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Panoramic Resources Limited is a well-established S&P/
ASX Top 200  mining and exploration company employing 
over 400 people, with a growing and increasingly diverse 
commodity resource base. Panoramic owns 100% of the 
Savannah Nickel Project.

Savannah Project personnel undertaking surface water monitoring



1  |   SAVANNAH PROJECT   |   STAGE 2 TSF AMENDMENT: EXECUTIVE SUMMARY SAVANNAH PROJECT   |   STAGE 2 TSF AMENDMENT: EXECUTIVE SUMMARY   |   2

1. PROPOSAL OVERVIEW
The Savannah Project is located approximately 120 kilometres north of Halls Creek in the East Kimberley region of Western Australia (Figure 1).   The Project 
is operated by Savannah Nickel Mines Pty Ltd (SNM), a wholly owned subsidiary of Panoramic Resources Limited (Panoramic).  Operations commenced in 
2004 and currently consist of a decommissioned pit, an operating underground mine, paste plant, processing plant with tailings and water storage facilities, 
supporting mine site infrastructure and an accommodation village (Figure 2).

Since Project approval in 2003, additional mineral resources have been identified within the Savannah orebody resulting in an extension of the operation’s Life 
of Mine (LOM) beyond 2014.  

To enable mining and processing of ore to continue beyond 2014, Panoramic requires additional 
tailings storage capacity.
To accommodate additional tailings, Panoramic is seeking approval for an amended long-term tailings management strategy.  Specifically, the Stage 2 TSF 
Amendment Proposal (this Proposal) requests approval for:

•	 Storage	of	additional	tailings	(974,300	cubic	metres)	within	the	existing	valley-fill	Tailing	Storage	Facility	(TSF	1),	through	a	series	of	upstream	
embankment raises.  

•	 Tailings	to	be	permanently	stored	in-situ within TSF 1 on completion of mining, with an appropriate engineered cover.

Should additional tailings storage capacity be needed in the future (beyond the scope of this Proposal) as a result of discovering additional ore reserves, a 
second TSF (TSF 2) will be required.  This will include a review of options assessed at the 2011 Agency Workshop, including:

•	 Discharge	of	tailings	to	the	decommissioned	Savannah	pit.	

•	 Construction	of	an	additional	valley-fill	or	paddock	TSF.

Approval of TSF 2 will be sought at a later stage.

Figure 1: Location Plan



3  |   SAVANNAH PROJECT   |   STAGE 2 TSF AMENDMENT: EXECUTIVE SUMMARY SAVANNAH PROJECT   |   STAGE 2 TSF AMENDMENT: EXECUTIVE SUMMARY   |   4

2. KEY CHARACTERISTICS OF THE 
PROPOSAL

The Proposal to increase TSF 1 storage capacity requires construction of a six metre raise of the main embankment (in two by three metre staged raises) and 
construction of three additional saddle embankments (Figure 3).  

As part of the final raise, TSF 1 will be subdivided by construction of an internal wall to form two primary cells (Cell 1 and Cell 2).  Cell 1 will be located within 
the western TSF 1 footprint, adjacent to the eastern side of the North Waste Rock Dump and will drain to the north with decant water pumped to Cell 2.  Cell 2 
will be located within the eastern footprint of TSF 1, with a centralised decant pond system located away from the main embankment.  

Prior to closure, tailings discharge will be managed to form three surface water catchment areas comprising Cell 1 (western catchment) and two sub-
catchments within Cell 2 consisting of Cell 2a (eastern catchment) and Cell 2b (southern catchment).  

Figure 3: Proposed Raise to TSF 1Figure 2: Site Layout
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The proposed cover system uses the moisture store-and-release concept, where incident rainfall is captured and stored within the cover system profile, with 
evapotranspiration releasing moisture back to the atmosphere.  For high (and more intense) rainfall events, during which the cover system’s moisture store-
and-release capacity cannot accommodate the infiltration, the final TSF 1 landform design facilitates surface water runoff through water shedding.  Any surface 
water runoff from the rehabilitated TSF surfaces will be directed to engineered spillways within each of the sub-catchments thereby ensuring unrestricted 
drainage from the TSF surface during heavy rainfall events or when the cover reaches its water retention capacity.

The preferred cover design comprises a minimum 0.3 metre non-compacted topsoil/waste rock mix overlaying a minimum two metres of waste rock sourced 
from the North Waste Rock Dump (Figure 4).  The remaining North Waste Rock Dump will be reshaped with a concave slope adjacent to TSF 1, with an 
engineered toe drain constructed at the base of the slope to capture and redirect runoff away from the TSF surface.  

3. PROJECT HISTORY
2003 Savannah Project approved 

under Notice of Intent (NOI) 
4099

All tailings produced throughout the Life of Mine (LOM) are stored in the TSF 1.  Based on the 
understanding of tailings geochemistry and hydrogeology at the time of the assessment, DMP 
in consultation with Panoramic determined that, at closure, tailings should be returned to the 
completed mine workings (pit void and underground) with a water cover. 

2004 Mining Commences Mining of the pit and development of the underground portal and decline commenced in 2004.  
Open cut mining activities ceased in January 2006. 

2007 Addendum to NOI 4099 (MP 
19001 was granted)

Approval was granted to dispose tailings as cement stabilised paste fill to the completed mine 
workings during operations.

2008 Copernicus satellite project 
approved (MP 19240)

Ore mined at Copernicus (currently on care and maintenance) to be treated at the Savannah 
processing plant with tailings disposed of in TSF 1.

Briefing Document submitted 
outlining a proposal for Long-
Term Tailings Storage

The document provided a background on the reasons for seeking increased storage in TSF 1, and 
the benefits of leaving the tailings in-situ for the long-term. The document was provided to key 
agencies for review.

Proposal referred to the EPA Advice was received in November 2008 that the EPA would formally assess the project at the level 
of Environmental Protection Statement (EPS).

2009 EPS submitted to EPA The EPS was submitted to the EPA for assessment of the proposal to raise TSF 1 by nine metres and 
leave tailings in-situ at closure, with an appropriate engineered store-and-release cover.  

2010 Panoramic asked to consider 
alternative tailings storage 
options.

Following submission of a number of revisions to the EPS, it was communicated to Panoramic, 
that key agencies had broad concerns regarding the proposal and that they would not support the 
proposal in its current form. Panoramic was asked to investigate alternative tailings storage options.  

EPA Site Visit In August 2010, the Chairman of the EPA, Dr Paul Vogel, EPA Board Member, Dr Dennis Glennon, 
and OEPA Principal Environmental Officer, Mr Tim Gentle, visited the Savannah Project and, 
following a tour of the site, discussed the tailings storage options available to Panoramic.

Key Agencies agree to a two 
staged process

Key agencies agreed that the following revised two-staged tailings strategy would be an 
appropriate way forward; Stage 1: Construction of a single, 3 metre embankment raise on TSF 
1 and additional water storage facilities to allow continuation of the Savannah operations while 
Stage 2 is progressed; Stage 2 (TSF Options Assessment):  Assessment of environmental impacts 
associated with a number of long-term tailings storage options.

2011 Stage 1 Lift Complete Approval granted to raise TSF 1 by three metres to 2,372 mRL with construction of additional 
water storage facilities to minimise water inputs to TSF 1.

Stage 2 TSF Options 
Assessment Completed

The Stage 2 TSF Options Assessment involved:

•	 An	internal	workshop	with	Panoramic	and	specialist	consultants	to	assess	the	relative	
impacts of 14 different TSF options.  

•	 A	two	day	agency	workshop	that	reviewed	the	environmental	impacts	associated	with	a	
number of tailings storage options.  

Figure 4: TSF 1 - Final Landform
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2008 2012
May-Oct 08 Nov-Dec 08 Jan-Feb 09 June-July 09 Oct 09 - Apr 10 Aug 10 - Jun 11 Jun-Aug 11 Nov-Dec 11 Dec 11 - Mar 12
Project Briefing EPA Referral Developing Draft EPS Draft EPS Submission EPS Revision 1-4 Post EPS and Stage 1 

Proposal Consultation
TSF Options Workshop Stage 2 Agency Workshop Stage 2 Assessment 

Document Preparation

M
eeting/Contact

Meetings:
DMP
DoW
EPA
DMP
DEC (Regional)
DoW (Regional)
TOs

Meetings:
EPA
Minister for Mines
Cons. Council
Minister for IA
KLC
EK

Site Visit:
EK

Meetings:
OEPA

Meeting:
OEPA
EPA Chairman
DMP
DoW

Meetings:
DMP
EPA
DMP
DEC (EMB)

Workshop Attended by: 
Specialist Consultant Team
SNM Site Personnel
Panoramic Management

Workshop attended by:
EPA
DMP
DoW
DEPA
DEC (Part V)
DEC (EMB)

Follow up meetings with:
DEC (Part V)
DEC (Steve Appleyard)
EPA (Paul Vogel and Tim 
Gentle)
DMP (Environment Safety 
Divisions)

Correspondence

Letters sent to:
Kimberley Land Council (KLC)

Referral Document sent to:
WWF
Cons. Council
Dept Ag.
EK
KLC
DPI
Shire of Halls Creek
Shire of Wyndham
DEC
EPA
DoC
DMP
DoW
Cambridge Gulf
PLB

Comments on Proposal 
from:
WWF
Cons. Council
Dept Ag.
EK
KLC
Cambridge Gulf
DPI
Shire of Halls Creek
Shire of Wyndham
DEC
EPA
DoC
DMP
DoW
PLB

Draft EPS sent to:
EK
KLC
PLB
OEPA

Letters from:
DMP
DoW

Site Visit:
EPA Chairman
EPA Board Member
EPA Officer
DEC
DMP

Workshop Outcomes 
Report sent to:
EPA
DMP
DoW
OEPA
DEC (Part V)
DEC (EMB)

Summary of Outcomes 
sent to:
EPA
DMP
DoW
OEPA
DEC (Part V)
DEC (EMB)

Stage 2 Assessment 
documents submitted to: 
All relevant stakeholders

Letters sent to:
WWF
Cons. Council
Dept Ag.
EK
KLC
Cambridge Gulf
DPI
Shire of Halls Creek
Shire of Wyndham

Draft EPS sent to:
OEPA
DMP

Comments on EPS from:
DEC
DMP
DoW

Comments on EPS from:
OEPA

4. COMMUNITY AND STAKEHOLDER 
CONSULTATION 

4.1 OVERVIEW
The stakeholder identification and consultation process for this proposal commenced in 2008 and has continued to be facilitated through discussions with 
regulatory agencies, government personnel and consultation with regional authorities, land holders and non-governmental organisations.  A summary of key 
milestones in stakeholder engagement is presented in Chart 1.  As a component of the consultation process, all stakeholders were invited to meet with SNM 
and Panoramic personnel to discuss the proposal.  In addition, stakeholders were invited to visit Savannah to view the operation and discuss the Proposal.  

Chart 1: Consultation Timeline

Abbreviation Name
DMP Department of Mines and Petroleum
DEC Department of Environment and Conservation
EPA Environmental Protection Authority
OEPA Office of the Environmental Protection Authority
DoW Department of Water
TOs Traditional Owners
KLC Kimberley Land Council
Dept Ag. Department of Agriculture

Abbreviation Name
EK Environs Kimberley
WWF Worldwide Fund for Nature
Cons. Council Conservation Council
DPI Department of Planning and Infrastructure
PLB Pastoral Lands Board
DoC Department of Commerce
EMB Environmental Management Branch
IA Indigenous Affairs
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5. KEY FACTORS
Based on all studies completed to date, as well as the findings of both the internal and agency workshops, the key factors identified for this Proposal comprise:

•	 Geotechnical	stability	of	TSF	1

•	 Geochemistry	of	the	tailings	

•	 Groundwater	

•	 Surface	Water

•	 Aquatic	Fauna

•	 Rehabilitation	and	Closure

These key factors of the proposal are presented in Figure 5 with details provided in the following sub-sections.

4.2 KEY EVENTS IN 2010 – 2011

4.2.1 EPA Site Visit

In August 2010, the Chairman of the EPA, Dr Paul Vogel, EPA Board Member, Dr Dennis Glennon, and OEPA Principal Environmental Officer, Mr Tim Gentle, 
visited the Savannah Project and following a tour of the site, discussed the tailings storage options available to Panoramic (Plate 1).  It was agreed that 
Panoramic would review all tailings storage options and present the findings at a combined agency and proponent workshop for further assessment.  It was 
further suggested that Dr Roy Green (a former EPA Board member) act as an independent chair and provide an objective view of the outcomes of the workshop 
and process to the EPA.

4.2.2 Internal TSF Options Assessment Workshop

To assist in determining a suitable tailings storage solution, Panoramic undertook an internal TSF Options Assessment that relatively ranked 14 tailings storage 
options using a non-parametric (ranking) assessment process.  The internal workshop was held over two days in August 2011 and facilitated by Donna Pershke 
(URS).  As a component of the assessment process, consideration was given to the environmental and social impacts associated with each option in both the 
operational and closure phases.  An independent review of this process was undertaken by Bill Biggs of Biggs and Associates.  The top four options ranked by 
this assessment process were the focus of further discussion at the Stage 2 Agency Workshop in November 2011.

4.2.3 Agency Workshop

A combined agency workshop, attended by eight agency representatives, was held over two days in November 2011, and was chaired by Dr Roy Green and 
facilitated by Donna Pershke (URS) (Plate 2). The first part of the workshop entailed a series of presentations by relevant specialists that provided attendees 
with information on the technical aspects of four TSF options being assessed.  During the technical presentations, questions were raised and addressed through 
discussion with the relevant specialists.  Bill Biggs, as the assessing officer of the original proposal (2003), provided a background summary of the decision-
making process that occurred in relation to the agreed closure strategy for TSF 1.  

The second part of the workshop entailed a session which asked the agency representatives to identify:

•	 Any	remaining	questions	or	points	of	clarification	that	needed	to	be	addressed.

•	 Concerns	regarding	issues	or	risks	associated	with	the	tailings	storage	options	presented	for	discussion.

•	 Any	perceived	data	gaps.

Plate 1:  EPA Site Visit

Figure 5: Key Factors of the Proposal

Plate 2:  Agency Workshop
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5.1.3 Studies

Coffey Mining was commissioned to undertake the following geotechnical investigations as part of the TSF 1 raise design:

•	 A	review	of	stability	analysis	work	completed	for	original	TSF	1	embankment	construction.

•	 Stability	analyses	were	conducted	of	the	upstream	raise	on	the	TSF	1	main	embankment	and	saddle	embankments.

•	 Electrical	Friction	Cone	Penetration	Tests	(CPT)	for	the	full	depth	of	the	tailings.

•	 A	liquefaction	assessment	based	on	the	parameters	derived	from	the	CPT	results.		

•	 Geotechnical	investigations	to	assess	potential	material	sources	for	embankment	construction.		

•	 A	water	balance	analysis	to	provide	a	design	value	for	the	volume	of	accumulated	water	requiring	storage	(during	operations)	in	the	event	of	an	above	
average rainfall year.

5.1.4 Management and Mitigation

The integrity of TSF 1 and containment of tailings will be managed by:

•	 Construction	of	the	main	and	saddle	embankments	to	standards	required	for	the	highest	hazard	rating	(Category	1)	facilities	according	to	DMP	criteria,	
with supervision by qualified personnel.

•	 Design,	construction	and	operation	of	TSF	1	with	allowance	of	adequate	freeboard	to	accommodate	temporary	storage	of	water	on	the	facility	during	a	1	in	
100 year average recurrence interval (ARI) 72 hour storm event with excess water removed from the facility via a weir during operations.

•	 Design	of	the	weir	to	direct	excess	surface	water	flow	resulting	from	a	probable	maximum	precipitation	(PMP)	event	(i.e.	greater	than	a	1:100	year	ARI	event).

•	 Armouring	the	weir	with	suitable	materials	to	reduce	the	development	of	erosion	rills	and	gullies.

•	 Locating	the	decant	pond	within	the	central	layout	of	Cell	2	to	reduce	saturation	of	tailings	and	build-up	of	free	standing	water	adjacent	to	the	main	and	
saddle embankments to enhance the structural integrity of the facility. 

•	 Additional	lined	water	storage	facilities	have	been	constructed	to	reduce	water	inputs	to	TSF	1	and	ensure	water	ponding	on	TSF	1	surface	is	minimised.

•	 Ensuring	operational	personnel	are	familiar	with	TSF	operating	procedures	in	the	unlikely	event	of	water	release	from	TSF	1.	

•	 Ensuring	appropriate	containment	structures	(e.g.	–	bunding)	are	maintained	for	all	tailings	lines	and	that	personnel	are	familiar	with	clean-up	procedures.

•	 Regular	monitoring	of	embankment	prisims	for	movement	and	measurement	of	decant	water	level.

•	 Annual	analysis	of	tailings	particle	size	distribution.

•	 Continuation	of	the	Annual	Audit	and	Management	Review	of	TSF1	and	WSF1	in	accordance	with	DMP	guidelines.

5.1.5 Key Findings

•	 Stability	analyses	confirm	that	the	design	of	the	existing	TSF	1	main	embankment	and	proposed	upstream	embankment	raises	have	factors	of	safety	
that exceed the corresponding recommended minimum factors of safety in ANCOLD (1999). 

•	 Water	mounding	within	TSF	1	will	reduce	over	time	(following	completion	of	tailings	deposition),	with	the	lowering	of	the	phreatic	surface	behind	
the TSF 1 embankments.  This will further increase stability.

•	 There	is	adequate	capacity	in	the	TSF	design	to	ensure	that	in	extreme	rainfall	events,	water	accumulating	on	the	TSF	1	surface	can	be	stored	and/or	
safely removed from the facility, ensuring embankment integrity. 

•	 CPT	analyses	found	that	Savannah	tailings	are	approaching	90%	consolidation.		Results	of	Rowe	Cell	testing	re-confirm	Savannah	tailings	to	have	
very good consolidation characteristics and indicate reduced consolidation times when compared with parameters interpreted from CPT testing.

•	 Post	liquefaction	stability	assessments	indicate	that	the	risk	of	failure	of	the	main	embankment	and	saddle	embankments	is	low.

•	 The	proposed	design	criteria	will	ensure	that	tailings	are	securely	located	to	allow	long-term	(permanent)	storage	of	tailings.

5.1 GEOTECHNICAL STABILITY AND INTEGRITY OF TSF1

5.1.1 TSF 1 Characteristics

TSF 1 is a cross-valley facility located approximately one kilometre north of the processing plant and immediately upstream of water storage facility 1 (WSF 
1).  The main embankment has been constructed to a crest level of 372 mRL and currently has a maximum height of approximately 45 metres (Plate 3). TSF 1 
has been designed and constructed with factors of safety that exceed the corresponding recommended minimum factors of safety in the Australian National 
Committee on Large Dams (ANCOLD) Guidelines (1998,1999) for operational and long-term (permanent) storage of tailings.

Plate 3: TSF 1 Main embankment constructed to 372mRL (45 Metres)

The	main	embankment	comprises	a	zoned	rockfill	of	333,000	cubic	metres	competent	mine	waste	rock	in	the	downstream	zone	and	an	upstream	zone	of	
56,000 cubic metres select crushed rock with an HDPE liner on the upstream face to 369 mRL.  A geotextile layer is placed between the HDPE liner and the 
upstream	select	crushed	rock	zone	in	order	to	minimise	the	potential	for	damage	to	the	liner.		The	embankment	also	incorporates	a	nominal	one	to	two	metre	
deep cut-off trench backfilled with low permeability material.  The upstream liner is anchored within this cut-off trench.

Electrical friction cone penetration testing undertaken in 2009 across the tailings storage for the full depth of the tailings indicate relatively uniform strength 
profiles across the beach areas, with only minor reduction in strength away from the main embankment toward the centre of TSF 1. Savannah tailings were 
characterised	as	containing	approximately	70%	solids	and	approaching	90%	consolidation.		

This section addresses the operational aspects of tailings storage.  Rehabilitation and closure aspects are dealt with in Section 5.6.

5.1.2 Potential Risks

Potential risks to the environment associated with storage of tailings in TSF 1 comprise:

•	 Structural	breach	of	the	TSF	1	main	embankment	and/or	saddle	embankments	leading	to	a	release	of	tailings	from	the	facility,	with	subsequent	impacts	to	
vegetation, fauna, surface water and groundwater.

•	 Structural	breach	of	the	internal	embankment	leading	to	a	release	of	tailings	into	Cell	2	and	potentially	resulting	in	overtopping	of	the	main	embankment,	
with subsequent impacts to vegetation, fauna, surface water and groundwater.

•	 Release	of	water	over	the	main	embankment	or	saddle	embankments	due	to	insufficient	capacity	in	high	rainfall	events,	with	potential	impacts	to	the	
environment and/or integrity of the embankments.

•	 Inadequate	design	of	the	weir	resulting	in	erosion	of	the	weir	leading	to	increased	sediment	loading	of	downstream	surface	watercourses.	

In addition, a concern was raised by regulators that TSF1 was not designed for the permanent storage of tailings. As described in Section 5.1.1, TSF 1 meets 
criteria for permanent storage of tailings.

TSF 1 embankment

60 tonne dump truck

WSF 1 
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•	 In	October	2009,	RGS	analysed	in-situ tailings samples taken at various depths as part of a Coffey Mining geotechnical CPT drilling program.  The aim of the 
RGS analysis was to further confirm the 2009 RGS findings and to provide information on the ongoing leachate quality trends from the tailings materials.  

•	 In	2011,	Levay	&	Co	completed	an	analysis	of	three	core	samples	drilled	from	the	hardpan	down	to	the	original	landform	from	beaches	in	the	two	northern	
fingers of TSF 1 (Plate 7).  The analysis examined the rate of oxidation throughout the tailings profile and the capacity for acid neutralisation through the 
reaction with either lime or calcium and magnesium silicates.

•	 In	2011,	RGS	reviewed	all	of	the	available	geochemical	and	other	relevant	(e.g.	mineralogical)	information	on	the	Savannah	tailings.

5.2 GEOCHEMISTRY OF THE TAILINGS

5.2.1 Overview of Tailings Geochemistry

Tailings produced from processing of ore at the Savannah Project are classified by classical acid base accounting tests as Potentially Acid Forming (PAF). The 
tailings	typically	contain	8	–	9%	total	sulphur	and	mineralogical	investigations	indicate	that	most	of	the	sulphur	is	present	in	the	monosulphide	form	(i.e.	
pyrrhotite) in a gangue of mafic silicates.  The tailings form a trafficable surface hardpan (Plate 4 and 5) that maintains a low oxygen (reducing) environment 
in the bulk tailings and promotes a high degree of saturation.  The dominant reaction product from oxidation of the tailings is elemental sulphur, via a reaction 
pathway that does not result in acid and metalliferous drainage.  The presence of magnesium silicates minerals results in pH neutral drainage with excess 
alkalinity and very low levels of dissolved metals and elevated salinity from sulphate, calcium and magnesium.  

5.2.2 Potential Risks

Potential risks associated with Savannah tailings include:

•	 Oxidisation	of	tailings	via	a	reaction	pathway	that	could	result	in	the	potential	for	acid	and	metalliferous	drainage	(AMD).

•	 Tailings	seepage	under	anoxic	conditions	with	potential	impacts	to	groundwater	and	surface	water.

5.2.3 Studies

Geochemical studies conducted include:

•	 Initial	geochemical	tests	were	completed	by	Graeme	Campbell	and	Associates	(GCA)	on	simulated	process	tailings	samples.			This	was	peer	reviewed	by	
Environmental Geochemistry International.

•	 An	investigation	by	MBS	Environmental	(MBS)	to	geochemically	characterise	fresh	Savannah	tailings	following	commencement	of	mining	in	August	2004.			
Monthly tailings samples were collected by MBS and geochemically tested from July 2005 to January 2008.  

•	 RGS	Environmental	Pty	Ltd	(RGS)	was	commissioned	in	2008	to	provide	a	third	party	peer	review	of	the	long-term	tailings	storage	strategy	at	Savannah.		
RGS reviewed the results and findings of the earlier GCA and MBS investigations and initiated additional testwork to refine predictions of the long-term 
geochemical nature of the Savannah tailings.  

•	 In	2008	Levay	&	Co.	Environmental	Services	(Levay	&	Co)	and	the	Applied	Centre	for	Structural	and	Synchrotron	Studies	(ACeSSS)	at	the	University	of	South	
Australia	were	engaged	to	investigate	the	sulphide	and	silicate	mineralogy	of	the	Savannah	tailings.		Levay	&	Co	defined	the	reaction	pathways	taking	
place in the TSF1 tailings by identification of the reaction products.  A peer review was also undertaken of earlier geochemical assessments completed by 
GCA, MBS, and RGS.

•	 RGS	commenced	a	series	of	kinetic	leach	column	tests	(Plate	6)	of	representative	tailings	samples	from	Savannah	in	2009.		These	trials	are	on-going.		

5.2.4 Management and Mitigation

Potential impacts to the environment associated with storage of tailings at TSF1 will be managed by:

•	 During	operations,	tailings	will	be	contained	in	TSF	1	in	accordance	with	management	measures	described	in	Section	5.1.	

•	 Continuation	of	current	tailings	discharge	methods	that	are	effective	in	maintaining	anoxic	(reducing)	conditions	within	the	bulk	tailings	profile	below	the	
hardpan surface.

•	 At	closure,	tailings	will	remain in-situ (i.e. – under reducing conditions), which negates the risk associated with potential acid generation that is likely to 
occur if tailings were required to be relocated elsewhere.

•	 Construction	of	an	engineered	cover	using	the	store-and-release	concept	to	further	enhance	the	long-term	maintenance	of	anoxic	conditions.

5.2.5 Key Findings

Multiple studies since 2004 have consistently concluded that:

•	 Bulk	tailings	stored	at	TSF	1	are	significantly	less	geochemically	reactive	than	pre-mining	simulated	tailings	and	are	unlikely	to	generate	acid.		
Classical geochemical test measurements significantly overestimate the acid potential of the tailings.

•	 Tailings	stored	at	TSF	1	form	a	trafficable	hardpan	surface	layer,	which	limit	the	rate	of	oxygen	ingress	and	infiltration	of	precipitation	into	the	bulk	
tailings materials.  

•	 Bulk	tailings	below	the	hardpan	surface	of	TSF	1	generate	pH	neutral	leachate	containing	excess	alkalinity	and	low	concentrations	of	soluble	metals/
metalloids.  However, elevated salinity levels, mainly caused by sulphate, calcium and magnesium have occurred over time. 

•	 The	lack	of	oxygen	leads	to	reducing	conditions	below	the	TSF	1	hardpan	surface,	which	subsequently	inhibits	pyrrhotite	oxidation.			

Plate 4:  Excavator on TSF 1 surface hardpan showing fresh tailings 
immediately below the hardpan.

Plate 6:  Tall Kinetic Leach Column Tests

Plate 5:  Sampling of TSF 1 hardpan

Plate 7  Drilling tailings profile for analysis of core samples
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surface water during the wet season when groundwater levels normally rise (Figure 6).  Seepage that is enriched in solutes such as sulphate and some metals, 
flows	primarily	towards	the	main	TSF	1	embankment	and	then	to	Mine	Creek	via	WSF	1.		The	concentrations	decrease	along	the	flow	path	towards	Fletcher	
Creek as it mixes with natural groundwater.  

A number of monitoring bores have been constructed since commencement of operations with regular sampling of groundwater in the vicinity of TSF 1 and 
along	the	seepage	flow	path	(Figure	7).

•	 Pyrrhotite	oxidation	in	the	hardpan	is	the	main	source	of	sulphate	in	TSF	1.		Elemental	sulphur	in	the	hardpan	is	the	dominant	secondary	sulphur	
mineral phase consistent with non-acid producing oxidation of pyrrhotite to elemental sulphur as the main oxidative reaction.  

•	 Savannah	tailings	contain	enstatite,	a	magnesium	silicate	that	has	a	dissolution	rate	comparable	to	the	measured	oxidation	rate	of	pyrrhotite	in	near	
saturated tailings and provides a source of alkalinity at a rate comparable to the acid generation rate from pyrrhotite oxidation.  This results in pH 
neutral drainage with excess alkalinity and very low levels of dissolved metals and elevated salinity from sulphate, calcium and magnesium. These 
results are consistent with observations reported in the literature regarding other pyrrhotite-bearing tailings wastes.   

•	 There	is	negligible	reduced	sulphur	species	present	in	tailings	pore	water	and	low	iron	concentrations	at	depth.		Therefore,	the	risk	of	latent	acidity	
being produced in seepage downstream of TSF 1 is low.   

•	 Geochemical	predictions	from	kinetic	column	leach	tests	are	consistent	with	the in-situ	tailings-at-depth	assessment,	mineralogical	tests	&	
groundwater monitoring data downstream of TSF 1.    

•	 Where	the	tailings	saturation	level	is	more	than	75%,	pyrrhotite	oxidation	is	further	inhibited	and	the	downward	movement	of	the	oxidation	front	
through the bulk tailings is estimated to be less than 1 cm per year.

•	 Soil-atmosphere	modelling	results	associated	with	the	proposed	final	cover	design	for	TSF1	demonstrate	that	a	saturation	level	of	75%	in	tailings	is	
likely at depths of five metres or greater below the tailings-cover interface, with saturation levels increasing at depth.  Hence this level of saturation, 
together with the surface hardpan, will serve to significantly inhibit the pyrrhotite oxidation rate at TSF1 to acceptable levels.

•	 The	risk	of	acid	and	metalliferous	drainage	from	the	TSF	1	bulk	tailings	is	low	due	to	the	hardpan	layer	formation,	very	slow	moving	oxidation	front,	
high level of saturation of bulk tailings and inherent acid neutralising capacity.

5.3 GROUNDWATER

5.3.1 Existing Environment

Groundwater in the project area primarily occurs in shallow weathered fractured rock, which responds rapidly to intensive rainfall, and discharges to a network 
of surface drainages.  Groundwater levels are closely related to the topographic elevations.  Hydraulic conductivity of the thin layer of saturated weathered 
bedrock is generally low in the topographic high area and relatively high in thicker sequences in the topographic low area near Fletcher Creek.  Groundwater 
from	rainfall	recharge	events	collects	in	aquifers	along	the	valley	floors	after	the	wet	season	and	flows	down	gradient	to	discharge	either	to	the	surface	in	local	
creeks (as springs) or superficial aquifers either in the alluvium or uppermost fractured rock interval where it is consumed by evapotranspiration.  

The water table beneath TSF 1 has been affected by seepage that has lifted (mounded) the groundwater level and altered the quality.  Flow from this mound 
has affected natural groundwater nearby by increasing the salinity and sulphate concentrations and decreasing the seasonal depth to water.  The low hydraulic 
conductivity of the fractured bedrock aquifer is sufficient to limit mounding to within about 200 to 300 metres of TSF 1.

A	preferential	flow	path	of	seepage	from	TSF	1	to	WSF	1	has	been	identified	in	the	subsurface	weathered	zone	of	local	drainages	which	sometimes	discharges	as	

Figure 6: Conceptual Hydrogeological Model Figure 7: Seepage Recovery and Monitoring Bores
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5.3.5 Key Findings

Seepage Rate and Water Mound

Seepage with elevated solute concentrations is currently migrating to both Mine Creek and Fletcher Creek.  Based on the results of numerical modelling, 
the average seepage rate from TSF 1 is predicted to:

•	 Increase	from	the	current	rate	of	400	m3/day to about 900 m3/day during operations (2014 and 2018). This assumes that seepage recovery bores are 
switched off in 2018.

•	 Decrease	from	900	to	50	m3/day during the closure phase (2019 - 2028).  

•	 Stabilise	at	about	35	m3/day	during	the	post-closure	phase	(2029	–	2048)	which	corresponds	to	the	predicted	recharge	flux	through	the	 
engineered cover.

During operations, groundwater discharges to Mine Creek are predicted to range from 450 m3/day	along	the	discharge	zone	between	WSF1	and	bore	
SMMB01, to 150 m3/day between SMMB01 and Fletcher Creek.  While the existing seepage recovery continues, these discharges only occur during the 
wet season when groundwater levels rise due to seasonal rainfall recharge.

The water mound beneath TSF 1 will not begin to retract until the start of the closure phase (2019) when the decant pond will evaporate and the excess 
pore water will drain.  Groundwater levels beneath TSF 1 are predicted to begin to stabilise about 10 years after closure. 

The	natural	variation	of	ecosystems	in	the	Kimberley	as	a	result	of	extreme	wet	and	dry	fluctuations	and	subsequent	adaptation	of	ecosystems	to	these	
conditions make it unlikely that the vegetation will be affected by predicted changes in groundwater levels (as is currently observed on site).

Solute Concentrations

During operations, elevated solute concentrations in groundwater will occur as a plume that extends primarily between TSF 1 and Fletcher Creek.  

To provide a conservative assessment of seepage impacts, the modelling assumes that seepage recovery bore SMPB03 is turned off in 2018 (at closure), 
resulting in peak concentrations down gradient of TSF 1 in 2019. 

Peak sulphate concentrations in groundwater in 2019 are predicted to be: 

•	 Between	1,150	and	2,550	mg/L	upstream	of	SMMB01	(under	Mine	Creek).

•	 Between	250	mg/L	–	1250mg/L	in	discharged	groundwater	along	the	lower	reaches	of	Mine	Creek	below	SMMB01.	

•	 Approximately	150	mg/L	in	discharged	groundwater	at	Fletcher	Creek.

Concentrations of metals in groundwater at Mine Creek (in seepage recovery bore SMPB03) in 2019 are estimated to be up to 0.015 mg/L copper, 0.009 
mg/L nickel and 0.008 mg/L cobalt.  

There are no identified sensitive groundwater receptors that will be impacted by elevated solute concentrations from TSF 1 seepage.  The only beneficial 
groundwater use in the vicinity of the Savannah Project is livestock drinking water.  With the exception of sulphate, all solute concentrations are below the 
corresponding ANZECC (2000) guideline values for livestock.  The nearest groundwater fed stock watering point is located approximately six kilometres 
from the Project and will not be impacted by seepage. 

The interaction of groundwater and surface water is identified as a key characteristic of the hydrogeological model.  Concentrations of solutes of interest 
predicted to occur in surface water at 2019 (i.e. – peak concentrations assuming SMPB03 is turned off) and subsequent impacts on sensitive receptors is 
discussed in the Surface Water Section (Section 5.4).

5.3.2 Potential Risks

Potential risks to groundwater comprise:

•	 Elevated	groundwater	levels	associated	with	water	mounding	during	the	operational	phase	may	result	in	the	development	of	minor	seasonal	springs	in	
low lying areas adjacent to TSF 1 with potential impacts to vegetation.

•	 Continuation	of	seepage	containing	elevated	solute	concentrations	into	groundwater	and	ultimately	to	surface	water	with	potential	impacts	to	ecological	
receptors.

5.3.3 Studies

URS was commissioned to undertake a series of groundwater investigations, comprising:

•	 Electromagnetic	survey	to	assist	in	refining	the	hydrogeological	model.	

•	 Two	targeted	drilling	programmes	around	TSF	1	and	within	the	inferred	groundwater	flow	direction	between	TSF	1	and	Fletcher	Creek	with	subsequent	
establishment	of	groundwater	monitoring	piezometers.

•	 Drilling	of	a	40	metre	hole	through	the	tailings	profile	to	investigate	water	quality	at	the	base	of	TSF	1.

•	 A	complete	review	of	the	conceptual	hydrogeological	model	based	on	the	results	of	drilling	programmes	around	WSF	1	and	TSF	1.

•	 Refinement	and	simulation	of	Groundwater	Seepage	and	Solute	Transport	Modelling.	

•	 Calibration	of	the	model	through	multiple	phases	using	site	specific	data	acquired	since	2003.

5.3.4 Management and Mitigation

Impacts to groundwater quality and levels will be minimised through implementation of the following management and mitigation measures:

•	 Continued	operation	of	seepage	recovery	bores	and	sumps	to	retard	the	advance	of	the	TSF	groundwater	mound	downstream	during	the	operational	
phase.  Based on groundwater quality predictions at the time of closure, seepage recovery bores may continue to be operated for a period of time during 
the closure phase while the water mound drains down. 

•	 If	seepage	recovery	continues	during	the	closure	phase,	recovered	seepage	will	be	discharged	to	the	Savannah	pit.

•	 If	required,	additional	bores	may	be	installed	to	improve	seepage	recovery	and	minimise	closure-related	impacts.		

•	 Reducing	water	inputs	to	TSF	1	through	operational	measures	thereby	reducing	the	hydraulic	head	of	the	facility	and	subsequent	seepage	reporting	to	
groundwater.  

•	 Groundwater	quality	and	levels	will	continue	to	be	monitored	in	accordance	with	the	Savannah	Water	Operating	Strategy	(Plate	8).		Where	an	upward	
trend in solute concentrations is detected, this will trigger a management response which may include resampling and analysis of water quality, 
investigating the likely cause of the elevated concentrations and increasing seepage recovery operations.

•	 Installation	of	an	engineered	cover	at	closure	to	control	seepage	rates	and	enhance	maintenance	of	anoxic	conditions	in	TSF	1.

Plate 8:  SNM Environmental officer undertaking groundwater sampling
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Surface water quality is currently impacted by groundwater discharging into a section of Mine Creek (located between WSF1 and SMMB01).  Another minor 
discharge	zone	is	apparent	just	downstream	of	the	Mine	Creek	–	Fletcher	Creek	confluence	based	on	available	surface	water	quality	data.		The	Mine	Creek	zone	
is already subjected to recovery of seepages from WSF1 at the embankment toe and further downstream at SMPB03.  

5.4.2 Potential Risks

Potential risks to surface water resulting from this Proposal include:

•	 Changes	to	surface	water	quality	due	to	TSF	1	groundwater	seepage	expressing	along	part	of	Mine	Creek	and	entering	downstream	watercourses.

•	 Alteration	to	drainage	lines	and	flow	patterns	from	mine	infrastructure	during	the	operational	phase	and	permanent	redistribution	of	flows	from	the	TSF	1	
footprint to adjacent catchments.

•	 Erosion	from	high	velocities	where	runoff	is	directed	to	local	drainages	through	new	spillways	from	the	final	TSF	1	landform,	resulting	in	increased	
sediment loads in the downstream watercourses arising from disturbed land and rehabilitated landforms.

5.4 SURFACE WATER

5.4.1 Existing Environment

Surface drainages at Savannah are ephemeral, with the majority of rainfall runoff occurring in the wet season (December to March).  The main surface water 
drainages in the vicinity of the Savannah Project comprise Stoney Creek (containing Rademy Spring), Fletcher Creek and Mine Creek (Figure 8) (Plates 9-12).

Figure 8:  Surface Water Features of the Savannah Project Area

Plate 9:  Stoney Creek 

Plate 11:  Ord River 

Plate 10: Fletcher Creek 

Plate 12:  Mine Creek
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•	 As noted in Section 5.3.5, to provide a conservative assessment of seepage impacts to surface water, the modelling assumes that seepage recovery 
bore SMPB03 is turned off in 2018, resulting in peak concentrations in surface water in 2019. 

Table 1: Predicted Solute Concentrations in Surface Water

YEAR MONTH
PEAK GROUNDWATER 
DISCHARGE ZONE IN 

MINE CREEK 

MINE-FLETCHER CREEK 
CONFLUENCE

GROUNDWATER 
DISCHARGE ZONE IN 

FLETCHER CREEK 

FLETCHER CREEK 
ABOVE ORD RIVER 

CONFLUENCE

Predicted Sulphate Concentrations (mg/L)

2014 October 2,420 1,860 30 30

January 170 160 30 30

2018 October 2,630 1,910 30 30

January 170 160 30 30

2019 October 2,540 2,170 30 30

January 170 170 30 30

2040 October 230 210 30 30

January 140 140 30 30

Predicted Nickel Concentrations (mg/L)

2018 October 0.015 0.011 <0.01 <0.01

January <0.01 <0.01 <0.01 <0.01

2019 October 0.014 0.013 <0.01 <0.01

January <0.01 <0.01 <0.01 <0.01

2040 October <0.01 <0.01 <0.01 <0.01

January <0.01 <0.01 <0.01 <0.01

Predicted Copper Concentrations (mg/L)

2018 October 0.025 0.018 <0.01 <0.01

January <0.01 <0.01 <0.01 <0.01

2019 October 0.024 0.021 <0.01 <0.01

January <0.01 <0.01 <0.01 <0.01

2040 October <0.01 <0.01 <0.01 <0.01

January <0.01 <0.01 <0.01 <0.01

Note: Shaded cells equal to or below assumed baseline value

•	 Once surface water from Mine Creek joins with Fletcher Creek, concentrations are predicted to be reduced close to background levels within the 
mixing	zone	downstream	of	the	confluence.		Throughout	the	operational,	closure	and	post-closure	period,	concentrations	in	Fletcher	Creek	(below	
the	mixing	zone)	are	predicted	to	remain	within	the	natural	variation	of	background	levels.		No	measureable	changes	to	Ord	River	water	quality	are	
expected to occur.

•	 The most sensitive surface water receptor in the Savannah Project area is aquatic fauna.  Potential impacts to aquatic fauna are discussed in Section 
5.5.  Other surface water receptors that have been identified in the Savannah Project area include vegetation, terrestrial fauna, avifauna and 
livestock.		Studies	undertaken	as	part	of	this	Proposal	have	found	that	changes	to	surface	water	flows	and	quality	will	have	a	negligible	effect	on	
other receptors.

5.4.3 Studies

URS was commissioned to undertake a hydrological assessment of the Savannah Project area.  The key components of this investigation comprised:

•	 Development	of	a	regional	baseline	hydrological	model	using	measured	surface	water	flow	and	rainfall	data	collected	on	site.

•	 Development	of	an	hydraulic	model	encompassing	the	Savannah	Project	area	and	related	flow	regimes	to:

•	 Establish	the	characteristics	of	flow	volumes	and	velocities	in	Fletcher	Creek	and	its	tributaries;	and

•	 Estimate	potential	flood	depths	and	extents.	

•	 Development	of	a	methodology	for	the	assessment	of	groundwater	–	surface	water	interactions	within	the	Savannah	Project	creek	system.

•	 Identification	of	potential	changes	to	surface	water	quality	downstream	of	the	Project.

5.4.4 Management and Mitigation

Impacts	to	surface	water	flows	and	quality	will	be	minimised	through	implementation	of	the	following	management	and	mitigation	measures:

•	 Continuing	seepage	recovery	activities	below	WSF	1	and	along	Mine	Creek	during	the	operational	phase.	Based	on	water	quality	predictions	at	the	time	of	
closure, seepage recovery bores may continue to be operated for a period of time during the closure phase while the water mound drains down.

•	 During	operations	seepage	recovered	will	continue	to	be	recycled	and	used	in	the	processing	water	circuit.

•	 If	seepage	recovery	continues	during	the	closure	phase,	recovered	seepage	will	be	discharged	to	the	Savannah	pit.

•	 Diversion	of	natural	flows	from	the	undisturbed	upstream	portion	of	the	Mine	Creek	catchment	into	the	lower	section	of	Mine	Creek	to	minimise	solute	
concentrations in downstream surface water.

•	 Monitoring	of	surface	water	quality	at	locations	along	Mine	Creek,	Fletcher	Creek	and	the	Ord	River.

•	 Implementation	of	seasonal	surface	water	trigger	values	at	pre-determined	locations.

•	 Where	trigger	values	are	exceeded,	this	will	result	in	a	series	of	management	responses	which	may	include	resampling	and	analysis	of	water	quality,	
investigating the likely cause of the elevated concentrations and increasing seepage recovery operations.

•	 Controlling	the	rate	of	runoff	and	erosion	from	the	rehabilitated	TSF	1	surface	and	spillways	through	appropriate	design	of	a	final	landform	with	competent	
materials (refer to Section 5.6.4 for further details).

5.4.5 Key Findings

Surface Water Flows

•	 TSF	1	retains	all	runoff	captured	within	its	catchment,	while	WSF	1	is	retaining	surface	water	runoff	from	the	mine	portal	catchment.		This	is	reducing	
the	stream	flows	in	Mine	Creek	downstream	of	WSF	1	as	well	as	the	duration	of	flood	flows	(hydroperiod)	and	flow	velocities	along	a	small	section	of	
Mine Creek.  Diversion of surface water from WSF1 to Mine Creek downstream of SMPB03 should otherwise minimise the impact of the retained water.

•	 No	significant	impacts	to	stream	flow	characteristics	in	Fletcher	Creek	downstream	of	its	confluence	with	Mine	Creek	are	expected.		Diversion	of	a	
portion	of	the	TSF	1	catchment	to	the	north	following	closure	will	increase	local	flows	and	velocities	in	the	local	drainages,	but	should	not	result	in	any	
significant change to Stoney and Fletcher Creeks hydrology.

Surface Water Quality

•	 Groundwater	with	elevated	solute	concentrations	will	continue	to	discharge	to	Mine	Creek	and	Fletcher	Creek	during	and	shortly	after	the	wet	seasons	
due to seasonal rise in the water table.  Surface water solute concentrations are predicted to increase slightly above existing levels due to higher rates 
of groundwater discharge as the water mound height beneath TSF 1 increases.

•	 Table	1	provides	a	summary	of	predicted	solute	concentrations	at	different	stages	of	the	Savannah	Project	for	current	operations	(year	2014),	end	
of operations (year 2018), commencement of closure period (year 2019) and once steady state conditions are predicted to prevail (2040).  Surface 
water	quality	predictions	are	based	on	solutes	that	have	accumulated	in	groundwater	discharge	zones	during	the	dry	season.		The	surface	water	
concentrations are at their highest when the accumulated solutes are remobilised by the initial wet season runoff events, typically in October.  
Concentrations in surface water decrease as rainfall runoff continues to mix with, and remobilise residual solutes.  By January, the majority of residual 
solutes are expected to have mixed with runoff, resulting in downstream concentrations that are close to background levels.
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Sampling in April 2009 found no significant adverse effect on total microinvertebrate, macroinvertebrate and fish species richness or abundance in response 
to	altered	water	chemistry	(or	other	mining	activities).	However,	abundances	of	leptophlebiid	mayfly,	elmid	beetle	and	freshwater	snail	species	were	lower	at	
exposed sites compared to reference sites in April 2009.  

The sampling in 2011 found no discernible difference in taxa richness of Stoney Creek, Fletcher Creek Upstream, and Fletcher Creek Downstream.  The results of 
the 2011 survey demonstrate the health and robustness of the ecosystem and provide a representation of conditions predicted to occur and prevail throughout 
the LOM.

5.5.2 Potential Risks

Potential impacts to aquatic fauna within downstream watercourses comprise:

•	 Temporary	loss	or	population	reduction	of	some	aquatic	invertebrate	species	as	a	result	of	osmotic	stress,	due	to	increases	in	salinity	(caused	by	soluble	
sulphate salts) and other changes in water quality.

•	 Degradation	of	downstream	aquatic	habitat	from	water	quality	changes.

5.5.3 Studies

Wetlands Research and Management (WRM) was commissioned to undertake an assessment of the current condition of aquatic fauna in the Fletcher Creek, 
Mine Creek and Stoney Creek system.  This comprised:

•	 Sampling	of	aquatic	fauna	and	water	quality	at	sites	along	Fletcher	Creek,	Stoney	Creek,	Mine	Creek	and	the	Ord	River	in	April	2009,	January	2011,	and	
June 2011.

•	 Assessment	of	spatial	and/or	temporal	changes	in	biodiversity	and	conservation	value	of	fish,	macroinvertebrate	and	zooplankton	assemblages	of	Fletcher	
Creek that may be related to tailings seepage.

•	 Characterisation	of	the	seasonal	and	bi-annual	variation	in	fauna-water	quality	relationships.

•	 Assessment	of	longitudinal	changes	in	water	quality	as	a	function	of	tailings	seepage	and	effects	on	aquatic	fauna.

5.5.4 Management and Mitigation

In addition to measures implemented to manage impacts to surface water and groundwater, the following management measures will be implemented to 
monitor ecosystem health:

•	 Continuation	of	aquatic	fauna	monitoring	in	Fletcher	Creek.

•	 Investigation	of	annual	and	seasonal	variation	in	water	quality	and	aquatic	faunal	communities	and	the	consistency	of	any	patterns	observed.

•	 Implementation	of	ecological	trigger	values	at	pre-determined	locations.

•	 Where	trigger	values	are	exceeded,	this	will	result	in	a	series	of	management	responses	which	may	include	resampling	and	analysis	of	water	quality,	
sampling for aquatic fauna, investigating the likely cause of the elevated concentrations and increasing seepage recovery operations.

•	 Continued	periodic	review	and	update	of	the	Savannah	Water	Operating	Strategy	to	reflect	relevant	changes.

5.5 AQUATIC FAUNA

5.5.1 Existing Environment
Aquatic fauna surveys conducted in April 2009 and January 2011 in proximity to the Savannah Project identified a number of taxa, all of which are known to 
be common throughout the Kimberley, Northern Territory and Pilbara.  Plates 13 and 14 show field personnel sampling for aquatic fauna in Fletcher Creek, 
including microinvertebrates, macroinvertebrates and fish.

Significant analyte gradients for sulphate, calcium, potassium, magnesium, electrical conductivity (distinct from salinity), total dissolved solids and water 
hardness were recorded along Fletcher Creek in April 2009.  This was largely attributed to a release of water from WSF 1 following a series of high rainfall 
events.		These	gradients	were	not	present	during	sampling	in	January	2011	(Figure	9).	Despite	elevated	concentrations	in	2009,	95%	protection	of	species	was	
maintained in Fletcher Creek

Figure 9:  Sulphate concentrations and species abundance from 2009 and 2011 surveys
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5.6 REHABILITATION AND CLOSURE

5.6.1 Current Closure Status

Under NOI 4099 all tailings produced throughout operations are stored in TSF 1.  Three options for closure were provided in NOI 4099 including:

•	 Relocation	of	tailings	to	an	environmentally	acceptable	location.

•	 Installation	of	an	engineered	cover.

•	 Installation	of	a	store	and	release	(ecological)	cover.

Based on the understanding of tailings geochemistry and hydrogeology at the time of the assessment, DMP in consultation with Panoramic determined that 
at closure, tailings should be returned to the completed mine workings (pit void and underground).  The requirement to relocate tailings to the pit included a 
water cover to prevent oxidation of the tailings.   

Based on an improved understanding of the tailings geochemistry, hydrogeological characteristics of the site and resources available for use in rehabilitation, 
Panoramic propose to amend the long-term closure strategy at Savannah by leaving tailings in TSF 1 in-situ at closure, with installation of an engineered cover.

The Proposal delivers improved environmental outcomes compared with the current closure plan involving tailings relocation to the pit.

5.6.2 Potential Risks

Potential risks to successful rehabilitation and closure of TSF 1 comprise:

•	 Failure	of	the	engineered	cover	due	to:

− Excessive differential settlement and consolidation of the cover and/or tailings.

− Impeded drainage on the rehabilitated TSF 1 surface.

− Erosion of the cover.

− Erosion of spillways.

− Deep rooted vegetation/biological activity on the cover allowing increased infiltration of oxygen and water.

•	 Poor	quality	control	during	construction	leading	to	segregation	of	cover	materials.

•	 Increased	sediment	loads	from	the	cover	entering	downstream	surface	waters.

•	 Erosion	of	the	rehabilitated	North	Waste	Rock	Dump	(NWRD)	with	potential	siltation	of	the	toe	drain.

•	 Inadequate	sizing	of	the	spillways	could	result	in	restricted	or	impeded	runoff	with	silting	of	flow	paths.		This	could	result	in	localised	ponding	on	the	
rehabilitated TSF 1 surface adjacent to the spillways.

5.6.3 Studies

O’Kane Consultants was commissioned to assist in the development of a final landform design and closure plan for TSF 1.  This study comprised:

•	 Materials	Characterisation.

•	 Landform	Design.

•	 Soil-Plant-Atmosphere	Modelling.

•	 Seepage	and	Consolidation	Modelling.

•	 Cover	Failure	Modes	and	Effects	Analysis.	

•	 Vegetation	Literature	Review.

5.5.5 Key Findings

•	 Data collected to date shows reference and exposed sites throughout the study area have comparable diversity and abundance of microinvertebrate, 
macroinvertebrate and fish species. Despite some elevated analyte concentrations in 2009, and associated lowered abundance of a few sensitive 
macroinvertebrate species, changes to water quality does not appear to have significantly affected the aquatic ecosystems of Fletcher Creek and the 
Ord River.  This is demonstrated through the results of the 2011 survey.

•	 While elevated concentrations are predicted to occur in Mine Creek, sulphate values are predicted to remain low in Fletcher Creek due to dilution by 
wet	season	flows.	Predicted	solute	concentrations	and	subsequent	osmotic	stress	is	not	likely	to	adversely	affect	aquatic	fauna	species,	allowing	95%	
protection of species to be maintained in Fletcher Creek.  

•	 Given the presence of potential recruitment sources such as Rademy Spring (Plate 14), Stoney Creek, upper Fletcher Creek and the Ord River, aquatic 
fauna appear able to recover seasonally through downstream drift of invertebrates and upstream migration by fish. This is particularly applicable to 
Rademy Spring (located in Stoney Creek) which provides a permanent water source and aquatic fauna breeding area.  It is considered an important 
upstream source for downstream repopulation of aquatic fauna and will not be impacted by this Proposal.

•	 Based	on	the	assessment	of	field	data	collected	during	early	wet	season	flows,	it	is	considered	that	the	potential	risk	of	significant	impacts	(i.e.	broad	
scale loss of species diversity) on the downstream aquatic systems due to seepage is low.  

Plate 13: Electrofishing Plate 14: Net sampling on Fletcher Creek
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North Waste Rock Dump 

Waste rock from the NWRD will be used to construct the TSF 1 cover.  Following excavation of this material, the NWRD will be reshaped and rehabilitated.  Reducing 
the risk of erosion of the NWRD and associated sediment deposition in the toe-drain will be achieved through implementation of the following design considerations:

•	 Developing	a	slope	face	based	on	modelled	data	such	that	erosion	rates	are	low.

•	 Constructing	an	adequately	sized	toe-drain	to	accommodate	predicted	runoff	and	sediment	from	the	NWRD	slope.

•	 Armouring	of	the	toe-drain	with	suitable	material	to	minimise	erosion.

•	 Incorporation	of	a	north-south	divide	in	the	NWRD	toe	drain	design,	thus	diverting	flow	to	the	north	and	to	the	south.		

Spillways

The risk of erosion and siltation of spillways will be minimised by:

•	 Implementing	design	measures	for	the	rehabilitated	TSF	1	surface	and	adjacent	NWRD	slope	landform	to	reduce	the	potential	for	erosion	and	the	amount	
of sediment reporting to the spillways.

•	 Design	of	spillways	to	accommodate	surface	water	flow	from	a	probable	maximum	precipitation	event	(PMP)	(i.e.:	a	minimum	1	in	100	year	average	
recurrence (ARI) interval 72 hour duration (340 millimetres)) rainfall event.

•	 Locating	spillways	through	natural,	competent	landforms	that	are	resistant	to	water	erosion	and	armouring,	with	suitable	materials	used	to	reduce	the	
development of rills and gullies.

•	 Annual	geotechnical	inspections	during	the	closure	monitoring	phase.

5.6.4.2 Field Trial

A cover system field trial will be established in Cell 1 as the TSF 1 landform is progressively closed.  Performance of the field trial will be monitored for a 
minimum of three years before proceeding to cover system construction over the remaining TSF 1 footprint.  Field data obtained will also be used to:

•	 Calibrate	the	original	numerical	model	developed	in	the	design	phase	in	order	to	improve	the	confidence	in	the	predicted	long-term	average	net	
percolation rate for the TSF 1 cover system.  

•	 Assess	consolidation	and	settlement	of	tailings,	draindown	rates,	erosion,	vegetation	establishment	and	behaviour,	catchment	characteristics	and	seepage	quality.

•	 Refine	the	cover	system	design,	if	required.		

5.6.4.3 Construction

Reducing the risk of material segregation during cover placement will be achieved by implementing a quality assurance and quality control (QA/QC) system 
during material selection and cover system construction in order to achieve the designed final landform.  This will include frequent material sampling and in-
situ field testing during the cover construction to ensure material heterogeneity is adequately constrained.

Landloch Pty Ltd (Landloch) was commissioned to assess the erosion and stability characteristics of the proposed store and release cover, including: 

•	 The	stability	of	various	materials	that	could	be	used.

•	 The	depth	of	material	placement.

•	 Slope	gradient	responses.

•	 Slope	length	responses.

•	 Key	drainage	network	features.

5.6.4 Management and Mitigation

5.6.4.1 Design

TSF 1

TSF 1 has been designed and constructed with factors of safety that exceed the corresponding recommended minimum factors of safety in ANCOLD for long-
term (permanent) storage of tailings.

TSF1 Cover

Reducing the risk of failure of the TSF 1 cover material will be achieved through implementation of the following design considerations:

•	 Understanding	tailings	consolidation	and	settlement	characteristics.

•	 Use	of	a	cover	system	based	on	the	moisture	store-and-release	concept	to	capture	and	store	incidental	rainfall	events,	with	runoff	occurring	during	larger,	
high intensity wet season rainfall events.  Soil atmosphere modelling determined the optimal cover to comprise 0.3 metre non-compacted topsoil/waste 
rock mix overlaying two metres of waste rock (Figure 10).

•	 Adoption	of	a	two-cell	configuration	(with	three	catchments)	to	reduce	runoff	flow	path	lengths	and	differential	settlement	(Figure	11).

•	 Low	surface	flow	gradients	(taking	into	consideration	the	length	of	the	flow	path)	for	the	final	landform	surface	to	reduce	the	flow	energy	of	runoff.

•	 Identification	of	adequate	sources	of	suitable	materials	during	operations	for	use	in	the	cover	(Plate	15	and	Plate	16).

•	 Construction	of	an	engineered	toe-drain	at	the	base	of	the	NWRD	slope	to	capture	and	redirect	runoff	away	from	the	TSF	1	surface.

•	 Mixing	growth	medium	(topsoil)	with	benign	waste	rock	to	provide	additional	stability	to	the	landform.

Plate 15:  Test pit excavated as part of materials characterisation for cover Plate 16:  Erosion characterisation of cover materials

Figure 10:  TSF 1 Cover Design Figure 11:  TSF 1 catchment configuration
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5.6.5 Key Findings

•	 The	proposed	final	landform	design	is	based	on	site-specific	climatic	data	and	materials	characterisation.		Numerical	modelling	using	the	site-specific	data	
for a final cover system design provides a basis for material selection and design features required for optimal surface water management.  Consolidation and 
seepage analysis as well as landform evolution modelling validates the final landform design.  

•	 Soil-Plant-Atmosphere	modelling	of	the	cover	system	indicates	that	saturation	of	tailings	will	be	maintained	at	levels	that	inhibit	the	speed	of	downward	
movement of the oxidation front through the TSF 1 profile, meaning that in the long-term, there is negligible chance of acid generation from the facility. 

•	 Landform	and	erosion	modelling	utilised	for	design	of	the	cover	was	simulated	for	1000	years	“bare”	surface	conditions	on	the	covered	TSF	(i.e.	no	vegetation,	
to be conservative), with predictions indicating that the cover remains intact and stable for that period with the maximum point of erosion anywhere on the 
structure significantly less than the depth of the cover during the simulation time frame (as demonstrated in Figure 13 and Figure 14).

Figure 12: Elevations of TSF 1 Landform and Surrounding Slopes Following 
Construction of Cover (2 metre contour interval)

Figure 13 Evolved Elevations of TSF 1Landform and Surrounding Slopes 
after 1000 years (2 metre contour interval)

•	 The	conservative	nature	of	the	design	allows	for	variance	in	the	performance	of	the	cover	such	that	the	potential	changes	in	net	percolation,	seepage	water	
volume and quality remain within design tolerances and targets.  Refinement of the cover design during operations (i.e. – from the TSF 1 trial) will ensure 
the optimal cover is constructed at closure. Upon meeting agreed environmental and safety relinquishment criteria, the Savannah Project will pose a low risk 
to the State in terms of potential liability from post-closure impacts on the local and downstream environment.

5.6.4.4 Completion Criteria and Monitoring

Completion criteria will be developed to ensure closure objectives are met.  These criteria will be refined over the remaining life of mine.  A closure monitoring 
programme will be initiated to:

•	 Establish long-term rehabilitation success.

•	 Identify the need to amend rehabilitation procedures.

•	 Identify maintenance and remedial measures as required.

•	 Determine attainment of the completion criteria.

 A two phased approach to monitoring of the TSF 1 Closure Domain is proposed as follows:

•	 Phase 1: Monitoring undertaken until completion criteria are achieved.

•	 Phase 2: Continuation of monitoring for an agreed period to reinforce stability of the system.

 The following post rehabilitation indicators will be monitored:

•	 Erosion and drainage characteristics of the rehabilitated TSF 1 and NWRD landforms.

•	 Tailings	consolidation and settlement.

•	 Vegetation establishment, diversity and survival.

•	 Surface water quality and levels.

•	 Groundwater quality and levels.

•	 Aquatic fauna health and diversity.
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6. ASSUMPTIONS, CONSERVATISM 
AND CONFIDENCE IN FINDINGS

A number of assumptions have been incorporated into the various studies to ensure a conservative approach has been taken in the impact assessment.  The key 
assumptions and conservatisms are summarised in Table 2.

Table 2: Assumptions, Conservatism and Confidence in Findings

FACTOR ASSUMPTIONS, CONSERVATISMS AND CONFIDENCE IN FINDINGS

Geotechnical 
Studies

•	 The	current	understanding	of	geotechnical	aspects	of	the	Proposal	is	based	on	numerous	studies	that	have	analysed	the	
in-situ tailings properties and facility integrity.

•	 The	parameters	utilised	in	the	stability	analyses	were	based	on	the	CPT	results	of	the	tailings	and	those	assumed	in	the	
original design of the existing TSF 1 embankment.  

•	 Rowe	cell	testing	results	re-confirm	Savannah	tailings	to	have	very	good	consolidation	characteristics,	with	reduced	
consolidation times when compared with parameters interpreted from CPT analyses.

•	 Regular	analysis	of	tailings	samples	since	commencement	of	operations	has	shown	negligible	variance	in	particle	size	
distribution.

•	 Strength	parameters	for	the	tailings	were	chosen	based	on	previous	laboratory	testing	and	the	recent	CPT	results.		The	
phreatic	surface	adopted	in	the	analyses	was	based	on	an	assumed	“worst	case”	condition.		

Geochemical 
Studies

•	 The	current	understanding	of	the	geochemistry	and	mineralogy	of	tailings	materials	is	based	on	numerous	studies	by	
recognised independent experts. 

•	 There	is	a	very	good	understanding	of	the	geochemical	nature	of	the	tailings,	where	field	evidence	at	TSF	1	supports	
predicted geochemical behaviour over time. 

•	 The	downward	movement	of	the	surface	hardpan	and	oxidation	front	into	the	bulk	tailings	currently	occurs	at	a	very	slow	
rate. With a cover system in place, oxygen ingress and movement of the oxidation front is likely to be further inhibited. 

•	 The	final	cover	design	for	TSF1	predicts	a	high	level	of	saturation	in	the	bulk	tailings	below	the	cover	material,	but	does	not	
take into account the surface hardpan.  These parameters will significantly inhibit the pyrrhotite oxidation rate.

FACTOR ASSUMPTIONS, CONSERVATISMS AND CONFIDENCE IN FINDINGS

Hydrogeological 
Studies
(Groundwater)

•	 The	adopted	rate	of	groundwater	recharge	(10%)	is	based	on	an	annual	total	of	700	mm	that	is	higher	than	the	long	term	
mean, but conservatively lower than the 30-year average of 745 mm.  This lower rate will tend to overestimate solute 
concentrations in groundwater.

•	 The	recharge	rate	assigned	to	TSF	1	during	operations	assumes	the	entire	footprint	is	constantly	active.		With	campaigned	
deposition	around	sections	of	the	facility,	this	is	likely	to	overestimate	the	seepage	flux	and	hence	transportation	of	solutes	
downstream.  

•	 Sensitivity	analysis	on	a	variation	in	recharge	rates	found	that	the	change	in	downstream	sulphate	concentrations	is	
insignificant, further demonstrating the robustness of the Proposal.

•	 After	closure	the	seepage	rate	is	assumed	to	be	equal	to	15%	of	the	annual	rainfall	total.		This	is	based	on	an	assumed	rate	
of	10%	from	incident	rainfall	and	a	further	5%	from	run-on	from	the	surrounding	catchment.		

•	 The	solute	transport	modelling	assumed	a	source	input	concentration	of	3,000	mg/L	for	sulphate	that	is	conservatively	
high based on the range of concentrations recorded within and close to TSF 1 over the past several years.  Current sulphate 
concentrations in seepage from TSF 1 are in the order of 2,600 mg/L.  The adopted source term will tend to overestimate the 
predicted	sulphate	concentrations,	probably	in	the	order	of	15%.	

•	 All	solute	transport	prediction	maps	assume	that	the	solutes	presented	are	geochemically	non-reactive.		In	reality,	
geochemical processes will limit the mobility and hence distribution of most metals and reactive ions such as alkalinity.  
To make a reasonable account of retardation, the calculations utilised the average ratio of sulphate to these metals from 
analyses in these bores over the past 4 years.  

•	 Solute	transport	modelling	assumes	cessation	of	seepage	recovery	in	2018,	resulting	in	a	conservative	assessment	of		
“worst	case”	peak	solute	consentrations	in	2019

Hydrological 
Studies
(Surface water)

•	 In	the	absence	of	site-specific	data,	several	hydrological	parameters	were	derived	from	published	guidelines	and	reference	
texts.		In	each	case	the	values	assumed	were	chosen	to	reflect	a	“reasonably	worst	case”	condition	to	highlight	potentially	
adverse impacts.

•	 The	runoff	coefficient	derived	from	surface	water	captured	by	WSF	1	during	a	relatively	small	event	in	2011	was	assumed	
to represent conditions across the entire domain.  This assumption is expected to underestimate runoff volumes and other 
hydrologic	predictions	such	as	hydroperiod,	velocity	and	flood	heights.		The	key	risks	associated	with	surface	water	at	the	
Savannah Project relate to changes in the water quality downstream of the site.  Applying a runoff coefficient that tends to 
underestimate	flow	volumes	will	also	tend	to	conservatively	overestimate	downstream	concentrations.

•	 The	approach	used	to	characterise	the	impacts	to	surface	water	quality	includes	several	assumptions:

− The basis of the runoff coefficient utilised for the analysis was referenced from the Western Australian Main Roads 
guideline	“Storm	drainage	design	in	small	urban	catchments”	manual.	The	values	were	determined	from	field	
assessments in Western Australia and are considered a reasonable starting point for the assessment.  Most seasonal 
rainfall events are however, expected to yield a higher coefficient, larger runoff volumes and lower predicted 
concentrations.

− The calculations used to estimate nickel and copper concentrations were based on predicted sulphate concentrations 
sourced from the groundwater solute transport model.  The model accounts only for mixing between water with 
different concentrations and does not account for any geochemical reactions at the point of discharge or in the surface 
water	flow	path	downstream.		It	is	expected	that	the	approach	adopted	will	tend	to	overestimate	concentrations.		The	
degree of conservatism cannot be defined at this stage but the results are understood to present a worst case that is 
believed to be reasonable. 

− Evapoconcentration was considered over the drier months of the year, and was incorporated into the calculations by 
assuming that sulphate would accumulate each month. After the wet season, in the first month of rain in the wet 
season	(October)	there	would	therefore	be	six	months	of	sulphate	to	mix	with	the	initial	flush	of	surface	water.	

•	 The	Hydraulic	modelling	approach	used	to	characterise	the	flow	conditions	in	the	creek	systems	in	and	around	the	site,	
included assumptions for data which were not derived from field measurements, these included:

−	 The	flow	conditions	experienced	in	the	creek	at	and	adjacent	the	site,	for	certain	water	levels.	This	information	was	used	
to	form	the	basis	of	the	outlet	conditions	of	the	model,	and	represents	the	creek	ability	to	convey	specific	flow	rates.	

−	 All	bridges	and	infrastructure	within	the	creeks	provide	no	resistance	to	flows.	As	the	infrastructure	is	located	
upstream	of	the	site,	this	assumption	ensures	that	flow	will	reach	the	site	unimpeded,	and	therefore	provides	a	
maximum worst case.
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FACTOR ASSUMPTIONS, CONSERVATISMS AND CONFIDENCE IN FINDINGS

Aquatic Fauna 
Studies

•	 In	assessing	the	impacts	of	seepage	on	aquatic	fauna,	a	key	conservative	assumption	made	is	that	fauna	response	in	Mine	
Creek	is	directly	influenced	by	osmotic	stress.		It	is	likely	that	the	habitat	variation	between	Mine	Creek	(small,	shallow	
and highly ephemeral) and Fletcher Creek (larger, deeper and holds water longer) accounts for some proportion of the 
differences in macroinvertebrate richness and assemblage composition seen in April 2009 data. 

•	 Concentrations	of	sulphate	recorded	in	Fletcher	Creek	in	2009	(from	water	released	from	WSF	1)	were	higher	than	predicted	
peak concentrations from seepage under the current and future operations. There were no significant impacts recorded on 
acquatic fauna in 2009.

•	 The	concentrations	of	solutes	predicted	to	occur	in	Fletcher	Creek	(below	the	mixing	zone)	do	not	present	a	significant	
risk to the aquatic ecosystem.  The presence of upstream recruitment sources makes this assessment conservative.  Field 
evidence supports these predictions.

Closure and 
Rehabilitation 
Studies

•	 The	cover	system	was	not	designed	to	be	reliant	on	the	limitation	of	water	into	the	system.		The	design	allows	for	moisture	
to be added to the system during periods of typical rainfall which will then be removed by evaporation and transpiration 
following the development of vegetation.  

•	 Development	of	macropores	(eg.	root	penetration	from	vegetation)	in	near	surface	material	and	their	impact	on	material	
properties was included with inputs to the cover system design modelling, and not found to cause unacceptable net 
percolation rates.

•	 Cover	system	design	modelling	was	completed	assuming	no	vegetation	of	the	cover	system.		Hence	the	effects	of	
evapotranspiration were not included in the initial study and worst-case net percolation values were found to be well 
within acceptable limits.  

•	 The	closure	monitoring	strategy	provides	a	level	of	conservatism	through	the	commitment	for	additional	monitoring	
following achievement of completion criteria.

7. KEY OUTCOMES AND CONCLUSIONS
Studies to date indicate the Proposal to expand the Savannah TSF 1 and leave tailings in-situ represents a low level of risk to the surrounding environment 

with negligible impacts to ecological receptors that utilise the surrounding area. Key outcomes from these studies are provided in Table 3.

Table 3: Key Proposal Outcomes

FACTOR OUTCOME

Geotechnical 
stability and 
Integrity of TSF 1

All studies indicate that TSF 1 meets design, construction and operational criteria for the safe and permanent storage of 
tailings.  Based on these criteria and stability analysis, there are no foreseeable scenarios that will result in a breach and/
or overtopping of the TSF 1 embankments.

Geochemistry of 
Tailings

Multiple technical studies provide a thorough understanding of the Savannah tailings geochemistry and confirm that 
the current and proposed method of tailings disposal and long-term management precludes the likelihood of oxidising 
conditions prevailing.  This is due to formation of a hardpan layer that reduces oxygen ingress, very slow moving oxidation 
front, high level of saturation of bulk tailings and inherent acid neutralising capacity.  The risk of acid and metalliferous 
drainage from the Savannah bulk tailings is therefore very low.

This is supported by nine years of data that confirms metals are not mobilising and seepage is slightly alkaline.

Groundwater Groundwater quality will be temporarily altered from tailings seepage between TSF 1 and Fletcher Creek.  There are no 
sensitive groundwater receptors that will be impacted by the temporary increase in solute concentrations.

Surface Water The interaction between groundwater and surface water results in seasonal discharges of tailings seepage into surface 
water drainages downstream of the Savannah Project.  Surface water solute concentrations in Mine Creek are predicted to 
increase	slightly	above	existing	levels.		Concentrations	in	Fletcher	Creek	(below	the	mixing	zone)	are	predicted	to	remain	
within the natural variation of background levels.  No impacts to the Ord River are expected to occur.  The risk to sensitive 
surface water receptors is considered negligible.

Aquatic Fauna Aquatic fauna in Fletcher Creek have been identified as the most sensitive ecological receptor for the Savannah Project.  
Elevated sulphate concentrations recorded to date have not significantly affected the aquatic ecosystems of Fletcher 
Creek.  While elevated concentrations are predicted to occur in Mine Creek, sulphate values are predicted to remain low 
in	Fletcher	Creek	due	to	dilution	by	wet	season	flows.	Predicted	solute	concentrations	and	subsequent	osmotic	stress	is	
not	likely	to	adversely	affect	aquatic	fauna	species,	allowing	95%	protection	of	species	to	be	maintained.		Any	reduction	
in aquatic fauna diversity resulting from Savannah seepage and/or natural phenomenon (ie – a sequence of consecutive 
dry wet seasons) is mitigated by the presence of recruitment sources (i.e. downstream drift of invertebrates and upstream 
migration by fish), which allow populations of more ‘sensitive’ species in Fletcher Creek to recover seasonally.

Closure and 
Rehabilitation

The closure plan for TSF 1 and supporting studies provides confidence that Panoramic will be able to close, decommission 
and rehabilitate TSF 1 in an ecologically sustainable manner, consistent with agreed post-mining outcomes and land 
uses, and without unacceptable liability to the State of Western Australia. 
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Risk to Geotechnical  
stability of TSF1

Risk of acid & metalliferous 
Drainage from tailings

Risk to groundwater  
& surface water Risk to Aquatic Fauna

Risk of unsuccessful 
rehabilitation and mine 

closure

High factor of safety Well defined geochemical  
understanding

Well defined groundwater - 
surface water interactions

Maintenance of upstream/ 
downstream recruitment sources

Cover design based on site-specific 
climate and materials data

Effective water management  
strategies

Pyrrhotite dominated  
Tailings

Seepage recovery No significant impacts  
detected to date

Detailed material  
characterisation

Capacity for large  
rainfall events

Excess alkalinity Reduced water in- 
puts to TSF1

Implementation of ecological  
triggers/ responses

Conservative	&	robust	 
cover design

Constructed to  
DMP/ ANCOLD Guidelines

Hardpan formation Monitoring	&	management 
 response

Natural seasonal recovery Refinement through  
field trial

Predicted stability through  
seismic events

Limited oxygen ingress Controlled rate of runoff from  
disturbed areas

Predicted	95%	protection	of	 
species in Fletcher Creek

Conservative modelling  
&	predictions

CPT	90%	consolidation	 
of tailings

Negligible reduced  
sulphur species

Engineered cover design  
at Closure

Continuation of monitoring  
&	surveys

QA/ QC closure protocols

Annual TSF audits  
&	reporting

Very slow moving  
oxidation front

No sensitive groundwater  
receptors

Predicted long term  
stable landform

Conservative modelling  
&	predictions

Closure monitoring 
	&	maintenance

Low risk of breach and/
or overtopping of TSF1 

embankments

Low risk of acid & 
metalliferous drainage 

from seepage

Impacts to surface 
water and groundwater 

are temporary and do 
not pose a significant 

risk to ecological 
receptors and/or 

beneficial water uses

Impacts to surface 
water quality do not 

pose a significant risk 
to aquatic fauna and 

ecosystem health

Confidence in achieving 
acceptable closure 

criteria

The proposal 
for long-term 

tailings storage at 
Savannah negates 
significant adverse 

environmental 
impacts and 

delivers acceptable 
long-term 

environmental 
outcomes.
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