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EXECUTIVE SUMMARY 
Kalgoorlie Consolidated Gold Mines Pty Ltd (KCGM) is a wholly owned subsidiary of Northern Star Resources 

Ltd and is responsible for operating the Fimiston Gold Mine Operations, located adjacent to the City of 

Kalgoorlie-Boulder in the Eastern Goldfields Region of Western Australia.  Gold ore from the Fimiston Open 

Pit and the Mt Charlotte Underground Mine are processed at the Fimiston Processing Plant which is located 

on the eastern site of the Fimiston Open Pit. 

Tailings from the Fimiston Processing Plant are currently deposited in the Fimiston I, Fimiston II and Kaltails 

Tailings Storage Facilities (TSFs).  KCGM are currently planning and designing 1) an extension to the 

Fimiston II TSF referred to as the Fimiston IIE TSF (the first two cells of which are approved and the third cell 

is currently being permitted); and 2) a new TSF located to the north of the Fimiston II TSF and referred to as 

the Fimiston III TSF which will commence operation around 2026.   

Monitoring and recovery of seepage and groundwater from the formations below the existing Fimiston TSFs 

has been undertaken via the Eastern Borefield since 1993.  The methodology and targets for seepage 

management are defined in the Fimiston Seepage and Groundwater Management Plan and in Prescribed 

Premises Licence L6420/1988/14.  KCGM has requested that Big Dog Hydrogeology Pty Ltd (BDH) review 

the current performance of seepage recovery and monitoring at the existing Fimiston TSFs in order to provide 

recommendations for ongoing seepage management at the Fimiston I, Fimiston II, Fimiston IIE and Fimiston 

III TSFs during operations and after the mine closes in 2034.  The results of the hydrogeological review and 

resulting recommendations for ongoing groundwater and seepage management are provided in this report. 

The review of monitoring data from the existing TSFs has confirmed that monitoring bores in the Eastern 

Borefield display trends in depth to groundwater in the ferricrete and alluvial sediment groundwater system 

which respond to a combination of TSF seepage influences, natural recharge associated with precipitation 

events, and groundwater production in the local area.  Groundwater depths respond rapidly to seepage 

influences and respond in advance of any changes in groundwater chemistry.  TDS concentrations in 

groundwater provide an indication of the extent of seepage influences in groundwater, however the 

distribution is complicated by natural background variations and by the influence of other active or 

decommissioned TSFs.  Monitoring of pH and cyanide concentrations in groundwater do not define seepage 

influences, as the background groundwater is highly buffered with a naturally low pH, and cyanide 

concentrations are strongly attenuated during flow through the groundwater system. 

Groundwater depth is the key monitoring parameter for managing potential seepage influences, as regardless 

of any changes in groundwater chemistry, the naturally saline groundwater must be prevented from rising 

into the potential root zone for downgradient vegetation.  The current average total groundwater production 

rate is around 70 L/s, which reflects a reduction in pumping over recent years due to tailings deposition being 

reduced to account for the operation of the Kaltails TSF,  and due to deposition being temporarily suspended 

in some paddocks of the Fimiston TSFs.  The installed infrastructure has been demonstrated to have the 

capacity to operate at 110 L/s if groundwater elevations rise at the production bores and the saturated 

thickness of the ferricrete and alluvial sediment groundwater system increases.  The system around the 

existing TSFs is therefore concluded to be sufficient to manage groundwater depths if tailings deposition 

schedules and decant pond sizes continue to be managed in a similar manner to the operations over the last 

ten years, subject to achieving higher groundwater production rates to the northwest of the Fimiston I TSF 

as is planned by KCGM. 
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Designs for the Fimiston IIE TSF and Fimiston III TSF incorporate the use of internal toe drains and 

underdrainage recovery which will reduce rates of seepage to groundwater compared to the existing TSFs.  

A monitoring and management approach for any potential seepage from the Fimiston IIE TSF and the 

Fimiston III TSF has been defined, which has been based on observations of hydrogeological responses 

during the operation of the existing TSFs.  Around most of the perimeters of the Fimiston IIE TSF and the 

Fimiston II TSF, the ferricrete and alluvial sediment groundwater system is currently unsaturated.  

Recommended components of the monitoring and management approach for the Fimiston IIE TSF and the 

Fimiston III TSF which should be allowed for during facility design comprise: 

1. The addition of an existing regional monitoring bore (MB F89) to L6420/1988/14 as a compliance 

bore for groundwater depth. 

2. Construction of five new monitoring bores downgradient of the Fimiston IIE TSF and construction of 

four new monitoring bores downgradient of the Fimiston III TSF.  These bores are proposed to be 

added to L6420/1988/14 as compliance bores for groundwater depths.  The bores will be constructed 

during facility construction so that background groundwater depth trends can be defined prior to 

commencing tailings deposition. 

3. Construction of nine operational area monitoring bores along the toe of the Fimiston IIE TSF 

embankment and nine operational area monitoring bores along the toe of the Fimiston III TSF 

embankment.  Monitoring of groundwater depths in these bores will be regularly reviewed to identify 

any saturation of the ferricrete and alluvial sediment groundwater system and to prompt the reactive 

installation of production bores if required.  The operational area monitoring bores will be installed 

during construction of the facilities, so that background groundwater depth trends can be defined 

prior to commencing tailings deposition in the facilities. 

4. Proactive construction of six Stage 1 production bores at the Fimiston IIE TSF in locations where 

groundwater is currently most shallow and where groundwater depth changes are most likely to be 

observed if seepage from the Fimiston IIE TSF occurs.  The Stage 1 production bores will be installed 

during construction of the Fimiston IIE TSF to ensure that any seepage influences on groundwater 

depths during operations can be controlled in a timely manner. 

5. Allowance for reactive construction of between ten and 35 Stage 2 production bores if required, with 

the requirement for these bores and the construction designs being determined from reviews of data 

collected from the operational area monitoring bores. 
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1. Introduction 

1.1 Background 
Kalgoorlie Consolidated Gold Mines Pty Ltd (KCGM) is a wholly owned subsidiary of Northern Star Resources 

Ltd and is responsible for operating the Fimiston Gold Mine Operations, located adjacent to the City of 

Kalgoorlie-Boulder in the Eastern Goldfields Region of Western Australia (Figure 1).  Gold ore from the 

Fimiston Open Pit and the Mt Charlotte Underground Mine are processed at the Fimiston Processing Plant 

which is located on the eastern site of the Fimiston Open Pit (Figure 1). 

Tailings from the Fimiston Processing Plant are currently deposited in the Fimiston I, Fimiston II and Kaltails 

Tailings Storage Facilities (TSFs) as marked in Figure 1.  The Fimiston II TSF comprises three tailings 

deposition cells referred to as AB paddock, C paddock and D paddock as marked in Figure 2.  KCGM are 

currently planning and designing 1) an extension to the Fimiston II TSF referred to as the Fimiston IIE TSF, 

which is proposed to have three cells and be located to the east of C paddock and D paddock, two cells of 

which  have been approved; and 2) a new TSF located to the north of the Fimiston II TSF and referred to as 

the Fimiston III TSF, as illustrated in Figure 2, which will be commissioned in 2026.   

Monitoring and recovery of seepage and groundwater from the formations below the existing Fimiston TSFs 

has been undertaken via the Eastern Borefield as illustrated in Figure 1 since 1993.  The methodology and 

targets for seepage management are defined in the Fimiston Seepage and Groundwater Management Plan 

and in Prescribed Premises Licence L6420/1988/14.  The performance of the seepage recovery system in 

managing groundwater depths is regularly summarised and reported by KCGM to the Department of Water 

and Environmental Regulation (DWER).  The influences of the Eastern Borefield on the local groundwater 

system are investigated in independent annual reviews which are also reported to DWER.  KCGM has 

requested that Big Dog Hydrogeology Pty Ltd (BDH) review the performance of seepage recovery and 

monitoring at the existing Fimiston TSFs in order to provide recommendations for ongoing seepage 

management at the Fimiston I, Fimiston II, Fimiston IIE and Fimiston III TSFs during operations and after the 

mine closes in 2034.  The results of the hydrogeological review and resulting recommendations for ongoing 

groundwater and seepage management are provided in this report. 

1.2 Licensing 
The operation of the existing Fimiston TSFs is governed by the Prescribed Premises Licence 

(L6420/1988/14) which was most recently issued by DWER in February 2021, and is reproduced in Appendix 

A.  Operation of the Eastern Borefield to extract seepage and groundwater around the existing Fimiston TSFs 

is authorised by Licence to Take Water GWL66252(8) issued by DWER which is reproduced in Appendix B.  

Combined conditions for the management and monitoring of seepage from the existing Fimiston TSFs 

included in these licences are summarised as: 

1. Samples must be collected either quarterly or annually from prescribed trenches, dams and 

monitoring bores and analysed for pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS), 

and cyanide (CN) in the forms of total, free, and Weak Acid Dissociable (WAD). 

2. Samples must be collected annually from ten prescribed production bores and analysed for major 

hydrochemical components. 

3. Depth to groundwater must be measured in compliance monitoring bores and operational area 

monitoring bores quarterly. 

4. Depth to groundwater must be maintained greater than 4 m below ground level (mBGL) at 

compliance monitoring bores.  

5. Volumes of abstracted groundwater must be recorded monthly. 
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6. Rates of groundwater abstraction must be increased if triggered by monitoring results. 

7. Summaries of groundwater monitoring results must be provided to DWER quarterly. 

8. Monitoring results must be summarised in the Annual Environmental Report (AER) submitted to 

DWER. 

9. The performance of the Eastern Borefield must be reviewed annually and reported to DWER. 

The objective of applying a compliance limit of 4 m for groundwater depth at compliance monitoring bores in 

L6420/1988/14 is to ensure that naturally saline groundwater does not rise into the potential root zone for 

vegetation downgradient of the TSFs.  The Eastern Borefield is operated to maintain compliance with this 

limit. 

1.3 Objectives of review 
Specific objectives for the hydrogeological review of the Fimiston TSFs over the remaining Life Of Mine (LOM) 

by BDH were agreed with KCGM to be:  

1. Determine whether the current monitoring regime provides sufficient information to define and 

manage the influences of seepage from the existing Fimiston TSFs.  

2. Investigate whether the installed seepage pumping system remains appropriate for the 

management of seepage from the existing Fimiston TSFs. 

3. Identify whether any modifications to the current pumping and monitoring regime for the Fimiston 

II TSF will be required to account for the decommissioning of infrastructure during construction of 

the Fimiston IIE TSF. 

4. Provide an outline of the potential monitoring and pumping infrastructure which may be required 

during operation of the Fimiston IIE TSF and the Fimiston III TSF, including estimated 

implementation schedules.  

5. Determine whether the current assumptions regarding groundwater management in closure at the 

Fimiston TSFs remain valid. 

1.4 Relevant preceding studies 
A large number of investigation studies and monitoring reviews have been completed for the Fimiston TSFs 

and the Eastern Borefield.  The recent studies which are most relevant to the management of seepage around 

the Fimiston TSFs which are referenced in the current review are described as follows: 

1. BDH, 2022.  As required under the conditions of Licence to Take Water GWL66252(8), an annual 

review of the performance of the Eastern Borefield was completed in 2022, using monitoring data 

collected to the end of 2021.  The conclusions of this review are summarised in the current 

document, without reproducing the detail of the monitoring review.   

2. Golder, 2016.  As part of the design studies for the Fimiston IIE TSF and the Fimiston III TSF, 

Golder undertook an investigation program in 2015 and 2016 to define groundwater conditions in 

the locations of the planned TSFs.  The investigations included test pitting, the installation of 

groundwater monitoring bores, hydraulic testing of monitoring bores, numerical modelling of 

potential seepage rates from the proposed TSFs and numerical modelling of potential influences 

on groundwater depths downgradient from the facility.  The investigations concluded that due to 

the relatively low hydraulic conductivity of the geological formations in the planned facility 

locations, it would not be necessary to construct the TSFs with a synthetic liner below the planned 

location of the decant pond.  The investigations also concluded that total seepage and 

groundwater abstraction at a rate in the range 2 L/s to 4 L/s would potentially be required to 

manage groundwater elevations downgradient of each of the proposed TSFs. 
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3. Golder 2020.  This report provides a more detailed design for the initial version of the Fimiston IIE 

TSF which has two cells.  It is expected that the planned third cell of the Fimiston IIE TSF will 

follow a similar construction methodology.  A key aspect of the detailed design is that an 

underdrainage collection system is planned to be installed over around 10% of the footprint of 

each tailings paddock, including the final location of the decant pond, and is modelled to reduce 

seepage to groundwater by 50% compared to a TSF without an underdrainage collection system. 

4. Golder 2022.  This report describes the parameters being used as input to the development of 

detailed designs for the Fimiston III TSF.  A key aspect of the design constraints is that an 

underdrainage collection system is included although it has not yet been modelled.  For planning 

purposes, it has been assumed that the underdrainage reduces seepage to groundwater by 50% 

compared to a TSF without an underdrainage collection system. 
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2. Fimiston TSF operations and hydrogeological setting 

2.1 Operation of the Fimiston TSFs  
The Fimiston I TSF comprises a single unlined tailings storage cell with no underdrainage which has operated 

through the KCGM management period, although tailings deposition was temporarily suspended from 2014 

to 2019.  Tailings have been discharged to the TSF as a slurry containing around 50% by weight of finely 

ground rock particles.  The liquid portion of the slurry comprises hypersaline water derived from remote water 

supply borefields and includes residual chemicals from ore processing, including lime and cyanide.  Excess 

water within the tailings cells (decant water) including collected precipitation is removed from the TSF 

paddocks to minimise the extent of the decant ponds and is returned to the mine water management circuit. 

The Fimiston I TSF has been progressively lifted, by raising the embankment using consolidated coarse 

tailings sourced from the margin of the deposition cell, coupled with buttressing in recent years.  Tailings 

deposition in the Fimiston I TSF is expected to reduce when the Fimiston IIE TSF comes online.   

The Fimiston II TSF currently comprises three unlined tailings storage cells with no underdrainage (AB 

paddock, C paddock and D paddock in Figure 2) and was commissioned in 1991 to store tailings generated 

from the processing of ore in the Fimiston Processing Plant.  Tailings have been deposited to the three cells 

on a rotational basis, with each cell being used for several months at a time, before being left for the tailings 

to consolidate and dry out. The rotational tailings deposition schedule also includes cells in the Fimiston I 

TSF and the Kaltails TSF, located as marked in Figure 1.  Each of the Fimiston II TSF cells have been 

progressively lifted, by raising the embankment using consolidated coarse tailings sourced from the margin 

of the deposition cell.  In recent years the cells have also been buttressed.  Tailings deposition to the Fimiston 

II TSF is expected to reduce when the Fimiston IIE TSF comes online. 

The Fimiston IIE TSF has been permitted to be constructed with two unlined cells, similar to the design of the 

existing cells in the Fimiston II TSF, but with the addition of an internal toe drain upgradient of the 

embankment to prevent a phreatic surface from developing within the embankment, and with the addition of 

an underdrainage to intercept seepage at the base of the tailings over around 10% of each cell.  A third cell 

is proposed for construction but is not currently permitted.  The first year of operation (using two cells) is 

planned to be 2023 and deposition will continue until the end of the mine life in 2034. 

The Fimiston III TSF is not yet permitted but is planned to be constructed with unlined cells, similar to the 

design of the existing cells in the Fimiston II TSF, with the addition of an internal toe drain upgradient of the 

embankment to prevent a phreatic surface from developing within the embankment, and with the addition of 

an underdrainage to intercept seepage at the base of the tailings, assumed to cover an area of around 10% 

of each cell.  The first year of operation is planned to be 2026 and deposition will continue until the end of the 

mine life in 2034. 

2.2 Seepage recovery at the existing Fimiston TSFs 
Operation of the unlined cells in the existing Fimiston TSFs has allowed some tailings water to seep into the 

shallow formations underlying the facility.  Within two years of commencing deposition in the Fimiston II TSF  

in 1991, seepage and groundwater recovery was instituted, and has been progressively expanded during the 

operating period. 
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Seepage and groundwater recovery has been achieved in part using several trenches, located as marked in 

Figure 3.  The majority of the current seepage and groundwater recovery is achieved via production bores,  

located as illustrated in Figure 4.   Monthly average total groundwater production from the combined bores 

and trenches from commissioning in 1993 up to December 2021 is illustrated in Figure 5.  Total production 

progressively increased to 110 L/s in the period 1991 to 2012, in response to the installation of new production 

bores, and efforts to maximise the production rates from the existing bores.  Between 2012 and 2021, total 

production reduced from around 110 L/s to around 70 L/s, due to declining groundwater elevations in many 

production bores which reduce the flow rate available from the individual bores.  The reduction in total 

pumping at the Fimiston TSFs in 2012 corresponds with the recommissioning of the Kaltails TSF for tailings 

deposition and the commencement of seepage and groundwater pumping from the Kaltails TSF Borefield.  

The reduction in pumping likely reflects a reduction in deposition rates in the Fimiston TSFs and hence 

reduced seepage rates. 

Groundwater depths are monitored in a large number of monitoring bores located close to, upgradient and 

downgradient of the existing Fimiston TSFs as illustrated in Figure 6.  Some of these monitoring bores are 

classified as operational area monitoring bores as they are located within the operational footprint and 

infrastructure area for the Fimiston I TSF and Fimiston II TSF.  Some of the monitoring bores which are not 

within the operational area have been classified as compliance monitoring bores in L6420/1988/14, which 

currently specifies a compliance limit on groundwater depth at those particular bores as a minimum of 4 

mBGL. 

2.3 Rainfall and evaporation 
Climate data recorded at the Kalgoorlie Boulder Airport Station collected by the Australian Bureau of 

Meteorology (BoM) provide the primary source to characterise the local climate for the Fimiston II TSF.  The 

station is located around 5 km southwest of the Fimiston II TSF and daily climate records are available from 

1939 up to the current date.   

Analyses of the climate conditions show that the Kalgoorlie area has a semi-arid climate, experiencing warm 

to hot summers and cold to mild winters.   Rain is recorded in Kalgoorlie on average during every month of 

the year.  Summer rains are usually associated with thunderstorms or tropical depressions and tend to be 

relatively intense.  Tropical depressions, often the result of decaying tropical cyclones crossing the coast in 

northwest Western Australia, can cause widespread rains, whereas rain from thunderstorms is generally 

localised.  Winter rains are usually the result of cold fronts from depressions in the Southern Ocean and tend 

to be widespread but less intense than summer rains. 

Annual rainfall at Kalgoorlie over the monitoring period has ranged from 109 mm in 1940 to 531 mm in 1992, 

with a long-term average of 269 mm.  Average monthly precipitation totals range from 14 mm in September 

to 31 mm in February.  Annual precipitation totals measured since 1995 are compared against the long-term 

average in Table 1.   
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Table 1: Annual precipitation totals at Kalgoorlie Airport 

 

Annual precipitation in 2021 as recorded at Kalgoorlie Airport was 317 mm, which is equivalent to 119% of 

the long-term average.  The most significant daily precipitation event in 2021 was 78 mm received on 3 

February.  This resulted in February being the wettest month of the year, with the February total being around 

three times the average for February.  Monthly totals for the remainder of the year were generally close to 

average.  Overall 2021 encountered average precipitation conditions, other than in February which had 

unusually high precipitation due to the event on 3 February and resulted in the annual total being above 

average.   

Year Annual Compared to

Precipitation Long Term

(mm) Average

1991 163.8 61%

1992 530.8 197%

1993 326.2 121%

1994 245 91%

1995 480 178%

1996 235.2 87%

1997 245.4 91%

1998 313.4 117%

1999 384.8 143%

2000 446 166%

2001 226 84%

2002 188.2 70%

2003 318.6 118%

2004 279.6 104%

2005 170.2 63%

2006 190.2 71%

2007 196.6 73%

2008 266.6 99%

2009 254 94%

2010 165.4 61%

2011 389.4 145%

2012 240.6 89%

2013 367.8 137%

2014 359.2 134%

2015 233.6 87%

2016 313.2 116%

2017 256.8 95%

2018 327.8 122%

2019 143.2 54%

2020 170.2 64%

2021 316.6 119%
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Pan evaporation rates at Kalgoorlie are well in excess of average rainfall rates during every month.  The 

average annual pan evaporation is 2,630 mm, which is ten times the average annual rainfall.  Average 

monthly pan evaporation ranges between 388 mm in January and 78 mm in June. 

Temperatures in Kalgoorlie can range from a summer maximum of 46ºC to a winter minimum of –3ºC with 

occasional frosts experienced during the winter months.  Winds are strongest during winter, though not 

usually exceeding 30 km/h and are mainly from the north, west or northwest.  In summer, winds are 

predominantly from the east.  The relative humidity averages less than 30% at 3 pm during summer while 

the 9 am winter figures are typically around 70%.   

2.4 Topography and surface water hydrology 
The existing Fimiston TSFs are located in a catchment of Hannan Lake, which is a saline playa lake located 

about 10 km south of Kalgoorlie.  The catchment which contains the TSFs is referred to by KCGM as the 

Central Drainage (Eastern Floodway), as labelled in Figure 1.  The Central Drainage catchment is around 18 

km long and between 8 km and 13 km wide.  Land surface elevations range between 320 m above Australian 

Height Datum (mAHD) at Hannan Lake to over 400 mAHD along some of the catchment divides.  Surface 

gradients range between 3 m/km parallel to the Central Drainage to over 10 m/km perpendicular to the 

drainage direction.   

Significant flows of surface water move through the Central Drainage only after heavy rainfall events.  Heavy 

rains associated with tropical depressions in 1992, 1995 and 1999 caused extensive flooding in the Kalgoorlie 

area, and on these occasions floodwaters in the Central Drainage between the Fimiston I and Fimiston II 

TSFs spread laterally over several hundred metres.  Flooding in the catchment also occurred in response to 

above average rainfall in March 2013 and January 2014.  The direction of natural surface water drainage is 

to the south towards Hannan Lake, however floodwaters can accumulate and stand for long periods, 

controlled by man-made structures such as crossings along Mt Monger Road and the Trans Australian 

Railway. 

2.5 Hydrogeology 
The geological conditions at the Fimiston Gold Mine Operations are well defined and documented from 

historical mining operations and from resource definition studies completed in the recent mining period.  Prior 

to mining, the Golden Mile was a south-plunging ridge of mostly mafic and ultramafic rocks forming part of 

the Kalgoorlie-Kambalda Greenstone Belt.  The rock mass in the pit region consists of Paringa Basalt, Golden 

Mile Dolerite, shales and porphyry dykes.  Except for the shales, which have a slightly friable texture, each 

of these units has a high intact rock strength, allowing steep slope angles to be mined in the pit.    

Away from the KCGM mines (Fimiston Open Pit and Mt Charlotte Underground Mine), the greenstones along 

the Golden Mile comprise predominantly the Black Flag Beds, which are overlain by Tertiary and younger 

sedimentary deposits to the west, south, and east towards the Fimiston II TSF, which in some locations 

include the presence of palaeodrainages.   
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There are three well defined major active groundwater systems recognised in the region of the Fimiston Gold 

Mine Operations: 

1. Palaeochannel systems; a localised but extensive network of alluvial sands of Tertiary age occurring 

at up to 60 m below ground level (mBGL).  This system is well defined and is exploited by KCGM and 

by other mining operations in the Eastern Goldfields as the primary source of process water supply.  

As indicated in Figure 1, the closest palaeodrainage to the existing Fimiston TSFs is the Yindarlgooda 

South Palaeochannel, located around 6 km to the south.  Although published hydrogeological maps 

suggest a tributary to the Yindarlgooda South Palaeochannel may be present below the Central 

Drainage to the west of the Fimiston II TSF, the presence of a palaeochannel below the Central 

Drainage has never been confirmed by hydrogeological investigations or intersected by the existing 

monitoring bores, and the palaeochannel system does not play a role in the migration of seepage 

from the Fimiston TSFs. 

2. The ferricrete and alluvial sediment groundwater system; comprising sand, gravel and fractured 

ferricrete within clay deposits, typically occurring between 5 mBGL and a maximum of 40 mBGL and 

overlying the bedrock.  This system is only present in portions of the lower topographic areas around 

KCGM and has the highest hydraulic conductivity where significant thickness of ferricrete is 

developed.  The Eastern Borefield predominantly draws groundwater from this system, and this is the 

groundwater system through which seepage from the existing Fimiston TSFs travels. 

3. The bedrock groundwater system; where groundwater flow occurs in fractured and weathered zones 

within the basement rocks at depth. In the area of the Eastern Borefield bedrock predominantly 

comprises the Black Flag Beds.  Regional investigations undertaken by KCGM and other mining 

companies in the Eastern Goldfields Region suggest these formations typically have a very low 

primary permeability and are not expected to store or transmit large quantities of groundwater except 

through major secondary structures.  Some portions of the Eastern Borefield may extract small 

amounts of groundwater from the upper weathered portion of the bedrock but flows from this unit are 

generally low. 

The sedimentary deposits which overlie the weathered bedrock within the Central Drainage catchment (the 

ferricrete and alluvial sediment groundwater system) correlate with similar deposits around Hannan Lake and 

elsewhere in the Eastern Goldfields.  These deposits are greater than 30 m thick in the central parts of the 

catchment and pinch out to the east and west towards the bedrock ridges which form the catchment divides.  

These units comprise varying mixtures of clays, sands and gravels.  Secondary ferruginous deposits 

(ferricrete) often occur as layers above more dense massive clay.  Portions of the unit with a greater 

component of ferricrete tend to demonstrate the highest groundwater transmission capacity. 

The distribution and lithology of the ferricrete and alluvial sediment groundwater system near the existing and 

planned Fimiston TSFs have been investigated during previous studies, and hydrogeological cross sections 

are reproduced from these studies in Figures 7 to 12.  The locations of the seven sections are marked in 

Figure 2 and include the northern and western margins of the Fimiston II TSF, the central and southern 

portions of the planned Fimiston IIE TSF, and the northern and central portions of the planned Fimiston III 

TSF.  The sections illustrate that alluvial gravels and sands within clays (the ferricrete and alluvial sediment 

groundwater system) typically occur between around 5 mBGL and 30 mBGL in these locations.  They also 

indicate that portions of the alluvial sediments which contain a significant proportion of ferricrete (the dark 

blue unit in the sections in Figure 7, and the light blue units in the sections in Figures 8 to 12) are largely 

located within the main Central Drainage, and thin out to the east and north.   
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Golder Section 1 in Figure 8 indicates that the clayey ferricrete unit (CF on the section) pinches out 

immediately to the west of the Fimiston IIE TSF.  As a result, the ferricrete and alluvial sediment groundwater 

unit is expected to have a relatively larger capacity to transmit groundwater at the western margins of the 

Fimiston II TSF and the Fimiston IIE TSF, and a relatively smaller capacity to transmit groundwater at the 

eastern margins of the Fimiston II TSF and the Fimiston IIE TSF. 

Golder Sections 5 and 6 in Figures 11 and 12 indicate that the clayey ferricrete unit (CF on the section) is 

present in the north of the planned Fimiston III TSF but has limited extent in the south and east where the 

surface topography rises and bedrock approaches surface. 

The capacity of the ferricrete and alluvial sediment groundwater system to transmit groundwater and seepage 

is a function of the hydraulic conductivity (which in turn is mostly controlled by the presence or absence of 

ferricrete), and of the groundwater elevation, which affects the saturated thickness of the unit and the driving 

heads.  As these aspects may be difficult to quantify from mapping and inspection of drilling samples, the 

most reliable means of quantifying the characteristics of the ferricrete and alluvial sediment groundwater 

system is to investigate the magnitude of the sustainable yield from each of the many production bores which 

have been installed and operated in this groundwater unit.  Figure 13 provides an assessment of all available 

production bores in the area of the existing Fimiston TSFs, and confirms that the capacity to transmit seepage 

and groundwater generally correlates with the inferred distribution of ferricrete, with: 

• A high capacity inferred along the Central Drainage where yields up to 4 L/s have been achieved 

from production bores. 

• A lower capacity along the western margin of the Fimiston II TSF. 

• A very low capacity along the eastern margin of the Fimiston II TSF and presumably along the 

western margin of the Fimiston IIE TSF. 

• A high capacity zone through the northwest of the Fimiston II TSF which appears to correlate with 

a tributary drainage to the Central Drainage.  This zone could potentially extend into the southeast 

corner of the Fimiston III TSF. 

The ferricrete and alluvial sediment groundwater system is recharged naturally after significant rainfall events 

that cause surface water to collect and flow down the Central Drainage.  Smaller amounts of recharge would 

also occur by infiltration of surface water in stream channels in the flanks of the catchment.  Changes in 

groundwater elevation in recharge events have been investigated and follow a consistent pattern within the 

Central Drainage (BDH, 2016).  The typical response to an Annual Exceedance Probability (AEP) 3% event 

is contoured in Figure 14.  The change in groundwater elevations following such an event would typically be 

expected to be a maximum of 2.5 m within the Central Drainage, up to 0.5 m on the western margin of the 

Fimiston II TSF, less than 0.2 m on the east side of the Fimiston II TSF, less than 0.2 m within the footprint 

of the Fimiston IIE TSF and less than 0.2 m within the footprint of the Fimiston III TSF.   

In addition to natural recharge, seepage from the existing Fimiston TSFs recharges the ferricrete and alluvial 

sediment groundwater system below the footprint of the facilities.  Pre-mining groundwater flow was generally 

from north to south, parallel to the surface water flow directions, and groundwater discharge to surface 

occurred distant and downgradient from the TSF in pre-mining conditions.  This discharge area is located 

close to and north of Hannan Lake (Figure 1).  Groundwater levels in this area are unaffected by the operation 

of the KCGM borefields, and seasonal discharge of groundwater is inferred to continue to occur. 
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Background groundwater within the ferricrete and alluvial sediment groundwater system in the Central 

Drainage catchment is saline with TDS concentrations in the range 20,000 mg/L to 70,000 mg/L and most 

commonly around 50,000 mg/L.  Groundwater in the Central Drainage is naturally very acidic, typically with 

a pH less than 4, which has been attributed to naturally occurring ferrolysis reactions.  As a result of the 

elevated TDS concentrations, there are no environmental values recognised for the groundwater in the 

ferricrete and alluvial groundwater system, other than the beneficial use of the groundwater as a process 

water supply for mineral processing, which is the use applied to all flow from the Eastern Borefield. 
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3. Review of groundwater monitoring data 

3.1 Data collection, quality control and compliance limits 
The measurement of groundwater depth has been undertaken generally on a monthly basis in the routine 

monitoring bores around the existing Fimiston TSFs (red, magenta and blue bore symbols in Figure 6), which 

exceeds the minimum monitoring frequency of quarterly required in L6420/1988/14, exceeds the six monthly 

frequency required in Licence to Take Water GWL66252(8), and provides an extensive dataset defining 

groundwater depth trends.  Groundwater investigation bores completed during design studies for the Fimiston 

IIE TSF and Fimiston III TSF (yellow bore symbols in Figure 6, and described in Golder, 2016) have been 

monitored quarterly since 2016.  The collar elevation has been accurately surveyed for all monitoring and 

investigation bores allowing groundwater depths to be converted to groundwater elevations.  Groundwater 

depth is not recorded in the production bores as it is strongly influenced by the cycling of the installed pumps. 

The collection of groundwater quality data has followed the minimum requirements defined in L6420/1988/14 

and Licence to Take Water GWL66252(8).  In addition, samples are collected from all available production 

bores and monitoring bores in the Eastern Borefield annually for interpretation purposes. 

Groundwater depth and groundwater chemistry monitoring data used for the current review extended to the 

end of 2021.  Quality control of monitoring bore groundwater depths has been achieved by comparing 

reported depths against the casing depth, and by plotting data against time to identify anomalous points.  In 

general, the groundwater depth data are indicated to be suitably reliable for interpretation.  A few suspect 

measurements have been disregarded during interpretation. 

Quality control of groundwater chemistry data has included ion balance calculations where relevant, and 

comparison of laboratory reported TDS concentrations, EC, and TDS concentrations estimated by summing 

all major ions.  These analyses have identified that laboratory determined TDS by evaporation has been 

over-reported in some sampling events, especially prior to 2006, and that TDS calculated by summing major 

ion concentrations may be considered more reliable in some sampling periods.  

L6420/1988/14 defines a compliance limit for groundwater depth below surface of 4 m.  This limit applies only 

to 45 monitoring bores defined as compliance bores.  There are no compliance limits set for groundwater 

hydrochemistry at the existing Fimiston TSFs, as the background groundwater is naturally saline and the 

protection of downgradient vegetation is therefore achieved by the management of groundwater depths, 

regardless of any changes in groundwater chemistry. 

3.2 Groundwater depth trends 
Figures 15 to 30 present groundwater depth hydrographs to the end of 2021 for routinely monitored bores 

around the existing Fimiston TSFs.  Details of the information included on each plot are: 

• Depth to groundwater is plotted in preference to groundwater elevation.  This is because the primary 

purpose of the Eastern Borefield is to control groundwater below particular depths.  The plots 

therefore provide an immediate indication of trends in groundwater depth below surface. 

• The groundwater responses have been grouped by the sub-areas marked in Figure 6.  This allows 

the responses in co-located monitoring bores to be immediately compared, which helps to resolve 

regional trends from any local changes which may be associated with measurement errors or the 

operation of adjacent production bores. 

• Monthly precipitation totals are included to help distinguish rises in groundwater elevations associated 

with natural recharge from those associated with TSF seepage. 
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• On each plot, the total average flow rate from production bores and trenches operating in that sub-

area as defined in Figure 6 is presented, to identify the influence of borefield operation on long term 

groundwater depth trends in that area.  

• For sub-areas adjacent to a tailings paddock, the size of the decant pond (as a percentage of the 

entire paddock) is presented.  This provides an indication of whether tailings deposition was active at 

that time (pond size is only measured during deposition) and allows any relationship between 

unusually large pond areas and groundwater level rises to be investigated. 

• The precipitation and pumping rate graphs are held at a consistent scale between all plots, and the 

date range covers the whole of the operating period of the Fimiston TSFs in each plot. 

• All data are plotted in a consistent direction, with groundwater depths in reverse order so that a rising 

line on the graph reflects rising groundwater conditions.  On each graph, if the pumping rate line goes 

up, it would be expected to cause the groundwater depth lines to go up, and if the precipitation line 

goes up, it would also be expected to cause the groundwater depth lines to go up. 

The hydrographs presented in Figures 15 to 30 were discussed in detail in the review of monitoring data 

collected to the end of 2021 (BDH, 2022).  That report concluded that monitoring bores in the Eastern 

Borefield display trends in depth to groundwater in the ferricrete and alluvial sediment groundwater system 

which respond to a combination of TSF seepage influences, natural recharge associated with precipitation 

events, and groundwater production in the local area.  Monitoring bores located in each sub-area illustrate 

consistent trends, which can be correlated across all the bores in that sub-area.  These trends are to some 

extent controlled by the hydraulic conductivity of the ferricrete and alluvial sediment groundwater system (for 

example low conductivity responses and a steep margin to the groundwater mound on the eastern side of 

the Fimiston II TSF where bedrock is shallow, and higher hydraulic conductivity responses and a more diffuse 

margin to the groundwater mound to the northwest of the TSFs where the ferricrete unit tends to be thicker).  

The trends are also controlled by the degree of connection to recharge events (generally higher in monitoring 

bores located close to the main floodway associated with the Central Drainage).  Distant from the TSFs (both 

upgradient and downgradient), groundwater depths tend to change more smoothly in response to long term 

average precipitation conditions.  Seepage influences from the TSF cells appear to be controlled not just by 

the duration and frequency of the deposition cycles, but also by the extent of the decant pond during 

deposition cycles. 

Groundwater was relatively shallow in most sub-areas prior to around 2000, when increases in pumping 

capacity caused groundwater levels to deepen in most locations.  Where groundwater level monitoring was 

instituted prior to seepage influences being observed, the response of the groundwater system to the onset 

of seepage ranged from a gradual shallowing in groundwater depth of up to 10 m over three to four years (in 

locations such as sub-areas Fim II AB West and Fim II AB North) where relatively higher hydraulic 

conductivity conditions occur, to steep changes of up to 20 m over around two years (such as at MB F39 in 

the Fim II D Northeast sub-area) where relatively lower hydraulic conductivity conditions are inferred.  In 

these low hydraulic conductivity areas, the response to seepage does not extend far from the TSF, but due 

to the steep hydraulic gradients, in locations where seepage responses are observed, the local changes are 

rapid. 
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The long term trends in the plots indicate that in the last five years, groundwater levels have been generally 

stable on average in all sub-areas, confirming that the seepage and groundwater pumping system is 

operating at rates which are sufficient to match the combined long term average inputs to the groundwater 

system from TSF seepage and natural recharge.  In addition to the average stable depths, deepening 

groundwater depths are evident when tailings deposition temporarily ceases in any paddock, and shallowing 

groundwater depths are noted within a year or two of recommencing deposition.  Temporary cessation of 

tailings deposition occurred at Fimiston I from 2014 to 2019, at Fimiston II AB from 2018 to 2020, at Fimiston 

II C in 2020 and 2021, and at Fimiston II D from 2019 to 2021.   

Monitoring bores defined as compliance locations in L6420/1988/14 are plotted with solid marker symbols in 

Figures 15 to 30, and the current compliance groundwater depth limit of 4 mBGL is included in the plots for 

reference.  In the last ten years, groundwater depths have remained below the limit in all compliance bores.  

The locations where groundwater depths in compliance bores have been closest to the 4 m limit in the last 

few years are TRP2, TRE and MB F27 located in the southwest sub-area.  These bores are located distant 

from the Fimiston II TSF, and within the Central Drainage, and the relatively shallow groundwater depths 

which occur for short periods reflect rapid natural recharge responses to major precipitation events, with 

recovery (deepening) of groundwater depths subsequently occurring over several months.  Compliance bore 

MB F70 currently defines shallowing groundwater levels in response to recommissioning tailings deposition 

at the Fimiston I TSF and the operation of the adjacent waste rock dump (Figure 19).  KCGM are planning  

to increase pumping rates from production bores in this area. 

Groundwater depth data from the bores installed to investigate conditions for the Fimiston IIE TSF are plotted 

in Figures 31 and 32, divided into the bores located northeast of the Fimiston II TSF where the Fimiston III 

TSF will be constructed, and the bores located southeast of the Fimiston II TSF where the Fimiston IIE TSF 

will be constructed.  Monitoring bores which have been dry since installation and are not included in the plots 

are MB F93, MB F103, MB F104, MB F107 and MB F109, all of which were screened to 36 mBGL, and have 

failed to generate a water level since drilling.  For bores where the measured groundwater depth is close to 

the base of the casing, the base of the casing is also plotted in Figures 31 and 32 for reference. 

Regional groundwater responses illustrated in Figures 31 and 32 identify that it is likely that bores MB F98 

and MB F102 are in fact dry, with the relatively uniform groundwater depths in these bores likely reflecting a 

small amount of water perched in the base of the casing above the end cap.  The remaining bores mostly 

demonstrate slightly shallowing groundwater depths from 2016 to 2021, consistent with intersecting the 

regional water table, and most likely reflecting long term average precipitation conditions.  Most of the bores 

do not demonstrate any response to individual precipitation events. 

3.3 Groundwater elevations in 2021 
Groundwater depths measured in all bores in December 2021 have been converted to groundwater 

elevations using the surveyed bore collars and have been contoured in Figure 33.  The plot identifies that 

groundwater elevations fall from around 340 mAHD north of the Fimiston II TSF, to around 332 mAHD within 

the main floodway of the Central Drainage downgradient of the TSF.  Regional groundwater flow is generally 

from north to south, and from the flanks of the catchment towards the centre of the catchment, consistent 

with the inferred pre-mining conditions. 
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Groundwater mounding associated with TSF seepage extends significantly into the Central Drainage to the 

northwest of the Fimiston II TSF.  Definition of the groundwater mounding is available from data collected at 

regional monitoring bores MB F88, MB F89, MB F91, MB F92, MB F95, MB F96 and MB F97.  These data 

indicate that groundwater elevations are above 340 mAHD across the whole of the Central Drainage in the 

area 1 km to 2 km northwest of the Fimiston II TSF despite the elevation measured at MB F74 further 

upgradient being around 337 mAHD in 2021.  Under current conditions, the groundwater mounding in the 

Central Drainage near the existing TSFs and within 1 km to 2 km northwest of the TSFs potentially acts as a 

hydraulic barrier, which limits the amount of groundwater flow from the upper Central Drainage catchment 

moving to the south.  This hydraulic barrier would also potentially prevent the southern migration of any 

seepage from the Fimiston III TSF. 

Groundwater mounding is evident over a significant distance to the north and northeast of the Fimiston II 

TSF, indicative of relatively higher hydraulic conductivity conditions.  To the east and south of the Fimiston II 

TSF, groundwater mounding is evident in the contours, but has limited extent away from the TSF, consistent 

with relatively lower hydraulic conductivity conditions.  The highest groundwater elevations are measured to 

the northeast of D Paddock.  Groundwater mounding is also evident to the northeast of the Fimiston I TSF. 

Within the area proposed for the construction of the Fimiston IIE TSF, groundwater elevations are indicated 

to fall steeply from west to east, associated with the steep groundwater mounding present at the edge of C 

paddock and D paddock.  As a result of these steep gradients, some of the investigation bores drilled to the 

east of the planned facility are dry. 

Within the area proposed for construction of the Fimiston III TSF, groundwater elevations are mostly close to 

the inferred background positions and are relatively flat.  However the southeast portion of the facility 

encounters raised groundwater elevations and groundwater mounding associated with the Fimiston II TSF.  

3.4 Groundwater chemistry  
Routine monitoring of groundwater chemistry in the Eastern Borefield is targeted at pH, EC, TDS, total CN, 

WAD CN and free CN.  Background groundwater within the Central Drainage is reported to have a naturally 

low pH, elevated TDS concentrations in the range 20,000 mg/L to 70,000 mg/L, and negligible concentrations 

of total CN, free CN and WAD CN.  Monitoring of the decant ponds at the existing TSFs indicate that seepage 

from the TSFs is likely to have a neutral to alkaline pH (around pH 8), TDS concentrations greater than 

100,000 mg/L, total CN concentrations around 30 mg/L, WAD CN concentrations around 20 mg/L and free 

CN concentrations around 2 mg/L. 

Annual reviews of groundwater chemistry around the existing Fimiston TSFs have identified that groundwater 

hydrochemical type is not directly diagnostic of seepage influences from the Fimiston II TSF, as background 

groundwater in the Central Drainage is of a very similar type to decant water, with both being strongly 

dominated by sodium and chloride.   However TDS concentrations have been noted to be generally higher 

near the existing Fimiston TSFs, associated with seepage of high TDS decant water.   

  



 Big Dog Hydrogeology 

 

Hydrogeological Review of the Fimiston TSFs Rev 1 (Final) Page 20   

 

Figures 34 and 35 provide time series plots of TDS concentrations in the ten production bores selected for 

annual major component analyses from 2010 to 2021.  These production bores are selected for presentation 

as they are in a range of locations from close to the TSF to distant from the TSF, and because analyses from 

these bores include major ions which can be used as a check on TDS.  TDS concentrations determined in 

the laboratory by evaporation for saline and hypersaline groundwater from the KCGM facilities have been 

noted to be anomalous in some sampling events, and during these events TDS is more reliably quantified by 

summing the individual concentrations of major cations and anions.   In the period 2010 to 2021, calculated 

TDS concentrations (Figure 35) are generally consistent with laboratory measured concentrations (Figure 

34).  TDS concentrations in the production bores display some short term variation but are broadly consistent 

in time.  Concentrations range from 40,000 mg/L at PB F48 and PB F33 located around 1.5 km southwest of 

the Fimiston II TSF and generally consistent with inferred background conditions, to 120,000 mg/L at PB F44 

located around 200 m downgradient of AB paddock, where the groundwater TDS concentration is similar to 

the TDS concentration in decant water. 

Figure 36 contours all available laboratory determined TDS concentration data measured at the end of 2021.  

Samples were collected from all available production bores and monitoring bores in several sampling events 

conducted across the last few months of 2021, and all these events have been combined to provide the most 

comprehensive dataset possible.  The influence of high TDS seepage from the existing TSFs on groundwater 

hydrochemistry is evident in Figure 36, from the concentration contours in the range 50,000 to 120,000 mg/L 

which curve around the TSFs.  The highest TDS concentrations of around 120,000 mg/L are measured 

immediately to the southwest of AB paddock, at the northeast margin of D paddock and to the east of Fimiston 

1.  Although the background TDS concentrations surrounding the existing TSFs are indicated from the 

contours to be 40,000 mg/L to 50,000 mg/L, there are also areas of lower TDS concentrations (monitoring 

bore TRE south of the TSF with a concentration of 29,000 mg/L), and areas of higher TDS concentrations  

These differences reflect the significant natural background variation in TDS concentrations, and may also 

reflect the influences of other TSFs operated in the Central Drainage (TRE is downgradient of the 

decommissioned Oroya TSF which was operated with low TDS process water). 

Groundwater pH and concentrations of total CN, WAD CN and free CN measured at the end of 2021 are 

contoured in Figures 37 to 40. Groundwater pH is relatively uniform in the range 3 to 4, other than in a few 

locations distant from the existing TSFs where groundwater pH rises above 4.  The areas where elevated 

TDS concentrations are recorded southwest of AB paddock, northeast of D paddock and east of Fimiston I  

have a low pH (Figure 37).  These observations indicate that the naturally low pH background groundwater 

has sufficient buffering capacity to absorb the high pH seepage from the TSFs with minimal change to 

groundwater pH. 

Concentrations of total CN have been contoured in Figure 38, by assigning the detection limit to bores where 

total CN was below detection (the detection limit is most commonly 0.04 mg/L but varies in individual 

samples).  Most areas of the Central Drainage contour at around 0.04 mg/L, indicating total CN was below 

detection.  Concentrations above the detection limit are contoured close to the embankments of the existing 

TSFs and extending slightly further from the TSF to the southwest of AB paddock, to the northeast of D 

paddock, and east of Fimiston I.  The distribution of total CN is therefore broadly consistent with the 

distribution of TDS, and can be correlated with seepage influences, but does not extend as far from the TSF 

due to the attenuation of total CN concentrations within the low pH groundwater system.  The concentrations 

of WAD CN and free CN contoured in Figures 39 and 40 illustrate that concentrations were below detection 

in most locations (contoured as the detection limit which was most commonly 0.04 mg/L), or slightly above 

detection in discrete locations near the Fimiston II TSF. 
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Although there are few groundwater hydrochemistry monitoring data available from the locations of the 

planned new TSFs, baseline groundwater quality is indicated to have 40,000 mg/L to 50,000 mg/L TDS, a 

pH around 4, and negligible concentrations of cyanide at the Fimiston IIE TSF and the Fimiston III TSF.   



 Big Dog Hydrogeology 

 

Hydrogeological Review of the Fimiston TSFs Rev 1 (Final) Page 22   

 

4. Conclusions and recommendations for ongoing seepage management 

4.1 Suitability of current monitoring regime 
Groundwater monitoring at the existing TSFs which is undertaken to comply with the combined conditions of 

L6420/1988/14 and Licence to Take Water GWL66252(8) comprises: 

1. Samples are collected either quarterly or annually from selected trenches, dams and monitoring bores 

and analysed for pH, EC, TDS, free CN, total CN and WAD CN. 

2. Samples are collected annually from selected production bores and analysed for major hydrochemical 

components. 

3. Depth to groundwater is measured in compliance monitoring bores and operational area monitoring 

bores quarterly. 

4. Volumes of abstracted groundwater are recorded monthly. 

Additional groundwater monitoring which is undertaken by KCGM for interpretation purposes comprises: 

1. Monthly measurement of depth to groundwater in operational area and compliance monitoring bores. 

2. Quarterly measurement of depth to groundwater in investigation bores installed in 2015 to investigate 

regional hydrogeological conditions at the Fimiston IIE TSF and the Fimiston III TSF. 

3. Annual sampling of all monitoring and production bores (including those not specified in 

L6420/1988/14) and analysis for pH, EC, TDS, free CN, total CN and WAD CN. 

The review of groundwater monitoring data in Section 3 has identified that: 

• Groundwater depth is the key monitoring parameter for managing potential seepage influences, as 

regardless of any changes in groundwater chemistry, the naturally saline groundwater must be 

prevented from rising into the potential root zone for downgradient vegetation. 

• Groundwater depths respond to seepage influences well in advance of any changes in groundwater 

chemistry and monitoring of groundwater depths in bores within the operational area provides the 

most reliable advance warning of the occurrence of seepage from the TSFs, and of potential future 

changes in the downgradient receiving environment. 

• Monitoring of TDS concentrations provides an indication of the extent of seepage influences but is 

not fully diagnostic of the seepage extent as background TDS concentrations are variable within the 

Central Drainage.  Monitoring of EC provides a useful check on the reliability of the laboratory 

determined TDS concentrations.  

• Monitoring of groundwater pH is not useful for understanding the extent of seepage influences, as the 

groundwater system is naturally strongly buffered with a low pH. 

• Monitoring of total CN, WAD CN and free CN is not diagnostic of seepage influences, as these 

analytes are strongly attenuated in flow within the low pH groundwater system, and concentrations in 

many locations are below detection, including in locations where the TDS concentration suggests 

seepage influences are present. 
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It is therefore concluded that: 

1. The groundwater depth monitoring regime required for compliance with L6420/1988/14 and Licence 

to Take Water GWL66252(8) includes a large number of operational area monitoring bores.  

Groundwater depth data from the operational area bores provide a good understanding of any change 

in the balance between rates of seepage and rates of pumping and provide advance warning of any 

future changes in the downgradient receiving environment.  There are sufficient compliance 

monitoring bores in the downgradient environment to confirm that groundwater remains safely below 

the potential root zone of local vegetation.  The quarterly monitoring of groundwater depth in 

operational area and compliance monitoring bores as required under the licence conditions therefore 

provides sufficient data to identify and manage seepage influences in groundwater and should be 

continued. 

2. The monthly interpretation monitoring of groundwater depths at routine monitoring bores undertaken 

by KCGM provides a more detailed understanding of recharge and seepage processes, provides 

timely warning of any rising groundwater elevation trends, allows for detailed management of seepage 

recovery, and should be continued. 

3. The quarterly interpretation monitoring of groundwater depths at regional investigation bores (yellow 

symbols in Figure 6) undertaken by KCGM provides an understanding of regional groundwater flow 

conditions and should be continued. 

4. No additions to the compliance or interpretation monitoring of groundwater depths are required to 

manage groundwater conditions around the Fimiston I TSF and the Fimiston II TSF as they are 

currently operated.  

5. The value of continuing hydrochemical monitoring at production bores and monitoring bores should  

be reassessed, as the management of seepage influences is based on groundwater depth and is 

independent of groundwater chemistry. 

4.2 Effectiveness of current seepage recovery around the existing TSFs 
Operation of the seepage trenches and the production bores around the existing TSFs in the last ten years 

has been demonstrated to successfully manage groundwater depths to ensure they remain below the current 

compliance limit in compliance monitoring bores.  In each of the sub-areas defined for monitoring, the total 

groundwater production from that sub-area is confirmed to result in stable or declining groundwater elevations 

on average in the last ten years.  Although transient increases in groundwater elevation occur in response to 

natural recharge events, the magnitude and causes of these events are well understood, and the recharge 

influences are removed within a few months following each event.  Temporary shallowing and deepening of 

groundwater depths occur in response to temporarily terminating or restarting tailings deposition in the 

adjacent tailings paddock.  KCGM are planning to manage shallowing groundwater depths to the northwest 

of the Fimiston I TSF by installing additional production bores which is scheduled to be undertaken in 2022. 

The current average total groundwater production rate from the Eastern Borefield is around 70 L/s, which 

reflects a reduction in pumping over recent years due to tailings deposition being reduced to account for the 

operation of the Kaltails TSF,  and due to deposition being temporarily suspended in some paddocks of the 

Fimiston TSFs.  The installed infrastructure has been demonstrated to have the capacity to operate at 110 

L/s if groundwater elevations rise at the production bores and the saturated thickness of the ferricrete and 

alluvial sediment groundwater system increases.  The system around the existing TSFs is therefore 

concluded to be sufficient to manage groundwater depths if tailings deposition schedules and decant pond 

sizes continue to be managed in a similar manner to the operations over the last ten years, subject to 

achieving higher groundwater production rates to the northwest of the Fimiston I TSF, as is planned.  
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4.3 Implications of Fimiston IIE TSF construction on management of the Fimiston II 

TSF 
Figures 3 and 4 illustrate that during construction of the first two cells of the Fimiston IIE TSF, the C Paddock 

South Trench will be permanently decommissioned, six production bores on the southeast side of C paddock 

will be permanently decommissioned, and 12 production bores on the east side of C paddock will be 

permanently decommissioned.  Figure 6 identifies that most of the existing monitoring bores in the Fim II C 

South sub-area, all of the existing monitoring bores in the Fim II C East sub-area, and one or two bores in 

the Fim II D Northeast sub-area will be permanently decommissioned. 

Total groundwater production from the Fim II C South sub-area is currently around 1 L/s as illustrated in 

Figure 24, while Figure 23 identifies a current average production rate of 5 L/s from the Fim II C East sub-

area.  The total average pumping rate from the Eastern Borefield is therefore expected to reduce by around 

9% from 70 L/s to 64 L/s as a result of the construction of the Fimiston IIE TSF.  As discussed in Section 2, 

C paddock will be decommissioned in 2023 and the Fimiston IIE TSF will be commissioned in 2023.   In the 

absence of pumping along the embankment of C paddock in the disturbance areas, the existing groundwater 

mound will initially migrate further from the Fimiston II TSF but will subsequently respond to decommissioning 

of C paddock.  Based on the hydraulic gradients defined in Figure 33, initial migration of the mound will occur 

predominantly to the southeast, and the changes in groundwater depths will occur below the Fimiston IIE 

TSF.  Taking account that relatively low hydraulic conductivity conditions have been inferred in this area (as 

identified from the aquifer capacity analysis in Figure 13 and determined from the observations made during 

the installation of 11 regional investigation bores) the resulting changes in groundwater depths will have 

limited extent.  The removal of the seepage trench and production bores at the embankment of C paddock is 

unlikely to significantly change groundwater depths outside the operational area of the Fimiston IIE TSF.  It 

is therefore anticipated that there will not be any requirement to replace the decommissioned pumping 

systems to manage the influences of tailings deposition in the Fimiston II TSF during the remaining operation 

to 2023. 

While the management of seepage influences from the Fimiston II TSF will require the replacement of some 

of the monitoring bores which will be decommissioned during construction of the Fimiston IIE TSF, this will 

be achieved by the monitoring bores installed for management of the Fimiston IIE TSF. 

4.4 Management of the Fimiston IIE TSF 

4.4.1 Discussion of seepage management 

The Fimiston IIE TSF is planned to be operated in a similar manner to the existing Fimiston TSFs.  The 

learnings from the operation of the existing TSFs and the experiences of managing seepage influences from 

the existing facility therefore provide a sound understanding of the hydrogeology which underpins the 

definition of the systems required to manage seepage from the new facility.  Construction of the Fimiston IIE 

TSF is planned to incorporate an internal toe drain upgradient of the embankment in each cell, and an 

underdrainage collection system installed in the lowest elevation portions of the cell to reduce the hydraulic 

head acting on the underlying natural surface.  In combination, these components of the TSF design will 

reduce rates of seepage entering the groundwater system compared to the existing TSFs.  The migration of 

seepage within the groundwater system will depend on the local hydraulic characteristics of the ferricrete and 

alluvial sediment groundwater system.  While the limited occurrence of ferricrete below the Fimiston IIE TSF 

(Golder, 2016) may reduce the hydraulic conductivity, the alluvial sediments in this location are reported to 

have a higher hydraulic conductivity (Golder, 2020). 
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Modelling of the groundwater system response to the operation of the Fimiston IIE TSF has identified that 

total seepage and groundwater pumping required to be installed around the new facility is expected to be 

around 4 L/s to manage groundwater depths in the downgradient areas (Golder 2016 and Golder 2020).  As 

there may be local or regional variations in groundwater system properties from those assumed during 

modelling, this should be considered an indicative estimate, and the actual pumping rates will be determined 

from detailed monitoring of groundwater elevation responses in monitoring bores during operation of the new 

facility.  For conservative planning and budgeting purposes, it is recommended that seepage to the base of 

the Fimiston IIE TSF should be allowed for at 20 L/s.  Based on seepage modelling it is assumed that 50% 

of the seepage will be intercepted by the underdrainage (Golder 2020), and it is therefore recommended that 

groundwater pumping from production bores at 10 L/s specifically for the operation of the Fimiston IIE TSF 

is allowed for in the operating period. 

Similar to the management approach for the existing facilities, groundwater monitoring for the Fimiston IIE 

TSF is proposed to include operational area bores installed close to the embankment and receiving 

environment monitoring bores installed downgradient. 

Figure 41 provides a perimeter section constructed around the Fimiston IIE TSF (following the perimeter of 

the two permitted cells and the third planned cell), starting at the northern corner where it joins D paddock in 

the Fimiston II TSF, and following the embankment clockwise to finish at the northwest corner where it joins 

C paddock in the Fimiston II TSF.  The section illustrates the natural surface elevation along the perimeter, 

and the groundwater elevation interpolated from the contours in Figure 33.  Groundwater depths are 

interpreted to be less than 10 mBGL in the two locations where the new facility joins the Fimiston II TSF and 

intersects the existing groundwater mound, and up to 35 mBGL over the rest of the facility perimeter. 

Although there are not sufficient geological data to map in detail the geological units which are present around 

the Fimiston IIE TSF perimeter in Figure 41, the discussion of hydrogeological conditions in Section 2 

identifies that the current groundwater elevation is likely to be below the ferricrete and alluvial sediment 

groundwater system along much of the perimeter and may be within weathered or fresh bedrock.  The 

groundwater unit which acts to transmit seepage from the TSF is therefore currently unsaturated along most 

of the perimeter of the Fimiston IIE TSF.  This makes the installation of production bores prior to 

commissioning of the Fimiston IIE TSF problematic, as the target horizons for seepage recovery can most 

effectively be identified once saturation has occurred.  A staged approach to the installation of production 

bores is therefore recommended, guided by the results of the groundwater depth monitoring.   

4.4.2 Discussion of stockpile management 

During construction of the Fimiston IIE TSF, topsoil will be removed from the facility area and will be stockpiled 

outside the TSF perimeter for eventual reclamation use during closure.  Storage locations have not been fully 

identified, however it can be confidently expected that the stockpiles will not be subject to salinisation as a 

result of rising groundwater elevations given that: 

1 Figure 41 illustrates that at the TSF perimeter groundwater depths currently range from 10 mBGL to 40 

mBGL. 

2 Any groundwater mounding driven by TSF seepage will be managed through the installation and 

operation of groundwater production bores. 

3 These production bores will be operated to achieve compliance with L6420/1988/14 and will therefore 

endure that groundwater depths remain more than 4 mBGL. 
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4.4.3  Receiving environment compliance bores 

Figure 42 illustrates the locations of monitoring bores currently included in L6420/1988/14 for monitoring and 

for compliance, along with the locations of the regional bores constructed in 2015.  It is evident that regional 

investigation bores MB F103, MB F104, MB F107, MB F109, MB F108, MB F105 and MB F99 are suitably 

located to monitor groundwater depths downgradient of the Fimiston IIE TSF (once all three cells have been 

constructed and based on the inferred flow directions from Figure 33), are distant enough from the production 

bores planned to be installed at the embankment to be unaffected by pump cycling, and are suitably located 

to define the net competing influences in the receiving environment from TSF seepage, natural recharge, and 

seepage and groundwater recovery. 

Of these investigation bores, MB F103, MB F104, MB F107 and MB F109 are currently dry.  However each 

of these bores was screened from 6 mBGL, and if seepage should cause the unsaturated sediments and 

weathered bedrock to become saturated, they will respond to the groundwater conditions and provide 

accurate groundwater depths and representative groundwater chemistry.  It is therefore proposed that these 

seven bores (MB F103, MB F104, MB F107, MB F109, MB F108, MB F105 and MB F99) be included as 

interpretation bores by KCGM during routine groundwater depth monitoring during operation of the Fimiston 

IIE TSF.   

In addition, five new monitoring bores are recommended to be installed to below the current groundwater 

elevation to define background conditions prior to TSF operation, with the new bores located to the north, 

east, southeast and southwest of the TSF as marked in Figure 42.   The final locations and construction 

details for these bores will be determined from a review of infrastructure locations, tenement boundaries and 

access constraints.  These five bores are proposed to be added to L6420/1988/14 as compliance bores for 

groundwater depth.  The new compliance bores will be installed during construction of the Fimiston IIE TSF, 

to allow six months of baseline groundwater depths to be measured prior to commissioning tailings deposition 

in the new facility in 2023.   

4.4.4 Operational area monitoring bores 

The compliance monitoring bores proposed to be monitored for the Fimiston IIE TSF and described in Section 

4.4.3 are all interpreted to be located in relatively low hydraulic conductivity portions of the ferricrete and 

alluvial sediment groundwater system, where limited ferricrete is present.  If seepage occurs from the 

Fimiston IIE TSF, it will create a groundwater mound with steep margins which will migrate towards these 

bores.  Once the groundwater mound reaches the location of each bore, groundwater elevations will rise 

rapidly in that location, based on the observed historical responses at existing TSFs, such as those responses 

plotted in Figure 24.  Therefore the compliance bores are suitable to monitor the influences of the TSF in the 

receiving environment, and to protect vegetation, but they are not suitable for use in proactive management 

of groundwater depths.  This is because the compliance bores will not provide sufficient advance warning of 

the occurrence of seepage to allow the installation of production bores in the required upgradient locations. 
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Advance warning of seepage influences will be provided by operational area monitoring bores, which will be 

constructed and monitored along the toe of the embankment of the Fimiston IIE TSF.  Bores close to the 

embankment will provide sufficient advance warning of any reducing groundwater depths to allow production 

bores to be installed and operated to control groundwater depths.  Approximate locations for the Fimiston IIE 

TSF operational area monitoring bores proposed to be added to L6420/1988/14 are included in Figure 42.   

Currently it is proposed that nine bores will provide the required monitoring density.  The actual locations will 

be determined from the final facility designs and will ensure that an appropriate infrastructure corridor is 

allowed at the toe of the embankment for any future construction requirements, including access roads or 

potential buttressing of the TSF slopes.  Figure 41 illustrates that in order to encounter saturated conditions 

and record a pre-operating groundwater depth, the cased depth for the bores is likely to range from 20 mBGL 

to 50 mBGL.  The bores will be constructed as a single standpipe, slotted from around 6 m depth to the base 

of the hole, to ensure they respond to any future saturation of the shallow strata. 

The operational area monitoring bores will be installed during construction of the Fimiston IIE TSF, to ensure 

six months of baseline groundwater depths can be measured prior to commissioning tailings deposition in 

the new facility.  Groundwater depths measured in the operational area bores will be regularly reviewed to 

identify any requirement to install production bores during the operating period. 

4.4.5 Stage 1 production bores 

As discussed in Section 4.4.1, if required, production bores will be installed around the Fimiston IIE TSF in a 

reactive manner, which will allow the operational area monitoring bores to be used to identify the exact 

locations and depth horizons which will be targeted during production bore construction.  If required, these 

reactive production bores will be installed as Stage 2. 

It is also proposed that approximately six Stage 1 production bores are installed during construction of the 

first two cells of the Fimiston IIE TSF.  These bores reflect a proactive approach to the management of 

seepage from both the Fimiston II TSF and the Fimiston IIE TSF.  Figure 41 identifies that groundwater is 

currently less than 10 mBGL where the Fimiston IIE TSF joins D paddock in the north and joins the southeast 

corner of C paddock.  These positions where the Fimiston IIE TSF embankment joins the Fimiston II TSF 

embankment may potentially be the first locations where seepage influences are identified during operation 

of the Fimiston IIE TSF, due to the following combination of factors: 

1. Groundwater is already relatively shallow in these locations, due to the operation of the Fimiston II 

TSF. 

2. Decommissioning of the production bores on the southeast and northeast embankments of C paddock 

will potentially cause rising groundwater elevations during the remaining operating period for C 

paddock and D paddock, and during the subsequent draindown period, which will migrate under the 

Fimiston IIE TSF. 

3. The underdrainage proposed to be installed below the Fimiston IIE TSF does not extend to these 

locations (Golder, 2020). 

4. Once tailings deposition to the Fimiston IIE TSF commences, any seepage from the facility will tend 

to create a hydraulic barrier to groundwater flow beneath that facility. 

5. On the northern margin of the Fimiston IIE TSF, any combined seepage from D paddock and from 

the Fimiston IIE TSF will therefore be forced to the north and northeast.  

6. Where the Fimiston IIE TSF joins C paddock, any combined seepage from C paddock and from the 

Fimiston IIE TSF is therefore likely to be forced to the southwest towards the Central Drainage. 
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In order to ensure that any potential seepage influences in these locations can be managed in a timely 

manner, and that groundwater can be prevented from rising from the current 10 mBGL towards the limit of 4 

mBGL, it is recommended that the Stage 1 production bores be constructed in these areas prior to the 

commissioning of deposition in the first two cells of the Fimiston IIE TSF.  Potential locations for the bores 

are indicated in Figure 41, and it is currently assumed that four production bores will be installed at C paddock 

and two production bores will be installed at D paddock.  The actual locations will be refined to ensure a 

sufficient infrastructure corridor is allowed at the toe of the embankment for any future operational works.  

The exact number of bores and construction details will be refined based on observations of groundwater 

conditions and groundwater depths collected during drilling.  For costing purposes, four bores, to an average 

depth of 30 mBGL, equipped with pumping systems capable of achieving around 0.5 L/s in each case should 

be allowed for. 

4.4.6 Stage 2 production bores 

The requirement for Stage 2 production bores to be installed will be assessed from reviews of monitoring 

data collected during operation of the Fimiston IIE TSF.  Any potential seepage migration pathways within 

the clayey sediments and weathered bedrock around the perimeter of the TSF will be identified from 

groundwater depth trends in the operational area bores.  If required, Stage 2 production bores will 

subsequently be installed targeting those groundwater flow pathways and will be operated to control 

groundwater depths in the receiving environment. 

Designs for the Fimiston IIE TSF should therefore make allowance for pipeline and power reticulation along 

the entire perimeter of the embankment.  Designs for the production bores will be determined from the 

monitoring data collected during operations.  For costing and scheduling purposes for the Fimiston IIE TSF, 

it is recommended that allowance be made for Stage 2 production bores as follows: 

1. If found to be required, between five and 15 Stage 2 production bores may potentially be installed 

over LOM, in addition to the proposed Stage 1 production bores. 

2. The installed pumping capacity in each bore is expected to be around 0.5 L/s, and the average 

operating rate from each bore is expected to be less than 0.5 L/s. 

3. Bore construction depths are expected to average 30 m. 

4. If seepage is identified in the operational area monitoring bores, and installation of the Stage 2 

production bores is found to be required, it is likely that at least some of the Stage 2 bores will be 

installed around two years after commencing operation of the Fimiston IIE TSF. 

  



 Big Dog Hydrogeology 

 

Hydrogeological Review of the Fimiston TSFs Rev 1 (Final) Page 29   

 

4.5 Management of the Fimiston III TSF 

4.5.1 Discussion of seepage management 

The Fimiston III TSF is planned to be operated in a similar manner to the existing Fimiston TSFs.  The 

learnings from the operation of the existing TSFs and the experiences of managing seepage influences from 

the existing facility therefore provide a sound understanding of the hydrogeology which underpins the 

definition of the systems required to manage seepage from the new facility.  Construction of the Fimiston III 

TSF is planned to incorporate an internal toe drain upgradient of the embankment in each cell, and an 

underdrainage collection system installed in the lowest elevation portions of the cell to reduce the hydraulic 

head acting on the underlying natural surface.  In combination, these components of the TSF design will 

reduce rates of seepage entering the groundwater system compared to the existing TSFs.  The migration of 

seepage within the groundwater system will depend on the local hydraulic characteristics of the ferricrete and 

alluvial sediment groundwater system.  The limited occurrence of ferricrete below the Fimiston III TSF may 

reduce the hydraulic conductivity, and the seepage modelling has assumed that a stiff clay is present near 

surface below all of the Fimiston III TSF (Golder 2016).  However, as noted in Figure 13 there is potential for 

locally elevated hydraulic conductivity conditions to occur near the southeast corner of the facility. 

Modelling of the groundwater system response to the operation of the Fimiston III TSF has identified that 

total seepage and groundwater pumping required to be installed around the new facility is expected to be 

around 2 L/s to manage groundwater depths in the downgradient areas (Golder 2016).  As there may be local 

or regional variations in groundwater system properties from those assumed during modelling, this should be 

considered an indicative estimate, and the actual pumping rates will be determined from detailed monitoring 

of groundwater elevation responses in monitoring bores during operation of the new facility.  For conservative 

planning and budgeting purposes, taking account of the area of the Fimiston III TSF, seepage to the base of 

the facility at a maximum of 30 L/s should be allowed for during operations.  It is assumed that 50% of this 

seepage will be intercepted by the underdrainage system, and it is recommended that seepage and 

groundwater pumping from production bores at 15 L/s specifically for the operation of the Fimiston III TSF is 

allowed for in the operating period. 

Similar to the management approach for the existing facilities, groundwater monitoring for the Fimiston III 

TSF is proposed to include operational area bores installed close to the embankment and receiving 

environment monitoring bores installed downgradient. 

Figure 43 provides a perimeter section constructed around the Fimiston III TSF, starting at the northwest 

corner, and following the embankment clockwise to finish back at the northwest corner.  The section illustrates 

the natural surface elevation along the perimeter, and the groundwater elevation interpolated from the 

contours in Figure 33.  Groundwater mounding associated with seepage from the Fimiston II TSF is clearly 

evident near the southeast corner of the Fimiston III TSF where groundwater occurs at around 10 mBGL to 

15 mBGL.  Groundwater depths are interpreted to exceed 30 mBGL in the northern part of the facility. 

Although there are not sufficient geological data to map in detail the geological units which are present around 

the Fimiston III TSF perimeter in Figure 43, the discussion of hydrogeological conditions in Section 2 identifies 

that the current groundwater elevation is likely to be below the ferricrete and alluvial sediment groundwater 

system along much of the perimeter and may be within weathered or fresh bedrock.  The groundwater unit 

which acts to transmit seepage from the TSF is therefore currently unsaturated along most of the perimeter 

of the Fimiston III TSF, although it may be saturated in the south where groundwater mounding is present.  

This makes the installation of production bores prior to commissioning of the Fimiston III TSF problematic, 

as the target horizons for seepage recovery can most effectively be identified once saturation has occurred.  
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A staged approach to the installation of production bores is therefore recommended, guided by the results of 

the groundwater depth monitoring.    

4.5.2 Discussion of stockpile management 

During construction of the Fimiston III TSF, topsoil will be removed from the facility area and will be stockpiled 

outside the TSF perimeter for eventual reclamation use during closure.  Storage locations have not been fully 

identified, however it can be confidently expected that the stockpiles will not be subject to salinisation as a 

result of rising groundwater elevations given that: 

1 Figure 43 illustrates that at the TSF perimeter groundwater depths currently range from 15 mBGL to 30 

mBGL. 

2 Any groundwater mounding driven by TSF seepage will be managed through the installation and 

operation of groundwater production bores. 

3 These production bores will be operated to achieve compliance with L6420/1988/14 and will therefore 

endure that groundwater depths remain more than 4 mBGL. 

4.5.3 Receiving environment compliance bores 

Figure 42 illustrates that regional investigation bore MB F89 is suitably located to monitor groundwater depths 

downgradient of the Fimiston III TSF (based on the inferred flow directions from Figure 30), is distant enough 

from the production bores planned to be installed at the embankment to be unaffected by pump cycling and 

is suitably located to define the net competing influences in the receiving environment from TSF seepage, 

natural recharge, and seepage and groundwater recovery.  It is therefore proposed that MB F89 be included 

in routine monitoring during operation of the Fimiston III TSF.   

MB F75 and MB F04 which are defined as compliance bores in L6420/1988/14 are indicated by Figure 42 to 

be suitably located to monitor the combined influences of the Fimiston II TSF and the Fimiston III TSF.  In 

addition, four new monitoring bores are recommended to be installed to below the current groundwater 

elevation to define background conditions prior to TSF operation, with the new bores located to the north, 

west and east of the Fimiston III TSF as marked in Figure 42.   The final locations and construction details 

for these bores will be determined from a review of infrastructure locations, tenement boundaries and access 

constraints.  These ten bores are proposed to be added to L6420/1988/14 as compliance bores for 

groundwater depth.  The new compliance bores will be installed during construction of the Fimiston III TSF, 

to allow six months of baseline groundwater depths to be measured prior to commissioning tailings deposition 

in the new facility in 2026. 

4.5.4 Operational area monitoring bores 

The compliance monitoring bores proposed to be monitored for the Fimiston III TSF and described in Section 

4.5.3 are all interpreted to be located in relatively low hydraulic conductivity portions of the ferricrete and 

alluvial sediment groundwater system, where limited ferricrete is present.  If seepage occurs from the 

Fimiston III TSF, it will create a groundwater mound with steep margins which will migrate towards these 

bores.  Once the groundwater mound reaches the location of each bore, groundwater elevations will rise 

rapidly in that location, based on the observed historical responses at existing TSFs, such as those responses 

plotted in Figure 24.  Therefore the compliance bores are suitable to monitor the influences of the TSF in the 

receiving environment, and to protect vegetation, but they are not suitable for use in proactive management 

of groundwater depths.  This is because the compliance bores will not provide sufficient advance warning of 

the occurrence of seepage to allow the installation of production bores in the required upgradient locations. 
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Advance warning of seepage influences will be provided by operational area monitoring bores, which will be 

constructed and monitored along the toe of the embankment of the Fimiston III TSF.  Bores close to the 

embankment will provide sufficient advance warning of any reducing groundwater depths to allow production 

bores to be installed and operated to control groundwater depths.  Approximate locations for the Fimiston III 

TSF operational area monitoring bores proposed to be added to L6420/1988/14 are included in Figure 42.   

Currently it is proposed that nine bores will provide the required monitoring density.  The actual locations will 

be determined from the final facility designs and will ensure that an appropriate infrastructure corridor is 

allowed at the toe of the embankment for any future construction requirements, including access roads or 

potential buttressing of the TSF slopes.  Figure 42 illustrates that in order to encounter saturated conditions 

and record a pre-operating groundwater depth, the cased depth for the bores is likely to range from 20 mBGL 

to 50 mBGL.  The bores will be constructed as a single standpipe, slotted from around 6 m depth to the base 

of the hole, to ensure they respond to any future saturation of the shallow strata. 

The operational area monitoring bores will be installed during construction of the Fimiston III TSF, to ensure 

six months of baseline groundwater depths can be measured prior to commissioning tailings deposition in 

the new facility.  Groundwater depths measured in the operational area bores will be regularly reviewed to 

identify any requirement to install production bores during the operating period. 

4.5.5 Stage 1 production bores 

As discussed in Section 4.5.1, production bores will be installed around the Fimiston III TSF in a reactive 

manner, which will allow the operational area monitoring bores to be used to identify the exact locations and 

depth horizons which will be targeted during production bore construction.  These reactive production bores 

will be installed as Stage 2.  Designs for the Fimiston IIE TSF also allow for the installation of Stage 1 

production bores prior to facility commissioning in order to manage the combined seepage influences of the 

Fimiston II TSF and the Fimiston IIE TSF.  Due to the offset of the Fimiston III TSF from the Fimiston II TSF, 

Stage 1 production bores are not proposed to be installed for this facility. 

4.5.6 Stage 2 production bores 

The requirement for Stage 2 production bores to be installed will be assessed from reviews of monitoring 

data collected during operation of the Fimiston III TSF.  Any potential seepage migration pathways within the 

clayey sediments and weathered bedrock around the perimeter of the TSF will be identified from groundwater 

depth trends in the operational area bores.  If required, Stage 2 production bores will subsequently be 

installed targeting those groundwater flow pathways and will be operated to control groundwater depths in 

the receiving environment. 

Designs for the Fimiston III TSF should therefore make allowance for pipeline and power reticulation along 

the entire perimeter of the embankment.  Designs for the production bores will be determined from the 

monitoring data collected during operations.  For costing and scheduling purposes for the Fimiston III TSF, it 

is recommended that allowance be made for Stage 2 production bores as follows: 

1. If found to be required, between five and 20 Stage 2 production bores may potentially be installed over 

LOM, in addition to the proposed Stage 1 production bores. 

2. The installed pumping capacity in each bore is expected to be between 0.5 L/s and 1.0 L/s, and the 

average operating rate from each bore is expected to be less than 1.0 L/s. 

3. Bore construction depths are expected to average 30 m. 

4. If seepage is identified in the operational area monitoring bores, and installation of the Stage 2 production 

bores is found to be required, it is likely that at least some of the Stage 2 bores will be installed around 

two years after commencing operation of the Fimiston III TSF. 
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4.6 Management for closure 
The current closure plan for the Fimiston TSFs allows for underdrainage pumping and seepage and 

groundwater pumping to continue after tailings deposition terminates in 2034.  This will be required as the 

facilities drain down and the groundwater mound below each facility is reduced, to ensure that groundwater 

depths remain protective of vegetation in the receiving environment.  KCGM have proposed that closure 

criteria for groundwater depths will be set individually at each monitoring bore and will be used to identify 

when seepage and groundwater recovery in that location can be initially suspended and eventually 

decommissioned.   KCGM plan that the target depth at each bore will be determined from: 

1. The minimum groundwater depth below surface that is expected to be protective of vegetation in that 

location. 

2. A further allowance for groundwater depth rebound following decommissioning of seepage recovery. 

3. A further allowance for temporary shallowing of groundwater depths associated with recharge from 

unusually large precipitation events. 

4. A mechanism to prevent the resulting target groundwater depth being set below the pre-mining 

groundwater depth in any location. 

All pumping from the TSF underdrainage systems, from seepage and groundwater recovery production bores 

and from seepage trenches in closure will be directed to the lake developing in the Fimiston Open Pit.  Rates 

and durations of pumping from the Fimiston I TSF, the Fimiston II TSF, the Fimiston IIE TSF and the Fimiston 

III TSF have been conservatively estimated and have been included in the closure water balance and 

hydrochemical model for the Fimiston Open Pit.  Under the basecase assumptions, total underdrainage and 

seepage pumping to the Fimiston Open Pit in closure is predicted to peak at 75 L/s and to continue for ten 

years until 2044. 
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Appendix A  
DWER Prescribed Premises Licence 
L6420/1988/14 
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Appendix B  
DWER Licence to Take Water GWL66252(8) 
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