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1 INTRODUCTION 

1.1 Background 
KCGM operates the Fimiston open pit (commonly known as the Superpit) and the Mt 
Charlotte underground mine in the city of Kalgoorlie Boulder in the Eastern Goldfields 
Region of Western Australia.  KCGM is the operating company for the mining operations, 
and is owned by Newmont and Barrick.  The mining operation incorporates the Fimiston 
pit, which encompasses a number of smaller historic pits and underground operations; 
abandoned underground workings which extend below the current pit; two active tailings 
storage facilities; active underground workings at Mt Charlotte; a number of active waste 
rock and stockpile storage areas; a number of historical tailings and waste rock storage 
areas; and a process water supply utilising groundwater resources from the local 
palaeochannel system.  In addition, the Gidji roaster site operates tailings facilities to the 
north of the main KCGM site, and KCGM are planning to acquire the Kaltails TSF located 
to the east of the Fimiston operations. 
 
KCGM is currently undertaking studies to develop an integrated closure plan for all of the 
mine facilities.  These studies will include an assessment of the current conditions and 
landforms for each facility, the anticipated conditions at the end of mining, and the 
preferred approach, cover and conditions for long term closure.  As a result of the very 
long mining period and the large number of historical operations contained within the 
current footprint, the closure designs will need to take account of the potential long term 
influences of all of the mining activities that have been completed across the site.  Much 
of this closure design work is being undertaken by KCGM in conjunction with Outback 
Ecology Services (OES). 
 
Schlumberger Water Services (SWS) has been commissioned to summarise all of the 
available data on surface water and groundwater conditions at the site into an integrated 
conceptual model of the hydrologic systems, including an assessment of hydrological 
conditions in long term closure.  The results of the assessment are presented in this 
report, and will be combined with the work by KCGM and OES to develop the final 
closure plan.  
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Figure 5.6  Inferred extent of groundwater chemistry changes - Gidji area
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Figure 5.7  Bedrock system
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Figure 5.8  Typical piezom
etric section through pit
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6 CONCLUSIONS REGARDING CLOSURE OPTIONS 

6.1 Development of a water management strategy for closure 
The overall mine water management system to be applied in closure at KCGM will be 
developed in conjunction with, and is linked to, the other components of the closure plan 
including: 
 

• Definition of the geochemical nature and long term leaching behaviour of 
the waste rocks in the dumps and mineralised material exposed in the pit 
slopes. 

• Design of final landforms for the facilities, including the cover material to be 
applied. 

• Assessment of the physical (erosion, infiltration, runoff, evapotranspiration) 
properties and geochemical properties of the cover materials. 

• Development of closure criteria for groundwater elevations and 
groundwater quality in each system. 

Without pre-empting the results of these ongoing studies, the most likely closure 
approach for groundwater and surface water systems is described in the following 
sections, and has been used to refine the work program recommended in Section 7. 

6.2 Palaeochannel groundwater system 
Once mineral processing is terminated, the process water supply borefields installed in 
the Palaeochannel groundwater system will be decommissioned or possibly offered to 
other mining operations.  Piezometric elevations will recover slowly, due to ongoing 
leakage into the system from the underlying and overlying units.  The pre-mining 
groundwater elevation is unlikely to be reached, due to the amount of groundwater 
removed from storage by the borefields, and due to the operation of production bores 
within the same system by other mining operations.   
 
Closure criteria set for the Palaeochannel system will reflect that mineral processing has 
been recognised as the primary beneficial use for this system, and would not require full 
recovery of groundwater elevations.  Groundwater chemistry has generally not been 
altered by mining operations and closure criteria should be easily met.  An exception is 
noted at the Kaltails TSF where a drainage bore was installed in a shallow paleodrainage 
tributary.  If monitoring indicates that cyanide has entered the palaeochannel system then 
ongoing monitoring and remediation may be required for closure. 
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One potential closure use for the Palaeochannel system would be to inject any excess 
water from the KCGM facilities in the active closure period.  However, due to the differing 
physical and chemical properties of the excess water compared to the Palaeochannel 
system this would likely be problematic to engineer, maintain and permit, and the 
Fimiston pit lake is a more feasible option for the disposal of excess water. 

6.3 Facility runoff 
The frequency, volume and chemistry of runoff from the closed mine facilities (waste rock 
dumps and TSFs) will be estimated during closure planning, once the design studies 
have been completed.  However based on the current understanding of the site it is 
anticipated that: 
 

• Runoff from the facilities will occur rarely, and will predominantly be 
associated with tropical rain bearing depressions, during which a high 
percentage of precipitation may appear as runoff. 

• Generation of ARD is unlikely to be the primary concern in runoff water 
quality.  However it is possible that the TDS concentrations in runoff may 
be unacceptable for discharge to the environment, depending on the cover 
material selected. 

• If the studies identify that runoff water quality is unacceptable for 
discharge, the preferred approach would be to route as much runoff as 
possible to the Fimiston open pit. 

6.4 Facility seepage 
Infiltration modelling will be required to identify potential seepage rates and seepage 
chemistry for the waste rock dumps.  Seepage control may not be a major component of 
the mine water management system in closure as: 
 

• The high rates of evaporation at the site will result in any store and release 
type covers acting to significantly reduce rates of infiltration to the facilities. 

• The waste rock in the dumps is essentially placed dry, and significant 
infiltration would be required to achieve saturated conditions and generate 
seepage from the facilities. 

• Preliminary indications are that there is not a high risk of ARD generation 
in seepage from the waste rock dumps, due to the limited amount of 
Potentially Acid Forming material placed in the dumps.  

Seepage from the TSFs into the Ferricrete and alluvial system has occurred at high rates 
during operations, and will continue during closure.  A key component in the mine water 
management system will be the continued operation of groundwater production facilities 
as described in the following section. 
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6.5 Pumping from the Ferricrete and alluvial groundwater system 
Rates of seepage from the TSFs will decline once tailings deposition is terminated, 
however the facilities will continue to influence the Ferricrete and alluvial groundwater 
system in closure.  The Seepage and Groundwater Management Plan will need to be 
expanded to include closure criteria for both groundwater elevations and groundwater 
quality at each facility, and continued pumping from the production bores will be required 
to achieve the criteria.  The design of this component of the closure plan will include: 
 

• Defining the pumping period required to remove groundwater mounding 
around the facilities and meet groundwater elevation criteria.  This is likely 
to range from a few years to decades after tailings deposition terminates. 

• Defining the pumping period required to meet groundwater chemistry 
closure criteria.  This may be significantly longer than decades in order to 
allow flushing and removal of groundwater below the facilities if determined 
to be necessary. 

• At the Fimiston and Kaltails TSFs, there have been major changes to the 
baseline TDS concentrations in local groundwater, but cyanide migration in 
the Ferricrete and alluvial system is limited.  At these sites it may be 
possible to set closure criteria which allow for permanent changes in the 
TDS concentrations in the groundwater system. 

• At the Gidji TSF, there have been major changes in TDS concentrations 
and cyanide concentrations in groundwater in the Ferricrete and alluvial 
system.  Subject to the final definition of closure criteria, it may be 
necessary to maintain pumping from this system for a much longer period 
to maintain control of groundwater chemistry.  This would entail defining a 
destination for the pumped water. 

• Modelling the potential influence of a major precipitation event once 
pumping is terminated, and confirming that pooling on the TSF surface 
would not result in rates of seepage which would cause problematic 
groundwater level rises. 

• Identifying the optimum disposal option for pumped flows.  This is likely to 
be discharge to the Fimiston pit lake, although other options such as 
recirculation to the TSFs or evaporation could be investigated as 
necessary. 

6.6 Pit lake management 
The Fimiston open pit is connected to the Bedrock groundwater system, and once the 
pumping bore HSGD061 is decommissioned, groundwater elevations will recover and a 
pit lake will develop. 
 
The rate of recovery of the pit lake will be a function of: 
 

• Precipitation conditions. 

• The amount of excess water from other parts of the site directed to the pit 
in the active closure period (runoff, seepage, groundwater production form 
the Ferricrete and alluvial system). 

• The geometry of the final open pit. 
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• The geometry of the underground workings below and in the slopes of the 
pit, and the degree of backfill in these workings. 

The elevation at which the pit lake stabilises in the long term will be a function of: 
 

• Passive permanent inputs directed to the pit (facility runoff and seepage). 

• Evaporation conditions within the micro-climate developed within the open 
pit. 

• The long term stable groundwater elevation in the pit area. 

The hydrochemistry of the pit lake will be a function of: 
 

• The volume and chemistry of inputs to the pit lake in the active closure 
period. 

• The volume and chemistry of seepage and runoff permanently routed to 
the lake. 

• Interactions with the materials exposed in the pit slopes and within the 
underground workings. 

• The rate of ongoing evapoconcentration at the lake. 

• Chemical reactions and physical stratification occurring within the lake. 

A preliminary study completed in 2006 estimated that the pit lake would stabilise deep 
within the pit at a position around 500 m below the pit rim, and would reach this elevation 
in around 80 years.  A subsequent hydrochemical assessment undertaken in 2007 
suggested that pit lake water quality would be 40,000 to 60,000 mg/l TDS initially, 
increasing to 120,000 mg/l TDS once the stable elevation is reached. 
 
Neither of these studies took account of any runoff, seepage or groundwater production 
routed from the other mine facilities to the pit lake. 
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7 RECOMMENDATIONS 

7.1 Background 
Section 6 describes the closure constraints based on surface water and groundwater 
conditions at the KCGM site, and outlines the likely preferred closure approach for the 
facilities.  This assessment has been based on all the data available from the site to date.  
Further investigations which will be required to refine the closure approach, and which are 
in addition to the design studies already underway by KCGM and other team members, 
are discussed below. 
 

7.2 Geochemical characterization 
A sampling program is underway to better define the acid generating potential of ore, 
waste and potential cover materials at KCGM in order to develop a materials inventory for 
the closure designs.  Based on limited observations of runoff water quality at the site, this 
testwork should include an assessment of the potential salinity of runoff from each 
material type, assessed using Synthetic Precipitation Leaching Protocol tests or similar. 
 

7.3 Surface water sampling 
There are limited data defining surface water runoff quality within and downgradient of the 
KCGM site.  The existing sampling program should be expanded to include: 
 

• A literature search to locate published water quality data for Hannans Lake 
and any other playa lakes in the region. 

• In the event of a major precipitation event, sampling of the surface water 
catchment draining the Fimiston 1 and Fimiston 2 TSFs, and any other 
location where significant pooling is observed. 

• Regular sampling of runoff from any trial or concurrent cover and 
rehabilitation areas which are consistent with the closure approach 
planned for the other mine facilities. 



Recommendations 
 

6-128/R2 Schlumberger Water Services KCGM 
28 

7.4 Groundwater investigations 
A large number of groundwater data are available from the KCGM operations and specific 
additional groundwater studies are not proposed.  However it is important that ongoing 
groundwater studies being undertaken at KCGM for other purposes be tailored to also 
provide data for the closure plan.  Examples of these studies include: 
 

• The installation of 400 m deep groundwater investigation holes in the 
western slopes of the Fimiston open pit, planned for November and 
December of 2009.  These holes will be equipped with pressure sensors to 
investigate pore pressure conditions in the pit slopes.  However, it should 
be possible to collect groundwater samples during this program, and this 
would provide valuable data on the hydrochemistry of groundwater flows 
which will contribute to the pit lake in closure. 

• Ongoing monitoring, reporting and management of groundwater quality in 
the Ferricrete and alluvial system around the TSFs.  If significant 
groundwater quality changes are identified during this ongoing program, 
that information should be fed back into the closure plan in terms of 
potential requirements for ongoing groundwater production in closure. 

• Ongoing development of the Seepage and Groundwater Management 
Plan.  As conditions in this plan are being re-negotiated with stakeholders, 
it will be important to set realistic groundwater chemistry criteria and 
targets for closure. 

7.5 Site wide water balance model 
Once preliminary closure designs are available for the mine facilities, including the 
proposed routing of any runoff and seepage, a site wide water balance model should be 
compiled for the closure period.  The model would use data available from the operating 
period (pond extent and volume on the TSFs, rates of groundwater production for 
seepage control etc) to calibrate components of the closure model, but the model would 
not be structured to simulate operating conditions.  Components of the model such as 
runoff and seepage volumes from the closed waste rock dumps would potentially be 
investigated in separate sub-studies. 
 
The results of these studies would be combined into a site wide water balance model, 
including the operation of the Gidji facilities.  The model would employ both average and 
peak precipitation conditions, and would examine the range of flows that are likely to be 
diverted to the Fimiston open pit, and to predict the maximum amount of potential water 
accumulation in any facility, taking account of pumping constraints. 

7.6 Pit lake model 
An updated pit lake model will be required to support the closure planning process.  The 
model would need to incorporate: 
 

• The results of the site wide water balance in terms of flows routed to the 
open pit in the active closure period. 

• An assessment of the potential chemistry of each stream routed from the 
facilities to the pit. 

• An updated assessment of the final open pit geometry and backfilled 
workings. 
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• An assessment of the relative proportion of groundwater flows and recent 
recharge flows into the open pit, using monitoring data on pumping rates, 
groundwater elevations and groundwater quality in the open pit. 

• An assessment of the long term hydrochemistry of all groundwater and 
surface water components routed to the pit in the long term, including 
geochemical interactions with the exposed pit slopes. 

• Meteorological conditions including dry, average, and peak wet. 

• Physical and hydrochemical processes which may occur within the pit lake 
waters. 

The model would then be used to quantify the final lake elevation and potential lake water 
quality for the preferred closure approach. 
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GPC lithology summary.xls 
Sep 2009 
 
Final Fimiston Mineralogy Report.pdf 
Sep 2009 
By Barrick 
 
Environmental Research Rehabilitation notes.pdf 
Sep 2009 
 
KCGM Final Submission on Fimiston 1 TSF Independent review.pdf 
Nov 2004 
By KCGM 
 
Mt Gleddon Project Document June 2005.pdf 
June 2005 
By Better Earth 
 
Enviro holes.ppt 
 
KCGM Tailings and Oxide Resource Inventory 2002.pdf 
By KCGM 
March 2002 
 
KCGM waste rock characterization study preliminary investigation 1991.pdf 
March 1991 
By AGC Woodward Clyde 
 
Golden Pike Block model data.csv 
 
Gpc litho oxide percentages.xls 
 
PER Fimiston App H1a.pdf 
Feb 2004 
By Barrett Fuller 
 
Section 5 Waste Rock Stockpile Characterisation.pdf 
By SWC 
 
Section 4 Oxide and decomposed rock material.pdf 
By SWC 
 
Section 3 Topsoil characterization.pdf 
By SWC 
 
Section 2 Native soil profile characterization.pdf 
By SWC 
2007 
 
Report to KCGM on the survey of Greenstone Hills in the Goldfields.pdf 
By Shane Chalwell 
 



 

 

Rehabilitation topsoil stocktake 1995.pdf 
By KCGM 
 
Physical characterization of mine wastes and top soils.pdf 
 
Acid Drainage Risk Evaluation.pdf 
April 2005 
HLA Enviroscience 
 
Mt Percy Revegetation Trial in Saline Oxide Materials.doc 
 
Leaching trial of oxide material.pdf 
By SWC 
October 2005 
 
Geochemical characterization of Fimiston and Gidji Tailings 2001.pdf 
Graeme Campbell and Assoc 
May 2001 
 
Appendix F1 Occurrence of tellurides and mercury in Fimiston open pit May 2006.pdf 
By KCGM 
May 2006 
 
Geochemical characterization of Gidji Tailings 2003.pdf 
By Graeme Campbell 
January 2003 
 
Fimiston tailings geochem report G Campbell 1994.pdf 
August 1994 
Graeme Campbell 
 
Seismic Risk Assessment 04652022 Report R003.pdf 
Nov 2004 
Golders 
 
Mining Proposal Golden Pike and NWRDs final.doc 
May 2008 
By KCGM 
 
Mining Proposal Resubmission 2Golden Pike and NWRDs.doc 
March 2009 
By KCGM 
 
TSF audit 2008/08764158 001 Rev0 Operational audit Gidji TSF.pdf 
Jan 2009 
Golders 
 
TSF audit 2008/08764158 001 Rev0 Operational audit Fimiston TSFs.pdf 
Jan 2009 
Golders 
 
Gidji wall lifts.xls 
 
9606_l05.doc 
Aug 2009 
Peter Clifton 
 



 

 

Chaffers Shaft Review2002.pdf 
Feb 2003 
Peter Clifton 
 
Golder Associates 2003 1 in 1000 yr flood event on tailings.pdf 
June 2003 
Golders 
 
KCGM SGMP audit 2009.pdf 
July 2009 
Peter Clifton 
 
Fimiston II TSF Notice of Intent March 1991.pdf 
March 1991 
GHD 
 
Fimiston II NOI Addendum Wall Geometry.pdf 
August 1995 
KCGM/Golders 
 
Fimiston II TSF Letter of Intent Dewatering Trench.pdf 
July 1993 
By KCGM 
 
Fimiston I TSF Final Report.pdf 
October 2004 
Thompson and Brett 
 
Works Approval Fim 1 to 35 m 2007.pdf 
Works approval from DEC 
 
DOEC works approval W4515 2008.pdf 
April 2009 
 
SEenv007 NOI Fimiston 1 TSF addendum Increase in height April 2003.pdf 
April 2003 
Golders 
 
SEenv006 NOI Fimiston I and Croesus TSF Rationalisation NOI Addendum final,.pdf 
Aug 1995 
Golders 
 
SEenv396 LTR Q2 2009 Fimiston GW Report.pdf 
KCGM 
Aug 2009 
 
SE env395 LTR Q2 2009 Gidji GW Report.pdf 
Aug 2009 
KCGM 
 
Draft workplan KCGM Fimiston Post Closure Water Quality.pdf 
Feb 2007 
Schafer Ltd 
 
SE env126 REP Fimiston GW Report Q2 2009.pdf 
May 2009 
KCGM 



 

 

SE env127 REP Gidji GW Report Q1 2009.pdf 
May 2009 
KCGM 
 
KCGM Groundwater Reviews 2007.pdf 
Feb 2008 
Peter Clifton 
 
P77641100 P01 Gidji Tailings Options.pdf 
May 2007 
Golders 
 
Gidji TSF Design NOI Equivalent.pdf 
April 1988 
Dames and Moore 
 
SE env080 rep per appendix D5 Fimiston seepage and recovery review July 2006.pdf 
July 2006 
Peter Clifton 
 
Prior GWLs May 2007.pdf 
May 2007 
Peter Clifton 
 
Kaltails water supply scheme operations and maintenance manual volume 1 1990.pdf 
Sep 1990 
AGC Woodward Clyde 
 
Kaltails Borefield Map.pdf 
 
Rpt128 KCGM bore CN 051220.pdf 
Dec 2005 
Mutis liber  
 




