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Project No: REW001 Revision No: 1 

Project Name: Lake Disappointment Groundwater Review 

Subject: Groundwater Studies – Response to Regulatory Comments 

1 Introduction 
Reward Minerals Pty Ltd (RML) engaged SRK Consulting (Australasia) Pty Ltd (SRK) to conduct a 
review of the hydrogeological work completed to support its regulatory applications and to provide 
responses to enquiries from regulatory bodies.  This included a review of available studies completed 
for the Lake Disappointment Sulphate of Potash project (the Project), review of outstanding concerns 
raised by regulators and discussions with RML.  The objective of the exercise was to provide RML with 
an updated understanding of potential hydrogeological impacts of implementing the Project, and an 
assessment of the work completed to date.   

1.1 Project background 
RML is seeking to develop a large brine deposit hosted within the sediments of the Lake 
Disappointment playa.  As part of a Pre-Feasibility Study (PFS) for the Project, two bore fields – 
Northern and Cory – were identified for extraction of processing water.  RML has submitted 
applications to take water from the bore fields, with a proposed total licence for water extraction of 
3.5 GL/a; 2.0 GL/a from the Northern Bore Field, and 1.5 GL/a from the Cory Bore Field.   

Hydrogeological studies were completed in compliance with the Western Australia Department of 
Water, Environment and Regulation (DWER) requirements at the H2 level of investigation.  A limited 
amount of numerical groundwater modelling, typically required for an H3 level of investigation, was 
also completed for the Northern Bore Field (Strategic Water Management, 2017).  These previously 
completed studies demonstrated that the bore fields are capable of meeting the anticipated water 
demand for the Project; however, additional information/ clarification is required to address comments 
provided by the Environmental Protection Authority (EPA) on 23 March 2018. 

1.2 Regulatory response 
In response to the draft Environmental Reference Document (ERD) submitted by RML to the EPA in 
December 2017, several concerns expressed by regulators remain to be addressed, including: 

• Potential for groundwater extraction from the Northern Bore Field to affect water levels in superficial
formations, and cause harm to vegetation or fauna that rely on the vegetation

• Potential for groundwater extraction from the Northern Bore Field to reduce subsurface habitat
available to subterranean fauna

• Potential for groundwater extraction from the Cory Bore Field to reduce subsurface habitat available
to subterranean fauna

• Potential for groundwater extraction to impact Georgia Bore, located along the Canning Stock
Route approximately 18 km east of the Northern Bore Field.
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1.3 Available data and documents 
SRK considered the following reports as part of its review: 

• Cory Bore Field H2 assessment. Hydrogeological Assessment of the Impact of Process Water 
Abstraction from the Cory Bore Field – An H2 Level assessment for 1.5GL/year. Prepared by 
Strategic Water Management, September 2017. 

• Hydrogeological Assessment of the Impact of Process Water Abstraction from the Northern Bore 
Field – An H2 Level Assessment for 2 GL/year with a Numerical Model. Prepared by Strategic 
Water Management, June 2018. 

• Lake Disappointment groundwater-dependent vegetation spectral data analysis – NDVI, NDWI and 
ET calculations. Memo to Dan Tenardi & Lisa Chandler (Reward Minerals Pty Ltd) from Phil Whittle 
(Hydrobiology), August 2017. 

• Environmental Review Document for Lake Disappointment Potash Project. Prepared by Reward 
Minerals Pty Ltd, December 2017. 

• Additional information required for a permit/ licence under the Rights in Water and Irrigation Act 
1914. Letter to Mr Bob Kinnell (Reward Minerals Pty Ltd) from Gary Humphreys (DWER), October 
2017. 

• Draft Environmental Review document – Lake Disappointment Potash Project. Letter to Dr Michael 
Ruane (Reward Minerals Pty Ltd) from Peter Tapsell (DWER), March 2018. 

• Environmental Review Document comment table – Lake Disappointment. Prepared by RML, March 
2018. 

In addition to these reports, the conceptual understanding of the site was supported by review of 
available bore logs, water levels and water quality data from established monitoring bores. 

2 Conceptual Hydrogeology 
The conceptual hydrogeology of the area is well established and supported by good quality data as 
part of the H2 level investigations for the area.  The following four primary hydrostratigraphic units 
have been established for the Northern Bore Field area and are shown conceptually in Figure 2-1:  

• Layer 1 – a shallow, spatially limited alluvial aquifer associated with MacKay Creek (i.e. the MacKay 
Creek Alluvial System) 

• Layer 2 – a 50 m thick, extensive sequence of dense clay which forms an aquitard between the 
shallow and deeper aquifers 

• Layer 3 – an unconsolidated sand and gravel layer underlying the clay deposits, typically 25–30 m 
thick and of unknown lateral extent   

• Layer 4 – fractured bedrock. 
 

 
Figure 2-1: Conceptual hydrostratigraphy of the Northern Bore Field area 
Source:  Hydrogeological Assessment of the Impact of Process Water Abstraction from the Northern Bore Field H2 

Assessment 
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Note that in the Cory Bore Field area, layers 1, 2 and 3 are largely absent, with fractured bedrock 
exposed at surface or overlain by a thin layer of detrital material.  

Two key elements of the conceptual understanding of the hydrogeological regime of the area for 
addressing the identified concerns are: 

• the understanding of the MacKay Creek alluvial groundwater system (i.e. Layer 1) 
• the potential connection with the deeper groundwater system (i.e. Layer 3), proposed for extraction 

of process water.   

2.1 MacKay Creek alluvial groundwater system 
2.1.1 Hydrogeology 

Groundwater within the MacKay Creek alluvial system is hosted in sands and gravels associated with 
MacKay Creek.  Within the area of the Northern Bore Field, these alluvial materials are largely within 
a narrow band which corresponds to the channel of Mackay Creek itself.  The depth of the material is 
poorly constrained – with only two holes (LDCH1704 and P26), suggesting a total depth of less than 
10 m.  Recharge into the system is likely via direct infiltration of rainfall and from streamflow during 
episodic inundation of MacKay Creek.    

Due to the low aquifer thickness and high potential hydraulic gradient, groundwater flow within the 
MacKay Creek alluvial system is interpreted to be ephemeral in nature.  This is supported by a limited 
set of monitoring data as reported in the H2 report (Figure 15 in the H2 Report for the Northern Bore 
Field).  This interpretation is also supported by the lack of identified groundwater-dependent vegetation 
associated with the creek system (Hydrobiology, 2017).   

2.1.2 Connection with deeper aquifer system 
Review of bore hole logs for the Northern Bore Field area indicates that the MacKay Creek alluvial 
groundwater system is separated from the deeper aquifer system by a 50 m thick sequence of dense 
clays, interpreted as an aquitard.  This sequence of clays is interpreted to represent an effective 
aquitard, and a confining layer for the deeper, paleochannel fill sediments which form the lower aquifer.  
This interpretation is supported by the interpreted differences in salinity for the respective groundwater 
systems.  These range from 2,200 mg/L total dissolved solids (TDS) to 17,000 mg/L TDS in the lower 
aquifer, and from 350 mg/L TDS to 1,400 mg/L TDS in the shallow aquifer.   

Ongoing monitoring of the deeper system has also identified that salinity is stable prior to and after 
major inundation events in MacKay Creek, further supporting a lack of connection between the two 
systems.   

These data strongly support the existing conceptual understanding of the hydrogeology of the area, 
where the MacKay Creek alluvial system is interpreted as an ephemeral groundwater system and is 
hydraulically separated from the confined deeper aquifer by the clay aquitard.  In SRK’s opinion, it is 
highly unlikely that pumping from the deeper, confined aquifer will result in deleterious impacts on the 
shallow system. 

3 Groundwater impact assessment 
Outstanding concerns listed by the EPA include assessing the potential for groundwater extraction 
from the Northern and Cory Bore Fields to reduce subsurface habitat available to subterranean fauna. 
Assessing the potential for impacts from groundwater extraction is typically done by assessing 
drawdown for the proposed life of Project, which was not completed as part of the H2 level 
assessments for the bore fields.   

3.1 Drawdown estimates 
Drawdown estimates were developed by SRK for the Northern and Cory Bore Fields based on the 
hydraulic parameters developed from the pumping test program completed for the site.  
The parameters used for estimates of drawdown are provided in Table 3-1. 
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Table 3-1: Parameters used for drawdown estimate development 

Bore field 
Pumping rate Pumping 

duration (days) 
Aquifer 

thickness (m) 
Transmissivity 

(m2/day) Storage 
GL/a m3/day 

Northern  2 5476 10957.5 25 65 3.99 × 10-4 

Cory  1.5 4107 10957.5 100 200 5.00 × 10-4 

Drawdown estimates were developed using the Theis (1935) methodology, assuming pumping at 
maximum proposed licensed rates for the life of the Project (30 years), and assuming no recharge to 
the aquifer for the entire life of the Project.  The extents of the drawdowns are therefore highly 
conservative, and considered to be much larger than will be observed during operations.  Drawdown 
estimates are also developed assuming a homogeneous, isotropic aquifer with radial flow, and 
therefore do not account for the known anisotropy of the host aquifers or for any potential hydraulic 
barriers.  Results of the drawdown estimates are provided in Figure 3-1, Figure 3-2 and Figure 3-3.   

Northern Bore Field 

 

Cory Bore Field 

 

Figure 3-1: Distance-drawdown curves for the Northern and Cory Bore Fields 
Notes:  Drawdown based on 30 years of pumping, assuming no recharge to the aquifer. 
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The estimated drawdown curves for both bore fields indicate most of the impact will be restricted to 
the area near the bores.  Although estimates of drawdown extend for large distances, this is largely 
due to the exclusion of recharge from the calculations and is not considered reflective of expected 
conditions during operation of the bore fields.  Furthermore, it is unlikely that the respective bores will 
be pumped at maximum licensed amounts for the duration of the Project life.  Based on the developed 
drawdown estimates and the east–west trend of geological units in the area, interference between 
bore fields due to pumping is not anticipated. 

Recovery of water levels was not simulated as part of this study.  Based on the responses of bores to 
pumping and the known hydraulic parameters, it is anticipated that water levels would recover to 90% 
of original levels within 10 years of cessation of pumping. 

3.2 Impacts on subterranean fauna habitat 
To assess potential loss of stygofauna habitat, drawdown estimates must be compared with the 
saturated thickness of the host aquifer and the potential connectivity of the habitat with areas outside 
the drawdown extents.  Table 3-2 provides an assessment of potential impacts on subterranean fauna 
habitat based on the conceptual understanding of the aquifers and estimated drawdowns.  Aquifers 
are typically spatially limited to host geological units, which are provided in Figure 3-2 and Figure 3-3 
for the Northern and Cory Bore Fields, respectively.  The host aquifers for both bore fields extend well 
beyond the estimated drawdown extents.  Therefore, based on the regional extents of the host aquifers 
and the relatively low percentage of anticipated habitat loss, the impact of water extraction from the 
bore fields on subterranean fauna habitat is considered low.   

Table 3-2: Potential subterranean fauna habitat impacts for the Northern and Cory Bore 
Fields  

Bore field 
Aquifer 

thickness 
(m) 

Potential 
drawdown* 

(m) 

Potential 
habitat loss 
(percentage 
of aquifer 
thickness) 

Aquifer extent 
Impact on 

stygofauna 
habitat 

Northern  25 5 20% 
Regionally connected, aquifer 

extends outside area of 
influence 

Low 

Cory  100 2 2% 
Regionally connected, aquifer 

extends outside area of 
influence 

Low 

*The drawdown contour used for estimating impacts on the habitat. 
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3.3 Impacts on Georgia Bore 
Drawdowns were estimated at the Georgia bore located approximately 18.5 km and 17.5 km, 
respectively, from the Cory and Northern Bore Fields.  The drawdown estimates were completed using 
a highly conservative approach – assuming no recharge to the aquifer and with all bores pumping at 
maximum licensed rates for 30 years.  Results of that analysis indicate that drawdown at Georgia bore 
under these assumptions are less than 2 m.  Georgia bore is known to have approximately 14 m of 
available drawdown, and given the highly conservative nature of the drawdown calculations, SRK 
considers impacts on Georgia bore from operation of the Cory and Northern Bore Fields as proposed 
by RML, will be negligible.   

4 Conclusions 
Responses to comments made by regulators on the draft Lake Disappointment ERD, developed from 
review of existing information and new drawdown estimates for the bore fields, are provided in  
Table 4-1.  It is SRK’s opinion that the development of the bore fields will not result in any significant 
impacts on subterranean fauna or groundwater-dependent vegetation.   

Table 4-1: Outstanding concerns and responses 

Identified concern Response 
Potential for groundwater extraction from the 
Northern Bore Field to affect water levels in 
superficial formations and cause harm to 
vegetation or fauna that relies on the 
vegetation 

• Shallow system is likely ephemeral in nature; there is 
no evidence of groundwater-dependent vegetation in 
area of potential impact. 

• Review of bore hole logs, available monitoring data 
and water quality data support existing conceptual 
hydrogeological model interpretation of a lack of 
connection between the shallow and deeper system.   

• Unlikely to result in deleterious impacts on shallow 
groundwater system, groundwater-dependent 
vegetation or fauna.  

Potential for groundwater extraction from the 
Northern Bore Field to reduce subsurface 
habitat available to subterranean fauna 

• Based on the regional extents of the host aquifers and 
the relatively low percentage of anticipated habitat 
loss, the impact of water extraction from the bore fields 
on subterranean fauna habitat is considered low.   

Potential for groundwater extraction from the 
Cory Bore Field to reduce subsurface habitat 
available to subterranean fauna 

• Based on the regional extents of the host aquifers and 
the relatively low percentage of anticipated habitat 
loss, the impact of water extraction from the bore fields 
on subterranean fauna habitat is considered low.   

Potential for groundwater extraction to impact 
Georgia Bore, located along the Canning 
Stock Rout approximately 18 km east of the 
Northern Bore Field 

• Drawdown estimates completed using highly 
conservative assumptions indicate negligible impacts 
on Georgia bore. 

5 Recommendations 
SRK recommends the following: 

• Additional groundwater monitoring bores should be installed targeting the shallow MacKay Creek 
alluvial groundwater system prior to commissioning of the Northern Bore Field.  This will provide 
additional data to support the existing hydrogeological assessments and can be used to establish 
trigger levels and thresholds for incorporation into the groundwater licence operating strategy. 

• Additional groundwater monitoring bores should also be installed targeting the production aquifers 
for the Northern and Cory Bore Fields, located outside the development area, prior to 
commissioning of the bore fields.  This will provide additional data to support the existing 
hydrogeological assessments and can be used to establish trigger levels and thresholds for 
incorporation into the groundwater licence operating strategy. 

• Georgia Bore should be included into the proposed monitoring program, with water levels measured 
monthly and water quality samples taken annually. 

• Consideration should be given to shifting proposed production from the Northern to the Cory Bore 
Field due to the higher aquifer thickness and greater transmissivity of the Cory bores.  The Cory 
Bore Field will likely be more productive in the long term due to the higher estimated transmissivity, 
and the aquifer thickness will likely result in less relative loss of subterranean fauna habitat due to 
drawdown.    
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Project Number: REW001 
Memo Title: Groundwater Studies Regulatory Response 

Yours faithfully 

SRK Consulting (Australasia) Pty Ltd 
Signed by: Signed by: 

Brian Luinstra 
Principal Hydrogeologist 

Russell Staines 
Principal Geochemist 
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