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Executive Summary 

Talison Lithium Pty Ltd (Talison) intends to construct Tailings Storage Facility No. 4 (TSF4) to facilitate ongoing 
operation of their Greenbushes Mine in Western Australia.  GHD Pty Ltd (GHD) was appointed by Talison to 
investigate, model and assess potential seepage from TSF4 to address the various conditions and requests for 
information arising from the respective Mining Proposal and Works Approval.  A key focus of the study was to 
further develop the conceptual hydrogeological model of the mine site in the vicinity of TSF4 to better understand 
the potential seepage pathways for migration of the Contaminants of Potential Concern (CoPC) to the 
downgradient receptors and endpoints. 

This report details the interpreted conceptual hydrogeological model through the collation of drilling, hydraulic and 
monitoring data, and information, to present the continuity of aquifers and clays across the site as well as 
groundwater flow directions and groundwater discharge locations and surface water flows. 

Physical Setting 

The hydrogeological profile in area where TSF4 is to be constructed comprises: 

– A discontinuous surface layer of sands and lesser lateritic/ferricrete loams, ~1 m to ~3 m thick.  Within the 
footprint of the footprint of the TSF4, the sands have been excavated and removed, but remain in areas 
outside the TSF4 footprint. 

– Low permeability saprolitic clays (highly oxidised bedrock) with an average thickness of ~20 m and which are 
deemed as continuous beneath the TSF4 footprint and the wider mine-site area, underlain by; 

– A low/moderate permeability “saprock” transitional zone of weathered bedrock of ~2 m to ~4 m thickness, 
underlain by; 

– Very low permeability fresh bedrock (not oxidised). 

Talison drilled approximately 400 sterilisation boreholes within and adjacent to the TSF4 footprint to the bedrock to 
confirm that there is no lithium bearing ore underlying this future facility.  It is understood that the boreholes were 
subsequently backfilled with the cuttings from the drill holes (the influence of the holes was assessed via 
groundwater modelling (see the following discussion under heading TSF4 seepage migration and discharge).  

Groundwater Levels and Migration Direction 

The groundwater levels within the saprolitic profile below the TSF4 area are on average ~7 m below ground level. 
Where sands remain (i.e., outside the TSF4 footprint), shallow perched groundwater levels may prevail following 
winter rains. 

Groundwater flow directions indicate that any TSF4 derived seepage which migrates through the engineered clay 
liner beneath the TSF footprint into the underlying hydrogeological profile should migrate in two directions, 
primarily southwards into the Woljenup catchment (~80% of the seepage), with lesser flow towards the northwest 
and into the Cowan Brook Dam catchment (~20% of the seepage). 

The observed groundwater levels indicate that a downwards hydraulic head potential (up to 10 m) exists over the 
natural topographically elevated areas on the western flank of the TSF4 footprint.  The elevated hydraulic head 
potential should promote groundwater migration into the deeper geological profile and migration towards the 
remaining central and eastern areas of the TSF4 footprint where relatively neutral potential hydraulic head is 
indicated.  Importantly, an upwards hydraulic head potential is indicated ~750 m to the south of the toe of the 
TSF4, where artesian flow is observed in nested monitoring bores. 

TSF4 Seepage Migration and Discharge 

Impacted seepage which migrates through the engineered clay liner will seep into the underlying saprolitic profile.  
The presence of backfilled sterilisation boreholes beneath TSF4 (approximately 400 holes) potentially provides a 
preferential pathway for a TSF4 derived seepage, to migrate through the saprolitic clays into the underlying 
saprock layer.  The local-scale flow and transport modelling indicates that the small increases in metal 
concentrations will be transmitted by a small increase in flow (2.5% of TSF4 seepage captured and transmitted by 
borehole), and consequently the increase in mass and flux of metals into the aquifer is considered negligible.   
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Calculated groundwater velocities indicate that the groundwater flow will move slowly through the saprolitic clays 
(0.5 m/year), slightly quicker in the underlying saprock horizon (3 m/year), with low groundwater velocities inferred 
to flow through the bedrock (0.02 to 0.4 m/year). 

Where seepage migrates through the saprolitic clays, the long residence time provides the opportunity for 
attenuation of metals derived from TSF4 seepage, through adsorption and ion-exchange reactions prior to 
groundwater discharge.  Where seepage migrates through the saprock, the shorter residence times, and lower 
clay component indicates the unit will have less opportunity to attenuate metals. 

The southerly groundwater flow path (80% of flow beneath TSF4 footprint) indicates that any TSF4 seepage 
impacts, will migrate for a distance of ~750 m downgradient of TSF4, where the observed artesian groundwater 
levels (MB23, S,I, D) support that groundwater and any seepage impacts that are not attenuated along the 
groundwater flow path, may discharge into the receiving environment of the Woljenup Creek line. 

The north-westerly groundwater flow path (20% of flow beneath TSF4 footprint) indicates that any TSF4 seepage 
impacts will migrate for a distance of 100 to 200 m downgradient of TSF4, where the any seepage impacts that are 
not attenuated along the groundwater flow path, may discharge into the drainage line associated with Tin Shed 
Dam (upper catchment of the Cowan Brook dam). 

Baseline Groundwater Monitoring (ongoing) 

The laboratory analysis of groundwater samples from five monitoring bores in and around the TFS4 footprint 
indicates that metal concentrations were identified in two of the monitoring locations that were relatively elevated 
(e.g., arsenic, ~0.04 mg/L, and lithium, up to ~ 2 mg/L).  These two bore locations are remote from any influence of 
mining impacts and given that the bores exhibit a water quality signature differing from the mine-seepage impacts 
(major-ion signature), the elevated metal concentrations are considered to reflect the background groundwater 
quality associated with the mineralised geological setting.  These background metal concentrations will be 
considered in context with the TSF4 Human Health and Environmental Risk Assessment.  

Qualifications 

This report is subject to, and must be read in conjunction with, the limitations, assumptions and qualifications 
contained throughout this report. 
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Figure 1: Reporting Structure for TSF4 Seepage Assessment 

 

1.2 Overview of TSF4 
TSF4 will be constructed immediately south of, and adjacent to the existing TSF1, and will use part of the TSF1 
south wall as containment.  The general location and layout of the mine site and TSF4 is depicted in Figure 2 
along with the surface water drainage lines.  The downstream waterways that will receive discharge from TSF4 are 
Woljenup Creek and the Blackwood River, also depicted in Figure 2. 

The design of TSF4 prepared by GHD (2021) specifies that, during operation, decant waters/seepage waters 
derived from TSF4 tailings will be directed by internal and external drainage lines to sumps for recirculation back 
into the water circuit (e.g.: Clear Water Dam).  Collection and storage of seepage will continue following closure of 
the facility until such time that the quality and quantity are suitable for discharge to the downstream receiving 
environments. 

1.3 Purpose and Objectives 
The aims of preparing the conceptual hydrogeological model are to: 

– Provide a basis from which to define and characterise the human health and environmental risks from water 
quality impacts derived from any seepage from TSF4. 

– Directly satisfy the Condition F (i) of W6618-2021-1 for TSF4, which requires the model to be updated to 
reflect the permeability testing that was undertaken on the saprolitic profile beneath TSF4. 

– Directly satisfy the Condition F (ii) of W6618-2021-1 for TSF4, which requires the model to confirm the 
permeability, lateral continuity and expected seepage and migration rates from TSF4. 

– Indirectly satisfy one of the recommended further conditions in MP102901 (Schedule 2) pertaining to the 
hydrological and hydrogeological assessments to confirm there will be no significant reduction in the quantity 
of water recharge to the various stock water dams downgradient of TSF4, the numerical models for which will 
be based on the conceptual model. 
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1.4 Scope of Work 
The conceptual hydrogeological model documented in this report describes the hydrogeological setting and 
expected seepage from TSF4, the subsurface migration of this seepage (pathways) and the potential discharge 
location of any seepage impacted water to the downgradient environment (receptors).  

The conceptual model has been derived from the collation and interpretation of the following information and data: 

– Borehole and drilling records, to show geology including thickness of shallow sands, saprolitic clays, depth to 
bedrock and continuity and extent of geological layers (plans and cross sections). 

– Hydraulic test results from bore holes / geotechnical investigations, to present permeability of 
geological/hydrogeological units (saprolitic clays), spatially and vertically (plans and cross sections). 

– Groundwater and surface water quality monitoring results, to assess baseline water quality conditions. 
– Groundwater level information, to infer groundwater and seepage flow directions, upward-downward hydraulic 

head potential, and seepage rates, based on permeability information. 

1.5 Limitations 
This report has been prepared by GHD for Talison and may only be used and relied on by Talison for the purpose 
agreed between GHD and Talison as set out in Section 1.3 of this report. 

GHD otherwise disclaims responsibility to any person other than Talison arising in connection with this report. 
GHD also excludes implied warranties and conditions, to the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed 
in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered and 
information reviewed at the date of preparation of the report.  GHD has no responsibility or obligation to update 
this report to account for events or changes occurring subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD 
described throughout this report.  GHD disclaims liability arising from any of the assumptions being incorrect. 
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2 Mine Site Hydrological Setting 

The mine site and operations are located on a north to north-west trending ridge, with surface water flow and 
tributaries discharging to the east, west and southerly directions, where the eventual receiving environment is 
identified as the Blackwood River (see Figure 2).  The TSF4 Study Area is located to the south of the current 
mining operations, where surface water and topography flows in the southerly direction into Woljenup Creek. 

The site wide and regional groundwater contours are presented in Figure 3, which were derived from the 
calibration of the groundwater modelling (GHD 2019), which included calibration to the open pit dewatering 
volumes and the availble groundwater monitoring bores (Figure 3).  Excluding the open pits area, the groundwater 
contours indicate that groundwater flows is inferred to migrate radially outwards from the mining area 
(topographical high) towards the creeks and tributries, which are inferred as groundwater discharge boundaries 
(groundwater seepage into creeks). 

The Archean host rocks underly the region (and mining area) and are generally considered as relativity low 
yielding groundwater sources, as evidenced locally from low open-pit inflows and via calibration of the 
groundwater model (GHD 2019).  Although not evident at the mine site, localised faults and fractures can cause 
increased groundwater yields if connected with a more extensive deformation zone.  

Collated drilling information throughout the mining area indicates that weathering of the Archean basement rocks 
occurs from surface to a depth of between ~20 m and ~50 m below ground level, with the profile comprising clays 
(“saprolite”) which are generally considered of low permeability and low groundwater yields (GHD 2018).  The 
drilling information also indicates increased groundwater flows occur in some areas at the transition zone between 
the clays and basement (“saprock”). 

Paleo-drainages occur in the mining area which have been mined historically for tin using sluicing/dredge 
methods.  The lithology of the paleo- units comprises sands intermingled with historic sluicing/dredge deposits 
(sands and clay material).  

In areas beneath the footprint of TSF4, the paleo-drainage comprises a shallow surficial sand unit of between 
~1 m and ~3 m thick (depicted on the monitoring bore location plan in Figure 4), and which does not appear to 
have been historically mined.  This shallow sandy unit beneath the TSF4 footprint is currently being excavated and 
removed. In addition, the clay core TSF4 embankments are to be keyed into the saprolitic clays.  Sands will 
remain in areas outside the TSF4 footprint and embankments. 

Seasonal water occurs in the surficial sands in the vicinity of the TSF4 footprint, which appears to be perched 
above the groundwater levels in the basement and saprolitic clay profile, which are typically from ~5 m to ~10 m 
below ground level (GHD 2018). 
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Figure 3: Interpreted Regional Groundwater Contours (Groundwater Modelling GHD 2019) 
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Figure 4: TSF4 Monitoring Bore Location Plan 
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3 TSF4 Hydrogeological Setting 

3.1 Source Data and Information 
The hydrogeological setting of TSF4 was derived from the logs for the drilling and installation of monitoring wells 
and investigation bores and from the monitoring of the water levels and groundwater quality.  These data and 
information are provided as follows: 

– The locations of the various monitoring wells and investigation bores are depicted in Figure 4. 
– The coordinates and screened intervals of the monitoring wells and investigation bores are detailed in Table 

A1 in Appendix A. 
– The groundwater level data for the groundwater monitoring bores are provided in Table A2 in Appendix A. 
– The hydraulic testing results reported by GHD (2022b) are reproduced in Table A3 in Appendix A. 
– The baseline groundwater and surface water quality monitoring reported by GHD (2022c) are reproduced and 

tabulated in Table B1 in Appendix B. 
– The geological logs for the monitoring bores (MB prefix) and the hydraulic testing bores (B prefix) are 

presented in Appendix D. 

3.2 Hydrogeological Units 
Drilling investigations in the TSF4 area indicate the following generalised geological profile from shallow to deep 
as follows: 

Surficial/shallow unit: 

– fine to medium grained quartzo/feldpathic sands with a thickness of ~1 to ~3 meters (see Figure 4 for 
distribution); 

– Surficial lateritic/ferrierite which is laterally discontinuous and is ~1 m to ~2 m thickness; 
Intermediate unit: 

– saprolitic clays (highly oxidised bedrock), low permeability with an average of ~20 m of which are typically 
pale and leached in the upper ~5 m to ~10 m and which grade into darker clays, underlain by; 

Deep unit:  
– saprock (moderately oxidised bedrock), ~2 m to ~4 m of which has low/moderate permeability, transitional 

zone into and underlain by; 
Basement unit: 

• fresh bedrock (not oxidised) which exhibits a low permeability (fractured bedrock). 

The upper unit of surficial sands are in the process of being excavated and removed from the footprint of TSF4 
and in areas beneath the TSF4 embankments/clay core.  The surficial sands will remain in the areas outside the 
footprint of the TSF4.  Evidence from surface mapping and test-pitting (GHD, 2017) indicates that the surficial 
sands are saturated in winter (deemed perched rainfall ~50 mg/L chloride), with groundwater levels close to 
~1 meter below the ground surface. 

The saprolitic profile thickness, derived from sterilisation drilling beneath the TSF4 footprint (see Figure 5) shows 
that the depth to bedrock is typically greater than ~15 m, with some minor expression of basement rock highs.  
The permeability of the saprolitic clays is low (see Section 3.3), and therefore is not considered to comprise 
exploitable groundwater resources. 

During installation of the monitoring bores, water strikes typically occurred co-incident within the weathered 
bedrock (saprock), within the bottom few metres of the saprolite profile overlying the unoxidised bedrock.  The unit 
is deemed as laterally continuous, given the common occurrence of water strikes during drilling.  With a 
moderate/low hydraulic conductivity (See Section 3.3) and, given that the unit is relatively thin (~2 m to ~4 m 
thick), the unit is unlikely to comprise an exploitable groundwater resource. 
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Figure 5: Thickness of Clay Underlying TSF4 and Locations of Sterilisation Boreholes 
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Figure 6: Interpretted upper saprolitic groundwater contours in the vicinity of TSF4 (shallow) 
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Figure 7: Interpretted saprock groundwater contours in the vicinity of TSF4 (deep) 
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4 TSF4 Seepage Migration and Discharge 

4.1 Seepage into TSF4 Footprint 
Although much of the TSF4 decant will be collected by the internal drainage network, the positive hydraulic head 
potential of the tailings decant (within the TSF4 tailings mass) will promote downwards seepage through the clay 
liner into the underlying saprolitic profile.  Any seepage derived from TSF4 will migrate downwards to the water 
table, which is generally ~2 m to ~7 m below ground level in the vicinity of the TSF4 footprint. 

Talison drilled approximately 400 sterilisation boreholes within and adjacent to the TSF4 footprint to confirm that 
there is no ore underlying this future facility.  The drill holes (100 mm diameter) are presented conceptually in 
Figure 9, which illustrates the hydrogeological cross section through TSF4 along a short section of the alignment 
of section (See Section B to B’ on Figure 10).  The cross section indicates that the boreholes were drilled through 
the saprolitic profile to intersect the weathered bedrock (saprock) and terminate at relatively unoxidised bedrock. 

 
Figure 9: Hydrogeological Cross Section Through TSF4 Section B-B’ Depicting Localised Drainage and Seepage Pathways 
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Figure 10: Hydraulic Conductivities of Saprolitic Profile (m/day), from field testing (rising/falling head tests) 
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Appendix A  
Data Tables (A1, A2 and A3) 
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Appendix B  
Baseline Monitoring Results 
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Appendix C  
Numerical Flow and Transport Modelling 

of TSF Leakage and Sterilisation Borehole 
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Appendix D  
Bore Logs 
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