017). Pool CO-WS-14 (the pool) is located outside 
the entrance to this cave and as discussed in Section (B) is likely to be a permanent groundwater fed pool, 
providing an important habitat/resource for fauna in the area, and may contribute to the value of this 
cave to the Pilbara Leaf-nosed Bat (e.g., support cave humidity and/or attract prey). 

This section addresses the Projects potential hydrological/hydrogeological impacts on this cave and pool. 
Specifically, this section examines the potential impacts from mining at Razorback and subsequent 
catchment modification to the local surface water runoff regime, aquifer recharge, local water table 
elevations, groundwater seepage into the cave and pool depth and seasonality. 

The Razorback Pit is currently projected to be mined above the watertable with the final pit base elevation 
at 345 m RL. Key elevations for the cave and pool elements have recently been established as follows: 

 Base of pit floor: 345 m RL 
 Back of cave: 338.6 m RL 
 Seepage point in cave: 333.0 m RL 
 Cave entrance: 322.5 m RL 
 Pool water level surface: 321.0 m RL 
 Pool base at measuring point: 320.1 m RL 

These elevation readings indicate the base of the pit floor is approximately 12 m above the seepage point 
within the cave, 24.9 m above the base of the pool (where measured), and 24 m above the pool level at 
the time of measurement.  

The cave likely receives recharge from the water table and from seepage in the unsaturated zone. While 
the local water table elevation may lie at approximately 333 mAHD in the vicinity of the seep, it has not 
been established whether the seepage face within the cave represents saturated or unsaturated flow 
within a preferential flow pathway within the fractured rock setting. If the flow is reflecting saturated 
groundwater conditions, the groundwater level (or potentiometric head) must be above the elevation of 
the seepage face. If the seepage is from unsaturated conditions, then the elevation of the seepage point 
in the cave is not coupled to local groundwater levels. Similar water table elevations as measured in 
nearby RC exploration holes and continued observed seepage throughout the dry season (i.e. August to 
November 2017) suggest that groundwater is likely to contribute to the observed seepage. Nonetheless, 
unsaturated flow from above the water table likely forms an additional component to this seepage. 

Investigations to date suggest that three separate processes may contribute to sustaining water levels 
within the pool; unsaturated flow, water table seepage, and direct surface water runoff from rainfall 
events. The pool is located in close proximity to the cave entrance and similar to cave seepage, water has 
been seen to be flowing over the rocks above the entrance to the cave, and into the pool throughout the 
dry season (i.e. August to November, 2017) (refer toFigure F-1and Figure F-2). This flow must emanate from 
a spring above the level of the cave entrance. Similar to the seepage observed in the cave, discharge to 
the surface creek line above the pool may result from a combination of groundwater discharge and 
unsaturated flow (as supported by hydrochemistry discussed in Section E), however, will also intermittently 
receive direct rainfall and associated runoff.  The amount of flow has been observed to vary between site 



 

22 March 2018 │ Status: Final │ Project No.: 83503916 │ Our ref: GDE Rev1 Final Report 

Page 30 

visits and likely reflects differing antecedent rainfall conditions that would have recharged both the 
saturated and unsaturated fractured rock settings. 

The water level in the pool may represent groundwater levels locally, or it may represent a perched 
surface water system that is sustained by seepage as observed in Figures F1 and F2.  In the latter case, 
when the source of groundwater seepage becomes depleted and seepage ceases, inputs into the pool 
will cease and levels will fall in response to seepage into the unsaturated rocks below, and 
evapotranspiration. Over the course of observations at the pool (October 2017 until March 2018) water 
levels dropped by approximately 0.01 m in line with observed recession occurring within the water table 
(Figure A-3 and Figure E-1).  

Water level monitoring infrastructure has been installed at the pool and collection of time series data is 
ongoing. 

 

Figure F-1: Cave CO-CA-03 surroundings facing away from the cave entrance. Note seepage and 
associated staining and possible precipitation or algal growth in the currently damp flow pathways. 
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Figure F-2: Rock ledge above pool CO-WS-14 and cave CO-CA-03 facing downgradient (east). Note water 
flowing over the rock surface and mineral accumulation (encrustation) around old water levels on the rock 
platform. 

 

Loss of Catchment and change in groundwater recharge regime due 
to Mining Razorback Pit 

The cave is situated at the intersection of two surface water drainages, draining a total catchment area of 
approximately 77 ha (Figure F3). Mining at Razorback will primarily impact the smaller of the two 
catchments (i.e., remove approximately 14 ha) southwest of the cave.  The larger surface drainage 
feature drains approximately 82% of the total catchment area (approximately 63 ha), to the north of the 
cave. This larger sub catchment will largely remain unimpacted by mining of the Razorback Pit. Given the 
small volume of water required to fill the pool to overflowing, a catchment loss of 18% is considered 
negligible. 

Surface drainage features often function as areas of focused recharge as they concentrate the surface 
runoff which is then available to infiltrate to the subsurface and reach the watertable, particularly after 
major rain events. Removing or redirecting a part of a drainage line may in theory reduce its potential to 
recharge groundwater as the water flows away from the area of interest. However, it is understood that 
the current mine plan does not include active redirection of surface water around the proposed pit (Figure 
F-4), and surface water will be allowed to drain into the pit (with the exception that safety bunds and 
windrows constructed around mine pits may inadvertently trap/collect smaller volumes of surface water 
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runoff within the catchment and/or re-direct these flows around the edge of the pit). This will have two 
primary effects: 

 All surface water in the sub catchment to the southwest of the cave and up gradient of the pit, will 
drain into the pit where it will pool and evaporate and/or infiltrate, enhancing the period of time the 
surface water has to infiltrate locally as it is not capable of draining out of the catchment to infiltrate 
(or evaporate) elsewhere.  

 The water quality in the in-pit pool, while transient, will likely increase in TDS due to evaporative 
concentration (the degree to which will be dependent on the rate of infiltration), thus potentially 
lowering the quality of the water infiltrating to the water table. 

Increased infiltration due to in-pit drainage is likely to cause an increase in groundwater levels locally; this is 
likely to be a transient phenomenon after high rainfall events that could support water seepage into the 
cave and pool.   

If groundwater quality locally experiences an increase in TDS due to evaporative effects on water ponded 
in the pit, this may increase the salinity of groundwater seeping into the cave and pool.  
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Figure F-3: Cave Catchment Drainage Pattern 
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Figure F-4: Razorback pit footprint and sub catchment that will drain into the pit 
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Appendix A Numerical Model Description 
 



Model Setup 

Modelling Software and Interface 
The numerical groundwater modelling code MODFLOW-2005 using the Upstream Weighting Package 
(UPW) was used to develop the groundwater flow model for Corunna Downs. The Groundwater 
Vistas graphical user interface (Version 6.96) was used to develop the model input files and process 
the model output. 

Model Extent and Grid 
The model domain has dimensions of 39km (north to south) by 25.4km (east to west), with corner 
coordinates specified in Table 1 

Table 1: Model Extent - Corner Coordinates 

Model Corner Easting(m) Northing(m) 
North-East 790138 7656963 
North-West 764738 7656963 
South-West 764738 7617963 
South-East 790138 7617963 
 

The model grid consists of 3 layers, and 254 columns and has a uniform cell size of 100 by 100m. 
The model and all associated data have been plotted using the GDA 1994 MGA zone 50 coordinate 
system. 

Model Layer Geometry 
The elevation of the top of the uppermost layer, Layer 1, is equal to the ground surface elevation. A 
summary of model layers is presented in Table 2 

Table 2: Model Layer Description 

Model Layer Thickness (m) Description 
1 2 - 220 Top is ground surface 
2 3 Constant 3m thickness 
3 80 - 211 Average thickness 113m 
 

Groundwater Inflow and Outflow 

Groundwater Throughflow 
The general direction of groundwater flow in the model is from south to north. Groundwater 
throughflow occurs through three boundaries. Groundwater flows into the model through a constant 
head boundary in Layer 3 on the southern boundary of the model, representing inflow from fractured 
bedrock. Groundwater inflow also occurs through a general head boundary along the southeastern 
boundary in Layer 1 of the model, representing inflow from the alluvium of the Coongan River. 
Groundwater outflow occurs through a drain boundary on the northern model boundary in Layer 2. 

Rainfall Recharge 
Apart from groundwater inflow from upstream catchments, all other inflow to the groundwater model is 
from rainfall recharge. There are two zones of recharge in the model: one covering the area of the 
Cleaverville Formation and the other covering the remaining model area. Recharge to the Cleaverville 



Formation is 9.86x10-5 m/d and recharge to the rest of the model area is 4.93x10-5 m/d. The recharge 
rate is constant throughout the entire simulation period. 

Evapotranspiration 
Evapotranspiration (ET) is simulated everywhere in the model with a maximum ET rate of 0.005 m/d 
and an extinction depth of 5m. The ET surface is set equal to the ground surface. The ET setup is the 
same for the entire simulation period. 

Model Calibration 
A steady state approach to model calibration was adopted due to a lack of long-term water level 
monitoring data. The steady state calibration provides a distribution of water levels that reflects the 
groundwater system prior to any development. The model was calibrated manually, by adjusting the 
hydraulic conductivity and storage parameters to find a best match between the observed and 
simulated values. A scatterplot of the modelled versus observed values is presented in Figure 1. 

 

The scaled root mean square (SRMS) is 15.4% and the residual mean is 12.2m.  

The calibrated steady state water levels were used as the initial conditions for the prediction model. 

Calibrated aquifer parameters are presented in Table 3. 

Table 3:Calibrated Aquifer Parameters 

Zone Kh (m/d) Kz (m/d) Ss Sy 
1 1 0.01 0.00001 .02 
2 1 0.0001 0.00001 .02 
3 1 0.01 0.00001 .02 
4 0.0001 0.00005 0.00001 .02 
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5 0.01 0.001 0.00001 .02 
 

Water Balance 
 The calibrated steady state water balance is presented in Table 4. The water balance indicates that 
inflows and outflows are dominated by recharge and evapotranspiration. Evapotranspiration accounts 
for more than 99% of the outflows from groundwater and recharge for more than 99% of the inflows. 

Table 4: Calibrated Steady State Water Balance 

Water Balance Component Groundwater Inflow (kL/d) Groundwater Outflow (kL/d) 
General Head Boundary 290 0 
Drain 0 142 
Constant Head Boundary 10 0 
Recharge 39,502 0 
Evapotranspiration 0 39,659 
 

Pumping Prediction 
The LOM pumping prediction was implemented using the MNW1 (Multi-Node Well) package. A 
minimum pumping water level constraint was applied to the pumped wells. If the modelled water level 
in the casing of a pumped well reaches the minimum level, the pumping rate will be reduced so that 
the water does not drop below that level. Pumping rates for the LOM prediction are presented in 
Table 5.  

Table 5: Pumping Rates for Life of Mine 

Pumping Bore Specified Rate Modelled Rate 
 (m3/d) 

 
litres/sec 
 

(m3/d) 
 

litres/sec 
 

CRD71 691.2  8.0  691.2  8.0 

CRD74 432  5.0  432  5.0 

CRD82 432  5.0  432  5.0 

CRD83 561.6  6.5  562  6.5 

CRD84 259.2  3.0  259  3.0 

CRD85 259.2  3.0  259  3.0 

CRD71 691.2  8.0  691.2  8.0 

Total Pumping  2635.2  30.5  2635.2  30.5 
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Isotope Tracing in Natural Systems

Stable Isotope Analysis Report

Client Details
Company Name: Atlas Iron Limited

Address: PO Box 7071, Cloisters Square PO, WA 6850

Contact Name: David Nyquest

Tel: 0427545278

Email: David.Nyquest@atlasiron.com.au
Portal No. N10899

Sample Details
Number: 12

Material: Groundwater

Sample Tracking

LIMS Batch Number: 2017/0305O

Registration Date: 26-Oct-2017

Analysis Details

Isotope(s) : δ 2H

δ18/16O
Method(s): δ

2
H by CRDS

δ
18/16

O by CRDS

Name: Barbora Gallagher

Signature:

Date: 22-Nov-2017
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Analysis of δ2H and δ18O 
  
This report contains determinations of relative difference of isotope ratios, δ, of (18O/16O) 
and (2H/1H), herein referred to as δ18/16O and δ2H respectively. The values will be 
reported as parts per thousand (‰ or per mil). 
  
Samples were analysed using an established Picarro Cavity Ring-Down Spectroscopy 
(CRDS) method. 
 
In brief, water samples are introduced into the septum port of the Picarro vaporizer with 
a PAL Autosampler, 1.85 µL of water is injected into the vaporizer at 110ºC where it is 
vaporized. The gas species are then introduced into the optical cavity which contains 3 
reflective mirrors. A beam from a laser diode enters the cavity. When the photon 
detector reaches it's threshold, the laser beam is turned off. The light within the cavity 
continues to bounce off the mirrors until it decays ("rings down") to zero. The gas 
molecules in the cavity inhibit the laser beam from bouncing off the mirrors, therefore 
decreasing the amount of time the light in the cavity takes to decays. The CRDS 
measures this "ring-down" and calculates the concentration of the absorbing 
substances in the gas mixture in the cavity. Samples and standards are analysed 7 
times with the first 2 injections rejected. 
  
The data will be reported relative to VSMOW on scales normalized such that δ18/16O 
and δ2H values of SLAP are –55.5 and –428 ‰ relative to VSMOW, i.e.: 
 
 
 
 
 
 
 
 
 
 
 
where the P represents the specimen having it’s delta value(s) determined. 
 
Results are accurate to +/- 1 permil for δ2H and +/- 0.15 permil for δ18/16O. 
 
 
Picarro 2011, Picarro Inc., Santa Clara, California, viewed 5 September 2011, 
http://www.picarro.com/technology/what_is_crds  
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Result Uncertainty Result Uncertainty

δ
2
H VSMOW (‰) δ

2
H VSMOW  (‰) δ

18/16
O VSMOW 

(‰)

δ
18/16

O VSMOW 

(‰)
2017/0305O-1 CO-WS-05 at 9:20am 1 -42.5 1.0 -5.98 0.15 BG17NOV02

2017/0305O-2 CO-WS-08 at 08:30am 2 25.4 1.0 10.37 0.15 BG17NOV02

2017/0305O-3 CO-WS-10 at 10:00am 3 -15.7 1.0 0.93 0.15 BG17NOV02

2017/0305O-4 CO-WS-11 at 12:13am 4 75.7 1.0 21.10 0.15 BG17NOV02

2017/0305O-5 CO-WS-12 at 11:25am 5 -46.0 1.0 -6.46 0.15 BG17NOV02

2017/0305O-6 CO-WS-13 at 9:45am 6 -5.3 1.0 3.14 0.15 BG17NOV02

2017/0305O-6(2) CO-WS-13 at 9:45am 6 -5.7 1.0 3.11 0.15 BG17NOV02

2017/0305O-7(2) CO-WS-14 at 10:45am 7 -52.1 1.0 -7.51 0.15 BG17NOV20

2017/0305O-8 CO-WS-01 8 -52.2 1.0 -7.81 0.15 BG17NOV02

2017/0305O-9 CRD0003 9 -58.3 1.0 -8.74 0.15 BG17NOV02

2017/0305O-10 CRD0004 10 -41.3 1.0 -6.24 0.15 BG17NOV02

2017/0305O-11 CRD0024 (Indiana) 11 -55.3 1.0 -8.45 0.15 BG17NOV02

2017/0305O-12 CRD0071 12 -51.8 1.0 -7.68 0.15 BG17NOV02

2017/0305O-12(2) CRD0071 12 -52.0 1.0 -7.75 0.15 BG17NOV02

The following Standard Reference Materials (SRM) were used for data normalisation in this report

SRM Lot #

δ2H V-SMOW 

(‰)

δ18/16O V-SMOW 

(‰)

AILS-006 33.2 ± 1.1 7.60 ± 0.08 AILS are ANSTO Isotope Laboratory Standards, 

AILS-008 -173.1 ± 0.7 -22.12 ± 0.07 standardised against VSMOW2-SLAP2

PAGE 3 OF 4

Hydrogen Data Oxygen Data

LIMS Number Client Identification
Sample 

No.
Sample Comments



QC CHECKS

Result S.D. Result S.D.
δ

2
H VSMOW (‰) δ

2
H VSMOW  (‰) δ

18/16
O VSMOW 

(‰)

δ
18/16

O VSMOW 

(‰)

-52.3 0.9 -6.36 0.07
BG17NOV02 n=14 -51.6 0.4 -6.37 0.09

BG17NOV20 n=10 -51.6 0.4 -6.35 0.07

-51.6 0.01 -6.36 0.01

-0.7 -0.01

-79.4 0.7 -12.20 0.07
BG17NOV02 n=42 -78.6 0.4 -12.06 0.10

BG17NOV20 n=25 -79.0 0.5 -12.10 0.15

-78.8 0.3 -12.08 0.02

-0.6 -0.12
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Average

Diff from Actual

Diff from Actual

CERTIFIED VALUES for AILS-005

Average

SRM

CERTIFIED VALUES for AILS-007
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Samples Received: 12 

Registration Date: 26-Oct-2017 

Report Date: 22-Nov-2017 

Logged By: Kellie-Anne Farrawell 

Funds Type: Commercial 

Supervising Analyst: Robert Chisari 

  

  

 

 

 

 

 

 

 

Signature:                                     Date  22-Nov-2017 

                                   Robert Chisari 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

2 of  4  

 

 

 

 

 

 

 

 

 

 

Sample Identification 
 
 

LIMS  ID Client  Identification Sample  Description 

2017/0305-1 CO-WS-05 Ground water 

2017/0305-2 CO-WS-08 Ground water 

2017/0305-3 CO-WS-10 Ground water 

2017/0305-4 CO-WS-11 Ground water 

2017/0305-5 CO-WS-12 Ground water 

2017/0305-6 CO-WS-13 Ground water 

2017/0305-7 CO-WS-14 Ground water 

2017/0305-8 CO-WS-01 Ground water 

2017/0305-9 CRD0003 Ground water 

2017/0305-10 CRD0004 Ground water 

2017/0305-11 CRD0024 (Indian) Ground water 

2017/0305-12 CRD0071 Ground water 
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Radon-222 Concentration at Time of Collection 

 

Client Identification 
Sample 

No. 

Date Sample 

Collected 

Radon 

Activity 
Uncertainty1 MDA2 

         Bq/L Bq/L Bq/L 

CO-WS-05 1 25/10/2017 6.27 0.33 0.17 

CO-WS-08 2 25/10/2017 0.10 ^ 0.07 0.17 

CO-WS-10 3 25/10/2017 0.11 ^ 0.07 0.17 

CO-WS-11 4 25/10/2017 0.14 ^ 0.07 0.17 

CO-WS-12 5 25/10/2017 1.09 0.14 0.17 

CO-WS-13 6 25/10/2017 0.01 ^ 0.05 0.17 

CO-WS-14 7 25/10/2017 0.09 ^ 0.06 0.17 

CO-WS-01 8 26/10/2017 0.17 0.07 0.17 

CRD0003 9 26/10/2017 1.79 0.18 0.17 

CRD0004 10 26/10/2017 0.01 ^ 0.05 0.17 

CRD0024 (Indiana) 11 26/10/2017 0.23 0.08 0.17 

CRD0071 12 26/10/2017 13.1 0.7 0.17 

 

Notes: 

1.  Values reported are combined standard uncertainty, calculated to 1 sigma. A Coverage factor, k, of 2 

may be used to calculate Expanded Uncertainty to 95% confidence.  

2.  The MDA (Minimum Detectable Activity) is calculated to 95% confidence.  

^  This result is below the minimum detectable activity (MDA), therefore has an unacceptable level of 

uncertainty 
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Appendix C Groundwater Chemistry Master Sheet 
 



Sample ID Analyte pH EC TDS TSS Fluoride Nitrate Nitrite NOx Calcium Potassium Magnesium Sodium Silica Bicarbonate HCO3 Carbonate CO32 Total Alkalinity Chloride Sulphate Ionic Balance Hardness
Type grav as N  as N  as N Dissolved Dissolved Dissolved Dissolved  as CaCO3  as CaCO3 as CaCO3 as SO4  as CaCO3
Units pH Units µS/cm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L % mg/L
PQL 1 5 5 0.1 0.005 0.005 0.005 0.5 0.5 0.5 0.5 0.2 5 5 5 1 1 3

Sample ID Date Sampled pH EC TDS TSS Fluoride Nitrate Nitrite NOx Calcium Potassium Magnesium Sodium Silica Bicarbonate HCO3Carbonate CO32 Total Alkalinity Chloride Sulphate Ionic Balance Hardness
CO-WS-01 24/07/2017 7.9 350 210 <5 0.2 0.022 <0.005 0.022 12 1.3 26 23 16 130 <5 130 31 17 -0.11 130
CO-WS-03 24/07/2017 6.4 300 180 <5 0.1 <0.005 <0.005 <0.005 23 5.3 12 9.4 14 9 <5 9 21 91 -0.14 110
CO-WS-05 25/07/2017 8.1 1300 690 <5 0.4 0.066 <0.005 0.066 57 4.5 96 110 42 570 <5 570 120 21 0.56 540
CO-WS-09 25/07/2017 8.3 4000 2800 <5 0.9 0.008 <0.005 0.008 100 12 290 390 27 420 13 430 710 830 -0.32 1400
CO-WS-11 25/07/2017 6.7 55 33 <5 0.1 0.35 <0.005 0.35 1.6 2.6 1 1.4 4.7 11 <5 11 4 2 -11 8
CO-WS-13 25/07/2017 8.2 1000 550 <5 0.3 <0.005 <0.005 <0.005 59 1.8 75 76 61 500 <5 500 65 14 1.7 450
CO-WS-14 2/08/2017 8 320 190 <5 0.3 <0.005 <0.005 <0.005 12 1 22 21 87 <5 87 32 29 0.83 3.31
CO-WS-08 21/08/2017 8.3 1000 510 <5 0.1 <0.005 <0.005 <0.005 38 1.8 68 64 440 9 450 52 14 -1.5 370
CO-WS-14 21/08/2017 7.7 350 210 <5 0.3 0.032 <0.005 0.032 12 1.7 20 21 93 <5 93 33 30 -2.8 110
CO-WS-12 21/08/2017 7.3 170 100 <5 0.2 0.011 <0.005 0.011 3.5 <0.5 8.9 14 51 <5 51 21 1 -2.9 45
CDRC0334 30/04/2014 6.8 420 310 0.1 10 2.2 16 43 20 140 <5 110 40 21
CRD0003 29/04/2014 7.1 560 360 0.2 23 4.1 30 34 17 150 <5 120 63 70
CRD0005 29/04/2014 7.5 800 470 0.3 56 1.8 30 33 27 430 <5 360 46 15
CRD0016 30/04/2014 7.8 1300 710 0.5 65 2.2 61 69 55 560 <5 460 150 25
CRD0026 13/12/2016 7.7 670 400 200 0.4 1.3 <0.005 1.3 70 0.5 20 62 29 310 <5 310 35 15 1.9 260
CRD0027 30/11/2015 8.2 950 550 31000 0.9 0.22 1.12 58 15 33 93 420 <1 340 98 48 -2.6
CRD0028 1/12/2015 8.2 740 430 40 <0.05 <0.05 <0.05 59 1.5 28 51 360 <1 300 46 47 -4.3
CRD0028 7/08/2016 7.9 720 430 250 0.3 0.25 <0.005 0.25 65 1.1 33 63 30 320 <5 320 45 38 1.6 300
CRD0031 30/11/2015 7 240 180 23000 <0.05 <0.05 <0.05 1.2 0.6 2.1 6.8 12 <1 10 19 73
CRD0033 31/10/2015 7.8 400 280 37000 <0.05 <0.05 <0.05 30 4.2 30 39 78 <1 64 34 89
CRD0034 23/11/2016 7.8 1200 650 130 0.6 1.2 <0.005 1.2 57 2.3 53 130 42 390 <5 390 150 62 -2 12.8
CRD0035 23/11/2016 7.9 950 570 930 0.2 0.29 <0.005 0.29 46 3.2 41 100 31 290 <5 290 100 89 -1.3 10.2
CRD0036 23/11/2016 7.9 880 530 13000 0.2 0.05 <0.005 0.051 44 6.7 33 86 21 260 <5 260 110 36 -1.1 8.82
CRD0038 10/04/2017 8 700 420 2400 0.1 1.2 <0.005 1.2 34 1.5 52 43 53 350 <5 350 19 7 1.2 300
CRD0044 11/04/2017 8.4 2700 1500 780 1.4 1.2 <0.005 1.2 18 1 23 570 50 650 22 670 400 99 1.4 140
CRD0045 13/04/2017 8.1 970 580 1300 0.7 1.5 0.017 1.5 41 0.5 28 120 390 <5 390 77 25 -5.9 220
CRD0045 13/04/2017 8.1 970 580 0.7 400 <5 400 77 25
CRD0046 3/11/2015 7.4 400 290 2500 <0.05 <0.05 <0.05 24 3.3 19 22 24 <1 19 32 120
CRD0048 9/12/2016 8 1600 800 180 0.4 0.26 <0.005 0.26 63 5.4 97 140 46 480 <5 480 200 77 1.1 560
CRD0050 12/12/2016 8.1 820 490 <5 0.2 0.024 <0.005 0.026 66 1.9 36 70 45 310 <5 310 73 40 1.2 310
CRD0058 12/04/2017 8.3 3000 1600 950 1.8 1.5 <0.005 1.5 23 1.9 32 610 50 690 7 700 460 130 1.5 190
CRD0062 23/11/2016 7.8 1200 630 350 0.2 0.88 0.033 0.92 65 1.5 48 110 36 300 <5 300 170 83 -1.1 12.2
CRD0064 23/11/2016 7.9 1200 620 1100 0.7 0.66 <0.005 0.66 41 2.7 38 150 37 340 <5 340 170 50 -2.1 12
CRD0066 23/11/2016 8 1100 640 7500 0.5 0.43 <0.005 0.43 40 6 39 140 34 290 <5 290 160 72 -1.5 11.5
CRD0071 6/08/2016 8 560 330 <5 0.2 0.18 0.015 0.19 69 1.3 33 63 27 320 <5 320 47 39 1.7 310
CRD0071 2/09/2016 7 690 420 <5 0.2 0.022 <0.005 0.023 62 1.2 26 52 320 <5 320 45 40 -5.9 260
CRD0071 5/09/2016 7 760 460 <5 0.3 0.75 0.011 0.76 70 0.7 25 55 350 <5 350 46 32 -5.7 280
CRD0073 11/12/2016 8 1400 750 19 0.4 0.74 <0.005 0.74 64 5.3 93 110 48 470 <5 470 170 61 1.1 540
CRD0082 16/04/2017 8 850 510 <5 0.2 <0.005 <0.005 <0.005 56 1.8 31 63 310 <5 310 72 44 -5.9 270
CRD0082 29/06/2017 7.1 840 510 <5 0.3 <0.5 <0.5 0.007 61 1.6 31 66 41 330 <5 330 71 42 -5.2 280
CRD0082 2/07/2017 7 950 570 <5 0.4 <0.5 <0.5 0.086 66 1.3 32 72 36 340 <5 340 95 49 -6.9 300
CRD0083 24/04/2017 7.7 690 410 <5 0.4 1.1 <0.005 1.1 56 0.5 17 52 300 <5 300 37 19 -6.9 210
CRD0083 6/07/2017 7 790 480 <5 0.4 4.6 <0.5 0.98 79 0.5 19 56 28 360 <5 360 40 22 -5 270
CRD0083 9/07/2017 7 770 460 <5 0.4 0.82 0.017 0.83 88 0.5 22 61 31 350 <5 350 42 22 1.1 310
CRD0084 26/04/2017 7.9 1300 660 <5 0.3 1.4 0.008 1.4 63 1 44 110 310 <5 310 180 91 -6.2 340
CRD0084 12/07/2017 7.2 1300 800 <5 0.3 1.4 0.019 1.4 89 1.2 52 130 41 350 <5 350 190 91 1.5 440
CRD0084 15/07/2017 7.2 1500 930 <5 0.4 1.7 0.008 1.8 97 1.1 57 160 43 360 <5 360 220 120 1.4 480
CRD0085 30/04/2017 8 1400 720 21 0.7 0.81 0.008 0.82 58 2.5 43 160 390 <5 390 200 56 -3.4 320
CRD0085 17/07/2017 7.2 1400 820 <5 0.6 1.1 <0.005 1.1 61 2.5 47 200 44 460 <5 460 180 51 1.2 350
CRD0085 17/07/2017 820 <5 0.6 1.1 <0.005 1.1 180 50
CRD0085 20/07/2017 7.2 1400 830 <5 0.6 1.1 <0.005 1.1 62 2.6 47 190 44 460 <5 460 180 49 0.41 350
CRD0086 4/05/2017 8.1 2900 1700 200 2 <0.005 <0.005 <0.005 21 1.5 27 480 700 <5 700 480 140 -11 160
CRD0086 24/07/2017 7.5 2900 1700 <5 1.6 1.1 0.022 1.1 22 1.4 35 630 48 690 <5 690 480 130 2.1 200
CRD0086 27/07/2017 7.5 3000 1800 <5 1.6 1.4 <0.005 1.4 22 1.3 35 630 51 700 <5 700 500 130 1.2 200
CRD0087 7/05/2017 8 900 540 <5 0.7 1.2 <0.005 1.2 49 0.5 26 100 390 <5 390 60 20 -4 230
CRD0087 29/07/2017 7.2 1100 650 <5 0.6 1.3 <0.005 1.3 64 0.5 35 120 44 440 <5 440 84 25 -0.64 310
CRD0087 1/08/2017 7.3 1100 650 <5 0.6 1.2 <0.005 1.2 67 0.5 37 120 44 440 <5 440 84 24 0.089 320
Rainfall 1.2 0.4 0.6 1.4 0.9 4 3.8

Chemistry Master Sheet - Reduced, No Metals
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Appendix D Pool Photographs 
 

 

 



PHOTOS 
Permanent Pools 
 
Pool CO-WS-01 (October 2017 and March 2018) 

    
 
Pool CO-WS-05 (December 2017 and March 2018) 

       
  



Pool CO-WS-10 (December 2017 and March 2018) 

   
 
Pool CO-WS-11 (October 2017 and March 2018) 

    
 
  



Pool CO-WS-12 (October 2017 and March 2018) 

   
 
Pool CO-WS-14 (December 2017 and March 2018) 

    



Semi-permanent Pools 
Pool CO-WS-02 (Source: Stantec 2018, photo taken March 2014) 

 
 
Pool CO-WS-03 (August 2017- dry) 

 
 
  



Pool CO-WS-08 (August 2017 and November 2017- dry) 

    
 
Pool CO-WS-09 (October 2017 - dry) 

  
 
  



Pool CO-WS-13 (November 2017- dry and March 2018) 

       
 
 



 

 

 

 

 

 

 

 

 

 

Perth 
41 Bishop Street,  

JOLIMONT, WA 6014 
Tel  +61 (08) 9388 8799 

 

 

Please visit www.stantec.com to learn more about how 
Stantec design with community in mind.  

 




