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Foreword
Major Sponsor: Gold Fields
In July 2020, a report by the World Economic Forum identified trust deficit as the key issue facing the
mining industry. The last 18 months are a stark reminder that hard-earned trust and reputational
capital can be quickly lost, with a broad ripple effect across the sector. At the same time, investors
are looking beyond financial returns to company performance against a far broader range of metrics.
In considering how the sector builds (or in some cases rebuilds) the trust, confidence and support of
our communities, investors, employees and broader society, our approach to managing the issues
that fall within the broad banner of ESG, lies at the heart of it. Whilst the GEMG Conference clearly
has a strong focus on the environmental component of ESG, it is great to see the recognition that
this area does not operate in isolation.
Gold Fields’ approach is to integrate our ESG priorities into operational management, which ensures
that there are tangible, actionable plans developed and implemented, which can be tracked
alongside our business-as-usual activities. These priorities include safety, where top-down safety
leadership and bottom-up behavioural safety programs have been deployed across all of our
Regions; energy and climate change, with our strong focus on the decarbonisation of our mines and
pursuit of renewable energy opportunities; mine closure, with the prioritisation of progressive
rehabilitation, and societal acceptance – building strong relationships with all of our communities
and rigorously pursuing shared value opportunities. It is interesting to note that 55% of Gold Fields’
Group objectives are ESG related.
The financial and intellectual resources available to mining companies presents great opportunity to
contribute to the resolution of some of the world’s most complex issues – climate change, modern
slavery and meaningful reconciliation with indigenous peoples are but a few examples falling within
the broad ambit of ESG. When done well, this is not only a framework for building and maintaining
trust with stakeholders, but is also a strong source of competitive advantage.

Kelly Carter
Vice President: Legal and Compliance
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Foreword – GEMG
The Goldfields Environmental Management Group (GEMG) is a technical and professional body of
people working to achieve environmental excellence in Western Australia. The primary purpose of
the GEMG is to put on a biennial Environmental Management Conference in Kalgoorlie-Boulder,
which is widely regarded as a key industry event.
The 2021 GEMG Conference presented a range of new challenges as two committees took on the
task of organising a conference during a worldwide pandemic. Through meticulous planning and a
lot of luck the event was a huge success with over 300 attendees coming together in KalgoorlieBoulder to share their knowledge and learnings over the past three years.
Over the course of the conference we witnessed how our member’s organisations were transitioning
to low-carbon energy solutions, applying new molecular tools for ecological surveys, and utilising
cutting edge technology to improve mine rehabilitation outcomes. The GEMG were also able to
recognise the vast contributions of three long standing members: Jim Williams, Andrea Reid and
Greg Barrett.
Following a tumultuous 2020 it was humbling to receive the support of our Sponsors who were as
keen as ever to be involved in the Conference – a huge thankyou from the Committee. I would also
like to personally thank everyone on the GEMG Committee (and previous Committee) who spent
countless hours organising this event, it is their passion that makes this event possible.
We hope to see you all again in 2023.
Dylan Martini
GEMG Chairperson
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SPONSORS
As a not-for-profit organisation, the GEMG profoundly relies on the support from our Sponsors to
make the bi-annual workshop happen. We thank the 2021 sponsorship group for your support in
making this years’ workshop a success.

Major Sponsor

Keep Cup Sponsor

Clothing Sponsor

Conference Bag Sponsor

Welcome Event Sponsor

Gala Dinner Sponsor

Sundowner Event Sponsor

Day 1 Sponsor

Day 2 Sponsor

Day 3 Sponsor

Venue Sponsor

Marquee Sponsor
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DAY 1 – 19 MAY 2021
Marine Fauna Relocation from an Inundated Pit.
Stephanie Marjanovich, Mt Gibson Iron.
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MAIN PIT MARINE FAUNA RELOCATION

Wednesday 19th May 2021
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Koolan Island

Koolan Island

WESTERN
AUSTRALIA
Derby

Perth

Broome

3

BACKGROUND

Koolan Island

Koolan Island
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BACKGROUND

Koolan Island
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BACKGROUND

Koolan Island

Tide height 1.5 m

Tide height 10.5 m

6 hours later (twice a day)
Anywhere between 0m to >11m!
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BACKGROUND

Koolan Island

77

BACKGROUND

BHP legacy

BHP mined iron ore on Koolan Island between 1965 and 1993. During decommissioning BHP
constructed a channel to allow seawater to flood the Main Pit. Main Pit remained connected to the
ocean for 16 years until the original seawall was completed by KIO in 2010. A program to remove
marine fauna in the lake occurred using Traditional Owners working on the island.
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BACKGROUND

Main Pit & Seawall

Main Pit prior to seawall collapse
(commenced 25 November 2014)

Main Pit following seawall collapse
(27 November 2014)
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BACKGROUND

Seawall Rebuild

Main Pit prior to the rebuild project commencing
(2017)

Phase 1: Earthworks to close the existing gap in the
seawall with rock material (20 July 2017)

Phase 3: Capital dewatering of resident seawater in
the Main Pit (30 September 2018)

Phase 2: Construction of an impermeable barrier in
the rock matrix (30 January 2018)
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BACKGROUND

Seawall Rebuild

Shark to green float
comparison (2 m length)
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BACKGROUND

Project Information

Scope:
To relocate existing marine fauna residing in Main Pit waterbody
to the surrounding marine environment.

Personnel:
MGI: Stephanie Marjanovich (Koolan Island)
MGI: Phil Readhead (head office)
MGI: numerous onsite personnel
Various marine consultants
Dambimangari Rangers

Duration:
Three attempts over approx. five days.
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METHODOLOGY

Locations: Attempt 1

Main Pit
West Lake

Old BHP
Ramp

Main Pit
East Lake
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METHODOLOGY

Old BHP
Ramp

Locations: Attempt 2

Main Pit
West Lake
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Main Pit
East Lake

METHODOLOGY

Locations: Attempt 3

Old BHP
Ramp
Main Pit
West Lake
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METHODOLOGY

Locations: Combined

Attempt 1
= 24th to 31st Jan

=

Attempt 2
Mar to 5th Apr

30th

Attempt 3
= 1st to 5th Jun
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METHODOLOGY

Various nets: cast, gill, seine
Effective for fish

Techniques

Hooked long lines
Effective for sharks & rays
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Catch nets
Effective for capture &
release

METHODOLOGY

Techniques

Prepping hooked long lines

Hooked long lines

Smaller vessel transfer tubs
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Hand lines and rods

METHODOLOGY

Techniques

Customised
tank
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METHODOLOGY

Techniques

Improvised
IBC
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METHODOLOGY

Capture
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METHODOLOGY

Release
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METHODOLOGY

Active mine site

Main Pit West Lake

Main Pit East
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METHODOLOGY

Active mine site

Main Pit West Lake
24 vs East Lake

METHODOLOGY

Active mine site

Main Pit operational
work groups
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METHODOLOGY

Active mine site

Main Pit west vs east progression

Main Pit dewatering
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METHODOLOGY

Active mine site

Main Pit
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RESULTS

Statistics

Attempt I

Attempt II

Attempt III

24 - 31st Jan 2019

31st Mar - 4th Apr 2019

1 - 5th June 2019

363 (-2)

499 (-52)

Sharks

4

Rays

Total
Caught

Total
Released

37 (-1)

899

844

1

0

5

5

3

1

0

4

4

Turtles

0

1

0

*2

*2

Crocodiles

1

0

0

1

1

Total
Caught

371

502

37

911

Total
Released

369

450

36

Fish

* Including turtle caught late 2018
28

856

RESULTS

Statistics

Catch Per Unit Effort (CPUE) = Total Catch / Total Fishing Effort
Total Fishing effort = Number of fishers x Hours at Site
Personnel: working restrictions; work hours
Logistics: setup; location change; release; pumps; breaks
Operations: Main Pit mining priority; daily blasting times
Site: daylight hours only; lightning alerts
Fauna: time of day / habituation
CPUE

Day 1

Day 2

Day 3

Day 4

Day 5

Averages

Attempt I

2

2.7

2.2

0.4

3.1

2.08

Attempt II

6.1

11.4

19.5

12.6

9.7

11.8

Attempt III

1.5

2.0

2.0

1.1

0.8

1.5
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RESULTS

Water Profiles

Dissolved Oxygen

Turbidity
NTU
1

11

Temperature

ODO % sat
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0
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Progressive
increase in
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20
25

20

Progressive increase
in hypersaturation
(DO >100 %)
= algae blooms
= atmospheric contact
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30

30

35

35

35
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40

45

45

45

50

50

50

Progressive
decrease in
thermal zonation
= cooler months

30

30

20
25
30

Progressive
increase in
atmospheric
regulation
= shallower
= larger surface
area / volume
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= groundwater
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Species List

Scientific Name

Common Name

TOTAL

Fish
Acanthopagrus morrisoni

Yellowfin Seabream

25

Acanthurus dussumieri

Pencil Sturgeonfish

45

Arothron hispidus

Stars and Stripes Puffer Fish

4

Arothron stellatus

Starry Puffer

1

Arthron manilensis

Narrowlined Puffer

1

Carynx sexfasciatus

Bigeye Trevally

Cephalopholis boenak

Brown Barred Rockcod

1

Cephalopholis miniate

Coral Rockcod

8

Choerodon schoenleinii

Blackspot Tuskfish (Bluebone)

8

Decapterus macarellus

Yellowtail Scad

2

Diagramma labiosum

Painted Sweetlip

1

Diodon holocanthus

Freckled Porcupine Fish

1

Echeneis naucrates

Sharksucker

1

Remora remora

Remora

3

Epinephelus coidoides
Epinephelus malabaricus
Gnathanodon speciosus

Goldspotted Rockcod (Estuary Cod)
Blackspotted Rockcod (Malabar)
Golden Trevally

64
23
19

31

125

RESULTS

Species List

Lethrinus laticaudis

Bluelined Emperor

24

Lethrinus lentjan

Red Spot Emperor

290

Lutjanus argentimaculatus

Mangrove Jack

54

Lutjanus carponotatus

Stripey Snapper (Spanish Flag)

25

Lutjanus erythropterus

Crimson Snapper

17

Lutjanus fulviflamma

Blackspot Snapper

9

Lutjanus johnii

Golden Snapper (Fingermark)

70

Lutjanus lemniscatus

Marron Snapper

6

Lutjanus malabaricus

Saddletail snapper (Nannygai)

13

Lutjanus russellii

Moses Snapper

2

Platax batavianus

Humphead Batfish

12

Plectorhinchus gibbosus

Brown Sweetlips

1

Plectorhinchus sp.

Sweetlips

1

Plectropomus maculatus

Barcheek Coral Trout

1

Pomacanthidae Sp.

Angelfish

2

Pomadasys kaakan

Javelin Fish

8

Scarus ghobban

White Parrotfish

1

Scomberoides Iysan

Lesser Queenfish

9

32

RESULTS

Species List

Scomberoides tala

Barred Queenfish

3

Scomberoids commersonnianus

Giant Queenfish

15

Sphyraena barracuda

Great Barracuda

1

Strongylura incisa

Long Tom

2

Synanceia verrucosa

Stone Fish

1

Shark
Scalloped Hammerhead Shark

1
4

Himantura toshi
Maculabatis sp.

Blackspotted Whipray
Whipray

1
1

Taeniura lymma

Bluespotted Fantail Ray

1

Taeniura meyeni

Blotched Fantail Ray

1

Chelonia mydas

Green Turtle

1

Eretmochelys imbricata

Hawksbill Turtle

1

Saltwater Crocodile

1

Sharks

Carcharhinus sp.
Sphyrna lewini
Rays

Turtles

Crocodiles
Crocodylus porosus

33

TOTAL individuals

911

TOTAL species
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SPECIES

Sharks

Reef Shark

Pigeye Shark

Reef Shark

Reef Shark

34

Reef Shark

Scalloped Hammerhead

SPECIES

Rays

Blue Spotted Fantail Ray

Black Spotted Whipray

Black Spotted Whipray

35

Blotched Fantail Ray

SPECIES

Turtles

Hawksbill Turtle
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SPECIES

Crocodiles

Saltwater Crocodile
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SPECIES

Fish

Snapper

Coral Trout

Stonefish

Long Tom

Mangrove Jack

Barracuda

38

Yellow Tail
Trevally

Blue Lined
Emperor

SPECIES

Fish

Crimson Snapper

Blackspotted Rockcod

Bluebone

39

Coral Trout

SPECIES

Fish

Mangrove Jack

Stripey Snapper

Golden Trevally

40

Brown Sweetlips

QUESTIONS?

41

42
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Delivering Renewable Energy at Gold Fields.
Ashleigh Shelton, Gold Fields.
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DELIVERING RENEWABLE ENERGY AT GOLD FIELDS
ASHLEIGH SHELTON
Goldfields Environmental Management Group

Presented at Goldfields Environmental Management Group Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

Forward Looking statements
Certain statements in this document constitute “forward looking statements” within the meaning of Section 27A of the US Securities Act of 1933 and Section 21E of the US Securities Exchange Act of
1934.
In particular, the forward looking statements in this document include among others those relating to the Damang Exploration Target Statement; the Far Southeast Exploration Target Statement;
commodity prices; demand for gold and other metals and minerals; interest rate expectations; exploration and production costs; levels of expected production; Gold Fields’ growth pipeline; levels and
expected benefits of current and planned capital expenditures; future reserve, resource and other mineralisation levels; and the extent of cost efficiencies and savings to be achieved. Such forward
looking statements involve known and unknown risks, uncertainties and other important factors that could cause the actual results, performance or achievements of the company to be materially
different from the future results, performance or achievements expressed or implied by such forward looking statements. Such risks, uncertainties and other important factors include among others:
economic, business and political conditions in South Africa, Ghana, Australia, Peru and elsewhere; the ability to achieve anticipated efficiencies and other cost savings in connection with past and
future acquisitions, exploration and development activities; decreases in the market price of gold and/or copper; hazards associated with underground and surface gold mining; labour disruptions;
availability terms and deployment of capital or credit; changes in government regulations, particularly taxation and environmental regulations; and new legislation affecting mining and mineral rights;
changes in exchange rates; currency devaluations; the availability and cost of raw and finished materials; the cost of energy and water; inflation and other macro-economic factors, industrial action,
temporary stoppages of mines for safety and unplanned maintenance reasons; and the impact of the AIDS and other occupational health risks experienced by Gold Fields’ employees.
These forward looking statements speak only as of the date of this document. Gold Fields undertakes no obligation to update publicly or release any revisions to these forward looking statements to
reflect events or circumstances after the date of this document or to reflect the occurrence of unanticipated events.

ARENA Disclaimer
The views expressed herein are not necessarily the view of the Australian Government, and the Australian Government does not accept responsibility for any information or advice contained herein.

Goldfields Environmental Management Group Conference | Ashleigh Shelton | 19 May 2021
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Gold Fields’ global footprint
9 gold mines

1 project

5 countries

2.2 Moz annual gold production GFI (JSE, NYSE)
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This is Gold Fields
Our Vision and Values

Our vision is to be the global leader in sustainable gold mining

Goldfields Environmental Management Group Conference | Ashleigh Shelton | 19 May 2021
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Agnew Gold Mine
Our operation
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Agnew Hybrid Renewable Microgrid
Thermal and solar
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Agnew Hybrid Renewable Microgrid
Wind and Battery

Goldfields Environmental Management Group Conference | Ashleigh Shelton | 19 May 2021
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Footage: EDL

AGNEW HYBRID
RENEWABLE MICROGRID
Project recap

2.3MW

2.1MW

2.3MW

2.2MW

2.1MW

8.2m/s

4MW SOLAR PV
10,710 X SUNTECH PANELS
5 MVA SMA CENTRALISED SOLAR INVERTER
NEXTRACKER SINGLE AXIS TRACKING SYSTEM
STEADYSUN CLOUD FORECASTING CAMERA SYSTEM
DESIGNED & CONSTRUCTED BY JUWI

18MW WIND

MICROGRID CONTROL SYSTEM

5 x GOLDWIND GW140 3.57MW
PERMANENT MAGNET DRIVE WITH FULL
CONVERTER SYSTEM
110M HUB HEIGHT
13MW/4MWh
BATTERY
140M ROTOR
DIAMETERSTORAGE

ENTURA HYBRID MICROGRID CONTROL
SYSTEM

SAFT LI-ION NMC/NCA
WIND
6 x 2.5MVA SMA CENTRALISED STORAGE INVERTERS
11MW
SOLAR

2.5MW
GAS

2.0MW

BESS

21MW THERMAL POWER STATION

Gold Fields Energy Future | James Koerting | 27 October 2020

9 x 2MW CUMMINS GAS RECIP
2 x 1.6MW CUMMINS DIESEL RECIP
25KM GAS LATERAL PIPELINE

MINE

15MW

9

Challenges

Photos: Goldwind
Goldfields Environmental Management Group Conference | Ashleigh Shelton | 19 May 2021
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Agnew Energy Production March 2021
54% average but varies daily depending on wind resource

Goldfields Environmental Management Group Conference | Ashleigh Shelton | 19 May 2021
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25.0

AGNEW ENERGY PRODUCTION 22 JULY 2020

20.0

MEGAWATTS

15.0

10.0

5.0

RENEWABLES 60%
THERMAL
40%

0.0

Gold Fields Energy Future | James Koerting | 27 October 2020

Solar

Wind

Battery

Thermal

Mine Load

12

Other Gold Fields sites

Gruyere

Granny Smith
Salares Norte

St Ives

South Deep
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Gold Fields’ energy future

Goldfields Environmental Management Group Conference | Ashleigh Shelton | 19 May 2021
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Thank you
QUESTIONS AND ANSWERS
QUERIES: AGM_ENVIRONMENTAL@GOLDFIELDS.COM
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Embracing Innovation in Vertebrate Fauna Surveys.
Dr Graham Thompson, Terrestrial Ecosystems.
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Embracing innovation in vertebrate fauna surveys
Dr Graham Thompson and Dr Scott Thompson
Terrestrial Ecosystems

Abstract
Using innovative approaches, improved techniques and cost-effective
survey methods are critical for practitioners so that they undertake
adequate surveys and develop valid conservation outcomes. However, it
appears that there are a few of us that do not take the time to understand
research that support these innovations, read instruction manuals, or
understand limitations of some of these innovative survey tools that are
regularly being used.
Camera traps, which have been available for many years and are
commonly deployed are a valuable survey tool, however, there
effectiveness is dependent on the practitioner understanding their
limitations and using them correctly for a few, this is done poorly.
Thermal and night vision technology have been available for many years
but have rarely been used as fauna survey tools. Recent improvements
have resulted in them both being used more frequently in fauna surveys
and assessments, so, it is incumbent on us that they are used properly,
and the results reported within the limitations of the technology.
Conservation detection dogs are now widely used in the eastern states
and elsewhere in the world for threatened fauna assessments and
feral/pest management programs, but this cost-effective tool is rarely used
in WA. The presentation provides some information of what these dogs
can achieve and how they might be used in biological surveys.
Felixer is a recent innovation that provides another useful tool in managing
feral cats on mine site, conservation reserves and other local scale areas
where feral cats are impacting on the native fauna.
Introduction
New ideas and improved technology are part of everyday life, and it is no
different for vertebrate fauna surveys, assessments, and management. In
a previous GEMG workshop we have reported on the use of highdefinition aerial photography to search for Malleefowl mounds (Thompson

et al. 2015) which was a new approach to an old problem and can result
in a substantive cost-saving in the right environment and project area.
Since then a couple of companies in promoting their aerial survey services
have discussed their use of LiDAR to search for Malleefowl mounds.
However, there is no supporting published literature to support the use of
LiDAR, and reports by Read et al. (2014), Sackmann and Jamieson
(2018), Terrestrial Ecosystems (2020) and National Malleefowl Recovery
Group (2020) all indicate that not all actual Malleefowl mounds are being
recorded by LiDAR and a relatively high proportion of reported mounds
are false positives. These later reports suggest that a science-based
investigation should be undertaken before we can have confidence in the
use of LiDAR as a tool for accurately recording all Malleefowl mounds.
Camera traps have been widely used in vertebrate fauna surveys and
monitoring programs for about a decade, and there is a large body of peerreviewed literature indicating their value and limitations. Some of the more
common issues being that they are poorly set up (e.g. facing the sun),
they are deployed for insufficient time or insufficient camera traps are
used relative to the size of the area being surveyed and the practitioner is
unaware that they can fail to record a relatively high proportion of animals
that enter the detection zone. Of concern is that some practitioners and
those drafting the subsequent reports appear not to be familiar with the
published limitations, nor in some cases, how the technology is best used
or set-up. For example, it is well known that camera traps often fail to
detect all animals that come into their detection range (Dixon et al. 2009,
Hughson et al. 2010, Robley et al. 2010, Ballard et al. 2015, Moseby and
Read 2015, Urlus et al. 2015, Stokeld et al. 2016, Driessen et al. 2017,
Heiniger and Gillespie 2018, Thompson et al. 2019), yet when a species
is not recorded in a surveyed area, there is a definitive statement in the
report indicating that the species was not present or camera traps are
used to record species abundance. Resources, both books and peerreviewed articles, are readily available that describe how camera traps are
best deployed and their limitations (see for example: Meek and Fleming
2015, Rovero and Zimmermann 2016). However, there are multiple
examples in fauna survey reports of insufficient camera traps being used,
insufficient deployment periods, and unsupported conclusions being
drawn from camera use probably because these users and authors are
not familiar with the literature and therefore the limitations.
So, before we launch into the use of new and improved technology, it is
important that, as users, we are familiar with the deployment requirements
of these new innovations to get the best outcome and their limitations.

Nocturnal searches

night vision vs thermal imaging

A true night vision device detects and amplifies a small amount of visible
and near infra-red bands of the electromagnetic spectrum, is monochrome
and often has a greenish tinge. The more recently available, digital night
vision operates differently by converting an optical image into an electrical
signal through a Charge-Coupled Device (CCD) image sensor.

Plate 1. Night vision image of a horse
Night vision sensors are highly over-exposed white light and of limited use
in daylight or twilight hours as there is too much light. We now have
coloured, low light sensor technology, based on image amplification of
small amounts of light to create an image similar to what is seen as a
coloured image.
Thermal imaging devices use sensors that contrast heat sources (i.e.
infrared) and display them as shades of grey or with different colours
(Plate 2).

Plate 2. Over exposed heat energy source, showing two hotter
objectives
Hotter objects emitting more thermal energy are typically represented by
colours that seen as being hotter (Plate 3).

Plate 3. Thermal image of a cat
Levels of functionality
Nocturnal search technology can be categorised as three levels of
functionality based on distance:
Detection the maximum distance you can see that something is there
e.g. know it is an animal, but not sure what it is.
Recognition is the distance that you can know what it is
a macropod, but not sure what species of macropod.

e.g. know it is

Identification is the distance that you are confident of the species
know it is a Western Brushtail Wallaby.

e.g.

Night vision
Night vision devices have undergone rapid advancements mostly
because it has a military application, but recreational and professional
shooter use has more recently meant that they have become widely
available. Development of night vision technology has been categorised

as Gen 0, Gen 1, Gen 2, Gen 3, and digital night vision
(https://www.nightvision.com.au/difference-in-night-vision-generations).
Increases in distance to an object are typically associated with a reduction
of detection, identification and recognition, and factors such as target size,
level of ambient light, and background light all influence detection,
recognition and identification.
The military almost certainly has the most advanced devices, but the
quality of devices available for fauna surveys now means that they are a
useful tool in the right circumstance.
Night vision devices are useful when the species has a limited thermal
profile (e.g. reptiles on various substrates, some birds) and when the
background is unsuitable for thermal devices. They can be useful for
nocturnal mammal surveys, and to a lesser extent bird, amphibian, and
reptile surveys. They can be particularly useful for single large-bodied
mammals or small group detection (e.g. foxes, wallabies, cats) when the
background is not suitable for thermal detection.
Thermal devices
Thermal devices are also used widely in the military and medicine with the
consequence that there have been very rapid developments in this
technology, as both these industries are well resourced. Thermal images
are now widely used in many industries, particularly as they can now
accurately measure surface temperature.
Thermal devices record infrared radiation (i.e. heat signature) emitted
from an object, and by differentiating the energy source from the
background, map images, using colours that represent level of thermal
energy, are used to identify objects.
A temperature difference between the object (e.g. animal) and the
background is therefore necessary for the device to be useful (e.g.
northern quoll in the early evening against a warm rock maybe difficult to
detect).
Morphologically similar species can often be difficult to differentiate (e.g.
types of possums, macropods, bats). Species without a clear thermal
profile are often detectable but difficult to recognise the species. Thermal
devices require line-of-sight to the object, as physical barriers stop the
transmission of infrared radiation. When surveying animal herds, large
distances across the herd can be challenging.

Detection, recognition and identification using thermal devices are mostly
species dependent, affected by habitat and background temperature.
Thermal devices can be very useful for particular species in specific
habitats (e.g. a fox against a cold background) but of limited value in other
situations (e.g. a feral cat sitting on a rocky outcrop).
For nocturnal surveys, wide-angle sweeping searches with subsequent
follow-up focussed searches using a higher magnification of interesting
surveys. Image
recognition rapidly improves with use and knowledge of the animal s
behaviour and movement characteristics improves species recognition.
Thermal devices are better for finding mammals than birds, amphibians,
and reptiles because of the more distinctive and more defined thermal
profile.
Detection dogs
Humans have used dogs for a long time to locate animals and substances
because of their olfactory acuity. They have been shown to be effective in
locating narcotics (Jezierski et al. 2014), explosives (Porritt et al. 2015),
blood residue (Rust et al. 2016), human remains (DeGreeff et al. 2012,
Dilkie and Veniot 2017), specific plants (Vesely 2008, Goodwin et al.
2010, Anglada and Torras 2016), specific invertebrates (Suma et al. 2014,
Mosconi et al. 2017), specific human medical conditions (Guirao Montes
et al. 2017, Los et al. 2017) and wildlife (Legge et al. 2014, Browne et al.
2015, O'Connor et al. 2015, Deshon et al. 2016, Lehnert and Weeks 2016,
Nielsen et al. 2016, Domínguez del Valle et al. 2020, Thomas et al. 2020,
Grimm Seyfarth et al. 2021).
We know that detection rates among dogs vary (Beebe et al. 2016) with
some breeds being more effective than others, and in many
circumstances, trained dogs are more accurate and cost-effective than
human searches (for example see: Arandjelovic et al. 2015, Cristescu et
al. 2015, Nielsen et al. 2016, Orkin et al. 2016).
Detection dogs used to locate signs of wildlife (i.e. scats, retreats and
animals) are now widely used for surveying fauna such as koala
(Cristescu et al. 2015), quolls (Leigh and Dominick 2015), hawkweed
(Office of Environment and Heritage 2016), bristlebird (Office of
Environment and Heritage 2015), rabbits (Robinson and Copson 2014),
cats (McGregor et al. 2016), cane toads (Thompson and Trevaskis 2018)
and rats (Glen et al. 2018, Lord Howe Island Rodent Eradication Project
2018) in the eastern states of Australia, offshore islands and New

Zealand. But detection dogs have been rarely used in Western Australia
with a couple of exceptions;
for the Water Corporation and a few dogs that have been used to search
for cane toads in the past at the Northern Territory Western Australian
border.
The following two recent Australian examples demonstrate detection
value in searching for wildlife:
Cristescu et al. (2015) used a detection dog to find low density koala scats
in eucalypt bushland on North Stradbroke Island, Queensland. In 150
trials where the scat location was known only to a third party, the
conservation detection dog found 146 scats (97%). The conservation
detection dog had 24% less false negative results, was 153% more
accurate than the human observer and the dog was 19 times faster than
human only searches.
Thompson et al. (2020) reported on a trained Springer Spaniel detection
dog to find the cryptic Bilby scats and compared the results with a human
search for the same scats. A human search located six of 90 scats (6.7%)
compared to the conservation detection dog that located 89 of 90 scats
(
ground cover of leaves, sticks and grasses was a mean of 72.8 seconds
compared with a human that took a mean of 362 seconds.
There is compelling published evidence to indicate that a trained detection
dog can be a very cost-effective tool in locating wildlife and specific plants.
Detection dogs have the potential to be more widely used in vegetation
and fauna surveys and assessments in Western Australia.
Felixer
John Read and his colleagues from Thylation have developed and trialled
a device (i.e. Felixer) that utilises the instinctive grooming response of cats
to ingest a 1080 poison that is automatically squirted on to the cat s pelt
when it is recorded in the detection zone. Felixer uses a series of sensors
to detect and distinguish a cat from other similar-sized native animals and
livestock, so the poison is only delivered to the target species.
The Felixer has now been trialled in many parts of Australia as a research
tool using an animal ethics approval. Thylation are still waiting for the
APVMA)
approval for its more wide-spread use but this approval is thought to be
imminent.

In a recent study (Hodgens and Terrain Ecology 2019) into the
effectiveness of Felixer on Kangaroo Island six units were deployed
between 13 February and 28 March 2019 resulted in 65% of cats being
euthanased, and three non-target species (brush tailed possum, a lamb
and a turkey) being targeted, but with no obvious adverse effects, which
is similar to the findings reported by Moseby et al. (2020).
Once, approved by the APVMA, the Felixer has the potential to be used
for feral cat management of the local scale at mine sites (e.g. around the
mess and accommodation) and small areas that support threatened
fauna.
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Mala (Rufous hare-wallaby; Lorgechestes hirsutus)
Nocturnal medium-sized marsupial
Mainland subspecies
Extinct in the wild predominantly due to cat and fox
predation
Only occur in semi-wild fenced areas/island:
o Matuwa Indigenous Protected Area enclosure,
WA
o Newhaven Sanctuary, NT
o Uluru-Kata Tjuta National Park enclosure, NT
o Scotia Sanctuary, NSW
o Trimouille Island, WA

Trimouille Is.
Bernier Is. &
Dorre Is.

Historic distribution
Sub-fossil distribution
Current distribution
Image retrieved from Langord D. (1999). https://www.environment.gov.au/resource/mala-lagorchestes-hirsutus-recovery-plan#12

Introduction
Estimating population size is critical for effective species conservation and management
Spotlight surveys predominantly used for sampling mala
o Mala are difficult to capture and vulnerable to
stressful situations
Spotlighting not always effective for mala due to:
o Elusiveness and rarity
o difficult to sight in dense vegetation
Essential to develop an effective and reliable sampling
technique for mala

Objectives
1. Determine the efficacy of non-invasive
scat DNA sampling to identify mala
individuals
2. Estimate the population size of the
mala population located in the Matuwa
enclosure
Photograph taken inside Matuwa enclosure, by S. Treloar.

Study site
Matuwa Indigenous Protected area (ex-Lorna Glen pastoral
lease)
Operation Rangelands Restoration
Incl. reintroduction of 12 locally extinct arid-zone mammals
1100 ha semi-wild predator-free fenced enclosure
Mala translocations to Matuwa:
2011 34 individuals from Trimouille Island
2012 12 individuals from Trimouille Island
2013 22 individuals from Peron Captive Breeding Centre

Methods
Scat collection

Transect
lines

Scats collected in April and September over two 4-day sessions
Scat collection plot every 150 m = 111 plots
50 scats collected in April and 62 scats collected in September

Methods
Individual identification
Genotypes were identified for each scat sample using
12 microsatellite markers
Genotypes were compared to determine unique

Estimation of population size
2 different models estimated pop. size using R software:
1. Spatially explicit capture recapture (SECR) analysis
2. Mark-resight analysis

Results
Abundance estimates of the mala population from two different
analytical models.

Abundance
estimate

Standard
error

95% CI

SECR

119.7

38.8

63.4 226.1

Mark-resight

112.3

11.5

91.9 137.2

Locations of the 13 recaptured individuals. Each colour represents an
individual. Circle = captured in April. Diamond = captured in September.

Implications for management
Scat DNA sampling = valuable alternative for monitoring mala
We provided the first reliable population size estimate of the mala at Matuwa
Future annual scat DNA sampling is recommended
Scat DNA sampling may be superior method over spotlighting:
o Greater accuracy and reliability of estimates
o Greater detection rate
o Can provide additional population data
Development of a sex-determining marker is recommended
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By Matt Burns, Outline Global
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About us

(visit our booth to learn more)
Founded

Customers

Years of experience

Coverage

Imagery collected

Image resolution

2007

Nation wide

240+

6M km2+

50+

From 1cm pixels

Projects

200+

Machine Learning / Artificial
Intelligence
Use data to teach computer
algorithms to solve real world
problems.
What is it

Not just a black box actually a
complex, customizable system.
High quality and accurate training
data is vital to training a successful
model.

What is Geospatial AI?
Example: Turtle track detection, mapping and
classification.
1

Image convolution (Dumoulin et al.
2018).

0

Chelonia
mydas

1

Natator
depressus

2

Eretmochely
s imbricate

3

Negative

AI Lifecycle

Applied Environmental
Vegetation
Applications
extraction.

Miconia - Daintree

Invasive species detection.
Animal population monitoring.
Filter vegetation from mine site
elevation data.
Plant species identification.
Land use classification.
Disturbance mapping.
Challenging WA environments
seasonal, landscape, scale.
Turtle
tracks

Red Imported Fire
Ants

Micona weed detection

Invasive weed detection
Species: Miconia Calvenescens.
A rainforest plant native to parts of South America.
A weed in Australian tropical and sub-tropical
environments.
The distinctive pattern on leaves advantageous for
Deep Learning image pattern detection
algorithms.

An AI algorithm was trained on RGB colour image
samples.
Able to detect Miconia plants in aerial imagery with
a high level of accuracy and confidence.

Inspection of AI
predictions

Turtle population & species detection
Count fresh turtle tracks in
rookeries along the WA coastline.
Semantic image segmentation
combine long turtle tracks from
overlapping images to avoid
double counting.
Is the AI smarter than people?

Detection & classification of turtle tracks
in WA

Invasive species detection
Red Imported Fire Ant nest
detection.

Red
Imported
Fire Ant

Multispectral camera system.

Large scale project.
13,000ha of imagery analysed.
Spatially enabled Object Detection
AI model.

Detecting very small features in
very large areas.
Heat map of RIFA nest detections

AI Data Pipeline towards Production
There are many steps from image capture to the final AI model
prediction.

Production workflow requires a diverse set of technological skill
sets.
High level of customisation required.
Automate as much as possible.

Object Detection

AI Model Selection
Select a model with the end in mind.
Model type:
Object detection
Semantic segmentation
Image classification
Model complexity input image
size, training data requirements.

Monitor latest developments
always changing keep up to
date!
Image
Classification

Semantic
Segmentation

Image selection
Resolution (Visibility of features)
Temporality of feature
Band combinations

Thermal LWIR (Long Wave InfraRed)
Colour RGB (Red, Green,
Blue).

Image selection

Comparison of Image
1c
m

5c
m

10c
m

20c
m

Resolution
Select according to size of feature.
Higher resolution images contain
more detailed information than lower
resolution images.
Low resolution imagery allows for
faster acquisition over larger areas.

Spectral bands RGB (colour),
NIR, LWIR, SWIR, UV etc.

Image selection
Multispectral imagery
Beyond visible
Thermal

LiDAR
Elevation data
Tabular data

Image Acquisition
Flying height
Sensor selection
Flight planning

Weather conditions

Training Data Preparation
Use GIS and custom software to
digitise image features.
Domain knowledge may be required
to accurately identify features.
Very time consuming!
Transfer learning may be used to
reduce training data requirements.

Locating ground features in aerial
images.

Image Augmentation
Boost the performance of the model by artificially
creating new images during training.
Increases variability of the dataset.
Especially beneficial when working with the limited size
of real world data sets.
Prevent the model from overfitting it never sees the
same combination of images twice.
Image augments can include :
Transformations:
Flip
Rotation
Shear

Colour adjustments:
Brightness
Contrast
Blur

Project specific adjustments

Model Development
of the dataset.
Test the model on the leftover
data.
Iterative process: refine and
retrain.
Performance metrics:
Accuracy, Precision and Recall

Model Execution
Real world performance
Local or cloud based processing
Multiple options for delivery of
predictions, including:
Shapefiles
Tabular data
Cloud hosted web maps.

Where does that leave us?
Challenging environments - West
Australian/Goldfields issues.
Endless possibilities for the application
of AI and machine learning.
Do you have a problem that can be
solved by AI? The answer is probably
YES!

For all enquiries,
please contact
us at:

1300 945 216
hello@outlineglobal.com.au
www.outlineglobal.com.au
Perth - 1060 Hay Street, West Perth, 6005
Melbourne - Suite 7, 1014 Doncaster Road, Doncaster East, VIC 3109
Brisbane, Denmark
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Practical Groundwater Modelling to Support Project and Licensing
Approvals or getting best bang for your modelling buck.
Jon Hall - AQ2 Pty Ltd

ABSTRACT
Groundwater modelling can provide a very useful and cost-effective tool to support
project approvals and licensing as well as supporting operational water management
design. Modelling is also a prescribed assessment process in water licensing.
However, there are many different modelling approaches and packages and there are
increasingly more and more usermodel should you use? A simple spreadsheet based analytical model, or a complex
numerical model? There is no standard answer to this question and model selection
needs to be based on the complexity of the environment being modelled, data
availability and the required (and practically achievable) reliability of model
into account and that modelling can easily become overblown when fit for purpose
solutions can be achieved with simple (and less costly) approaches. This paper
presents an outline of the hierarchy of modelling approaches, the pros and cons of
each, how easy it is to get carried away with building more and more complex models,
and makes
1.

INTRODUCTION

As outlined in the Abstract, groundwater modelling is a very useful tool in mine water
management, but how do you select the right modelling approach and model? It can
be tempting to default to (or for regulators to mandate the use of) complex 3D
numerical models because they are the latest, biggest and
However,
modelling approaches based on what is practical (fit for purpose) to provide a costeffective solution that meets reliability criteria. So, how do we do this?
This paper presents a high-level overview of groundwater modelling (why we do it;
what models can and cannot do; how reliable are they really) and groundwater
modelling approaches (types of models); and outlines some key selection criteria. It
also makes the case for adopting simple modelling approaches wherever possible
and describes some Goldfields examples where simple analytical modelling
approaches provided quick and low-cost solutions (with adequate prediction
reliability). The conference presentation will provide more detail on these examples.

2.

GROUNDWATER MODELLING - OVERVIEW

2.1

Why do we model?

The primary (or hard technical) reasons for groundwater modelling in a mine water
management context are as follows:
Prediction of future conditions and performance of aquifers, ecosystems and
mine water management infrastructure (bores, drainage systems etc.);
Inputs to mine water management engineering including dewatering design,
slope stability and pit wall depressurisation, water supply (borefields and
surface water systems) and excess water management systems (MAR, open
discharge etc.);
Impact assessment and regulatory approvals.
In all of the above, the key feature is providing quantification.
There are also secondary (or soft
groundwater modelling, including:

both technical and non-technical) reasons for

Internal company standards when there may not be a technical need for
modelling;
Regulatory prescription again, when there may not be a technical need;
Perceived requirement for input to geotechnical (slope stability) models
because it
done before but where it is not really required.
In some cases, these secondary reasons are perceived as primary drivers for
modelling.
2.2

What modelling can (or cannot) do.

It is important, when considering the use of groundwater models and selecting the
most appropriate modelling approach, to understand what models can realistically
achieve (or not) as the case may be.
Models are (and can do) the following:
;
Provide a simplified digital representation of real world (and highly complex)
aquifer conditions;
Predict responses of the modelled aquifer system to various applied stresses
(pumping, dewatering, recharge etc.);
Predicts ranges of likely outcomes.
Models are not (and cannot) do the following:
Are not an outcome in themselves;
Cannot replicate all conditions - even complex models will necessarily make
many simplifying assumptions;
Cannot provide precise answers.

2.3

How reliable are models?

Given what models can (and cannot do), how reliable are they? Confidence in
predictions will depend on the following:
Geological data used to develop conceptual hydrogeological models and to setup model geometry;
Hydrogeological data used for assigning model aquifer parameters and for
model calibration:
o
over the model grid or extent);
o Confidence in time scale (i.e. being able to extrapolate data over time);

2.4);
The skill and experience of the modelling team to account for the above.
2.4

Impacts of equivalent porous media assumptions

All groundwater models make one key assumption: that the hydraulic parameters
assigned to any one model cell (or element) represent uniform conditions throughout
that model cell. The degree to which these equivalent porous media assumptions
impact model reliability, or the degree of model complexity required to account for
them, largely relate to scale. The term scale here relates to the how detailed it needs
to be (i.e. is the model attempting to simulate bulk aquifer flows/performance or flows
through discrete aquifers/flow pathways).
As scale increases:
Differences in small scale aquifer properties become less influential;
Bulk (average) aquifer properties can define overall aquifer behaviour;
Aquifers become more homogeneous and isotropic;
The equivalent porous media approach becomes more valid.
As scale decreases:
Differences in small scale aquifer properties become more influential;
Data on discrete aquifer properties are required;
By way of a simple example of the influence of scale, a broad fractured rock aquifer
system can behave as a homogeneous and isotropic system if you step back far
enough and are only interested in bulk aquifer flows. On the other hand, a Perth
coastal sand aquifer can behave as an inhomogeneous and anisotropic aquifer on
the local scale and over a short-term period.
The key in dealing with potential issues relating to the equivalent porous media
approach is to select an appropriate model scale. It is also worth mentioning here

that complex aquifer conditions do not necessarily require complex (e.g. numerical)
modelling. An example of this is the transport tunnelling industry (a good analogue
for underground mining) that has progressively moved way from numerical modelling
approaches towards more simple, analytical modelling approaches.
3.

TYPES OF MODELS

There are numerous available modelling approaches, that fall into the following broad
categories:
Analogue models

these are simple analytical models, essentially based on a

Analytical flow models (see Figure 1) - these are:
o Lumped parameter, 2D or pseudo-3D models;
o Based on a simple flow equation (or sometimes linked equations);
o Can be run via a spreadsheet or simple programme;
o Involve single calculation and are very quick to run;

Stochastic analytical:
o Similar to the above but incorporating statistical parameter distributions
(and even Monte Carlo type simulations) to provide ranges of likely
results.
Numerical (see Figures 2 and 3):
o Finite difference, finite element, integrated finite difference;
o Complex, multi-variable 2D and 3D models;
o Can simulate complex aquifer geometry, boundary conditions and
hydraulic driver conditions;
o Take longer to set up, calibrate and run.

Fracture-flow and hydro-mechanically coupled models:
o Complex numerical models
mostly related to pit wall stability and
depressurisation;
o These models are still in development (evolving) and may not be quite
there yet.

4.

SELECTING THE RIGHT MODEL

Key questions to be considered when selecting the most appropriate model include:
What are we trying to achieve? What are the goals?
What data do we have for developing and calibrating the model?
How reliable is the data?
What level of model complexity is required?
What level of model predictive reliability is required?
Can we realistically achieve the goals?
Other considerations include:
A single model that can achieve the goals may be overly complex and unwieldy;
Can two (linked) simple models be used?
Also, when considering the levels of complexity required, it is important to understand
that:
There are numerous groundwater flows (fluxes) that make up total groundwater
flow;
Do we need to reliably simulate all of these fluxes or can we lump them together
and simulate total flow?
For example, if we are only concerned about total inflows to a pit (for the purposes of
sizing a sump pump), it does not really matter which flow path the water takes to reach

the pit and sump. Predicting bulk flow is sufficient. Conversely, if are trying to identify
locations for dewatering bores, then simulating discrete flow pathways may well be
important.
Traditionally, the hierarchy of model requirements (largely based on theory) looked
something like that shown in Figure 4. Essentially, as reliability requirements
increased and data availability (and quality) increased, modelling approaches moved
from simple analytical to complex numerical approaches along a single trajectory.

However, based on the many years of practical experience in the application of
various modelling approaches, it is considered that the hierarchy of modelling
requirements looks more like that shown in Figure 5. That is, there can be separate
and parallel trajectories for the evolution of models as reliability requirements and data
availability/quality increase. There can be a hierarchy of analytical models that follows
an analytical modelling trajectory.
Overall, selection of the most appropriate modelling approach should follow a
decision-making cycle similar to that shown in Figure 6.

The decision-making cycle is similar to a generic QA continuous improvement process
and involves two sets of key contributors:
Project direction team including representatives from some or all of the site or
company office-based mine planning, geotechnical, water management and
environmental staff (or consultants);
Modelling team
including the project team modellers, engineers,
hydrogeologists and ecologists.
One of the keys to success in this process is having the right people making the right
decisions.
That is, definition of the problem and confirmation of reliability
requirements, schedules and feedback protocols and confirmation of the modelling
approach to be adopted should come from the project direction team. Assessment of
data and practical modelling options, recommendations for the modelling approach
and implementation of modelling should come from the modelling team.
5.

THE CASE FOR SIMPLE MODELS

As outlined above, selection of the most appropriate groundwater modelling approach
should take into account a wide range of factors and involve an iterative decisionmaking process. This section of the paper makes the case for using simple analytical
modelling approaches in addressing many of the water management issues faced by
mines in the Goldfields. This is not intended to diminish the importance of more
complex numerical models but, rather, shows where more simple (and low cost)
approaches are appropriate.
The broad analytical approach modelling described below relates to mine inflow
(dewatering) and pit void water balance modelling.
5.1

Simple mine inflow modelling approach

There are a number of simple analytical modelling approaches that have been
developed (and improved on) over the years. Figure 1 shows examples of some basic
pit inflow models (initially developed by Don Armstrong of the SA Department of Mines
and Energy in the 1980s). Key features of the analytical models currently in use are:
They provide simple and non-iterative solutions for inflow rates to open pits (and
underground mines) and drawdowns around mines in response to dewatering;
They use spreadsheet-based solvers for standard groundwater flow equations;
They can be calibrated to historical data to provide reliable (narrow range of
uncertainty) predictions;
Where there is only limited calibration data
models can use statistical
distributions of key data (based on site based and published/typical data) and
provide ranges of predicted outcomes;
They were primarily designed for use in simple aquifer cases infinite areal
aquifers with lumped parameters and/or those with simple boundary conditions;
They can handle multiple hydrogeological units (vertically) if required;

They can handle complex aquifers
;
Models can be set up, calibrated and run in the order of days to weeks, and not
months (as can be the case with more complex numerical models);
The models can often provide the levels of reliability required and, in many
cases, can be as reliable as numerical models.
The following sections provide some examples of where a simple analytical modelling
approach has achieved project goals. These examples cover many of the mine water
management issues facing the Goldfields. More detail (including figures and
graphs/tables of results) will be provided in the workshop presentation.
5.2

Example 1: Pit dewatering (operations planning and licensing)

In this example, an existing flooded pit in the Eastern Goldfields was being pumped
dry ahead of planned cut-back mining in the same pit and the subsequent
development of a new pit adjacent. The water management issues related to
identifying how much water would need to be pumped over the life of mine to assess
the impact on the overall site water balance (and possible need for excess water
disposal) and to support DWER water licensing.
Available data included a good understanding of the local hydrogeology (the main
aquifer being a shallow paleochannel), anecdotal information on historical mine
data) and data on pumping rates and pit lake level declines (during the initial one
The approach adopted involved the following steps:
A simple pit water balance for the existing pit was developed then used to
calculate that component of pumping made up by groundwater inflows;
A simple analytical model of the existing pit was developed and calibrated
against calculated groundwater inflows to derive a bulk aquifer permeability;
The analytical inflow model was then modified to simulate the final pits and to
predict total dewatering volumes.
Uncertainty analysis was undertaken by running the model to predict a range of
outcomes assuming realistic ranges of permeability, future pit shapes and the time to
complete mining.
The modelling component of this study took less than a week to complete.
5.3

Example 2: Underground dewatering (operations planning and licensing)

In this example, a new underground mine was being planned as part of a regional
mining operation in the Murchison area. Water management issues related to
confirming dewatering requirements and capital and operating costs, and allaying
concerns over possible drawdown impacts on some nearby GDEs (in this case,

stygofauna). The local geology was moderately complex (generally tight basement
rocks but with some major faults) but there was relatively extensive bulk aquifer
permeability data available from airlift testing of ten exploration drill-holes and two
drilling-water supply bores. The underground mine plan was also relatively simple
(largely a top-down mining sequence).
The approach adopted involved the following steps:
Development of two simple analytical mine inflow models:
o A radial flow model for basement rock inflows;
o A linear (Darcy model) for flow from faults;
Development of a simple analytical model for regional drawdowns around the
mine (in response to pumping out and predicted mine inflows).
Uncertainty analysis was undertaken by running the inflow models for the range of
derived permeabilities (from airlift testing) and assumed fault permeabilities. It is
noted that the predicted drawdowns around the mine posed no threat to the identified
GDEs.
The modelling component of this study took less than two weeks to complete.
5.4

Final pit void water balance (closure planning and licensing)

In this example, there was an existing open pit and connected underground mining
operation in the Murchison area. Historically, the pit was relatively dry (although some
dewatering bores as well as pit sumps were used to maintain dry pit conditions) but
underground mining had experienced some extremely high short-term inflows from a
significant aquifer in the footwall of the orebody.
Closure planning required input as to the likely long-term pit lake level. Water
management issues related to the long-term pit lake level in the final pit void (including
the influence of flows of water from the underground mine workings to the pit and the
potential for long-term outflow from the pit) and concerns over the fate of any seepage
from the closed-out TSF (located adjacent to the pit).
The approach adopted included the following steps:
Development of a simple water balance (drawdown vs pumping) model for the
underground mine (UG):
o To derive an empirical relationship between groundwater inflow (GW) and
drawdown (Inflow factor m3/d/m);
o To derive an empirical relationship between depletion in aquifer storage
and drawdown (depletion/accretion factor m3/m);
Development of an iterative analytical post closure pit water balance model with:
o Rainfall runoff from the pit catchment; and evaporation from the pit lake
surface;
o GW inflow via basement inflow to the main aquifer and UG;
o GW inflow factor used to predict inflow volumes;

o Storage accretion factor used to predict the rate of water level rise;
o Model run over iterative time-steps (based on pit bench RL);
A second analytical model (Theis model) was developed to predict long-term
drawdown around pit.
Uncertainty analysis was undertaken by running the pit void model for variations in
the GW inflow factor, the adopted rainfall runoff coefficient and the adopted
evaporation pan factor. It is noted that, the models predicted that the pit would remain
a groundwater sink with a long term pit lake level well below the local water table and
maintained around the pit.
The modelling component of this study took less than three weeks to complete.
5.5

Pit and underground dewatering (operations planning)

In this example, an underground mining operation was being planned beneath and
accessed from an existing open pit mine in the Eastern Goldfields. Water
management issues related to confirming the life of mine dewatering volumes for the
remainder of the open pit and for the future underground operations, to confirm life of
mine dewatering system requirements and costs, and to support DWER water
licensing.
There were good geological models and extensive historical pit dewatering data
available, and a relatively straightforward mine plan for the pit and underground (i.e.
simple top-down mine design).
The approach adopted included:
Development and calibration of a simple analytical model for the pit based on
storage depletion in the main aquifer unit (ore zone aquifer) and radial inflow
from the surrounding basement;
The model was then expanded to include the final pit and planned underground
mine.
Uncertainty analysis was undertaken by running the model for various ranges of
permeability at depth.
The modelling component of this study took less than one week to complete.
It is noted that the model has subsequently been validated against ongoing
dewatering data.
6.

SUMMARY

Groundwater modelling can be (and often is) a complicated process. However, in
many cases, the complications are driven by non-technical or non-practical reasons.
It is concluded that modelling does not necessarily need to be complicated (or overly
complicated). Simple approaches can often provide results at an appropriate level of

reliability, and can also often provide results just as reliable as the more complicated
approaches.
In summary, the keys to identifying and selecting the most appropriate groundwater
modelling approach to support mine water management planning and regulatory
approvals can be summarised as follows:
Understand modelling constraints:
o What models can (and cannot do);
o Reliability and confidence levels;
Use/design models
o

:

Remember that one size does not necessarily fit all;
Complex models are not necessarily the most appropriate;
Simple models can be appropriate (more often than not);
You may need more than one model to address all water management
issues multiple simple models can be as reliable as one complex model;
Clearly describe (and quantify if possible) uncertainty:
o Understand the risk implications of predictions;
o Provide ranges of likely outcomes not specific or a single answer.
o
o
o
o
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Context
Western Australia has more than 2000 mining
voids
Many fill with water when dewatering is discontinued
after mining ceases
Mine closure plans have only been required by
legislation since 2010
Guidance is given for risk assessment of mine pit

closure plans typically consider pit lakes from an OH&S
perspective
only measure surface water quality

CRC CARE and MRIWA Funded Project
Mine Pit Lakes: Their Characterisation and Assessment for In-Situ Metal
Recovery Opportunities and Cost Effective Environmental Management
June 2018 - June 2021
Research collaborators: ChemCentre and CSIRO
Stakeholders: DMIRS, DWER, EPA
ChemCentre Team: Kathryn Linge, Silvia Black, Geoff Firns, Barry Price, David Allen

Project Plan and Objectives
Provide industry and government with tools to inform policy and guidance for mine planning and closure

Pit Lake Database

Characterise
contemporary mine pit
lakes across
commodities
Address knowledge
gaps related to pit
lakes in arid
environments with
high net evaporation.

Kinetic Leaching Studies

Investigate the
leaching potential of
existing pit voids
(future pit lakes)
Leachates reflect
current and
predicted pit lake
water quality

Resource Recovery
Studies

Recovery of
valuable minerals
from pit walls or pit
lake water using in
situ recovery
Leaching method to
recover metals

Pit Lake Sampling Program
pH, conductivity
To confirm field measurements

Turbidity, Total N, DOC
Estimate total suspended solids, indicators of
biological activity
Major Ions (Al, Ba, Ca, Fe, K, Mg, Mn, Na, P, S, Si)
Describe geochemistry of the lake
Redox conditions electron acceptors
Mineral precipitation

Trace Metals
Environmental impact
e.g. As, Cd, Cr, Pb, Se, Sn, U

ISR/Mineral signatures
e.g. Ag, Au, B, Be, Bi, Ce, Co, Cs, Cu, Ga, In, La, Li,
Mo, Nb, Ni, Pt, Pd, Rb, Sb, Sc, Sr, Th, Ti, Tl, V, Zn

Speciation
As(III)/As(V), Se(IV)/Se(VI), Cr(IV)/Cr(VI)

Rock
Wall

Water
Column
Groundwater
Sediment

Pit Lake Database: Sites Sampled
Sampling undertaken at 26 pit lakes from 14 mining
operations in 2019-2021
Across commodities, predominantly from arid
climates
Comparison based on geology and groundwater
salinity, rather than region and commodity
Fresh/Brackish

Sedimentary & Saprolite

6

Igneous

6

VMS/Other

1

Overall

13

Saline/Highly

Brine

Overall

3

9

2

8

16

2

11

26

Saline

1

Pit Lake Database Characteristics
Minimum

Maximum Median

Pit Lake Depth (m)

3

114

20

Pit Lake Age
(years since mining finished)

1.5

47

20

Database Analysis
Water Geochemistry
Water type classification (based on Na, Mg, Ca composition), comparison to local groundwater
(evidence of evaporative concentration)
Determine potential trophic level based on nutrient concentrations
Investigate differences in water quality with depth
Compare solubility products in water to composition of the sediments and redox state.
Compare acid producing/neutralizing capacity of pit walls to pit lake water quality

Risk assessment
Compare to a range of water quality guidelines to determine potential water uses
Consider risk assessment for individual categories (e.g. fresh groundwater & sedimentary vs
igneous & hypersaline)

General Water characteristics
Most pit lakes dominated by Na + K (cation) and Cl (anion)

Variable DOC and nitrogen, but total phosphorus always below detection
Frequent evidence that major ions in pit lake are concentrated compared to local
groundwater

15 years since mining stopped

1.5 years since mining stopped

20 years since mining stopped*

Located in Murchison

Located in Kimberley

*Located in Southwest, historical
dewatering discharge to pit lake

Pit Lake Density Stratification
Two pit lakes show evidence of density stratification due to
salinity
Pit lakes deeper than ~20 m show evidence of density
stratification from temperature

Temperature and Stratification
Surface water temperature was correlated with
Age

mean maximum temperature of the month of
sampling
Temperature stratified lakes typically warmer,

Surface temperature

deeper and less saline
Depth

Conductivity

Surface temperature (°C)
Depth (m)
Age (years)
Surface conductivity (mS/m)

Stratified
29 ± 11%
43 ± 78%
22 ± 60%
3200 ± 105%

Non-stratified
21 ± 15%
28 ± 61%
18 ± 38
11000 ± 81%

Impact of Stratification Water Quality
Investigate chemistry by considering the ratio
of the concentration at the surface of the pit

Temperature
stratification (median)
No stratification (median)
PL 22 (salinity stratification)

lake to the bottom of the pit lake
Significant differences in major ion chemistry in pit

PL 6 (salinity stratification)

lakes with salinity stratification but not temperature
stratification

PL 22 (salinity stratification)

Trace elements are more variable, but there may
be some trends for redox impacted elements
PL 6 (salinity stratification)

Pit Lake pH Data
Pit lake pH are largely
circumneutral
Groundwater pH also acidic

Groundwater pH less acidic,
evidence of acid mine
drainage?

Chemical Speciation
Cr speciation tested in two pit lakes

As and Cr species frequently

Pit Lake

above ANZECC guidelines
As typically present as As(V),
which is most

Cr(III) (ug/L)

Cr(V1) (ug/L)

21

35

<4

ANZECC Guideline (95% protection)

3.3

1

As(III) (ug/L)

As(V) (ug/L)

As speciation tested in seven pit lakes
Pit Lake

thermodynamically stable in

2

31.5 ± 7.2

550 ± 36

oxic environments

8

1.4 ± 0.5

16.3 ± 1.9

20

<1

84 ± 2.0

Typically no changes with

23

3.2 ± 1.1

15.2 ± 1.8

depth or redox environment

24

200 ± 50

2900 ± 115

25

19.0 ± 6.4

250 ± 15.8

26

11.8 ± 4.7

60.8 ± 5.1

24

13

ANZECC Guideline (95% protection

Water Quality Risk Assessment
Guidelines considered in order of likely relevance:
Activity

Guideline Used

Livestock drinking

Livestock drinking water quality limits related to cattle (ANZECC and ARMCANZ, 2000).

Irrigation

Long term trigger values (up to 100 years) for irrigation of crops and pastures (ANZECC and ARMCANZ,
2000).

Aquaculture

Values for aquacultures and human consumption of aquatic foods (ANZECC and ARMCANZ, 2000).

Recreation

Values for managing risks in recreational water. Due to a relatively low exposure compared to drinking
water, generally consider a value of 10 times the corresponding ADWG health value (NHMRC, 2008).

Non-potable use
(e.g. mining operations)

Generic assessment criteria developed by WA Department of Health (DoH, 2014) to evaluate and
manage chemicals in ground or surface water in suspected or known contaminated sites. This value is
generally 10 times the corresponding ADWG health value, or equal to the ADWG aesthetic value.

Ecosystem protection

Trigger values for protection of 95% freshwater aquatic ecosystems for slightly to moderately disturbed
systems, such as that in existing rural land use (ANZG, 2018). For those parameters that are not
considered toxicants, the default value guideline for physical and chemical stressors is presented
instead.

Drinking Water

Australian Drinking Water Guideline (ADWG) human health limits, with aesthetic quality limits presented
in parentheses.(NHMRC and NRMMC, 2011).

WQ Risk Assessment

Guideline Exceedance

Typically each guideline covers 20-30 parameters
none completely comprehensive compared to
analyte list
No guideline at all for: Sr, Th, Ti, Tl, Si, Sc, Pd, Pt,
Rb, S, Nb, Ga, In, K, Cs, Ce, Bi, Br, Au
Generally the parameters that most frequently
exceed guidelines are salinity (TDS) and major
elements, rather than toxic metals.
Two pit lakes meet the Australian Drinking Water
Guidelines! (*based on parameters measured)

Guideline Exceedance
PL
Ag
Al

Fresh
Ecosystem Recreation Aquaculture Irrigation Livestock Drinking
0%
0%
4%
0%
31%
0%
0%
0%

Alkalin
As
B

0%

31%
85%

Ba
Be

23%
0%
0%
0%

Ca
Cd

Cr
Cu

23%
69%

0%
15%
38%
46%

8%
4%

0%
54%

Cl
Co

31%

0%
69%

0%

0%
0%

0%

0%

15%

0%

0%
0%

15%
15%

0%

8%
0%

77%
8%

ECond

0%
0%
0%

Fe

8%
0%

0%
0%

La
Li

NO3
N_total

0%
0%
77%
92%

Na
Ni
P
Pb

15%
0%
0%

SO4
Sb
Se

23%

0%
0%
0%
0%
77%
0%
0%
0%
0%
0%

Sn
Turbidit
U
V
Zn
TDS

0%
0%
0%

0%

Mg
Mo

0%
0%

85%

F

Mn

38%
8%
0%
0%
46%
0%
69%

85%
23%

0%
0%

77%
0%
0%
15%

0%

77%
8%

0%
31%

15%
54%
85%

0%
0%
0%

0%
0%

0%
38%

23%
15%

8%

8%

0%
54%
15%
23%

15%

0%

8%
15%

0%
38%

0%
85%

0%

0%

77%
46%
46%

0%
0%

0%
31%

0%

54%

0%

0%

85%

Effect of Salinity

Saline
Ecosystem Recreation Aquaculture Irrigation Livestock Drinking
50%
0%
0%
0%
0%
0%
0%
0%
0%
50%
50%
50%
50%
0%
50%
100%
0%
100%
0%
50%
0%
0%
0%
0%
0%
100%
50%
100%
50%
50%
50%
50%
50%
50%
100%
100%
100%
100%
50%
0%
0%
0%
0%
0%
0%
0%
50%
0%
0%
0%
0%
0%
100%
0%
0%
0%
0%
0%
0%
50%
50%
0%
0%
0%
0%
100%
100%
0%
0%
100%
100%
50%
50%
0%
50%
0%
50%
50%
0%
50%
0%
50%
50%
0%
50%
100%
100%
100%
100%
50%
50%
50%
50%
50%
0%
0%
0%
0%
0%
0%
0%
0%
0%
50%
100%
100%
0%
50%
0%
0%
0%
0%
0%
0%
0%
0%
0%
100%
0%
0%
0%
0%
0%
0%
0%
100%
0%
100%
0%
0%
0%
100%
50%
100%
100%
100%

Hypersaline/Brine
Ecosystem Recreation Aquaculture Irrigation Livestock Drinking
9%
0%
18%
18%
18%
9%
9%
18%
0%
36%
0%
0%
0%
0%
36%
91%
0%
91%
36%
55%
0%
0%
0%
0%
0%
100%
18%
100%
36%
0%
36%
0%
0%
36%
100%
100%
100%
73%
27%
9%
9%
0%
9%
0%
0%
0%
91%
0%
64%
0%
0%
0%
100%
0%
0%
0%
0%
0%
0%
9%
9%
0%
0%
18%
0%
100%
100%
18%
9%
100%
82%
73%
18%
0%
18%
0%
9%
27%
0%
27%
0%
27%
91%
0%
55%
100%
100%
100%
64%
36%
45%
36%
18%
64%
0%
0%
0%
45%
9%
45%
0%
9%
36%
64%
91%
100%
0%
27%
0%
0%
0%
0%
0%
0%
0%
27%
64%
0%
18%
0%
9%
45%
0%
0%
100%
0%
100%
9%
0%
0%
100%
91%
100%
100%
100%

Water Quality Risk Assessment

RQ >1 screens for potential
risk

Risk Quotients (RQ)

6000
mg/L

40000
mg/L

440
mg/L

4000
mg/L

600
mg/L

0.5
mg/L

0.01
mg/L

(saltwater
species)

TDS risk increases with salinity
using both median and
maximum concentrations
Arsenic risk more variable,
trend not linked to salinity
12 of the 14 pit lakes with
detectable Arsenic were gold
mines

0.013
mg/L
(As(III))

0.1
mg/L

0.05
mg/L

0.1
mg/L

Conclusions
First comprehensive database of pit lake water quality for Australia
Pit lake stratification can cause changes in water quality with depth, which is
affected by time and season of sampling
High salinity more common than high acidity in the pit lakes studied
Increasing salinity of pit lakes may preclude most water use options, regardless of
the trace elements present.
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eDNA as an emerging
tool for rapid and
targeted species
detection in aquatic
habitats
Ru Somaweera
Stantec Australia

Challenge 1: Is it needed?
Challenge 2: Is it better?
Challenge 3: Can we make it faster?
Challenge 4: Testing in WA

Challenge 1: Is it needed?

CHALLENGE 1: IS IT NEEDED?

Conventional methods of
sampling aquatic habitats
Active sampling
Netting
Electrofishing
Snorkelling & scuba
Sonar
UAVs & choppers
Passive sampling
Trapping
BRUVs

Animal need to be physically
present during the moment of time
© Maryland Dept of Natural Resources, ReefWatch, NOAA, PIFSC

CHALLENGE 1: IS IT NEEDED?

Environmental DNA (eDNA) ?

© modified from EnviroDNA

CHALLENGE 1: IS IT NEEDED?

Species-specific Test or Community Test

Single target species
qPCR

Characterize community
Metabarcoding
NextGen sequencing

© https://sanctuaries.noaa.gov/science/condition/fknms/state.html

CHALLENGE 1: IS IT NEEDED?

History of eDNA studies

The brief history of eDNA
1990s
Microbes &
microbiomes

2000s
Terrestrial
vertebrates

2008 onwards
Aquatic fauna
& systems

© Joel Sartore, Dundasinitild,

Challenge 2: Is it better?

CHALLENGE 2: IS IT BETTER?

False positives: species detected while it is not
present
non-specificity of the primers
contaminations
protracted DNA persistence
poor reference database

Dejean et al. 2012.

False negatives: species not detected while it is
present

0.1

Watts et al. 2019

non-adapted primers
poor sampling
poor extraction protocols
presence of PCR inhibitors
insufficient amount of DNA
poor reference database

CHALLENGE 2: IS IT BETTER?

eDNA Vs conventional methods
Compare

eDNA

Conventional

Expertise for Sample Design

=

=

Expertise for Sampling

=

=

Labor, Time & Expense

<

>

Cost to Process Samples

<

>

Sensitivity & Specificity
Detect Juveniles & Eggs
Species Range Distribution
Abundance
Assess Biodiversity

Health Attributes
Prevent Harm to the Species
Prevent Damage to Habitat
Reduce Risk to Field Staff

CHALLENGE 2: IS IT BETTER?

16000
13602

14000
12000

American Bullfrogs seen (a) and
detected by eDNA (b) across ponds

10000

Dejean et al. 2012
8000

6720

6000
4000

3150
1460

2000
0

3

15

20

16

107

70-75

76-80

81-85

86-90

91-95

382
96-00

01-05

06-10

11-15

16-20

Years

Mammals detected on remote cameras
(L) Vs detected by eDNA (R)
Leempoel et al. 2020

Challenge 3: Can we make it faster?

CHALLENGE 3: CAN WE MAKE IT FASTER?

Hand-held Point of Need tool to sample, extract, and analyze eDNA
to detect for the presence of targeted species in the field

© Joel Sartore, Dundasinitild,

CHALLENGE 3: CAN WE MAKE IT FASTER?

Mary Murdoch
eDNA Global Leader
Stantec Environmental Services

© Stantec

CHALLENGE 3: CAN WE MAKE IT FASTER?

eDNA studies at Stantec
Detecting fish diversity

Detecting rare fish

Development impacts

O&G Industry Genomics White Paper

(capture prohibited)

Managing invasive species

Safe sampling of endangered bats

© Stantec

Challenge 4: Testing in WA

CHALLENGE 4: TESTING IN WA

Invasive Redclaw Crayfish Cherax quadricarinatus
Adam Harman
Principal Environmental Scientist

East Kimberley

2000 - Lake Kunnunurra (Doupe´ et al. 2004)

Pilbara
2010
2016
2016
2020

- Lake Poongkaliyarra (Beatty et al. 2019)
- Karijini National Park
- Ashburton & Fortescue basins
- De Grey basin

© Bette and Yeo, 2010

CHALLENGE 4: TESTING IN WA

Impact of invasive Redclaw Crayfish

Redclaw presence is associated with significant re-organisation
of faunal and floral assemblages of river pools

CHALLENGE 4: TESTING IN WA

Allows an early detection of
alien species

Fast & Easy

Safe

Onsite

Standardised

chances of population control
impact on the ecosystem
cost of control action
© Alex Stemmer

CHALLENGE 4: TESTING IN WA

Future potentials and plans from us

hard to reach or unsafe caves

Evaluation of minesite rehabilitation success and
fauna recolonising rates via artificial watering points

Monitoring impact of pollution
over time

Detection of range-restricted species
(e.g. crustaceans in salt lakes, stygofauna)
© Arid Recovery, iNaturalist

To sum up
Is it needed?
YES. eDNA can help meet many challenges in detecting
and sampling challenging species and life stages
Is it better?
CAN BE. Based on context it could be more sensitive, most
cost-effective, more objective, less harmful and safe
Can we make it faster?
YES. Hand-held Point of Need (PoN) tool is a significant
innovative tool and an advance in rapid targeted
species-specific detection
What about WA?
WE ARE ON TO IT. Trails for PoC in WA has commenced
Lot of new ideas and potentials

Thanks and Questions?

ruchira.somaweera@stantec.com
@RuSomaweera
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Digital by Default, Efficient by Design. Environmental Regulation Update.
Ed Schuller and Germaine Larcombe, Department of Water and Environmental Regulation (DWER).

(Presentation publicly unavailable)
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MRF Compliance Program.
Rebbecca Adam, DMIRS.

(Presentation publicly unavailable)
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Beyond 2020 Digital Transformation in Rehabilitation Monitoring.
Natasha Banning, Stantec Australia.

(Presentation publicly unavailable)
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Managing Feral Cats Through an Adaptive Framework in an Arid Landscape.
Dr Cheryl Lohr, DBCA.
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Managing feral cats through an adaptive
framework in an arid landscape
Cheryl Lohr and Dave Algar

Worrying trends

Landscape scale

120 Camera-Traps

Aerial baiting v Ground baiting

Landscape scale

Results
259 cats!!

More Kittens!

Track Activity Index

Dispersal
30

25
20

15
10

5
0
0

50

100

150

200

250

2 year lagged rainfall (mm)

300

350

400

Cost-efficacy
Technique

Effort

$/km2

Cost-efficacy

%

Ground + Trap

$0.39

65.6

Aerial + Trap

$0.54

97.7

Aerial baiting

50 baits/km2

$37.0
0

$0.54

68.8

Ground baiting

2.8 baits/km2 $9.80

$0.56

17.5

10 days trapping

1 trap/km

$15.4
7

Cost-efficacy
Technique

Effort

$/km2

Aerial + Trap
Aerial baiting

50 baits/km2

$37.0
0

Ground + Trap
10 days trapping

1 trap/km

Ground baiting

2.8 baits/km2 $9.80

Cost-efficacy

%

$0.54

97.7

$0.54

68.8

$0.39

65.6

$0.56

17.5

$15.4
7

Adaptive management

Thank you
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20 Years of Goldfields Vertebrate Fauna Assessments – Older, But Not
Necessarily Wiser
Dr Scott Thompson, Terrestrial Ecosystems.
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Using the data to better manage foxes in urban and peri-urban areas

20 years of goldfields vertebrate fauna assessments
Older, but not necessarily wiser

Outline

2000

2002

2004

2006

2008

2010

2012

2014

2016

2018

GEMG presentations

2000

2002

2004

2010

2020

Guidance Statements now almost completely ignored!

20 years of legislation

Coolgardie IBRA EIA for mining

Fraser et al. (2003) Ecological Management and Restoration 4: 189-192.

15 EIA reports for the goldfields

minimum standards for
terrestrial fauna surveys
in order to meet the
expectations of the EIA
All reports failed to employ sufficient
survey effort at biotope and
landscape levels

Available data

is it adequate?

Threatened species

not including Priority or migratory species

Many other Priority species changes including Shy Heathwren, Crested Bellbird, Australian Bustard,
Bush-stone Curlew

Technology - 2000

Funnel trap (2002 onwards)

Aluminium box trap

Cage trap

Pit trap

Hair traps (rarely used now)

Drift-fence

Technology - 2020
Precision Varminting

Drones

Hollow and burrow scopes

Thermal

3G/4G

ARUs (birds and bats)

Camera traps

Technology or toys?

Cage with limited shade and not set well for target species (cat)

No shade covers for traps
Camera traps set up facing sun

Forgotten biodiversity

Forgotten biodiversity
PS 3 Biodiversity approach of self-sustaining, functional ecosystem
Modern approach typically lacks this objective
Mine closure plans becoming less committal to ecological requirements

Planning objectives
We need to use the SMART format more often
Poor objectives leads to:
vague management requirements; and
poor outcomes

Factor

Objective

Biodiversity

To maintain representation, diversity, viability and ecological function at the species,
population and community level.

Rehabilitation and Mine
Closure

Mining activities are rehabilitated and closed in a manner to make them physically
safe to humans and animals, geo-technically stable, geo-chemically nonpolluting/non-contaminating, and capable of sustaining an agreed post-mining land
use, and without unacceptable liability to the State

Monitoring not management

Outcome-based Provision
Response action after significant increase in feral animal sightings
- Review existing feral animal control measures to ensure these measures are adequate and implement additional
Monitoring
- Feral animal sightings will be recorded on the Fauna Sighting Form

Monitoring not management

Outcome-based Provision
Response action after significant increase in feral animal sightings
- Review existing feral animal control measures to ensure these measures are adequate and implement additional
Monitoring
- Feral animal sightings will be recorded on the Fauna Sighting Form

So?

Monitoring not management
Management-based Provision
-based personnel have undertaken training on physical signs of

These are not targets, but vague statements of little value.
going to mitigate potential impacts.

Monitoring not management
Management-based Provision
-based personnel have undertaken training on physical signs of

These are not targets, but vague statements of little value.
going to mitigate potential impacts.

So what if they are present or absent? There is no actionable direction about what will happen.

Monitoring not management
Management-based Provision
-based personnel have undertaken training on physical signs of

These are not targets, but vague statements of little value.
going to mitigate potential impacts.

So what if they are present or absent? There is no actionable direction about what will happen.

More explicit indication by industry and regulators about what is planned,
expected and enforced

Mining vs feral and pest fauna
Feral and pest fauna impacts are very well quantified

principles from a fauna perspective

Summary

Where to now? What is possible?

Threatened species vs ecosystem function
A focus on threatened species potentially
ignores the rest of the fauna assemblage in
management
A focus on ecosystem function will ensure
threatened species and the fauna assemblage
is considered in management

Questions
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Taking the Hunt, Out of the Hunt. The Use of Thermography in Terrestrial
Fauna Surveys.
Tim McCabe, Ecologia.

(Presentation publicly unavailable)
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Dry-Stack (‘Filtered’) Tailings: What’s All the Fuss?
Joe Rola, SRK Consulting.
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Dryfuss?
Joe Rola, CPEng
Goldfields Environmental Management Group
Conference, 19-21 May 2021

DryWhat are Dry-Stack Tailings?
Placement of dewatered
tailings into a TSF
reclaimed in the process
No process water to be
managed at the TSF

DryHow?
Dewatering
Coarse PSD

Screens
Belts

Fine PSD

Press (Screw/Filter)

Placement
Low Tonnage
High Tonnage

Trucks
Conveyor/Stacker

Filtered Tailings
Dry-Stack Tailings = DRY Tailings?
Not exactly!
Variable MC
NOT DRY
Preference is to use
the term:

Image source: Nelson Amoah, published materials, April 2018)

TAILINGS DAM FAILURES
2014 Mt Polley TSF (Canada)

Image source: https://www.theguardian.com/environment/2014/aug/13/mount-polley-mine-spill-british-columbia-canada

TAILINGS DAM FAILURES
2014 Mt Polley TSF (Canada)
2017 Fundão TSF (Brazil)

Image source: https://lindsaynewlandbowker.wordpress.com/2015/12/12/samarco-dam-failure-largest-by-far-in-recorded-history/

TAILINGS DAM FAILURES
2014 Mt Polley TSF (Canada)
2017 Fundão TSF (Brazil)
2018 Cadia TSF (Australia)

Image source: https://www.abc.net.au/news/2021-04-20/cadia-residents-exposed-to-tailings-dust/100078334

TAILINGS DAM FAILURES
2014 Mt Polley TSF (Canada)
2017 Fundão TSF (Brazil)
2018 Cadia TSF (Australia)
2019 Brumadinho TSF (Brazil)

Image source: https://www.nsenergybusiness.com/features/exploring-the-brumadinho-tailings-dam-failure/

TAILINGS DAM FAILURES
2014 Mt Polley TSF (Canada)
2017 Fundão TSF (Brazil)

Multiple high profile TSF failures in a
short time period

2018 Cadia TSF (Australia)

Video evidence (Brumadinho) of how

2019 Brumadinho TSF (Brazil)

warning

2019 Brumadinho TSF (Brazil)

Image source: https://www.nsenergybusiness.com/features/exploring-the-brumadinho-tailings-dam-failure/

WHAT NOW?
Brumadinho failure lead to a
Global Tailings Standard
Mt Polley investigation concluded that the following is needed:
Improved adoption of best applicable practices (BAP)
Migration to best available technology (BAT)

BEST AVALIABLE TECHNOLOGY (BAT)
Goal
Reduce the number of tailings dam failures
Principals
1. Eliminate surface water from the impoundment
2. Promote unsaturated conditions in the tailings
with drainage provisions
3. Achieve dilatant conditions throughout the
tailings deposit by compaction

Filtered TSF

Best Available Technology: Filtered Tailings
BAT P1: Eliminate surface water from the impoundment
Key to achieving P1 with filtered tailings is adequate surface water
management

Best Available Technology: Filtered Tailings
BAT P2: Promote unsaturated conditions in the tailings with drainage
provisions
Dewatering of the tailings provides an opportunity to place in an
unsaturated state
Drainage provisions can be included in a Filtered TSF design

Best Available Technology: Filtered Tailings
BAT P3: Achieve dilatant conditions throughout the tailings deposit by
compaction
Simply put: SHEAR STRENGTH IS GOVERNED BY GRAIN TO GRAIN CONTACT
Think: FRICTION
Strength easily defined in the lab

Image source: https://static1.squarespace.com/static/523c951be4b0728273e73d94/t/5fecc89dfc8ee327dda5f4da/1609353378093/CSSM-VGS+Course+Notes+rev9.pdf

Best Available Technology: Filtered Tailings
BAT P3: Achieve dilatant conditions throughout the tailings deposit by
compaction
Opportunity for dedicated compaction with the aim of achieving dilatant
conditions
Removes liquefaction risk

Filtered Tailings the Bulletproof Solution?
NOT NECESSARILY
Typically, highest CAPEX and OPEX tailings storage option
Potential implementation difficulties due to:
Production rates
Tailings properties
Climatic conditions

Filtered Tailings a Bulletproof Solution?
TAILING PRODUCTION
Generally small production rate
projects

Filtered Tailings a Bulletproof Solution?
TAILINGS PROPERTIES
Not all tailings are suitable for dewatering
Increasingly difficulty with decreasing particle size
Clay size particles hard to dewater
Plasticity makes things worse

Filtered Tailings a Bulletproof Solution?
CLIMATIC CONDITIONS
Surface water management important
Difficulties in achieving target MC for placement in TSF

Filtered TSF
TYPICAL IMPLEMENTATION
Zoned TSF
Structural zone: specific MC requirements, compaction, QA/QC
Non-structural zone: no specific requirements, trafficability governs
placement
THINK:

LoM earthworks project

Left Image: Lupo, J, 2010. Dry Stacking Design Considerations, in Proceedings of Tailings and Mine Waste 2010

Filtered TSF
ADVANTAGES
Reduced failure risk
Water conservation
Reduced seepage/
environmental impact
Progressive closure
Reduced closure cost

DISADVANTAGES
COST

CAPEX & OPEX

Key reasons for lack of
uptake in the industry

Take-aways
Dry-stacks are not DRY
Preference is to use the term:
Increased consideration and uptake due to:
Recent high profile TSF failures
Migration to best available technology (BAT)
Filtered tailings placement is not a bullet proof solution
Typically, highest CAPEX and OPEX tailings storage option
Typically implemented as a zoned TSF
Compaction can remove liquefaction risks

Questions?

Dryfuss?
Joe Rola, CPEng
Goldfields Environmental Management Group
Conference, 19-21 May 2021
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Abstract
Soil cover design for tailings remains an ongoing challenge for the gold mining sector. Reflecting
this, there has been an evolving 20-year program of tailings (residue) rehabilitation research through
sequential phases of oxide and basement mining at Newmont Australia’s Boddington Gold Mine
(NBG).
Currently, two cover rehabilitation trials on basement residue at NBG aim to improve understanding
of soil cover requirements for rehabilitating residue disposal areas (RDAs) with native flora. The
benefits for mine closure will be to optimise cover depth and associated construction costs, and
thus promote efficient use of limited cover materials.
The trials were designed to test three cover profile combinations; the first trial, established in 2014,
consisting of varying thicknesses of gravel subsoil, and the more recent second trial including a layer
of oxide residue. The capacity of the oxide residue to support native vegetation has been
established in previous research at NBG.
Soil properties and vegetation performance have been routinely monitored for the past seven
years. This has enhanced understanding of potential impacts of cover construction methods on soil
physical properties and root development, and movement of salts through the cover layers. The
trials have shown vegetation growth is performing well despite potential constraints and is not
severely impacted by reducing the depth of gravel.

1. Introduction
NBG operates the Boddington Gold Mine, located 16 km north-west of the town of Boddington, in
the Peel region of Western Australia. The mine has been in various stages of production since 1987,
predominantly targeting the weathered regolith, or ‘oxide’ zone until 2001. In 2009, mining
commenced in the unweathered basement rock. The operation includes two residue disposal areas
(RDAs), namely the R4 RDA consisting of ‘oxide’ residue, and the F1 RDA for ‘basement’ residue.
The F1 RDA is expected to have 1,124 ha requiring rehabilitation at closure. Rehabilitation of the
upper surface of the F1 RDA is currently planned to commence in 2027. The R4 RDA has been
decommissioned since 2001, and covers an area of 350 ha.
The current closure strategy for the F1 RDA is based on a commitment for a soil cover, including
0.1 m of topsoil and 0.3 m of gravel subsoil, over the basement residue, and if vegetation would not
establish in this cover, then up to an additional 2 m of oxide residue above the basement residue
(Newmont Australia 2012). The capacity of the oxide residue to provide a suitable substrate for
supporting native flora has been demonstrated in an earlier trial on the R4 RDA established in 1999.
In 2014, NBG commenced the current program of rehabilitation trials to determine the capacity of
covered basement residue to support vegetation. The Basement Residue Trial (BR trial), now in its
seventh year of monitoring, was followed by the Basement Residue Oxide Cover (BRO trial)
established in 2018 and in its third year of monitoring. The primary aim of the trials is to develop a
greater understanding of soil cover requirements for rehabilitating basement residue with native
flora.
The current trials build upon a substantial knowledge base of rehabilitation materials and tailings
cover research spanning more than 20 years. Over the life of the mine, NBG have continually
invested in field trial research as a practical approach to mine closure planning. Conducting field
trials requires considerable time, cost and effort, though with the benefits of optimising cover design

under site specific conditions and providing a tangible ‘real world’ means for stakeholder and
regulator engagement.
This paper describes the history and construction of the RDA rehabilitation trials at Boddington Gold
Mine, and the cover performance monitoring data that will inform closure strategies for the F1 RDA.

2. Background
Climate
The climate at NBG is Mediterranean, characterised by hot dry summers and cooler wet winters,
with average annual rainfall at the site of 653 mm. Average annual evaporation is 3,380 mm and is
most prominent during October to April. Although annual evaporation exceeds annual
precipitation, average precipitation exceeds average evaporation in the winter months (May to
September).

RDA closure strategy and cover prescription
The potential benefits of using the R4 oxide residue as a growth medium over basement residue
were first identified for investigation in a 2006 Mining Proposal. In 2012 NBG committed to a soil
cover prescription including 0.3 m of gravel subsoil on the basement residue, with an expectation
that up to an additional 2 m of oxide residue would be applied above the basement residue if
vegetation would not establish in this cover (Newmont Australia 2012). In response to this, and to
meet regulator and community expectations, the BR trial was established to determine the
suitability of the cover prescription on basement residue as a substrate to support vegetation,
without oxide residue.
Following establishment of the BR Trial, a shortfall in the availability of gravel subsoil for rehabilitating
the F1 RDA has been recognised. The limited availability of gravel, together with revised closure
works costings associated with a 2 m oxide residue cover, have been identified as critical elements
of the F1 RDA closure strategy, representing a risk to achieving legislative closure requirements.
As part of the strategy to minimise these risks, the BRO trial was established as a replicate of the BR
trial, but with the addition of 0.5 m of oxide residue over basement residue. A revised cover
prescription was submitted in NBG’s most recent Mine Closure Plan to include 0.3 m of the R4 oxide
residue in lieu of a 0.3 m gravel layer.

Residue properties
The physical and chemical properties of the oxide and basement residues are critical for
understanding several key aspects of rehabilitation performance. Physical properties influence the
behaviour of the residue after deposition and drying, particularly in aspects such as final bulk
density and the capacity of the materials to leach salts or concentrate salts at the surface via
capillary rise. Soil structure, strength, hydraulic conductivity and plant-available water can also be
critical for seedling emergence, root exploration and uptake of water, and as such indicate the
physical fertility of a material.
A key chemical characteristic of the residues at NBG in relation to rehabilitation is salinity (EC).
Salinity is a dynamic property which can be expected to vary with time since deposition, and in
response to rainfall or prolonged periods of net evaporation. Accumulation of salts through
evaporation at the residue surface can lead to substantial differences in salinity with depth. The net
effect of leaching and evaporation on salt movement is further influenced when the residue is
covered and revegetated. Therefore, for chemical characteristics such as salinity, it is important to
consider the time since deposition, the depth of sampling, and rehabilitation treatments.
In general, the basement residue is intrinsically more benign than the oxide residue in terms of
potential constraints to plant growth (Table 1; Table 2). This is countered by the material being
classed as very saline, with low levels of essential nutrients particularly phosphorus, and low cation
exchange capacity. The oxide residue has a greater potential to support capillary rise than topsoil,
subsoil gravel or basement residue, because of its finer texture. To understand potential influences
on rehabilitation, comparison of the chemical properties of the residue profiles has shown that, as
expected, surface residue samples were more saline than deeper materials. The deeper basement
and oxide residues were extremely similar in EC, pH, and extractable sulfur. Geochemically, the
basement and oxide residue are considered to be benign and non-acid forming (Newmont 2005;
GCA 2008 in Outback Ecology 2007).

Table 1 Key physical characteristics of oxide residue and basement residues at NBG (Outback Ecology
2007, 2012, Stantec 2021 in prep)
Material
Oxide
residue

Basement
residue

1

Texture
Sandy
loam to
clay

Sand to
loam

Gravel
content

Stability

Strength

Hydraulic
conductivity

Water
retention

Bulk
density

0%

Nondispersive to
dispersive

High

Very slow
drainage

High

Moderate

0 to
2.5%

Nondispersive
(carbonates)
to partially
dispersive

Low

Moderately
slow drainage

Moderate

Low 1

Low inherent strength under in situ field conditions.

Table 2 Key chemical characteristics of oxide and basement residues at NBG (Outback Ecology 2007,
2012, McGrath et al. 2004 and Stantec 2021 in prep)
Material

Organic
carbon

Nutrients

eCEC

ESP

Metal concentrations

Slightly
alkaline

Non-saline
to very
saline,
depending
on depth

Low

Adequate
N, P, K, &
S

Moderate
to high

Highly
sodic

As, Cd, Cr, Cu, Ni above
trigger values for potential
environmental concern

Neutral
to
slightly
alkaline

Non-saline
to very
saline,
depending
on depth

Very
low

Low P,
adequate
N, high K
&S

Low

Nonsodic

Cu and Ni above
Environmental
Investigation Levels

pH

Salinity

Oxide
residue

Basement
residue

As part of the most recent trial monitoring, in situ basement residue profiles from the F1 RDA were
characterised to compare as-deposited properties with those observed in the trials. The in situ
residue was predominantly classed as a loamy sand, with low inherent strength, however was
moderately strong in field conditions due to consolidation. This consolidation is reflected in relatively
high water retention and low hydraulic conductivity, both of which are at levels typical of a soil with
higher clay content.
The as-deposited basement residue was classed as very saline at depth, increasing to extremely
saline at the evaporative surface. It contained high potassium and sulfate, but was low in other
nutrients and had extremely low cation exchange capacity. Total metal concentrations were
variable with many common elements below detection.

R4 Oxide Trial
The R4 Oxide rehabilitation trial at NBG was established in 1999 in the north-west corner of the R4
RDA (McGrath et al. 2001). The aim of the trial was to develop an understanding of the effects of
topsoil, gypsum and compost application rates, with various depths of gravel cover, on
revegetation performance. Primary treatments consisted of three depths of gravel (0, 0.15 and
0.3 m) after a broadcast application of gypsum (30 tonnes/ha) (Table 3). Secondary treatments
consisted of increased gypsum or 50 m3/ha of compost. All treatments were topped with 0.1 m of
topsoil, and replicated four times.

Table 3 R4 Oxide Rehabilitation Trial treatments
Treatment
Main Treatments
1
2
3
Secondary Treatments
1A
2A
3A
1B
2B
Bare residue treatments
BR
BR-A
BR-B
BR-AB

Topsoil depth
(m)

Gravel depth (m)

Gypsum
(tonnes/ha)

Compost rate
(m3/ha)

0.1
0.1
0.1

0
0.15
0.3

30
30
30

0
0
0

0.1
0.1
0.1
0.1
0.1

0
0.15
0.3
0
0.15

60
60
60
30
30

0
0
0
50
50

0
0
0
0

0
0
0
0

30
60
30
60

0
0
50
50

Vegetation established most rapidly on the topsoil only (no gravel subsoil) treatment, reflecting the
constraints on root development from compacted gravel layers in other treatments, and access to
greater water availability in the oxide residue while the roots were still shallow. As a result of the
traffic compaction during construction, ripping treatments were recommended for future
rehabilitation (McGrath et al. 2004). Twelve years after trial establishment, proliferation of root
growth was obvious in the residue profile and there was associated development of structure in the
residue (Outback Ecology 2012).
In the early years of vegetation establishment in the trial, root growth and water infiltration through
the residue was concentrated in large cracks. After 12 years, there was increased cracking to
substantial depth within the profile and significant root growth, not only within these cracks, but
within the residue matrix between cracks (Figure 1). The increased degree of structure in the
residue, in combination with improved root penetration, was considered to have had a positive
influence on water infiltration.
Similar observations in the as-deposited basement residue indicate that, as for the oxide residue,
desiccation cracking will lead to vertical cleavage planes in the residue mass, which can be
expected to become preferential zones for root exploration and drainage (Figure 1). Evidence of
stratification was also visible in the basement residue, due to the sorting of residue particles as they
are deposited from different spigot locations, with root exploration expected to favour the coarsertextured horizons.
In the R4 Oxide trial, initially high salinity values at the oxide residue surface, tended to diminish over
time once covered and vegetated, falling to around 1 dS/m after two years (Figure 2; McGrath et
al. 2004; Ni et al. 2014) and less than half that after a further 10 years (Figure 3) (Outback Ecology
2012).

Figure 1 Example of oxide residue (left) covered with gravel subsoil and topsoil 12 years after
establishment, showing deposition layers in the residue, and root exploration in all soil horizons
(Outback Ecology 2012), and basement residue (right) in the operating F1 residue dam, showing
vertical cleavage planes and evidence of sequential deposition layers, differing in particle size

Figure 2 Electrical conductivity in a 1:5 extract with water of (a) the surface 10 cm of oxide residue
and (b) the 10-20 cm residue depth, for three cover treatments in the R4 rehabilitation trial,
from February 1999 to March 2001 (Ni et al. 2014; Means of four replicates except February
1999, which were calculated from a site characterisation sampling grid. Bars indicate
standard error)
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Figure 3 Comparison of electrical conductivity of topsoil, gravel and residue materials in the R4 trial on
oxide residue, between 1999 and 2011 (adapted from Outback Ecology 2012; ‘Surface residue’ =
0 to 10 cm, ‘Deeper residue’ = 20 to 30 cm)
Consistent with observations of favourable development of soil properties, the R4 trial area currently
supports a mature, productive stand of native vegetation, with root proliferation through the residue
profile of particular importance. The R4 trial demonstrated that reducing the thickness of the gravel
layer did not constrain vegetation performance, and based on this research, the nearby Hedges
residue dam, with similar oxide residue, was fully rehabilitated with only a single cover layer of
0.15 m of soil material (Hedges Gold 2008).

3. F1 RDA Trials
Trial design and objectives
The BR trial encompasses twelve 30 x 30 m plots, comprising three treatment combinations of cover
materials (topsoil and gravel) with four replications of each treatment, installed on a layer of basement
residue (Table 4; Figure 4). The BRO trial replicated the BR trial, but with an additional 0.5 m oxide
residue applied over the underlying basement residue material (Table 4; Figure 4). For both trials, the
basement residue was excavated and transported from the F1 RDA.
Table 4 F1 RDA BR and BRO Rehabilitation Trial cover treatments

BR Trial

BRO Trial

‘GR0’ – topsoil (0.1 m) with no gravel subsoil
(‘Control’);

OX-GR0’ – 0.1 m topsoil, over 0.5 m oxide residue
with no gravel subsoil (‘Control’);

‘GR10’ – topsoil (0.1 m) over 0.1 m gravel; and

‘OX-GR10’ – 0.1 m topsoil, over 0.1 m gravel, over
0.5 m oxide residue; and

‘GR30’ – topsoil (0.1 m) over 0.3 m of gravel
subsoil.

‘OX-GR30’ – 0.1 m topsoil, over 0.3 m gravel, over
0.5 m oxide residue.

BR Trial
GR0

GR10

BRO Trial
GR30

OX-GR0

OX-GR10

OX-GR30

1
0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6
-0.8
-1
-1.2
-1.4
-1.6
-1.8
-2
Oxide residue

Gravel subsoil

Topsoil

Basement residue

Figure 4 F1 RDA BR and BRO Rehabilitation Trial cover treatments

The overarching objectives of the BR and BRO trials have been to:
•

Evaluate the behaviour of basement residue and oxide residue after rehabilitation,
particularly in relation to its capacity to support native vegetation;

•

Assess if particular plant species are better adapted to the rehabilitated residue profile;

•

Provide an opportunity to assess plant root exploration and water use on the rehabilitated
residue.

Trial construction
The BR Trial was installed on a 1 ha impoundment constructed on the upper surface of the
decommissioned R4 RDA. Earthworks for construction of the trial were completed in April 2014,
followed by ripping, and seeding of the cover treatments with a mix of native species in May 2014.
The BRO Trial was constructed in May 2018 on a second impoundment immediately next to the BR
Trial (Figure 5). The trial area was seeded and planted in June 2018 with a similar mix of native
species as the BR trial and fertilised at the standard NBG prescription of 250 kg/ha.

R4 RDA
BR Trial
BRO Trial

F1 RDA
embankment

Figure 5 The BRO trial at completion of construction in August 2018, adjacent to the established BR trial
Because of operational constraints preventing the direct discharge of tailings into the test sites, both
trial impoundments were filled with trucked, paddock-dumped basement residue and flat topped
before application of cover materials. Perimeter surface and subsurface drainage was installed to
reduce waterlogging, however wet weather conditions during construction of both trials resulted in
the basement residue being saturated, with water ponding at the surface (Figure 6).

(a)

(c)

(b)

(d)

Figure 6 Deposited basement residue during construction of the (a) BR trial and (b) BRO trial, and the
final installed cover at the (c) BR trial and (d) BRO trial
Once the basement residue was placed on the BRO trial, it was deep ripped using a single dozer
tyne, with additional shallow ripping through the cover layers following cover placement. Once the
oxide residue and cover layers had been placed, reworking was required in some areas where the
underlying residue had risen to the surface. Due to surface water ponding after completion of the
cover application, extra reworking and surface drainage was installed for the BRO trial to reduce
water logging after the wet conditions experienced during construction.

Baseline material sampling and characterisation of all materials was undertaken at construction for
both trials, as a basis for analysing potential trends in rehabilitation and cover performance. Topsoil
and gravel subsoil cover materials were sourced from the same stockpiles for both trials.

Monitoring regime
Soil and vegetation parameters were initially measured at six month intervals for the first two years of
the BR trial. After two years, monitoring was reduced to annual assessments in late spring. Monitoring
of the BRO trial closely aligned with that of the BR trial. Monitoring included;
•

in-field semi-quantitative assessments of soil strength (penetration resistance), soil structure
and root growth (abundance, distribution) at the time of sampling;

•

sampling of soil covers and residue materials in each plot at intervals to 1 m depth in
excavated pits, corresponding with layers of different material types (topsoil, gravel
subsoil layers, oxide residue cover material and underlying basement residue);

•

laboratory analysis for selected physical properties (moisture), chemical properties (soil pH,
electrical conductivity (EC), plant-available nutrients (NO3, NH4, P, K, S), organic
carbon, and selected metals (arsenic, cadmium, copper, lead, nickel, zinc and
mercury)), and biological properties (microbial biomass carbon (MBC); and

•

assessment of vegetation germination and establishment, including
o

Line Intercept Method (LIM) to measure percentage foliage cover and species
richness along a permanent 30 m transect at each site;

o

species richness;

o

photo points at each end of the line intercept, looking in towards the plot; and

o

collection of plant specimens as required for species identification.

Some initial sampling of foliar shoot material for analysis of metal concentration was conducted in
2020.
The minimum time for monitoring of the trials is anticipated to be at least seven years, to allow
vegetation cover and plant water use to develop, and thus giving a better understanding of the soil
salinity dynamics within cover treatments, and the interaction with root exploration and water
uptake.

4. F1 RDA Trial Results and Discussion
Residue properties
Soil strength is strongly influenced by bulk density, and can also act as a function of soil moisture,
texture and structure. The strength of the cover and residue materials increased during the first six
months, attributed to consolidation of the materials from the first winter season rainfall. Soil strength
has since fluctuated though has predominantly been above the threshold for potential restrictions
to root penetration. Higher soil strength in the basement residue in particular appears to be
associated with mechanical placement of the residue in the trials in contrast to deposition as a
slurry in the operating F1 RDA. This is supported by higher soil strength in areas of traffic compaction
in the F1 RDA. Higher soil moisture due to rainfall before the most recent monitoring event in
November 2020 was found to reduce soil strength.
Root abundance has been shown to be directly influenced by soil strength and structure in the BR
trial, and is greatest in topsoil across all treatments, decreasing with depth through the gravel subsoil
and basement residue (Figure 7). The dense, massive apedal structure and high soil penetration
resistance of the gravel subsoil and underlying basement residue are likely to be restricting root
growth at depth, despite the continued vegetation development observed. Most root exploration
was limited to the first 0.1 m below the cover/residue boundary with few roots entering the deeper
residue mass. Roots in the topsoil were generally lateral roots, extending horizontally rather than
vertically (Figure 8). Roots in the residue were typically found in cracks and cleavage planes. This
was most pronounced in treatment GR0, reflecting the absence of gravel subsoil between topsoil
and basement residue. Based on the physical properties of the gravel subsoil in the first 5 years of
the BR trial, ripping the gravel layer at the time of construction would likely have been beneficial for
root system development.

The basement residue in the BRO trial was ripped using a single dozer tyne prior to covering with
oxide residue, but a sharp boundary remains and is a potential impediment to root exploration.
However, root growth has not sufficiently developed in the BRO trial to assess the benefit of the
initial ripping.
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Figure 7 Average root abundance score (n=4) at the BR trial for each material type and cover
treatment measured for November 2020 and previous annual assessments (error bars represent
standard error)
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Figure 8 Root distribution in the BR trial; (a) abundance in topsoil and gravel subsoil cover layers, (b)
lateral root growth along cover-tailings interface, even for large tree species, (c) dense root mat
of fine roots in cracks and cleavage planes in the basement residue
The range of pH for the basement residue has declined, from alkaline at the beginning of the trial to
be closer to that of jarrah forest soils which are typically around pH 6 to 7 for gravel subsoil and pH 6
for oxide clays. This trend will align soil pH towards that of a natural profile, and may better suit
jarrah forest species.
While soil pH has been generally stable, EC and sulfate levels have shown steady increases in the
basement residue and gravel subsoil in the BR trial (Figure 9). In general, including oxide residue
(0.5 m) below the topsoil and gravel layers has led to higher levels of salinity than in the BR trial at
the same age, across all gravel treatments (Figure 10). When comparing at equivalent depths, the

salinity levels in the BRO trial after three years are similar to the BR trial after 6 years. The more rapid
increase in salts in deeper cover layers in the BRO trial is associated with the greater potential for
capillary rise in the fine-textured oxide residue layer.
Basement residue appears to have higher levels of entrained salts in pore water, particularly
potassium and sulfate, and the influence of this salinity on long-term vegetation performance has
not yet been defined. Salinity dynamics in the long term will be influenced by the overall drainage
characteristics of the residue when it is rehabilitated in situ. In the R4 trial, salinity levels were found
to dissipate in oxide residue that had been rehabilitated in situ, while in the current basement
residue rehabilitation trials, which are in a more discreet impoundment, salinity levels have
consistently increased in the upper zone of basement residue over the 7 years since vegetation
establishment (Figure 9).
There has not been an obvious effect of current levels of soil salinity on vegetation development to
date. The upper profile of natural jarrah forest soil is typically non-saline, though deeper oxide clays
may be slightly saline. Soil salinity on rehabilitated residue profiles may influence species
composition and potentially vegetation productivity.

Figure 9 Average EC (1:5 H2O) values (n=4) of the BR trial by soil cover treatment (GR0, GR10 and
GR30), compared with baseline values from May 2014 (n=4)

Figure 10 Average EC (1:5 H2O) values (n=4) of the BRO trial by soil cover treatment (OX-GR0, OX-GR10
and OX-GR30), compared with baseline values (n=4)
Some elements such as Cu, Ni, As, and Zn have been found to be present at elevated
concentrations in one or both residues. However, limited initial foliar analyses conducted in 2020
from vegetation, in both basement and oxide residue trials, found that concentrations were
generally either similar to that of natural vegetation, or were below detection. Exceptions were
indications of higher manganese and zinc in foliage on the F1 and R4 areas. The foliar
concentrations recorded were not considered likely to represent a concern for plant growth.

Vegetation Performance
In the current field trials at NBG, all cover treatments on basement residue have shown the ability to
support vegetation, though compacted cover layers have been a common constraint to root
growth and vegetation performance, particularly in the early stages of vegetation establishment
(Figure 11).

(a)

(b)

Figure 11 Overview of vegetation growth on the BR trial at (a) one year after establishment in May 2015,
and (b) during the most recent assessment in November 2020
In both the BR and BRO trials, the cover treatment with no gravel subsoil initially supported better
vegetation development (Figure 12), as previously observed in the R4 oxide trial. The apparent
constraint posed by a gravel subsoil layer, is likely due to its physical compaction during trial
construction, restricting root exploration and access to water. This effect could be easily overcome
with targeted ripping but as observed in the R4 Oxide trial, over time the physical constraint
appears to be overcome and the presence of a gravel subsoil layer is positive for vegetation
productivity.
Vegetation is continuing to develop in the BRO trial although at a slower initial rate than the BR trial.
Despite different conditions at the time of seeding, and while developing slowly, the trial has begun
to show substantial vegetation growth, especially in the OX-GR30 trial plots.
Species richness was similar in all cover treatments in the third year in each trial, even after the slow
start in the first two years of the BRO trial (Figure 13). Species richness had declined between initial
establishment and the seventh year for the BR trail, reflecting continued vegetation maturity and
senescence of initial coloniser species.

Figure 12 Cover percentage for the different covers for the first 3 years in the BR and BRO trials and the
final year in the BR trial

Figure 13 Species richness for different cover treatments for the first 3 years of the BR and BRO trials and
the final year for the BR trial

5. Conclusion
The primary objective of the residue rehabilitation trails was to optimise cover design prescriptions in
the context of limited material resources and the associated costs of undertaking full scale
rehabilitation works at closure. These factors have been identified as critical elements of the F1 RDA
closure strategy, representing a risk to achieving legislative closure requirements. Residue cover
design complexity directly influences constructability and associated costs, therefore practical
implementation is an important consideration when developing cover prescriptions. Construction of
the trials has shown that vegetation growth is not severely impacted by the reduction in depth of
gravel. Additionally, while the method of cover construction and drainage are critical for success,
the trials also demonstrate that vegetation growth is performing well despite potential constraints to
root growth such as fluctuations in salinity and high soil strength.

Undertaking field trials that give tangible outcomes using local materials in local conditions are an
effective means of facilitating stakeholder engagement and building confidence in closure
outcomes. However, it is recognised that trials conducted in constructed impoundments with likely
different drainage characteristics and with the residue being truck dumped, as opposed to
deposited as a slurry, may have influenced salinity dynamics, physical residue properties and root
growth, when compared to the R4 Oxide trial on an in situ oxide residue profile. The physical
properties of truck-dumped residue differs from spigot-deposited residue in terms of bulk density,
propensity for cracking, and structure development, all important factors for root penetration and
water use by vegetation. However, the trials have provided valuable information when considering
final cover prescriptions for large scale rehabilitation. Even at full scale, it is also important to
consider the potential impact of machinery compaction during any rehabilitation cover
application, with similar compaction in the gravel layer also observed in other rehabilitation at NBG.
Observations of roots proliferating in desiccation cracks in the basement residue in the BR and BRO
trials is consistent with observations in the R4 Oxide trial. Together with evidence of strong
consolidation and restricted root growth into the residue mass, this suggests deep ripping of
basement residue, should be considered as part of a rehabilitation prescription. Investigation of the
in situ basement residue properties has indicated that the observed high strength of the residue in
the trials reflects consolidation and compaction rather than intrinsic material strength. Deep ripping
to 1 m using a winged tyne could alleviate bulk density and improve integration with cover layers.
This would be best done when the residue is dry, and maximum cracking of the residue mass can be
achieved.
Additionally, given the propensity of cover materials, notably gravel subsoil, to be compacted from
machinery traffic during placement, it would be beneficial to assess the benefits of breaking up
compaction in both the cover and residue for optimum vegetation performance.
Given that the BRO trial is only three years old, we do not yet have a clear understanding of the
impact of the oxide residue layer on long-term rehabilitation performance. The benefits of the oxide
residue are that it has the capacity to function as a soil, developing structure and providing
capacity to store nutrients and plant-available water. On the other hand, it has tended to promote
capillary rise of salts. Further time is required to evaluate if the initial observations of elevated salinity
in the cover layers is detrimental to long-term vegetation performance.
Given that oxide residue is available in large quantities, and to date vegetation performance has
not been severely constrained, further investigation of its use as part of a cover system is considered
worthwhile to continue to evolve an understanding of cover performance and refine final cover
prescriptions.
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ABSTRACT
Community, regulators and other stakeholders are expecting a higher standard of outcomes from mine closure
works. Proponents aim to realise closure works that will perform well and reduce the need for rework.
Incorporating good practice engineering approaches to design and execution of closure works can help meet
the objectives of both stakeholders and mining proponents.
Landforms can fail for a range of reasons, typically tied to waste and rehabilitation material properties, landform
design, construction issues and environmental conditions. By understanding how these failures occur it is
possible to incorporate controls to reduce the likelihood of failure occurring.
Controls can be applied throughout the mining project to enhance rehabilitation outcomes and reduce the
likelihood of failure of rehabilitated landforms. These controls are tied to closure planning and stakeholder
engagement, waste and soil resource characterisation, mining operations, landform design and closure
execution. Current good practice guidance places emphasis on closure planning and waste characterisation
activities but there are gaps with respect to landform design, mining operations and closure execution.
To improve certainty for stakeholders and proponents, closure designs should be developed with reference to
clearly defined design criteria. Design criteria should be developed to reflect site specific risks and closure
objectives, and should also address both performance and longevity. Performance criteria consider the events
that controls are designed to meet whereas longevity criteria consider the design life of engineered controls.
The quality of construction works is critical in determining whether the design intent has been achieved. If
construction works do not meet the necessary tolerances, the rehabilitated system is unlikely to performance
as designed, meaning increased risk of erosion, contamination, poor vegetation outcomes and other
undesirable results.
This paper explores key controls that should be incorporated during these phases to improve landform
rehabilitation outcomes.

1

Introduction

Recently, public and regulatory expectations for the outcomes achieved in closure works have increased, and
it is highly likely that these expectations will continue to evolve over time (ICMM, 2019 and 2020). Leading
practice for landform closure within Western Australia has evolved from generic guidance of 5 m wide
backsloping berms and 10 m lifts (Department of Minerals and Energy, 1996) to the development of a robust,
site specific and inclusive design framework that acknowledges that WRDs and other landforms will need to
be developed with long or indefinite design life (ICMM, 2019).
Closure works can constitute a considerable cost to the balance sheet of mining operations. Mining companies
understandably expect a return on investment when undertaking these works. To achieve this, companies
require approaches to closure planning and the execution of closure works that reduces the risk of failure of
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these works in either meeting the expectations of key stakeholders or in functioning as intended. There is a
host of guidance on good practice with closure planning and landform design; examples include ICMM (2019),
Australian Government (2016) and DMIRS (2020). By comparison, there is very little guidance on good
practice to execute closure works. Experience has shown that even the most robust program of planning and
design can be completely undermined by poorly executed closure works.
This paper provides a brief summary of key aspects identified within existing good practice guidance for
developing closure designs for landforms. It identifies common causes of landform failure and the identifies
the root cause of these failures. The paper presents controls to reduce the likelihood of these failure modes
throughout different phases of the project and improve the opportunity for success. The paper discusses some
of the opportunities that can be realised through progressive rehabilitation and trials.

2

How do rehabilitated landforms fail?

Rehabilitated landforms can fail in a number of ways. For the purposes of this paper, failure is considered as
aspects of the rehabilitated landform which function is such a way that they form an impediment to the planned
relinquishment of the tenement following closure. Failure modes include:
Excessive erosion
Excessive dust generation
Impacted drainage discharging to the environment
Geotechnical instability
Underperforming revegetation outcomes.
2.1

Common causes of failure

Most landform failure is typically a function of one of the following factors:
Waste and rehabilitation material properties
Landform design
Construction issues
Environmental conditions
Any of these potential factors alone can compromise the landform. Understanding of how each of these factors
can contribute to failure enables the establishment of controls to reduce the potential for failure. Examples of
how different failure factors can contribute to each failure mode are presented in Table 1.
Table 1 Common causes of landform failure
Failure mode

Failure factor

Excessive erosion

Waste and rehabilitation
material properties

Examples
Insufficient knowledge of material types.
Insufficient rock armour resources.
Exposure of fine grained or readily erodible
materials.
Weathering of rock armour during handling or over
time.

2

Failure mode

Failure factor

Examples
Low permeability materials.

Landform design

Inappropriate placement of landform (e.g. within
drainage lines or drainage concentration areas or
too close to steep areas of the landscape).
Location of the landform within the zone of
instability.
Landform morphology promoting erosion (Plate 1).
Excessive batter heights or slope angles.
Design promotes concentration of surface water.
Gaps in the design (e,g, designing only for batter
reprofiling and not top-surface controls).
Inadequate design criteria.
Under-sized or poorly located drainage controls.
Insufficient or under-specified armouring.
Design does not account for achievable construction
variability.
Unsuccessful surface treatments.
Landform design does not adequately consider
constructability.

Construction issues

Dumping of material at inappropriate locations
during mining.
Over-tipping or undertipping of lifts compromising
the design.
Voids within landform during construction resulting
in subsidence impacting drainage controls (Plate 3).
Construction variance with design exceeding
allowable parameters (e.g. variance from batter
slope angles, variance in rock armour thickness).
Inadequate design documentation to enable the
design to be implemented.
Exposure of unexpected materials.
Inappropriate machine selection.
Ripping off contour (Plate 2).
Incorrect wing selection in alliance with soil types
Utilisation of rehabilitation resources that do not
meet specification or are not fit for purpose (e.g.
inappropriate rock armour and topsoil).

Environmental
conditions

Rainfall event that exceeds the capacity of the
drainage controls.
Rainfall events during works before all controls have
been established (Plate 4).

3

Failure mode

Failure factor

Examples
High intensity rainfall events, especially early-on
following rehabilitation works, that result in erosion
before the landform has stabilised and established.
Climate change resulting in increasing likelihood of
erosion events.
Over-grazing of new landforms by stakeholder
stock, with removal of newly germinated vegetation
and stock trails causing erosion
Drought resulting in reduced vegetation cover that
may stabilise surface.

Excessive dust
generation

Impacted drainage
discharging to the
environment

Waste and rehabilitation
material properties

Insufficient knowledge of material types.
Insufficient rock armour or cover resources.
Weathering of materials during handling or over
time.
Fine grained soils (especially whilst the rehabilitated
landform is stabilising) or exposed fines material left
on outer surface.

Landform design

Insufficient cover over dust generating materials.
Application of surface treatments that do not
adequately manage dust generation.
Large, bare flat surfaces with little relief or change in
topography.
Landform design does not adequately consider
constructability.

Construction issues

Dumping of material at inappropriate locations
during mining.
Poor dust control during works.
Finetidied up.
Exposure of unexpected materials.

Environmental
conditions

Climate change resulting in changes to the wind
environment.
Drought resulting in dry conditions and reduced
vegetation cover that may stabilise surface.
Over grazing of new landforms by stakeholder
stock, with removal of newly germinated vegetation
and stock trails causing erosion

Waste and rehabilitation
material properties

Insufficient knowledge of material types and
chemical properties.
Insufficient rock armour or cover resources.
Weathering of materials during handling or over
time.
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Failure mode

Failure factor

Examples
Fine grained soils (especially whilst the rehabilitated
landform is stabilising) or exposed fines material left
on outer surface.

Landform design

Cover design does not achieve required outcomes.
Incorrect assumptions in models or inappropriate
model selection.
Inadequate design criteria.
Drainage not effectively managed.
Landform design does not adequately consider
constructability.

Construction issues

Placement of materials in inappropriate areas (e.g.
placement of Potentially Acid Forming [PAF] waste
outside of designated PAF waste dumping areas).
Cessation of mining before cover materials are
placed.
Inappropriate positioning of landforms (e.g. outside
of the groundwater draw down area if relying upon a
pit lake as a terminal sink).
Insufficient information included within design
documentation to facilitate construction of drainage
controls in accordance with the design.
Voids within constructed landform resulting in
subsidence impacting drainage controls.
Construction variance with design exceeding
allowable parameters (e.g. inadequate compaction,
drain diversions not constructed as per design).
Exposure of unexpected materials.
Inappropriate machine selection.
Utilisation of rehabilitation resources that do not
meet specification (e.g. inappropriate rock armour or
cover materials).
Damage to liners or other control layers during
closure works.
Cover layers not adequately designed to resist
erosion.
Rainfall events during works before all controls have
been established.

Environmental
conditions

Erosion of cover layers.
Rainfall patterns that exceed the capacity of the
system to function.
Prolonged dry periods resulting in drying of
saturated cover areas.
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Failure mode

Failure factor

Examples
Climate change impacting rainfall patterns and
evaporation rates outside of the effective design
parameters.

Geotechnical
instability

Underperforming
revegetation
outcomes

Waste and rehabilitation
material properties

Insufficient knowledge of material types.
Insufficient rock armour resources.
Weathering of materials during handling or over
time.
Presence of materials prone to piping, subsidence
or with low shear strength.
Excessive erosion.

Landform design

Positioning of landforms within the zone of instability
around mine workings.
Voids within constructed landform resulting in
subsidence impacting drainage controls (Plate 3).
Design does not adequately address geotechnical
stability issues (e.g. ponding near crest, retention of
steep sloped areas without an adequate factor of
safety).

Construction issues

Drainage not effectively managed during operations
causing major failures and providing potential slip
faces.
Placement of materials in inappropriate areas.
Over-tipping or undertipping of lifts compromising
the design.
Voids within mining resulting in subsidence
impacting drainage controls.
Construction variance with design exceeding
allowable parameters (e.g. variance from batter
slope angles, variance in rock armour thickness).
Inadequate design documentation to enable the
design to be implemented.
Exposure of unexpected materials.

Environmental
conditions

Earthquakes drive geotechnical failure.
Changing conditions around the project area impact
upon regional geotechnical stability impacting
landform (e.g. storing water on a steep-sloped
natural surface area).
Extreme wet years resulting in increased risk of
failure.

Waste and rehabilitation
material properties

Insufficient knowledge of material types
Hostile growth media.
Insufficient suitable growth media.
Erosive materials impacting plan establishment.
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Failure mode

Failure factor

Examples
Poor water holding capacity of the growth media.
Compaction of growth media.
Lack of seed bank in the growth media.
Excessive weed load in the growth media

Landform design

Ineffective surface treatment designs.
Ineffective use of growth media resources.
Inappropriate species selection in seed mix.
Ineffective cover design to prevent vertical migration
of salts and other hostile materials.
Areas of inundation.

Construction issues

Placement of growth media that does not meet the
design requirements.
Over-working or over-handling of growth media
resources.
Poor vehicle hygiene practices.
Poor growth media management and handling
practices during operations (e.g. stockpiling too
high, rehandle, handling when wet, lack of weed
management).
Inappropriate seeding or ripping processes,
including seed treatments, seed viability testing,
ripper configuration and ripping depth.
Failure to meet required seeding rates.
Seeding at inappropriate times of the year.

Environmental
conditions

Regional weeds moving into the rehabilitation area.
Adverse climatic conditions (especially during the
initial establishment phase).
Over grazing of new landforms by stakeholder
stock, with removal of newly germinated vegetation
and stock trails causing erosion
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Plate 1 Gully formation attributed to WRD morphology

Plate 2 Ripping off contour
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Plate 3 Voids forming with a WRD surface from geotechnical instability

Plate 4 Impact to batter slope reprofiling from rainfall prior to the completion of drainage controls
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3

Landform rehabilitation controls

There are several key aspects that are involved in the construction of the rehabilitated landform (Figure 1).
Within each of the aspects, there are critical controls that should be applied to reduce the risk of failure of the
final rehabilitated landform. Each of these aspects are inter-related and overlapping.

Closure
planning and
stakeholder
engagement

Mining
operations

Final
rehabilitated
landform

Landform
design

Figure 1
3.1

Waste and soil
resource
characterisation

Closure
execution

Key aspects involved with establishing the final rehabilitated landform

Closure planning

Closure planning commences prior to the commencement of mining and continues right through to the
completion of closure works and post-closure monitoring phases. During the early phase of mining operations,
closure planning includes (ICMM, 2019, DMIRS, 2020):
Building the closure knowledge base to inform closure planning activities and identify knowledge gaps.
Identification and assessment of closure risks.
Identification of legal obligations.
Ongoing stakeholder engagement.
Integration of mine closure into the mine plan.
Defining closure objectives, completion criteria and the post-closure landuse/s.
Identifying and engaging with key stakeholders.
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Development of the conceptual closure strategies.
Preparation of the Mine Closure Plan and financial provisioning for closure.
Closure planning works continue to be advanced throughout the mining operations. ICMM (2019), DMIRS
(2020) and Australian Government (2016) all provide a framework for undertaking closure planning activities.
Of particular importance for landform rehabilitation is:
Knowledge base as relates to waste and soil resource characterisation (see Section 3.2), surface
water, groundwater and vegetation. Surface water studies should identify flooding extents and flow
velocities under extreme conditions (that are likely to be realised in the post closure phase) and surface
water receptors. Groundwater should identify pre-mining groundwater quality, flow direction and
receptors. The influence of any pit lakes at closure on groundwater should be understood. The premining vegetation communities should be understood to help inform seed mixes and revegetation
targets.
The effective integration of mine closure within the mine plan. This operationalises mine closure; key
benefits of this are presented in Section 3.3.
Development of closure objectives, completion criteria and the post-closure land-use. This informs the
design criteria that are applied for landform design (see Section 3.4) and identifies exclusion areas
that need to be considered within the landform design.
Adequate provisioning for closure works.
3.2

Waste and soil resource characterisation

Achieving an excellent landform rehabilitation outcome requires a thorough understanding of the waste and
soil materials.
Physical and geochemical waste characterisation should be completed on representative samples of all mine
waste materials. Waste characterisation is an ongoing process that begins prior to mining and continues
throughout the mining operations. Although a good understanding of geochemistry can be developed using
pre-mining drill data, there are limitations on the level of physical characterisation that can be completed
without as-mined data.
There is a wealth of information available pertaining to processes for undertaking waste characterisation to
ascertain geochemical properties of mine waste including INAP (2014) and DMIRS (2016). Less guidance is
available for physical characterisation of mine waste. Prior to mining, the mineralogy, lithology, weathering
status and rock quality designation can be useful indicators for physical durability and stability properties
(Wesley et al 2019). Once as-mined waste is available, many other options become available to assess the
physical stability properties of different waste units.
To support landform design, the waste characterisation program should:
Identify waste units that require management (e.g. geochemical issues or dispersive materials), their
relative abundance and where in the mining schedule they will be generated.
Identify waste materials with desirable properties at closure (e.g. rock armour, acid neutralising
materials, potential growth media resource or potential cover materials) their relative abundance and
where in the mining schedule they will be generated. Relevant information such as particle size
distribution should be developed for each waste unit.
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Determine soil-water properties of key waste units including hydraulic conductivity and any others
required depending upon the design approach.
Develop batter design parameters for different waste types including maximum slope heights and
batter slope angles.
DMIRS (2016) includes a recommended soil resource characterisation approach. Soil resource
characterisation should be completed to determine the soil properties of different units at the project and to
determine how and where these materials can be deployed during closure works and at what thickness.
3.3

Mining operations

Operationalisation of mine closure (i.e. incorporating appropriate mine closure activities within the mine plan)
has many benefits. Conversely, if mine closure is an afterthought, landform rehabilitation outcomes will be
compromised.
For example, effective waste handling can significantly reduce closure costs by directly transporting waste
where required for closure (for example, isolation of PAF waste in PAF cells or by tipping a band of high
stability waste rock around an inner core of low stability waste rock to enable direct reprofiling; see Plate 5).
Tracking blocks within waste landforms can be a powerful tool in assisting with landform design, as it can
enable a three-dimensional representation of where problematic (or desirable) waste units are positioned
within the landform. Effective waste dumping strategies is one of the most effective ways in reducing closure
costs and in improve rehabilitation outcomes of landforms.

when developing new pits, landforms and infrastructure layouts. Locating stockpiles of topsoil, lateritic rock
armour and vegetation trash close to the future landform footprint (although outside and offset from the final
reprofiled footprint) will dramatically reduce closure costs for rehabilitation works.
Where mine closure is linked into the mine plan, there is increased opportunity to identify opportunities for
progressive rehabilitation or trial areas. There are several benefits with undertaking progressive rehabilitation,
as described in Section 4.
Another benefit of planning during mining operations can result in improved discipline in dump construction.
Overtipping (and under-tipping) of lifts can have a significant impact upon the capacity to meet the design
(Plate 6). Overtipping results in reduced berm thickness which can then require amendments to the design or
rehandle, which can introduce increased risk of failure and/or cost.
Lastly, if there is increased awareness of closure planning through mining operations there is a greater
likelihood of realising opportunities and efficiencies. . Whether this is identification of additional rock armour
resources, greater awareness of local weed species, or increase professional expertise from relevant teams
there are a myriad of benefits in the operationalisation of mine closure on landform rehabilitation outcomes.
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Inner core fine
grained, low stability
material

20 m thick outer
layer of high stability
material

Plate 5 Example of effective WRD construction by targeted material placement managed through
operations at Woodie Woodie mine site
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Plate 6 Over-tipping of waste rock which will impact upon closure design and costs
3.4

Landform design

Landform design should commence as part of the initial closure planning works prior to construction and is
undertaken in several phases as described below.
3.4.1

Design criteria

Before commencing landform design, design criteria should be developed. The design criteria can consist of
any requirements that need to be met by the design, but typically include drainage performance requirements
as well as the design service life requirements. Guidance on the development of appropriate design criteria is
presented in Smedley et al (2019a) and Chapman and Kemp (2019). Closure design criteria for tailings storage
facilities are presented in ICMM et al (2020).
Design criteria should be risk-based and as precise as poss
with adequate freeboard the 1 in 2,000 year annual exceedance probability rainfall event with a design service
to be contained
is a function of risk tied to the consequence of that control being exceeded where landforms are constructed
with fine-grained and readily eroded material, a more conservative standard should be adopted than where
the landform is constructed with coarse, durable rock.
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3.4.2

Landform location and conceptual design

The positioning of landforms can have significant consequences for their long-term performance and risk of
failure. Where practicable, landforms should be positioned such that:
They are located outside of the flood zone of drainage lines.
They are located with a suitable buffer from the maximum feasible zone of instability around mine
workings.
Where constructed adjacent to ridgelines or other topographic features, the outer edges of the
landform should be tied to spurs insofar as is practicable to limit drainage concentration at the interface
between natural ground and fill material.
Located with a sufficient buffer to tenure boundaries or other exclusion areas.
Where constructed on or near steep terrain, consideration is given to how the dump will be formed
such that there is a landing point for the reprofiled toe. Avoid tipping too close to cliff faces (see Plate
7).

Plate 7 Steep surface area resulting from interaction with the natural topography
As part of early closure planning works, it is standard to develop a conceptual closure design for landforms.
The conceptual design typically consists of design outer surface configuration (batter-berm design, single
slope or geomorphic design principles), PAF management requirements (cover depths, basal layers, etc) and
top surface water management (store and release or discharge to environment). During this time, there is
normally key knowledge gaps in aspects such as waste characterisation and surface water drainage (See
Section 3.2). To counteract this uncertainty, a degree of conservatism should be applied in the conceptual
design. Where mid-slope berms are adopted to breakup flows from the batter surface, these should be sized
conservatively to account for the loss of width or storage due to factors including additional fill from safety
bunds, over-tipping, backsloping operations and armour placement. The conceptual design should also
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consider the morphology of the landforms and avoid forms that concentrate surface water on batter surfaces
(Figure 2).
The conceptual closure design should continue to be refined during mining operations in response to updates
to the knowledge base and the mine plan.
No drainage concentration, preferable for
a non-geomorphic design

Figure 2
3.4.3

Drainage concentration can promote erosion

Landform morphology considerations

Detailed design

The detailed designs should be prepared to facilitate closure works once the landform is fully tipped out. The
detailed design should include all relevant linework and surfaces to support the rehabilitation works. This
typically includes preliminary works (recovery of topsoil and rock armour resources, establishment of access
ramps, preliminary reshaping to improve landform morphology and flat-topping of any paddock dumped areas),
batter reprofiling works, cover construction, berm and top surface reprofiling, armouring, construction of
drainage controls (bunds and drainage structures) and revegetation works including topsoil placement, surface
treatments and seeding.
Key considerations that inform the WRD design are:
Constructability of the design.
Capital costs.
The fleet available for construction and achievable construction tolerances.
Material availability.
Compliance with the design criteria.
In many cases, prior to preparing the detailed design, it is appropriate to undertake an options assessment to
identify what options exist. Options may include various surface treatment approaches (e.g. internally draining
top surface or free-draining top surface) and batter configuration (e.g. 10 m lifts divided by backsloping berms
vs. 20 m lifts divided by backsloping berms vs single tall slope with additional armouring). Multi-criteria
assessment tools can be utilised to identify a preferred design to carry into detailed design.
The detailed design should be prepared based upon the as-constructed landform tip-to surface and not the
tip-to design.
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To ensure designs are constructable, it is prudent to design landforms in the order in which closure works
could be feasibly constructed. For example, if rock armour or topsoil is required for reprofiled batter areas, a
feasible route to haul rock needs to be retained unless there is sufficient area to stockpile those resources
prior to undertaking reprofiling works.
Preparing a design in this manner also identifies preliminary works which will be required for works such that
they may be adequately costed (Figure 3).

Figure 3
design

Preliminary works to reprofile paddock dump material and increase berm width to facilitate

If the design does not consider constructability then there could be significant cost implications. Figure 4 shows
an example where a design was developed that balanced cut and fill across the entire WRD but did not
consider constructability of the design. In order to construct the WRD it was necessary to rehandle a significant
quantity of material to create a form that could be reprofiled. An interim design was developed to enable the
WRD reprofiling which introduced a requirement for a staged load and haul program of 750,000 m3 and bulk
doze of 369,000 m3 before reprofiling could commence. Alternative design options could have avoided this
requirement without compromising on performance of the WRD post-closure.
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a) Surface prior to review

b) Final design surface (cut
to fill balanced across entire
design)

c) Interim surface required to facilitate
reprofiling

Figure 4 Additional works required resulting from a design prepared without considering
constructability constraints
The detailed design should also be developed to support the execution of closure work. For reprofiling works,
it is standard practice to compare the design surface against the surveyed as-constructed surface to balance
cut and fill requirements. An important consideration is the size of the area to balance, especially in areas
where landforms are situated in hilly terrain. Where works will be undertaken using a dozer, the design should
aim to balance cut and fill
d due to the landform morphology, the
cross-dozing requirements should be determined (e.g. Figure 5).

Figure 5

A review of cross dozing requirements for rehabilitation works

The detailed design must account for a reasonable construction variance. For batter reprofiling, a variance of
150 200 mm is typically achievable if works are completed using appropriate machines fitted with GPS
machine guidance and experienced operators (finer tolerances can be expected for drainage features on flat
surfaces). Inexperienced operators in large machines relying on clinometers only are unlikely to be able to
achieve this standard without considerable rework. The design should account for a reasonable amount of
construction variance.
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The final detailed design surface should be tested to verify that it meets the design criteria. This can include
drainage assessments on berms and other water storage areas, landform evolution modelling, vadose zone
modelling, slope heat map reviews and other relevant assessments.
3.4.4

Design documentation

Providing design strings or a design surface is typically insufficient to enable the successful completion of
closure works. Additional design documentation such as a workpack or scope of works and specification
should be provided to accompany the detailed design. The workpack is typically accompanied by a work
breakdown structure (WBS) and bill of quantities for the closure works, which provide a list of the tasks and
relevant quantities for each task. The structure of the design documents will be influenced by the planned
approach to complete rehabilitation works (use of mine fleet or specialised operator-owned rehabilitation fleet
versus importing a specialist rehabilitation contractor).
To enable works to be completed to meet the design requirements, supporting design documentation should:
Divide the works into a series of logical tasks.
Identify the order of the tasks to be completed and critical hold points.
Detail the works required for each task to meet the design requirement.
Present the relevant quantities for each task.
Specify the requirements for rehabilitation materials (e.g. Particle size distribution for armour
materials).
Present the relevant acceptable construction tolerances for each task.
Present the signoff requirements for each task.
3.5

Closure execution works

Key to the successful completion of closure execution works is an effective quality management program
(Smedley et al, 2019b). Quality management measures are activities or controls employed to achieve an
acceptable standard of quality for works. They can be adopted to improve closure works such that constructed
features function for their intended purpose and design life whilst also reducing the requirement for rework.
Quality management measures can also provide the basis of documentation to provide evidence to
stakeholders that works have been completed in alignment with approved designs. Quality management
measures can be divided into quality planning, quality assurance, quality control and continual improvement.
Of importance during closure earthworks are quality assurance and quality control (Furst, 2015), and these
are the focus of this paper.
Quality assurance refers to processes put in place to achieve acceptable quality during closure works. In its
essence, quality assurance is process oriented and aims to prevent issues; it is a proactive quality
management process. Examples of quality assurance processes during closure works include verification of
contractor competence and global positioning system (GPS) machine guidance.
Quality control refers to activities which ensure quality closure works are completed. Quality control activities
are reactive in nature and aim to identify any defects within the finished product and where remedial work is
required. Examples of quality control activities during closure works include survey verification and inspection.
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3.5.1

Quality assurance activities

Key quality assurance controls include:
Operator and supervision competence
Machine selection
GPS machine control guidance
Survey mark-out
Design documentation (See Section 3.4.4)
Key operator roles (dozer operators, excavator operators) should be undertaken by skilled and experienced
operators. Similarly, the works supervisor should be experienced in rehabilitation works. A full-time supervisor
should be retained during works.
Appropriate machine selection is important in achieving the required construction tolerance. Large machines,
such as D11 dozers, may be a cost-effective solution for bulk dozing large quantities of material however they
are unlikely to be able to achieve the construction tolerances for final trim works or for preparing surface
treatments required in closure works. Ensuring that appropriate machines are utilised for the works to achieve
the specified construction tolerances in important aspect in implementing the design to the required standard.
GPS machine control (such as Cat AccuGrade or Topcon 3D-MC) is becoming a more common feature in
closure works. These tools provide instant feedback on surface levels against design and significantly reduce
the requirement for survey support during closure works. The use of GPS machine control will typically improve
conformance to design, decrease rework requirements and increase productivity. For armouring or topsoil
spreading works, a finished level surface can be imported to achieve the minimum coverage depth. The incab display associated with GPS machine control also assists operators and supervisors to visualise the
finished works. Finally, most modern GPS machine control systems allow real-time remote view of the work
area.
GPS machine control is a tool and does not replace the importance of an experienced operator. An
experienced operator is likely to pick up issues with the design surface and respond accordingly. An example
of this is where a survey batter design supplied to dozer operators as a % and not at degrees. This led to a
batter being reprofiled to a slope angle significantly flatter than design (~10° as opposed to the 20° design
slope). The operator was inexperienced and
batter was being constructed into an old pit but could have been a significant issue if it had extended over an
exclusion area such as a tenement boundary or heritage area.
Survey mark-out supports rehabilitation works and is especially important in operations where GPS machine
control is not employed. Survey mark-out typically includes establishment of crest, toe and inflection point lines
and levels and staking mod-slope sections, cover thickness requirements and contour rip centrelines.
3.5.2

Quality control activities

Quality control measures that should be utilised during rehabilitation works include survey pickups and
inspections. Depending upon the nature of the works undertaken, there may be other specific quality control
measures such as compaction testing or defect testing.
Regular survey of the rehabilitation works area enables verification that works are being completed in
accordance with the design. Remotely piloted aircraft and smart control points offer a solution to generating
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surveys where full-time survey resources are no longer available (Plate 8). The compliance survey should be
reviewed by an appropriate engineer to assess the conformance with the design (Figure 6). Remedial works
should be identified and reissued for amendment.
Before signoff of each task, the works area should be inspected to verify works have been completed in
accordance with the workpack requirements (Figure 7).

Plate 8 Remotely piloted aircraft and a smart ground control point used to conduct a survey
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Figure 6
Example compliance to design check showing a heatmap comparison of the
rehabilitated surface to the design surface
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Figure 7

4

Example of a signoff sheet for closure works

Progressive rehabilitation and trials

Every rehabilitation project is different and will require a unique approach. Progressive rehabilitation and trials
contribute to identifying the optimal approach each project. Key advantages of adopting a progressive
rehabilitation or trial approach is:
It allows for the development of and refinement of design documentation.
Provides evidence to support design approaches (e.g. batter stability).
Allows for the refinement of closure construction approaches.
Allows for the review of different surface treatment options to determine the most effective approach
and to help determine what level of rehabilitation may be achievable for the given project (Figure 8).
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Capacity to leverage mine support services (survey, accommodation and messing, haul road
maintenance).
Provides valuable data for closure provisioning.
Can assist in flattening closure costs and ultimately lower closure costs via continual improvement
processes.
Enables direct placement of rock armour from mining operations.
Enables direct placement of topsoil from stripping operations.
To provide meaningful information, progressive rehabilitation and trials should be undertaken with a level of
rigour and control that would be completed for closure rehabilitation works. Monitoring data should also be
collected on a regular basis to inform the success of the trial or progressive rehabilitation.
Progressive rehabilitation and trials can form a sound basis to support a program of continuous improvement.
They form a very effective tool in addressing knowledge gaps and in reducing the long term risk of rehabilitated
landform failure.
Progressive rehabilitation is not practical for all sites or areas. Projects with a single WRD that will be reprofiled
as a single concave slope does not present as a viable target for progressive rehabilitation. Where the
opportunity exists to undertake progressive rehabilitation, it should be considered.
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Topsoil over rock armour, contour
ripping in with winged tyne

Topsoil over rock armour, scarify
to blend and track roll surface

Rock mulched surface (topsoil
and NAF rock blended together)

Topsoil over rock armour,
scarify on contour to blend

Figure 8

5

Performance of four different surface treatment trials after 18 months

Conclusions

There are a range of factors that can result in the failure of rehabilitated landforms. Adopting good practices
during closure planning, waste and soil resource characterisation, mining operations, landform design and
closure execution can significantly reduce the potential of failure for rehabilitated landforms and increase the
likelihood of successful rehabilitation.
Progressive rehabilitation and rehabilitation trials present an effective tool to refine site specific techniques and
reduce the risks of rehabilitated landform failure.
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Overview
1) Our organization
2) Fire in the GVD: past and present
patterns Ecological implications
3) Fire history in the GVD (1995-2019)
4) Validating fire mapping accuracy
5) The Landscape Conservation Initiative:
protecting threatened fauna through fire
management
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The Great Victoria Desert Biodiversity Trust
Established in April 2014 by the Tropicana Joint Venture
as part of its offset strategy for the Tropicana Gold Mine
Overarching purpose: to facilitate, undertake and share
research and development, environmental education, and
on-ground conservation work to benefit biodiversity in the
GVD
Focus: to provide benefits to threatened species and
communities within the GVD region, such as Sandhill
Dunnarts and Malleefowl
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Fire patterns in the GVD
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1961

2017

Desert) in 1986, that is when the
Rictor,
Tjuntjunjara 2018.
Burrows and Chapman, 2018

Ruscalleda-Alvarez et al., 2021

(Adapted from Burrows and Chapman,
2018)

Mean fire area (ha)

Maximum fire area (ha)

1960-1961

11.2

3,953

2000-2016

3,699

1,033,121

Also reported in Western Desert (Bleige Bird et al., 2020 & 2008; Burrows et al. 2006)
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Why are changed fire patterns a problem for biodiversity?
Desert species are adapted to mosaic-like vegetation patterns (Burrows et al. 2006).
Fire-sensitive species (e.g. Mulga woodlands, Great Desert Skinks) are at risk under
changed fire patterns (Allan and Southgate 2002, Moore et al. 2015).
(Price et al. 2003, Burrows 2014, Leahy et al. 2016).
A lower diversity of fire ages (pyrodiversity) provides less habitat for a broader range of
species (Masters 1993, 1996).
Increased greenhouse gas emissions (Russell-Smith et al. 2009).
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10-30 years since last burn
(17-26 years)
(Gaikhorst & Lambert, 2014)

Where are these areas?

40-60 years since last burn
(Parsons & Gosper, 2011)
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Fire
history

Mapping fire in desert environments
NAFI (MODIS)

Landsat
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Methodology: fire classification

fire scar manually
selected
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Results: Annual Fire Scars
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Results: Fire frequency and YSLB
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Results: vegetation cover burn-recovery
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Research questions
1) How accurate is our fire mapping?
2) How does it compare to existing data
sets (NAFI)?
3) How does fire mapping accuracy translate
into biodiversity conservation actions?
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At different
spatial scales

Moderate Resolution Imaging
Spectroradiometer (MODIS)
Coverage every 1
days
250 m resolution
36 spectral bands
Terrestrial, marine
and atmospheric
applications
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Landsat and Sentinel
Landsat

Sentinel

Series began
in 1972
Data captured
at 30 m pixel
size
Every 16 days

Began in 2015
Data captured
at 10 to 20 m
pixel size
~ Every 4 days
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Study
Area
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Method

NAFI (MODIS)
1 Spectral index:
Infra-red band

Landsat

NAFI (MODIS) Vs Sentinel-2

2 Spectral indices:
Infra-red band
Normalised Burn Ratio

Landsat Vs Sentinel-2
Sentinel-2
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2 Spectral indices:
Infra-red band
NDVI

Results:
Landscape scale
(30 km x 30 km)
Overall accuracy (%)

LANDSAT

MODIS

97.8

77.2

96.6

57.8

Time cost:

(%)
Sentinel fire scar
delineation = 4 * (Landsat fire scar delineation)
92.0
Omission error (%)

3.4

Commission error (%)

8.0

79.1

<
<

42.2
19.9

Average values of 4 different 30 km x 30 km areas over 3 consecutive years (2016-2019)
Reference data: Sentinel-2 fire scars
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Results:
Years since
last burn
11,700 ha with >10 year
overestimate
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Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

Why is accuracy important?
Impact on fire management operations on the ground
Impact biodiversity conservation targets - planning - outcomes
We need to understand data limitations

Presented at Goldfields Environmental Management Group
Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

The Landscape Conservation Initiative
(2020-2025)
What?
Reduce the likelihood of habitat loss for Sandhill Dunnart and Mallee
fowl
Create a mosaic-like landscape with high pyrodiversity
How?
Fire management
Where?
Management area (90,000 ha)
Reference area (90,000 ha)
Presented at Goldfields Environmental Management Group
Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

The Landscape Conservation Initiative
(2020-2025)

Southern Desert Rangers Forum 2018
Photo credit: Spinifex Land Management
Presented at Goldfields Environmental Management Group
Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

Key summary points
Desert fire regimes have changed dramatically since the mid 20th century
Changed fire regimes are a threat to desert biodiversity
Fire history maps are a tool for fire management and conservation planning
Different fire mapping methods provide different fire history maps, which
will affect on-the-ground fire management operations
A Landsat-based fire history provides a good balance between accuracy
and cost and can inform conservation-geared fire management
Fire management initiatives across Australian deserts are in place or about
to begin, in order to shift fire regimes and create mosaic landscapes

Presented at Goldfields Environmental Management Group
Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

www.gvdbiodiversitytrust.org.au

Presented at Goldfields Environmental Management Group
Conference 2021, May 19th to 21st Kalgoorlie, Western Australia
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“Baptism of Fire” – An Introduction to Bushfire Risk Management in the
Mining and Industrial Sector.
Zac Cockerill, Strategen JBS&G.
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an introduction to bushfire
risk management in the mining and industrial
sector
Zac Cockerill
Strategen-JBS&G Bushfire Management Team Lead

Overview
Bushfire risk management in a remote setting
Why manage bushfire risk?
Understanding bushfire risk context, fire scenarios and risk exposure
Bushfire Risk Management Plans and risk assessment methodology
Bushfire risk treatment and mitigation
Works programs and implementation
Summary
Questions?

Bushfire risk management in a remote setting
Bushfires in remote WA:

destructive
threat to life, property and environment
disrupt business

Risk to mine sites and mining operations from:

broad, vegetated landscapes that are often long unburnt
locations conducive to ignition and bushfire occurrence
long fire runs
lack of resources

Bushfire risk management in a remote setting

Why manage bushfire risk?
Mitigate potential threat to mine site personnel
Mitigate potential impact on critical and ancillary mine site infrastructure

Mitigate potential impact on critical environmental values
Prevent disruption to operational and business continuity

Understanding bushfire risk context, fire scenarios
and risk exposure
Landscape and climate
Bushfire history
Vegetation type
Continuity of intact vegetation
Slope/topography/terrain
Separation distance between vegetation and assets (critical
interfaces)
Capacity to defend, suppress and/or evacuate

Understanding bushfire risk context, fire scenarios
and risk exposure (climate)

Understanding bushfire risk context, fire scenarios
and risk exposure (Jarrah forest)

Understanding bushfire risk context, fire scenarios
and risk exposure (Great Western Woodlands)

Understanding bushfire risk context, fire scenarios
and risk exposure (coastal scrub)

Understanding bushfire risk context, fire scenarios
and risk exposure (spinifex grassland)

Understanding bushfire risk context, fire scenarios
and risk exposure (key ignition sources)

Understanding bushfire risk context, fire scenarios
and risk exposure (bushfire scenarios)

Understanding bushfire risk context, fire scenarios
and risk exposure (bushfire scenarios)

Bushfire Risk Management Plans and risk
assessment methodology
Bushfire Risk Management Plans (BRMPs):
prepared outside the formal planning/approvals/compliance process (no legal trigger)
the wider landscape beyond the site is normally considered
tenure blind

Methodology:
desktop study and site inspection
establish the bushfire risk context
identify assets at risk
inherent (existing) and residual (post-treatment) risk rating
identify appropriate forms of mitigation/treatment response
outline a works program to drive implementation (actions, timing, responsibilities, monitoring, review)

Bushfire Risk Management Plans and risk
assessment methodology (example output)

Bushfire risk treatment and mitigation
Reduce/remove the hazard:
Asset Protection Zones (APZs)
strategic buffers
fuel reduction via prescribed burning
need to balance with environmental/land use/visual amenity objectives

General housekeeping
Relocation of flammable materials (e.g. gas bullets, fuel/explosives storage, etc)
Retrospective building works

Bushfire risk treatment and mitigation (APZs)

Bushfire risk treatment and mitigation (burn plan)

Bushfire risk treatment and mitigation (building)

Bushfire risk treatment and mitigation (building)

Bushfire risk treatment and mitigation (flammable
materials, housekeeping)

Bushfire risk treatment and mitigation
(housekeeping)

Bushfire risk treatment and mitigation
Preparedness
and fire
suppression
capability:

have a plan/procedures
monitoring of conditions
increase firefighting capability/capacity

Emergency
response and
evacuation:

have a plan/procedures in place
coordinated approach to alerts, communication,
messaging and management of people/movements
nominated on-site assembly, refuge, shelter in place
off-site evacuation

Works programs and implementation
Works programs:
drive implementation of all
management actions and outline
timeframes and responsibilities
identify triggers for monitoring
and review

Mitigation and treatment
responses need to be:
targeted/effective/appropriate to
the risk imposed
realistically
achievable/implementable on
the ground within operational
and financial resource constraints
balanced with competing
objectives (e.g. environmental)

Works programs and implementation (example)

Works programs and implementation (example)

Summary
Bushfire not a question of if, but when
Understand your bushfire risk context/level of exposure and what this means for your mine,
your people and your operations
Undertake a risk assessment and quantify the risk

If the risk warrants mitigation, develop a management strategy through a BRMP and put a
plan in place to protect people, property/infrastructure and environment
Any improvement of the current situation/status quo is better than doing nothing

Questions?

Zac Cockerill
Bushfire Management
Strategen-JBS&G
zcockerill@jbsg.com.au
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Disclosing Climate-related Risks in the Mining Sector.
Ghislaine Platell, Energetics.
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Disclosing climate-related
risks in the mining sector
GEMG 2021
Ghislaine Platell | 20/05/2021
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Agenda

Climate and
disclosure
Drivers of corporate
climate action
Seeking value
beyond disclosure

2

Case study

Implications

Northern Star

Investor
response
Value added

approach to TCFD
alignment

Western Australia

Climate and disclosure

Average temperature
Australia has warmed by
~1.44 °C since 1910
on record was 2019
2013-2019 all rank in the
nine warmest years

Climate (CSIRO, BoM)
4

Western Australia

Extreme temperature
2019 experienced more
than three times the
number of extremely
warm days than any year
prior to 2000
2019 experienced more
national daily average
maximum temperatures
> 39 °C, greater than
1960 to 2018 combined

Number of days each year where the Australian area-averaged daily mean temperature is extreme,
2020 State of the Climate (CSIRO, BoM)
5

Western Australia

Bushfire conditions
Bushfire risk is driven
by changing
temperature, relative
humidity, fuel load and
moisture content
Potential increase in dry
lightning ignition,
particularly in extreme
fires that generate their
own thunderstorms

Change in the annual (July to June) dangerous Forest Fire Danger Index days between periods
centred on 1968 and 2002, 2020 State of the Climate (CSIRO, BoM)
6
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Rainfall patterns
In the Southern Rangelands in the last
30 years:
Annual rainfall has increased 19%
Rainfall distribution has changed
Increased intensity of heavy rainfall
events
Rainfall has become unreliable

30-year average rainfall by month in Kalgoorlie between 1989 2018 (orange) compared
with 1959 1988 (blue), 2019 Southern Rangelands Climate Guide, BoM
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Western Australia

Inertia in the climate system
Climate change is
virtually locked in to
2040
Scenario analysis is
required beyond

CMSI (2020) Scenario analysis of climate-related
physical risk for buildings and infrastructure:
Climate science guidance

8
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Anthropogenic climate change
The level of change beyond 2040
will be influenced by a range of
factors such as policy, the energy
transition and socio-economic
conditions
Well-rounded scenarios allow us
to explore these aspects and
consider their impact on business
strategy
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External pressure is mounting
TCFD
recommendations
June 2017
Paris Agreement
Dec 2015

ASIC

APRA

sustainable

Awareness to

June 2018

March 2019

RBA Financial
Stability Risks
from Climate
Change
Oct 2019

RBNZ
speech
May 2020

APRA draft
prudential
guidance:
Climate change
financial risks
April 2021

2021

2015
APRA to step up
scrutiny of
climate risks
Feb 2017

APRA
Oct 2017

ASIC REP593
Climate risk
disclosure by
companies
Sep 2018
indicated that
many disclosures
were too general

10

ASX
Corporate
Governance
4th Edition
Feb 2019

Change and
March 2019

APRA
announces
financial risk
vulnerability
assessment
Feb 2020

New Zealand set
to make annual
TCFD reporting
mandatory for
large financial
firms
April 2021

encourage entities to
consider making the
disclosures recommended
by the TCFD

Western Australia

Climate-related disclosure
Taskforce on Climate-related Financial Disclosure (TCFD)
Governance

Established by G20 Financial Stability Board, 2015, to:
Assist investors, lenders, and insurers to price climaterelated risks and opportunities across their portfolios
Assist companies to incorporate climate-related risks and
opportunities into their risk management and strategic
planning processes
11 TCFD recommendations issued in 2017 across four core
elements
Increase of over 85% in uptake 2019-2020, TCFD status
reports
One in 15 companies disclosed information on the resilience
of their strategy under different scenarios - this is considered
to be amongst the most decision-useful information
11

Strategy

Risk management

Metrics and
targets

Western Australia

TCFD maturity curve

Understand TCFD
requirements and
purpose

Update structures
and processes
Governance and
Risk management

Conduct basic
scenario analysis,
set targets and
metrics

Compliant

Engaged

Best
in
class
Proactive

Deep scenario
analysis to stresstest decisions,
track progress

Embed climate risk
and opportunities
into strategic
decisions

Aware

Stakeholder
interest

12

Strategic
transformation

Risk
mitigation

Western Australia

Case study
Governance

Strategy

Risk management

Metrics and targets

Insights from Northern Star Resources

Mary Hackett
Environmental, Social & Safety
(ESS) Committee

14
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Disclosing and refining internal processes
-related risks and opportunities

Achievements to date
2019
Comprehensive disclosure of climate risk management
roles and responsibilities
2020
Built Board and executive expertise in climate risk

Next steps
2021 and onwards
Continue capacity building of executive and Board
Continue oversight of TCFD-related activity

Governance
15

Our approach
maximises
capacity building
through

Collaborative
workshops

Board
briefings
Insight
sharing

Strategy

Risk management
Western Australia

Metrics and targets

Disclosing and refining internal processes

Sustainability report (2019)
Northern Star risk management
structure
Governance
16

Strategy

Risk management
Western Australia

Metrics and targets

Disclosing and refining internal processes
Disclose how the organisation identifies, assesses and manages climate-related risks

Achievements to date
2019
Comprehensive disclosure of climate risk identification and assessment processes
2020
Disclosed what is considered decision-useful information for Board and management to assess climate-related risks
and opportunities
Assessed impact of current risk mitigation actions to rate residual risk
Identified next steps for strengthening risk mitigation

Next steps
2021 and onwards
Comprehensive disclosure of processes for managing and mitigating climate risk
-related risk register
Board review of the ESS Committee Charter with the objective of formalising more frequent analyses of climate-change
related risks and pathways to mitigate these
Governance
17

Strategy

Risk management
Western Australia

Metrics and targets

Disclosing and refining internal processes

Sustainability report (2019 and 2020) Implications of high, medium, low ratings
Governance
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Strategy

Risk management
Western Australia

Metrics and targets

Robust risk identification lays a solid foundation
Disclose the actual and potential impacts of climate-related risks and opportunities on the business, strategy, and
financial planning

Achievements to date
2019
Comprehensive risk identification and disclosure
Physical risk assessment to 2030
2020
Climate scenario development
Qualitative scenario analysis

Scenario analysis:

Tests resilience
of strategy

Next steps

Informs strategic
planning

2021 and onwards
Integrate implications of scenario analysis into strategic planning
Consider the benefits of quantitative modelling of key climate risks
to estimate financial impacts and make a decision on quantification actions

Governance
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Strategy

Risk management
Western Australia

Metrics and targets

Robust risk identification lays a solid foundation

Groundwater
scarcity

Flooding

Sustainability report (2019) Northern Star climate change risk summary to 2030
Governance
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Strategy

Risk management
Western Australia

Metrics and targets

Scenario development and analysis
Environmental degradation and accumulating impacts from climate-related events lead to increased
environmental awareness and concern. Decarbonisation requirements imposed by policy and stakeholders
necessitate a rapid evolution of mining practices in relation to energy use and rehabilitation practices. Mining
sector priorities include reducing greenhouse gas emissions, minimising environmental footprints and
improving rehabilitation practices. Growth in demand for gold is moderate, as are gold prices and price
volatility. In this world, sustainability credentials are highly valued by key stakeholders .
Protectionist and national security issues take precedence over climate risk management. Economic
uncertainty due to protectionist and national security priorities drives demand for gold as a hedge, but
regulatory barriers, particularly trade constraints, impose higher costs. These trends lead to potentially high,
but volatile, gold prices. Investment by gold producers is geared toward short-term cost minimisation. This
depresses innovation and technological advancement in mining practices. In this world, regulatory constraints,
cost pressures and climate impacts are increasing.
Economic growth, innovation and human capital take priority over reduction in greenhouse gas emissions.
Increasing wealth, consumption, and inflationary pressures drive high growth in demand for gold as an
investment choice. Minimal regulation and a priority towards technological innovation encourage rapid industry
growth and consolidation. The burden and costs of adaptation to the physical impacts of climate change
increases.

Governance
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Strategy

Risk management
Western Australia

Metrics and targets

Scenario implications
IMPLICATIONS

NEXT STEPS

Tier 1 assets and continued work on transparent disclosure may enhance
reputation as a sustainable gold miner
Need to keep progressing and set targets
Most challenging transition period but most advantageous for both business and
the planet in the longer term
Current focus on maximising performance of existing fleet and machinery is
beneficial
Gold processing plant expansion strategy advantageous to capitalise on periods
of higher gold demand and prices
Cost and regulatory pressures likely to increase over time, with price volatility
making expansions less compelling

Explore identified
opportunities
Incorporate findings
into climate change
strategy

Potential for higher consolidation across sector
Growing burden and cost of adaptation
Increasing uncertainty linked with global ability to manage growing impacts and
safety concerns related to operating at higher temperatures

Governance
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Strategy

Risk management
Western Australia

Metrics and targets

Strategic approach to setting targets
Disclose the metrics and targets used to assess and manage relevant climate-related risks and opportunities

Achievements to date
2020
Developed climate-related metrics for scope 1 and scope 2 emissions
(absolute emissions and per ounce of gold produced), dust, tailings recycling
intensity, number of heat-related illnesses, and total costs incurred due to
extreme climate-related events
-related targets
Developed staged action plan for target-setting

Targets aim to be:

Well defined

Long term
with interim
targets

Next steps
2021 and onwards
Assess environmental footprint following merger with Saracen with a
view to setting climate related targets and their pathways
Regularly disclose progress against targets
Regularly review targets
Governance
23

Credible
Achievable

Strategy

Risk management
Western Australia

Metrics and targets

Strategic approach to setting targets

Governance
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Strategy

Risk management
Western Australia

Metrics and targets

About us

Policy and strategy
advisory services

Energy markets:
electricity, gas and
renewables

We assess risks and
opportunities, model
impacts including
emissions trajectories,
and develop evidencebased recommendations
for effective energy
efficiency, energy
productivity and demand
side policies and
programs.

We develop risk
managed energy
solutions tailored to the
individual needs of our
clients. Our advice
spans a range of flexible
and fixed price
contracting options and
analysis of the risks and
opportunities for
investments in large
scale energy generation.
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Commercial scale
renewables and energy
efficiency
The economics of
on-site power have
swung in favour of
renewable energy
options. Energetics
can size, scope
and develop robust
business cases to
ensure that any
investment delivers
broad energy
productivity benefits.

Energy accounting

As energy contracting,
forecasting and
budgeting become
increasingly complex,
our energy accountants
manage your energy
spend, interrogate data
and deliver accurate,
insightful reports.

Western Australia

Reporting, compliance
and program audit
services
Increasing scrutiny of
climate risk management
strategies demands
expert reporting across
mandatory and voluntary
schemes. With
experience working for
large, complex
businesses across all
sectors, we ensure that
your reports add value to

Document control
Description
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Reviewed by

Approved by

Approval Date

Sally Cook (Energetics)
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Ghislaine Platell (Energetics)

Helen Wetherell (Energetics)
Kirstie McKay (NST)
Sequoia Eagles (NST)
Sally Cook (Energetics)
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Sally Cook (Energetics)
Hilary Macdonald (NST)

Western Australia

3/05/2021

Sustainability at Energetics
Our contribution to a carbon neutral society

consulting firms to achieve carbon neutrality through the

Our values
A team of passionate, committed climate change and
energy management professionals, we advise some of
Australia's largest companies on their role in a sustainable
and prosperous future.
We believe in:
Delivering excellence

2019 and in 2021 Energetics joined other leading
businesses globally when we verified our science based
target (SBT) through the Science Based Targets initiative
(SBTi).

Acting as an environmental role model
Providing our clients with innovative and sustainable
solutions
Holding ourselves accountable for our actions
Respecting the experience and opinions of our clients
and colleagues.
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Disclaimer
The information contained in this presentation is for information purposes only and is
not intended to be financial product or investment advice or a recommendation.
Energetics Pty Ltd is authorised to provide financial product advice on derivatives,
Australian carbon credit units and eligible international emissions units to wholesale
clients under the Corporations Act 2001 AFSL No: 329935.
Energetics has provided this advice in our capacity as advisors solely for the benefit
of the Client whom this report has been prepared for. The analyses in our report may
not have considered issues relevant to any third parties and accordingly, to the extent
permitted by law, Energetics disclaims all liability for any and all costs, loss, damage
and liability that any third party may suffer, incur or is likely to suffer or incur, arising
from or relating to this report (including attachments).
While all care and diligence has been used to construct this report, the information,
(including attachments), may not be accurate, current or complete in all respects and,
consequently, Energetics does not make any representations or warranties as to the
conditions will prevail until and as otherwise agreed to by Energetics and you. Any
commercial decisions taken by you are not within the scope of our duty of care, and in
making such decisions, you should take into account the limitations of the scope of
our work and other factors, commercial and otherwise, which you should be aware of
from sources other than our work.

Accordingly, this report is subject to risks, uncertainties and assumptions that could
cause actual results to differ materially from the expectations described in such
prospective financial information. Past financial or economic performance is not
28

indicative of future performance.
Under no circumstances, including negligence, shall Energetics be liable for any
direct, indirect, incidental, special or consequential damages or loss of profits that
result from the use or inability to use this report and/or attachments. Energetics shall
not be liable for any such damages including, but not limited to, reliance by a third
party on any information obtained from this report and/or attachments; or reliance by
you or a third party that result from mistakes, omissions, interruptions, deletion of
files, viruses, errors, defects, or failure of performance, communications failure, theft,
destruction or unauthorised access. Where liability cannot be excluded, any liability
incurred by you or anyone else in connection with the use of this report and/or
attachments, is limited to the extent provided for by law.

organised, hosted or otherwise coordinated by external stakeholders from time to
time. We acknowledge that any express requirement to disclose conflicts of interest
will be dealt with contractually and on a case by case basis in accordance with our
policy.
This report and any attachments may contain legally privileged or confidential
information and may be protected by copyright. You must not use or disclose them
other than for the purposes for which they were supplied. The privilege or
confidentiality attached to this report and attachments is not waived by reason of
mistaken delivery to you. If you are not the intended recipient, you must not use,
disclose, retain, forward or reproduce this report (whether in its entirety or in parts) or
any attachments. If you receive this report and/or attachments in error, please notify
the sender by return email and destroy and delete all copies immediately.
Western Australia

Contact us
Meet our people

Adelaide | Brisbane | Melbourne | Perth | Sydney

Follow us
www.energetics.com.au
@energetics_au
www.linkedin.com/company/energetics-pty-ltd
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Are the Days of Upstream TSFs Over?
Pepe Moreno, SRK Consulting.
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Are the days of Upstream TSFs over?
Pepe Moreno

Outline
Introduction
Challenges
Regulations
Drawbacks
Alternatives
Discussion

Upstream Dam Rise

Upstream TSFs

how it works

FLSmidth

Slurry is fed at the centre and water decanted at the perimeter

Slurry is fed at the perimeter and water decanted at the centre

Settle tailings as soon as possible
time and area

Settle tailings as soon as possible
of time and area

level of thickening function of

level of density function

Slurry characteristics governs the design

Tailings characteristics governs the design

As tailings gets thicker yield stress increases

As tailings gets denser shear strength increases

Why are likable?

Pros

Cons

Upstream TSFs - Risk

https://www.hindawi.com/journals/ace/2019/4159306/

Upstream TSFs

cause of failure
Poor management: ~30%
Poor dam construction
Inappropriate long-term monitoring

Geotechnical News,
Azam 2010

Upstream TSFs

worldwide

Chile bans U/S TSFs in 1970 Seismicity
Peru bans U/S TSFs in 2014 Fundao

Brazil bans U/S TSFs in 2019
Feijao TSF
Ecuador bans U/S TSFs in 2020
Australia/South Africa: U/S TSFs are
widely used
GISTM

did not ban U/S TSFs

Challenges
Construction of embankments
on soft tailings base
Management of tailings
deposition beach control
Maintain pond levels
Maintain low phreatic level in
walls
Risk to operations
deposition

maintain

Regulations/Guidelines - Australia
ANCOLD 2012
ANCOLD

Addendum, 2019

DMIRS (DMP, 2015)
GISTM
STABILITY

ANCOLD 2012
ANCOLD 2012

2019

Stability

ANCOLD 2012
ANCOLD 2019
Added static liquefaction
section
Liquefied strength case
Contractive

brittle

assume it liquefies!

2019

Stability

Static liquefaction
Critical state soil mechanics
CPTu
Laboratory tests

Control Elements
Rate of rise
Tailings deposition
Supernatant pond management
Underdrainage
control

phreatic level

GISTM
Requirement 4.5
Apply design criteria, such as factors of safety for slope stability and seepage
management, that consider estimated operational properties of materials and expected
performance of design elements, and quality of the implementation of risk management
systems. These issues should also be appropriately accounted for in designs based on
deformation analyses.
Requirement 4.6
Identify and address brittle failure modes with conservative design criteria, independent of
trigger mechanisms, to minimise their impact on the performance of the tailings facility
Requirement 5.1
For new tailings facilities, incorporate the outcome of the multi-criteria alternatives analysis
including the use of tailings technologies in the design of the tailings facility. For
expansions to existing tailings facilities, investigate the potential to refine the tailings
technologies and design approaches with the goal of minimising risks to people and the
environment throughout the tailings facility lifecycle.

Alternatives

Thickened/Paste tailings

Alternatives

Filtered tailings

Discussion U/S TSFs
Latest catastrophic failures
U/S TSFs
Method banned in few countries
mostly high seismicity
ANCOLD 2019 static liquefaction
No triggers - if brittle it liquefies
GISTM Governance
No ban, encourages trade-off
Alternatives:
Buttressed upstream TSFs
Centreline construction
Downstream construction
Thickened/paste tailings
Filtered tailings
Which one is more cost effective???

Upstream Construction
Some good practice:
Establish a robust monitoring base
Adequate beach drying time
Measure available shear strength (shear vane)
5 Kpa: wait a week
>10 kPa: Place coarse material to aid consolidation
>15 kPa: Place fill material directly on beach
Spread and compact material in layers
Avoid fast construction rates

Are the days of Upstream TSFs over?
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Lithium. Hot or Not?
Kathryn Forrest.
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Is 2020 finally going to
be the year for lithium?

Global Electric Car Sales
Add country graphs

Source: IEA

Spodumene Price Real and Forecast (US$/T)

Spodumene 6%, Australia Free on Board
Source: Benchmark Minerals Intelligence- Lithium Forecast Report Q4 2020

Government Market Intervention
Purchase incentives
Tax reduction/exemptions/rebates
Emissions standards
Future bans on petrol/diesel car sales (UK)
Carbon penalties in supply chains

Royalty reduction lithium producers
W.A $21 million Electric Vehicle Fund
WA Release of First EV Strategy
Australia Future Fuels Strategy
Covid Recovery packages
Federal Labor - 15 billion dollar National Reconstruction Fund
Clean Energy Finance Corporation

Supportive policies that provide certainty and
clarity will drive investment

Car Manufacturers
Transformation of the market
Protection and expansion of market share
Risk of being left behind in technology battle
Scramble to secure long term supply of raw
material
Rapid adoption of EV targets and increased number
of models
Major producers committing to cessation of
production of internal combustion engine cars

The Potential Positives

The Potential Negatives

Technology Adoption Lifecycle

Innovators

Early Adopters

Early Majority

Late Majority

Laggards

The Supply Chain

The Master Plan

Price
Tesla model 3 vs 2005 Toyota Corolla
Ascent
Approx
available in Australia
comparability with combustion
engines
Total-cost-of-ownership vs upfront
cost

-

Running Costs
Free at most locations
$11 per kWh in Merredin

Market evolution = greater cost recovery
Impact on residential power bill

Range
The average range of passenger EV
in Australia is approx 400km
(varying 260km to 650km)
Telsa 3 approx 275km open road
Range anxiety vs range
complacency

Range Prediction

Charger Compatibility/Availability

Charger
Availability

Charge Times
Northam depleted to 59% recharged to 94% - 1 hour 45 mins
Merredin depleted to 44% recharged to 100% - 3 hours
Southern Cross depleted to 59% recharged to 100% - 2 hours 15 mins
Kalgoorlie - overnight depleted to 25% - 4 hour to recharge

Performance/Versatility
Speed/Comfort
4wding/Towing
Lifestyle and image
Troubleshooting

GEMG 2020 Covid Safe

Key Messages
To understand your industry and
role experience your supply chain.
Practical research and experience
is insightful and fun.
What happens in the lithium
market will depend on what
happens in the EV market.
Is an EV for you? Try it and
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Nickel West – Energising Our Green Future.
Michelle Brooks and Samantha Langley. BHP Nickel West

(Presentation publicly unavailable)
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Mines of Tomorrow: Renewable Energy Opportunities On-site.
Joel Hextall, Energetics.
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Mines of tomorrow
Renewable energy opportunities on-site
GEMG 2021
Joel Hextall | 20/05/2021

estern Australia

Agenda

ICON

Trends
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ICON

Opportunities
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Tips

Trends
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Miners race to zero
Net zero commitments

2020

2030

2040

2050

FMG

Anglo American

BHP
OZ Minerals
Rio Tinto
Vale
South 32

2021
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Trends in Australia
Record number of PPAs in 2020
BHP (Chile, Qld, WA) and Newcrest (NSW)
Uptake of large scale storage greatly exceeds
expectations of AEMO

Source: https://www.energetics.com.au/
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Opportunities
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Technology opportunities

Efficiency

Smart blasting
Energy efficient grinding
Running compressors at full
load and with cooler air intake
Waste heat recovery
Variable speed drives
High efficiency motors
Improving driver practices
Maintenance procedures

Fuel switching

Use of renewable electricity
(solar, wind) to power
operations
Using battery-powered electric
vehicles instead of petrol,
diesel or gas-powered vehicles
Future consideration: hydrogen
powered haul trucks

New infrastructure

Technology considerations:
Microgrid
In pit crushing and conveying
HVAC optimisation
Climate consideration examples:
Bushfires
Flooding
Groundwater scarcity
Heatwaves

Undertake assessment to identify additional risks and opportunities and develop business cases
7
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Power supply options
Commercial agreement models
Owner (or subsidiary) built and operated
Owner constructed power plant & owner operated upon commissioning
High CAPEX but low OPEX, ramp up period risk, lowest lifetime costs, highest
risk commercial agreement model
Build operate transfer/build own operate/build own operate transfer
Third party constructs power plant and operates for agreed period, whereupon it
is transferred to the mine for ownership and operation
High CAPEX but low OPEX, mitigates ramp up period risk
Lease agreement
Third party constructs and owns power plant; infrastructure leased and operated
by the mine
Access to spares, may allow for shorter life of mine, redeployable lease modules
and fast construction, if owner operated training will be required
Power purchase agreement (PPA)
Contract between two separate entities regarding the supply and purchase of
electricity
Owner pays only OPEX not CAPEX, lowest risk exposure, highest overall
lifetime costs
Joint venture
Parties (including mine) form joint venture and sell power to mine with a PPA
CAPEX partially deferred to OPEX, access to specialist companies, diversifies
shared risks
Source: ARENA | Hybrid power generation for Australian off-grid mines

8
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Power generation options
Reciprocating engines
Life of mine: 3 -15+ years
Gas and diesel price
volatility
Gas combustion turbines
Life of mine: 3 -15+ years
Gas price volatility
Photovoltaics (PV)
Life of mine: 3 -15+ years
Redeployable (PV) and
reduced CAPEX
Wind turbines
Life of mine: 7 -15+ years
Limited salvage value or
redeployment
Concentrated solar power
steam turbines
Life of mine: 15+ years
Less mature technology

Levelised cost of
energy
Compare long-run
marginal costs of
different power
generation
technologies
Batteries
Take advantage of
low cost renewable
generation to charge
batteries, using
battery power when
renewable
generation is minimal
or higher cost

Basic components of a microgrids
Components of a microgrid include both controllable and non-controllable assets within an interconnected system using controls on
individual assets to optimise across the entire system.

Smart controls
manage generation
nodes (GN) and
consumption nodes
(CN)

Energy storage
acts as both GN
(discharge) and CN
(charging)

9
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Microgrid decision points

Supply/demand

Generation assets can include
one or a combination of:
Renewable energy (RE)
Energy storage
Fuel type (diesel or gas)
Demand / loads can include:
Smart loads with Wifi/IoT
capability
Loads that can be controlled
by BMS/SCADA
Electric vehicle charging
Manually operated loads

10

Coverage

Site coverage can include:
Whole of site
Single/multiple HV rings
Single/group of key assets
Site criticality can include:
Normal/non-essential (e.g.
working accommodation,
workshops, vehicle shelters)
Essential (e.g. crushing, data
centres)
Critical (e.g. communications,
operations room)
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Commercial

Commercial decisions can
include:
Grid electricity consumption
savings through reduced
consumption
Demand charge savings
Going off-grid to remove all grid
costs
Demand response programs

Microgrid benefits

Financial

Renewable energy offers the
lowest cost for new
generation assets.
However, dispatchable forms
of onsite generation are
generally still more
expensive than grid
electricity.

11

Environmental

On-site RE can reduce
greenhouse gas emissions.
Microgrids can further
increase RE penetration
through load shaping /
storage increasing RE
penetration behind the
meter.
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Company objectives

On-site RE has the potential
to align with company
objectives such as:
reduction of GHG emissions
reduction in costs
improved energy security
and reliability
adoption of innovation
ability to meet future energy
needs.

Commercial opportunities
Renewable power purchase agreements (PPA)
A long-term arrangement between a generator and a buyer for the output (power and LGCs) from a renewable energy asset.
There are many PPA options and models. The preferred approach is dependent on the risk tolerance of the buyer, operational
requirements and maturity of the PPA market in the location of the assets.
Organisations are using PPAs to provide:

Cost savings

and/or increased budget
certainty if supply linked

12

Sustainability
leadership

Reduce greenhouse gas
emissions
Social license to operate
Stakeholder scrutiny of
both climate change and
energy cost risks
Supply chain/customers
sourcing low carbon
products and services
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Other value
adds

Brand and reputational
benefits
Alignment with
employee values
Improvement in
energy/sustainability
ratings for buildings
Local economic
contribution

PPA procurement process

Validate requirements,
design offer and data
collection

Procurement plan and
market engagement

Assess responses

Negotiate and support
recommendation

Risk assessment and executive decision support are integral to our services at each stage

13

Presented at Goldfields Environmental Management Group Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

Tips

Tips for powering the mine of the future

15

Company objectives

Technology

Commercial

Adopt longer term view, but act
now
Consider co-benefits e.g.
environmental risk from fuel
spills reduced by electric
materials movement
Explore intra-industry
opportunities or buying groups
Prioritise investments in mines
and assets that will be
operating in 2040+

Electrify where possible
Energy efficiency plays a key
role
Efficiency in site reticulation
systems to ensure optimal
power supply for installed
capacity
Innovate developers may be
able to accommodate additional
requests, including storage,
firming, block purchasing,
phased offtakes.

Ensure you are on the best
energy supply contract: negotiate
charges, look at terms and
conditions
Identify key stakeholders early
Align PPA with objectives of
company; financial,
decarbonisation, budget certainty
etc
Engage market experts to model
all PPA options to identify most
suitable approach
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Providing deep decarbonisation insights
governments and ASX200 businesses on strategies to improve energy management and
address climate change.

Climate risk, TCFD,
resilience and
strategic advice

BHP

16

Energy
accounting

Commonwealth
Bank

Energy markets:
electricity, gas and
renewables

Qantas

Reporting,
compliance and
program audit

Australian
Government
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Northern Star
Resources
Limited

Decarbonisation
technologies

Newcrest
Mining
Limited

Sustainability at Energetics
Our contribution to a carbon neutral society

consulting firms to achieve carbon neutrality through the

Our values
A team of passionate, committed climate change and
energy management professionals, we advise some of
Australia's largest companies on their role in a sustainable
and prosperous future.
We believe in:
Delivering excellence

2019 and in 2021 Energetics joined other leading
businesses globally when we verified our science based
target (SBT) through the Science Based Targets initiative
(SBTi).

Acting as an environmental role model
Providing our clients with innovative and sustainable
solutions
Holding ourselves accountable for our actions
Respecting the experience and opinions of our clients
and colleagues.

17
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Disclaimer
The information contained in this presentation is for information purposes only and is
not intended to be financial product or investment advice or a recommendation.
Energetics Pty Ltd is authorised to provide financial product advice on derivatives,
Australian carbon credit units and eligible international emissions units to wholesale
clients under the Corporations Act 2001 AFSL No: 329935.
Energetics has provided this advice in our capacity as advisors solely for the benefit
of the Client whom this report has been prepared for. The analyses in our report may
not have considered issues relevant to any third parties and accordingly, to the extent
permitted by law, Energetics disclaims all liability for any and all costs, loss, damage
and liability that any third party may suffer, incur or is likely to suffer or incur, arising
from or relating to this report (including attachments).
While all care and diligence has been used to construct this report, the information,
(including attachments), may not be accurate, current or complete in all respects and,
consequently, Energetics does not make any representations or warranties as to the
conditions will prevail until and as otherwise agreed to by Energetics and you. Any
commercial decisions taken by you are not within the scope of our duty of care, and in
making such decisions, you should take into account the limitations of the scope of
our work and other factors, commercial and otherwise, which you should be aware of
from sources other than our work.

Accordingly, this report is subject to risks, uncertainties and assumptions that could
cause actual results to differ materially from the expectations described in such
prospective financial information. Past financial or economic performance is not
18

indicative of future performance.
Under no circumstances, including negligence, shall Energetics be liable for any
direct, indirect, incidental, special or consequential damages or loss of profits that
result from the use or inability to use this report and/or attachments. Energetics shall
not be liable for any such damages including, but not limited to, reliance by a third
party on any information obtained from this report and/or attachments; or reliance by
you or a third party that result from mistakes, omissions, interruptions, deletion of
files, viruses, errors, defects, or failure of performance, communications failure, theft,
destruction or unauthorised access. Where liability cannot be excluded, any liability
incurred by you or anyone else in connection with the use of this report and/or
attachments, is limited to the extent provided for by law.

organised, hosted or otherwise coordinated by external stakeholders from time to
time. We acknowledge that any express requirement to disclose conflicts of interest
will be dealt with contractually and on a case by case basis in accordance with our
policy.
This report and any attachments may contain legally privileged or confidential
information and may be protected by copyright. You must not use or disclose them
other than for the purposes for which they were supplied. The privilege or
confidentiality attached to this report and attachments is not waived by reason of
mistaken delivery to you. If you are not the intended recipient, you must not use,
disclose, retain, forward or reproduce this report (whether in its entirety or in parts) or
any attachments. If you receive this report and/or attachments in error, please notify
the sender by return email and destroy and delete all copies immediately.
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Contact us
Meet our people

Adelaide | Brisbane | Melbourne | Perth | Sydney

Follow us
www.energetics.com.au
@energetics_au
www.linkedin.com/company/energetics-pty-ltd
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Keys to unlocking the value of a PPA

Bringing all internal
stakeholders together
early in the process
(Procurement, legal,
finance, risk and key
business owners)
Build a common
understanding of the
opportunity and risks

21

A diverse and
balanced project team
and
individuals
to ensure openness to
exploring opportunities
whilst continuously
weighing up the risks
and potential benefits

Real time market
insights, robust
financial modelling
and technical advise
to support executive
decision making
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Market specifications
clearly articulated the
strategic and
operational
requirements, such as
reporting and service
expectations. This
included an invitation to
submit proposals for
collaborative research.

A good negotiation
team involving internal
business owners and
specialists, as well as
external energy markets
and legal advisors

Multiple
demands on key
internal
resources at
critical stages of
the transaction
requires ongoing
management
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The Walk Away “Functional” Landform; Is it a Myth?
Harley Lacy, Mine Closure Management Services (MCMS).
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The walk away “functional” landform; is it a myth?
Can these be delivered with more certainty with
geomorphic design?
Authors
Harley Lacy,
Mine Closure Management Services, Australia
Prof. José F. Martín Duque,
Complutense University of Madrid, Spain
(and acknowledging Prof. Greg Hancock
University Newcastle)
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Plan
• Introduction
• Functional Landforms
• Landforms at mines in WA, notable in their
evolution; the transition dumps to landforms
• Geomorphic Landform Design
• Conclusion
The Functional Landform – Geomorphic Design

Sharing experiences in environmental practice in the development of locally functional land
with those being developed through geomorphic design globally.
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Introduction to the Theme
and
Functional Landforms

The Functional Landform – Geomorphic Design
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Traditional landform design in mine rehabilitation seeks to minimizing footprint. This process
creates large monolithic accumulations of waste in the landscape, with flat-top areas and
terraced slopes or contour bank slopes. Very often, these landforms are not stable in the long
term.

The Functional Landform – Geomorphic Design
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Geomorphology – the Palette of Nature

The Functional Landform – Geomorphic Design
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Tongway and Hindley
CSIRO

Towards satisfying completion criteria:
Stages in ecosystem development
L/E seriously engages at all stages
Landscape
function character

Stages

Niche habitats
Processes survive disturbance challenges
Predictable future trajectory

Time

“Framework” processes developed
Biological “resource control”
established. Increasing complexity
Infiltration increasing, runoff
decreasing. Low erosion.
Aerial and ground cover increasing
Appropriate species establish.
Physical “resource control”.
Appropriate physical runoff
-runon character.
-Water storage in soil

ULTIMATE
GOAL

Biological and
Functional Diversity,
Resilience

INTERMEDIATE
ECOSYSTEM
STAGE
EARLY ECOSYSTEM
EST. STAGE
GEOTECHNICAL STAGE

Land-forming, topsoil management, ARD
Salinity, Water table, Final land-use decision

Sustainability

Stability

Foundation

Ecosystem Function Analysis (EFA)

Stability
Infiltration
Nutrient Cycling
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Landform Design in Mine Rehabilitation in Australia
• Western Australia: require safe, stable, non-polluting post-mining landforms.
• Queensland: rehabilitated areas are required to be safe for humans and
wildlife, non-polluting, stable, and able to sustain an agreed post-mining land
use.
• New South Wales: require stable and permanent landforms that are suitable
for the agreed end land use, that will not adversely affect surrounding land,
and with maintenance needs no greater than the surrounding land.
As a consequence of such states’ regulations, Australia leads, worldwide, in the
use of soil erosion and landscape evolution models in mine rehabilitation.
The Functional Landform – Geomorphic Design
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This is all good…, but this is still far from where the rest of world is going “blending into
and complementing the drainage pattern of the surrounding terrain…” (request by the
US SMCRA, 1977. Surface Mining Control and Reclamation Act. Public law, 95–87,
Statutes at Large, 91 Stat. 445. Federal Law. United States)
• This Law introduced a Geomorphic
(and catchment) approach to mine
rehabilitation
• Drainage basins as fundamental basic
planning units for mine rehabilitation
(Stiller et al., 1980)
http://basin.fxgreenpips.net/what-are-drainage-basins-separated-by/

Stiller, D.M., Zimpfer, G.L., and Bishop, M. 1980. Application of geomorphic principles to surface mine reclamation in
the semiarid West. Journal of Soil and Water Conservation, 274-277.
The Functional Landform – Geomorphic Design
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Landscapes;
Landscapes – Drainage andDrainage
Form and Form

GEMG 2021

Alcoa Bauxite Mines - Jarrahdale
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Landforms at mines in WA,
notable in their evolution; the
transition dumps to landforms

The Functional Landform – Geomorphic Design
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Progress on Landforms
• Review of mine landforms in WA (Lacy 2019)
• Influence of GEMG Workshop “Landforms” (Lacy and Grant 2018).
• Apart from a few exceptions (Waygood, 2014; Kelder et al., 2016) landform
design in Australia to date appears to be used in a very limited way.
• In Australia; use of batter slope gradient and length control, surface
modification, or concave profiles, in order to reduce erosion is common.
• Professional focus is on materials characterization (mine wastes and
topsoil), establishment of a plant growth medium, rock armouring or
placement of tree mulch.

The Functional Landform – Geomorphic Design
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Landforms in WA
A: were partial success, was achieved, with very limited design
B: sites that have were re-built with intervention post failure
construction, and
C: more recent landforms that were fully designed from leading
practice concepts, attaining a high rehabilitation standard, and
are appearing to stand the test of time.
The Functional Landform – Geomorphic Design
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Landforms
of
Interest

Kalgoorlie Western Australia | 18-21 May 2021
A. Landform
Name

Region

Brief Description (year, design, detail)

Harbour Lights

Leonora Town

~1989-91, no berms, limited soil, 35-40 m ht*

Haveluck

Meekatharra Town

~1987-89, no berms, little soil, ~20 m ht

Yarrie-Nimingarra

North Pilbara

~1988-98, moonscaping, ~24/260 60-120m ht

Goldsworthy

North Pilbara

~1988-98, moonscaping, ~24/260 60-120m h

Fortnum Main

Gascoyne

1994-6, w. ripper, >10m berms / bunding

Five Mile

Meekatharra North

1994-6, acid soils, no berms / bunding

B. Landform
Name

Region

Brief Description

Bottle Creek

Menzies (Kalg. )

1987-01 alkaline oxide, wing. rip*, e. controlled*

Beenup TSF

Augusta (S.West)

1997-99 TSF batters and structure armoured

Jasper Flat

Leonora North

1994-98 reworked to manage water

Wiluna Main TSF

Wiluna Town

~2004-6 7 lifts upstream TSF armour concave*

Murrin-Murrin

Leonora - Laverton

2004 dispersive soils - managed

W10 Jundee

Wiluna - North

2012 landform lowered, reshaped, armoured

Tarmoola

Leonora North

2012 large scale contour slope work

Wattle Dam

Kambalda -West

2008 reshaped, no berm, contour, tree mulch

C. Landform
Name

Region

Brief Description

Lukes

Meekatharra Town

1994-95 oxide/dis. waste, laterite*, wide bunds

Karingal

Laverton - South

1997-20 oxide/dis. waste, laterite, flat berms

Jubilee

Laverton - South

1999-20 oxide/dis. waste, laterite, bunded

Wendy Gully

Menzies

1996-98 landform integrated into landscape

11 Mile

Leinster

2006-8 design in situ, built to design

Mt McClure TSF2/4

Leinster – East

2006-8 TSF batters, design cover, concave

Jund. Nimary TSF

Wiluna - North

2009-10 TSF batters, design slope, armour

The Functional Landform – Geomorphic Design
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A. limited design - partial success
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Water Control Limiting Erosion

The Functional Landform – Geomorphic Design

Kalgoorlie Western Australia | 18-21 May 2021

GEMG 2021

The Functional Landform – Geomorphic Design

Kalgoorlie Western Australia | 18-21 May 2021

GEMG 2021

Kalgoorlie Western Australia | 18-21 May 2021

B. Intervention post construction – Mt McClure

GEMG 2021
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C. Landform designed from leading concepts - success g
practice concepts - success

Karingal

TSF 2/4 Mt McClure

GEMG 2021

Stbility and Foundation 1998 - 99

GEOMORPHOLOGY AND VEGETATION ON TALUS SLOPES

Brett Loney
The Functional Landform – Geomorphic Design
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C. Designed form leading practice concepts – success: 11 Mile

Period 9

GEMG 2021
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11 Mile

The Functional Landform – Geomorphic Design
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Geomorphic Landform Design

The Functional Landform – Geomorphic Design
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It is critical to differentiate between designing with design tools
Natural Regrade with
GeoFluv

and modelling with (landform evolution model) tools
tools

WEPP

RUSLE

CAESAR
SIBERIA
The Functional Landform – Geomorphic Design
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Geomorphic landform design is the core purpose of the paper.
• GeoFluvTM, by way of example, is that it is the only tool run through
commercially available design software in a CAD environment
capable of providing geomorphic design landforms’ that emulate and
mimic natural landforms to a high standard i.e. it is not the specific
tool, but the approach and its application i.e., geomorphic landform
design is our purpose

The Functional Landform – Geomorphic Design
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Adapt. Professor David Williams, Director, Geotechnical Engineering Centre, The University of Queensland, Brisbane, Australia
The Functional Landform – Geomorphic Design
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Future Direction. Miami Unit Stantec Work for Freeport

GEMG 2021
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Miami Unit Stantec work (Freeport)
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The use of different geomorphic landform design tools to engineer ecologically
sustainable landscapes for highly disturbed lands, such as mine sites, is spreading steadily
all over the world.
United States

Canada

The Functional Landform – Geomorphic Design

Spain

Australia
(courtesy of
Chris Waygood)
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• Any mine rehabilitation solution without proper reconstruction of the natural drainage
network will be always limited (even if they have safe, stable, non-polluting post-mining
landforms…)
• Eventually without proper, sustainable natural drainage network, very likely to become
polluting, in the long term

The Functional Landform – Geomorphic Design
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• Erosional stability of landforms in Mine Closure (safe, stable, non-polluting post-mining
landforms…) is prime, but it may NOT the key factor for getting mining permits in most
countries of the world in time (and in many instances now!).
• Blending with the surrounding terrain is becoming a critical factor, due to social and
regulator demands and expectations
• It is just not visual integration. Geomorphic Rehabilitation is the key factor for truly
(functional) ecological integration

The Functional Landform – Geomorphic Design
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In Aust. many landforms (even if stable) differ to the surroundings
Mine
landform in
construction
vs
natural
landforms 2
km distant

The Functional Landform – Geomorphic Design
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Designs – to actual
Google Earth 2020

GEMG 2021
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• Avoiding erosion is indeed a condition, and key issue, to mine rehabilitation, but as a single
driver is insufficient and it is not considered the sole purpose in leading landform design, for
these reasons:
• (a) most functional ecosystem processes occur, at the Earth’s land surface, at a watershed
scale, driven by hillslope runoff and fluvial processes
• (b) visual blending of waste dumps into landforms - within the surrounds is nowadays a major
issue for society, and just avoiding erosion is no longer enough for nearby communities,
visitors, society, and regulators.

The Functional Landform – Geomorphic Design
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vs

catchment scale

http://www.bedfordcountyconservation.com/Watersheds/wsheds.htm
The Functional Landform – Geomorphic Design

50

GEMG 2021

Kalgoorlie Western Australia | 18-21 May 2021

GeoFluv – Natural Regrade allows designing stable, functional catchments
with:
(1)
A) integrated 3D channel network (1)
draining to a local base level (2) with
concave profiles (3)

B) cross sectional channel geometry based
on bankfull discharge and extreme events
(4) Cross section increases downstream as
water increases downstream (5)
C) slopes between channels have
predominantly concave slope profiles (6)
with convex to concave inflection

mostly designs ephemeral channels and upland
landforms on hillslope terrain, but it includes also
meandering channels
The Functional Landform – Geomorphic Design

(4)

(2)
(3)

kk

(5)

(6)
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Diagram showing a GeoFluv design – SIBERIA modelling for maximizing landform
stability in mine rehabilitation (Hancock, G., Martín Duque, J.F., Willgoose, G. 2019)

The Functional Landform – Geomorphic Design
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Drayton Mine

Fig. 5. Landform designs. (a) The landscape as constructed (GB, GeoFluv as built). (b) Improved GeoFluv (IG). (c) Linear slopes
and contour banks (CB). (d) Natural Contouring (NC).
Geomorphic design and modelling at catchment scale for best mine rehabilitation – The Drayton mine example (New South
Wales, Australia) G.R. Hancocka, , JF Martín Duquea,b,c, G.R. Willgoose. Ed. Environmental Modelling and Software 114 (2019)
140–151
The Functional Landform – Geomorphic Design

GEMG 2021

Kalgoorlie Western Australia | 18-21 May 2021

Mangoola mine NSW
In described the reasons to use GeoFluv™ :

A natural looking landform produced ,
Reduced erosion potential, less sediment
Reduced maintenance, few if any water management structures
Increased biodiversity, specific vegetation and habitat
augmentation
• More visual appeal in landform, and in time not “recognised as
mine rehabilitation” (Hamonet 2018)
•
•
•
•
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In Conclusion
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Conclude
• Mining companies must elevate landform design to the same level as
that of open cut/pit design before any pit is commenced and any
orebody is mined
• Engage mine planners in the use of geomorphic design tools, in
concert with high quality mine waste characterisation and
rehabilitation processes (completion guidance/parameters)
• Seek to make landform design a standard practice using the very
best LEM and design tools in combination
• If mine design practitioners adopt the use of geomorphic design tools
as a standard operating procedure – you will achieve the goal.
The Functional Landform – Geomorphic Design
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Wrap Up
• We can resolve this particular ongoing sustainable development
challenge, which is were landforms are seen purely as “dumps”, and
only occasionally reach the required closure and rehabilitation
objectives
• “when landform construction and rehabilitation of the mine waste
material guides the mine planning and mining process” suggested by
Jose Martín Duque (pers. comm., November 2019).
• The application of geomorphic design offers the capacity for
integrated ecologically functioning landforms to be designed,
rehabilitated and closed; as is desired by society.
The Functional Landform – Geomorphic Design
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Jose and I
wish to thank the
GEMG
Organising Committee
all Volunteers
for the opportunity to address the conference!
(Once Again )

Links to Jose/ Greg, Training Organisations
(next slide)
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Links Training and References
• https://translate.google.com/translate?hl=en&sl=es&u=http://www.restaur
aciongeomorfologica.com/&prev=search&pto=aue
• Gregory Hancock <greg.hancock@newcastle.edu.au>
• Jose Francisco Martin Duque <josefco@ucm.es>
• Carlson Software (carlsonsw.com)
• Training – GeoFluv Land Reclaimation Natural Regrade
• AGC Geomechanics Josephine Ruddle www.acg.uwa.edu.au | josephine.ruddle@uwa.edu.au
• https://www.landforma.com/services/
• http://restauraciongeomorfologica.com/
The Functional Landform – Geomorphic Design
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Tracking Every Tree: Regional Scale Monitoring of Vegetation Using Satellite
Imagery.
Dr Robert Archibald, Astron.

(Presentation publicly unavailable)
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Shallow Soils Negatively Affect
Water Relations in Two Semi-Arid
Eucalypts

Dr. Sebastian Lamoureux
Sr. Scientist
Presented at GEMG 2021, May 19th to 21st
Kalgoorlie, Western Australia

Mining and Waste Rock Dumps (WRDs)
Production of uneconomic low-grade ore and non-mineralised rock; often
placed into WRDs

If not properly managed issues may arise(e.g. lack of plant
establishment, surface erosion, acid metalliferous drainage (AMD))
Potential negative impacts on achieving mine closure objectives.
GEMG Conference 2021

2

Store and Release Cover System Concepts
Typically constructed using available
materials from the mining process
E.g. stockpiled topsoil, non-reactive subsoils, and
waste rock.

Utilise Store and Release Concept
Provide sufficient plant available water for
vegetation establishment and persistence
(depending on cover objectives)
Can decrease PAF material reactivity,
and acid mobilisation.
GEMG Conference 2021

Vegetation Establishment and WRDs
Main barriers to self-sustaining plant communities on WRDs and cover systems:

Altered hydrogeological characteristics:
Non optimal growth material texture
Altered moisture retention
Growth material compaction
Altered material hydraulic conductivity

Altered biophysical processes:
Limited seed bank
Poor root penetration
Lack of nutrient and organic matter
GEMG Conference 2021

Case Study Objectives
Determine if the cover material was
conducive to plant establishment and
growth.
Determine the optimal cover thickness
(0.3m, 0.5m, or 0.7m) from an
operational (i.e. haulage & volume)
and plant establishment perspective.
Determine if cover system thickness
had an impact on plant water
relations.
GEMG Conference 2021

Study Location
In the Yalgoo Bioregion
Semi-arid climate
Mean annual rainfall 338 mm
Annual potential evaporation exceeding 2200 mm

293 km NE

GEMG Conference 2021

Cover System Trial Design
2:1 BIF:Topsoil Material Spread into 3 cover thicknesses (0.3 m, 0.5 m, 0.7 m)
Instrumented Plots (VWCs + Meteorological Station)
VWC sensors placed at 0.2 m intervals
max plot thickness

1:2 Top Soil / Waste rock mix

0.5 m

0.3 m

0.7 m

GEMG Conference 2021

Planting
6648
Species
from 2 soil
in Mt. Gibson Area
seedlings
108types
per species
Surviving
= 90% survival
Pump-fedspecies
drip irrigation
(1.6 L hr-1) for 15 min x 2 / wk for 6 months
Rocky Soil

Sandy Soil

Eucalyptus leptopoda (this study)

Eucalyptus loxophleba (this study)

Acacia alata (Uniform Death)

Acacia acuminata

Melaleuca nematophylla

1 yr

Melaleuca cordata

2yrs

Monitoring
Continuous soil moisture and meteorological
monitoring
Hourly plant physiological monitoring

Over 3 summer days from 06:00 17:00
Eucalyptus leptopoda and Eucalyptus loxophleba only
2-year-old plants

Plant harvest and root assessment after 2 years

Monitoring Data

2-Year Period
VWC was most responsive at
shallower soil depths (expected)
VWC and total profile water
tracked rainfall well
Total profile water higher in thicker
covers
Extra soil volume = Extra moisture storage
0.7 m > 0.5 m > 0.3 m

GEMG Conference 2021

Monitoring Data

Plant Root Assessment

Root length density (RLD)
was highest in thinner covers
High RLD in the smaller soil
volumes of thinner covers
results in higher water
depletion.

Monitoring Data

3-Day Experimental Period

Plants on thicker covers were less
sensitive to high afternoon:
VPD
Temperature
Irradiance

GEMG Conference 2021

Greater access to
water:
More water storage
Unconfined roots.

Improved plant water relations
on thicker covers:
Higher overall gs, E, and A

Key Learnings
Cover mixture suitable for both
Eucalypt species
Positive evidence for integration of
inert waste rock into cover mixtures
Topsoil often scarce
Less reliance on trucking borrow
material resulting in cost savings
Integration of coarse material and finer
GEMG Conference 2021

Key Learnings
Intermediate (0.5m) or thicker
(0.7m) cover thickness adequate
to support community over a 2year period at least

Plant survival in drought years may
be promoted by using thicker
covers
Minimised plant sensitivity to high
summer daily temperature, VPD and
irradiance

GEMG Conference 2021
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Key Learnings
Plant stress imposed by thinner covers
may increase as plants grow larger
Climate change
become dryer

Area expected to

Thicker covers may reduce plant sensitivity
to future climates
Promoting long-term self sustaining
communities
GEMG Conference 2021

Thank You!

Drop by our booth for a chat!
GEMG Conference 2021
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Winds of Change: Reintroducing Bulk Nickel Exports at Esperance Port.
Tess Lewis (IGO Limited) and Dr Michael North (MBS Environmental)

(Presentation publicly unavailable)
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Mining and Gas Pipeline
regulation a marriage of
inconvenience?
Justine Hyams
Consultant

Senior Approvals

GEMG Conference May 2021

Presented at Goldfields Environmental Management Group Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

Construction Process Overview
Differential Environmental Considerations
Common Issues
Legislation and Approvals
Mining Proposal Guidelines
Special Issues with Power Stations
Net Zero and Pipelines

GAS PIPELINES IN WA

Presented at Goldfields Environmental Management Group Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

Gas Pipelines in
WA
39,000 kms of gas pipelines
in Australia
DBNGP 1539 kms long
High pace of network
expansion on GGP
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Construction Process
Clear and grade
CROW setout
String and weld
Trenching &
Special Crossings
Lowering in and backfill
Reinstate
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Differential Environmental
Considerations
Linear construction.

Traversing diverse land
systems often in a
single project.
Very short term activity.
Progressive rehabilitation.
Minor permanent
disruption.

Long asset life.
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Common Issues
Control of clearing; protection
of heritage sites vegetation,
flora, and habitat.
Fauna entrapment in open
trench.
Watercourse crossings, trench
dewatering, acid sulphate
soils.
Usual construction
management risks dust,
wastes, spills, hydrocarbons;
fire from welding, grinding etc.
Stabilisation and
reinstatement.
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Maitland River - DBNGP
Open cut crossing

with bypass.
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Fortescue River - DBNGP
Open cut crossing

no bypass.
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Fortescue River - DBNGP
Presented at Goldfields Environmental Management Group Conference 2021, May 19th to 21st Kalgoorlie, Western Australia

Legislation and Approvals
Onshore pipelines regulated under the
Requires Pipeline Licence over pipeline corridor
and all associated facilities.
Access to land:
Usually Mining Act tenements for pipelines, facilities and power
stations.
Requires Mining Proposal, Mine Closure Plan Construction
Environment Plan, NVCP and Works Approval/Premises License.
Easement under Land Administration Act in some cases. Usually
after operations have commenced.
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Environment Plans
DMIRS provides guidance:
(2016), and more recently:
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EP Scope
Must cover all activities: construction,
commissioning, operation &
maintenance, relocation and
abandonment.
Most pipelines typically require:
Construction and commissioning EP
(CEP).
Operations EP (OEP).
Special EPs or bridging documents
for special projects or minor
variations such as relocations.
Abandonment EP now being
sought within CEP and OEP in more
detail.
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CEP/OEP Content
Set out in regulations, includes:
Activity + built asset description.
Timeframes + schedules
Description of the natural and social
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MP Content
Set out in regulations, includes:
Activity + built asset description.
Timeframes + schedules
Description of the natural and social

Risk assessment, workshop, and tables.
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SNAPSHOT
ENVIRONMENTAL APPROVALS REQUIRED FOR GAS PIPELINE & POWER STATION
CONSTRUCTION
ENVIRONMENT
PLAN

OPERATIONS
ENVIRONMENT
PLAN

MINING
PROPOSAL

MINE CLOSURE
WORKS
PREMISES
NVCP
PLAN
APPROVAL LICENSE

Construction

X

X

X

X

Commissioning

X

X

X

Operations

X

X

X

X

X

Maintenance

X

X

X

X

X

Decommissioning

X

X

X

X

X

X

Project Background, Proponent, Description

X

X

X

X

X

X

X

Location

X

X

X

X

X

X

X

Description of environment

X

X

X

X

X

X

X

Identification of 'values & sensitivities'

X

X

X

X

X

X

X

Activity & built asset description

X

X

X

X

X

X

X

Timeframes & schedules

X

X

X

X

X

X

X

X

X

X

Emissions estimates
Risk Assessment, Outcomes Tables

X

X

X

X

Auditing / Compliance Reporting

X

X

X

X

X

X

X

Reporting (NGERS, Clearing et al)

X

X

X

X

X

X

X
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Integration of Mining Act and Pipeline Act
approvals (mining proposal, EPs, NVCP & Works
Approvals). There is no pretty way of doing it.
Duplication of effort = duplication of
impact for proponents.
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DMIRS Petroleum seek details up front which are
not typically determined till final
engineering/contractor engagement (e.g. location
of turning bays/turkeys nests).

problems during implementation of new
Guidelines.
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Other Problems

Power Stations
DWER has recently required air
emissions modelling on remote
gas fired power stations based on
Draft Air Quality Guidelines.
Consolidation of emissions - when
Power Station Works Approvals
are lodged under mine EGS
instead of Operator entity, EP Part
IV referrals may be triggered.
(>100,000T Scope 1 GHG
emissions threshold).
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Concerns that sale/transfer of
assets such as pipelines
previously approved under
EGS to Operators could be
jeopardised without a
freestanding or transferable
MP/MCP.
Older assets with existing
approvals may be reassessed
how does this affect
acquisitions or delay sale of
assets??
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Developers Radar
Consider how tenure and commercial arrangements
will impact lodgement and assessment under new
Guidelines.
Get ahead of the game early timelines are being
pushed out as new requirements are being tested
and interpreted.
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A Net Zero Future

As the push to Net Zero
gathers steam, where do
Natural Gas Pipelines sit?
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Pilbara Region, Western Australia.
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Comparing no-purge groundwater sampling with low-flow
sampling in the Pilbara Region, Western Australia
Michael van Mourik, Sophie Currey
SRK Consulting (Australasia) Pty Ltd, Perth, Australia

Abstract
Groundwater sampling is a vital component in monitoring and managing the effects of mining
activities on the environment. The most common and widely accepted methods adopted for
collecting groundwater samples involve bore purging and low-flow pumping. Although
samples collected via these methods are widely considered representative of ambient
aquifer water quality, there are some notable disadvantages when operating in remote and
arid environments, including the significant amount of time required, large volumes of
wastewater generated, disturbance of water columns and high costs associated with
equipment and consumables.
As an alternative, no-purge methods have become common outside Australia due to
potentially significant savings in both time and cost. To assess if no-purge methods can
produce a representative sample of aquifer water, SRK conducted a small-scale comparison
between samples obtained using low-flow sampling methods and duplicate samples
collected using no-purge sampling methods from seven monitoring bores in a fractured
bedrock aquifer with known acidification and metal contamination. Preliminary results
indicate there is good correlation between results using the two different methods, with some
variability in metal concentrations noted. While more data are necessary for validation,
preliminary results suggest that no-purge sampling may be a viable alternative for
groundwater monitoring.

Introduction
Mining companies in Australia have an obligation to protect groundwater quality, and are
required to monitor and report groundwater quality across all stages of mine life. This
includes: establishing a baseline of natural water quality and variation before mining begins;
monitoring the effects of active mining on the environment such as those from water supply
abstraction and dewatering; and monitoring groundwater quality associated with final
landforms, waste rock and tailings following mine closure. Groundwater quality data also
facilitate the characterisation of aquifers and improves understanding of the local and
regional hydrogeological systems.
Drilling a new monitoring bore, groundwater sampling and chemical analysis is a costly
exercise, therefore, it is important that bore construction and the sampling procedure be
appropriate for the collection of a representative sample. The Groundwater Sampling and
Analysis (Feitz et al., 2009) field guide outlines the importance of collecting a groundwater
sample representative of the ambient aquifer conditions. Generally, monitoring bores are
constructed with the screen or slotted section positioned to capture the passive movement
of groundwater within the adjacent aquifer. Where this passive movement is restricted, such
as within the blank casing section, groundwater can become stagnant and not
representative of the aquifer (especially in low permeability aquifers). The water column
above the top of the screen can also be affected by interactions with atmospheric air, bore
casing material, and the contribution of contaminants from surface water infiltration.
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The most common and widely adopted methods to collect a representative groundwater
sample involve either purging three 1 bore-volumes of water before sampling or adopting a
low-flow pumping method 2. Although samples collected via these methods are widely
considered to represent ambient aquifer water quality, there are some notable
disadvantages which are amplified when operating in a remote environment. Some of the
disadvantages include:
Pump set-up, installation, purging and decontamination are all time and labour intensive.
The generation of large volumes of purged water that require disposal. This is particularly
problematic where highly contaminated water is being pumped and cannot be
discharged to the environment.
High pumping rates can induce non-laminar turbulent flow, that can cause degassing
and may impact the natural state of chemical constituents (Appelo and Postma, 2013).
High pumping rates can create large drawdowns in water level.
High costs associated with equipment and consumables.
The risk of shorting the pump’s electrical components when working in water.
Lack of availability of replacement parts and consumables when working in remote
locations.
Limited to use in water free of solids.
As an alternative to high- and low-flow purging, no-purge methods are becoming popular
due to the potential for significant savings in both time and cost. These methods require no
pump and are obtained using a (often disposable) passive sampling device to collect a
capsule of water within the screened section with minimal disturbance.
To assess if the no-purge method can produce a representative sample of aquifer water and
indeed save time and cost, a small-scale comparison of low-flow and no-purge sampling
methods was undertaken in the field. The selected site was located within the Pilbara
Groundwater Management Area. A quarterly monitoring program involving the low-flow
sampling of 15 monitoring bores has been undertaken at the site since May 2018 and on
average requires 2 days (24 hours) to complete. Seven monitoring bores installed into the
fractured bedrock aquifer with known acidification and metal contamination were selected
for the comparison. From each bore, an inorganic water chemistry sample was obtained
using the no-purge sample method; a second sample was collected immediately afterwards
using a low-flow sampling method. The comparative sampling exercise was conducted over
two monitoring rounds, approximately four months apart.
The purpose of this paper is to demonstrate that the no-purge sampling method can produce
the similar groundwater quality results as the traditional low-flow method through a case
study.

1

The bore purging method requires the removal of stagnant water within the bore casing before sampling. It
is recommended a minimum of three bore-volumes be removed prior to sampling. Three bore-volumes is
considered industry standard for sampling using the bore purging method.
2
According to Feitz et al. (2009), the low flow method is designed to leave the stagnant water within the bore
undisturbed, and obtain a representative sample directly from the aquifer through the screen interval at the
depth of the pump.
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Methodology
A prerequisite to using a no-purge passive sampling device is knowing, at a minimum, the
depth of the screened interval. It can also be advantageous to know water strike or aquifer
interval/s within the screened zone for optimal placement of the sampling device.
Bore construction details for the seven monitoring bores selected for the study are included
in Table 1.
Table 1:

Monitoring bores used in the study
Bore
diameter
(mm)

Bore
depth
(mbGL)

Screened
interval
length (m)

Water
strike
(mbGL)

Deployment
depth (m)

Recharge
rate (L/s)

WRDMB01

50

48

6

-

43

0.07

WRDMB02

50

48

6

43–45

45

0.03

WRDMB03

50

31

6

-

26

0.05

WRDMB07

50

36

12

28–29

30

0.04

WRDMB08

50

60

6

54

55

0.03

NRB08

150

24

6

ND

12

0.01

DS02A

150

24

6

ND

12

0.06

Bore ID

Table notes: mm – millimetres; mbGL – metres below ground level; m – metres; L/s – litres per second

Drill hole logs for monitoring bores NRB08 and DS02A were not available; to select the
target depths, in situ electrical conductivity and temperature profiles were captured using a
multi-parameter dip meter. From the resulting profiles, a layer with uniform conductivity and
temperature between 10–18 m for NRB08 and 8–14 m for DS02A were targeted as the
sample collection zone 3.
Of the different no-purge technology products on the market, this study used the (most
readily available in Perth, Australia) single-use two-inch HydraSleeve 4 which is suitable for
use in 50 mm diameter casing. The HydraSleeve is a collapsible tube of polyethylene or
other flexible material, sealed at the bottom end, and built with a self-sealing reed-valve at
the top end (ITRC, 2007).
The procedure used for deployment and sample collection is summarised as:
1. Decontaminate reusable apparatus including weights, clips, tagline cable and reel.
Attach single-use HydraSleeve.
2. Lower HydraSleeve slowly down the bore, through the stagnant water column into the
screened interval or to target depth. The hydrostatic pressure keeps the device closed
except during sample collection.
3. Leave the HydraSleeve in place for at least 5 minutes to allow water level, contaminant
distribution, and flow dynamics to equilibrate.

3

Profiling was completed during a separate monitoring round to that of the two comparison exercise sampling
rounds.
4
HydraSleeve was used in this study due to product availability at the time of the study.
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4. Pull upward on the line allowing the HydraSleeve to travel through the zone of interest,
which causes the water to enter the one-way reed valve filling the HydraSleeve.
5. Slowly raise the HydraSleeve out of the bore, pierce with the disposable straw supplied
and sample.
For this study, following collection of the HydraSleeve sample, a second sample using the
traditional low-flow methodology was collected using a SS-Mega Monsoon impeller pump,
which was installed to draw water from the same depth or zone of interest. The low-flow
sample was collected following the stabilisation of physiochemical parameters.
In an attempt to reduce the number of variables impacting sample collection, the following
precautions were adopted:
HydraSleeve sampling was carried out before low-flow sampling at each bore to ensure
minimal disturbance to the water column.
Low-flow sampling was conducted immediately after a sample had been obtained using
the HydraSleeve to ensure that no natural temporal variation in groundwater chemistry
affected the results.
The same sampling depth or zone of interest was targeted for each bore over both
monitoring events.
Decontamination of equipment was performed prior to sampling using a surface-active
cleaning agent (Decon-90 solution) and rinsed off using deionised water. Personal
protective gear including nitrile sampling gloves were worn over the process of sampling.
To limit the impact of variation in sample collection technique, the same person
undertook both sampling rounds.
After sample collection, sample bottles were stored on ice and delivered immediately to the
ALS laboratory in Perth for analysis. For this study, monitoring bore samples were analysed
for the chemical constituents listed in Table 2.
Table 2:

Analytes measured in the water samples as part of the study

Analysis

Parameter (recommended LOR mg/L)

General chemistry

pH, electrical conductivity, total dissolved solids, oxidation reduction potential,
acidity if pH<6.0 or alkalinity if pH >6.0, hardness

Major ions

calcium (1), potassium (1), magnesium (1), sodium (1), chloride (1), fluoride (1)
and sulfate (1)

Total and dissolved
metals

aluminum (0.001), arsenic (0.0001), boron (0.001), barium (0.001), beryllium
(0.001), cadmium (0.0001), cobalt (0.001), chromium total (0.001), hexavalent
chromium (0.001), copper (0.001), iron (0.01), mercury (0.0001), manganese
(0.001), molybdenum (0.001), nickel (0.001), lead (0.001), antimony (0.001),
selenium (0.0005), tin (0.001), strontium (0.001), titanium (0.001), zinc (0.001)

Nutrients
(explosive – TSF
tracers)

nitrite (<0.005), nitrate (<0.05), ammonia (<0.05)

Hydrocarbons

Oil and grease (recoverable hydrocarbons)

Table notes: LOR – limit of reporting; mg/L – milligrams per litre
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Results
Laboratory analysis data from the two consecutive monitoring rounds (December 2019 and
March 2020) were compiled for comparison. Two statistical analysis methods were used:
calculation of simple correlation coefficients and the Bland-Altman (1986) approach, to
establish the extent to which the two methods of measurement agree.
Correlation graphs
Correlation plots presenting low-flow concentration on the x-axis, and HydraSleeve
concentration on the y-axis were created, for both December 2019 and March 2020
monitoring data. The graphs also present a line of equality (1:1 line) which represents a
perfect correlation between the two methods – the magnitude of deviation from this line
represents a weakening correlation between the two methods. Where data were available,
the Australian Drinking Water Guidelines (NHMRC, NRMMC, 2011) have been plotted on
the correlation graphs to provide context for the range of concentration data in this study.
For the purpose of this paper, the graphs have been subdivided into analytical groups and
observations are presented below.
General physio-parameters
Correlation graphs for pH and electrical conductivity (EC) are presented in Figure 1.
Figure 1:

Physio-parameter – sample method correlation graphs for samples
collected during December 2019 and March 2020 monitoring rounds
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Major cations and anions
The major cations and anions include chloride, sulphate, calcium, magnesium, sodium and
potassium; correlation graphs for these are presented in Figure 2.
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Figure 2:

Major ions – sample method correlation graphs for samples collected
during December 2019 and March 2020 monitoring rounds
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Dissolved metals
The dissolved metals correlation graphs presented in Figure 3, show only the concentrations
reporting above the detection limit (LOR), therefore not all dissolved metal concentrations
and samples analysed are included. Correlation graphs for those reporting concentrations
above the LOR included arsenic, barium, boron, cobalt, iron, manganese, molybdenum,
nickel, strontium and zinc.
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Figure 3:

Dissolved metals – sample method correlation graphs for samples
collected during December 2019 and March 2020 monitoring rounds
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Correlation Coefficients
The correlation 5 (r) and correlation of determination 6 (R2) coefficients were calculated for
low-flow concentration and no-purge concentration for each parameter. Table 3 presents
the calculated coefficients for the December 2019 and March 2020 monitoring rounds.

5

The correlation coefficient (r) measures the strength and direction of the linear relationship between two variables.
A higher r (>0.800) describes a strong relationship between the two variables (Bulmer, 2006).
6
The coefficient of determination (R2) represents the percent of data that is closest to the line of equality. A higher R2
is an indicator of a better goodness of fit for the observations (Bulmer, 2006).
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Table 3:
R2 coefficient reported for parameters measured in December 2019 and
March 2020
r value
(December
2020)

R2 value
(December
2020)

r value
(March
2020)

R2 value
(March
2020)

pH

0.994

0.988

0.997

0.994

EC

0.995

0.991

0.998

0.997

Sulphate

0.994

0.989

0.998

0.997

Chloride

0.998

0.997

0.998

0.997

Calcium

0.998

0.996

0.998

0.997

Magnesium

0.993

0.986

0.998

0.997

Sodium

0.983

0.967

0.996

0.992

Potassium

0.987

0.975

0.997

0.994

Iron

0.971

0.943*

0.994

0.988

Arsenic

0.920

0.847*

0.975

0.951

Barium

0.565*

0.319*

0.962

0.925*

Boron

0.965

0.932*

0.995

0.991

Cobalt

0.996

0.993

0.998

0.997

Manganese

0.887

0.787*

0.989

0.978

Molybdenum

0.966

0.934*

0.991

0.982

Nickel

0.999

0.999

0.999

0.999

Strontium

0.995

0.990

0.999

0.998

Zinc

1.000

1.000

0.991

0.983

Analytical
group

Parameter

General
parameters

Major Cations /
Anions

Dissolved
Metals

Table notes: *r values reporting below 0.800; *R2 values reporting below 0.950 confidence levels.

Bland-Altman graphs
Bland-Altman 7 plots present the difference between the sampling methods against the mean
and is considered more informative when comparing two methods of measurement (Bland
and Altman, 1986). Monitoring round data for March 2020 is presented in Figure 4.

7

The Bland-Altman mean-difference plots expect 95% of the differences will lie between the upper and lower limits
on the graph (±2 standard deviations of the mean) termed the 95% limits of agreement. Providing differences are
within the 95% limits of agreement, the two sampling methods are deemed interchangeable.
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Figure 4:
Mean

0.15

Bland-Altman mean-difference plot for parameters measured in March
2020
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Discussion
Correlation graphs were presented (Figure 1 to Figure 3) to gauge the degree of agreement
between the measurements. Correlation coefficient (r) and coefficient of determination (R2)
values were calculated to measure the strength of the relationship between the two methods.
Finally, Bland and Altman (1986) mean-difference plots were used to assess if the two
sample methods (low-flow and no-purge) measurements agree sufficiently.
Concentrations between the two sample methods for pH and electrical conductivity,
exhibited a strong correlation with respective sample data falling on the line of equality as
presented in Figure 1. All major cations and anions exhibited strong correlation between the
two sample methods. There is slightly more deviation at higher concentrations which can be
expected due to an increase in analytical error with increasing concentration (Appelo and
Postma, 2013).
Most dissolved metals display strong correlation between the two sample methods across
high and low concentrations; this is best exemplified by the correlation graph (Figure 3) for
strontium which shows a strong correlation from the lowest concentration of 120 µg/L to the
highest concentration of 1,750 µg/L. Some anomalies can be observed in some of the
dissolved metals, such as for manganese, where a December 2019 data point recorded a
much higher concentration for the low-flow method than for the HydraSleeve method
(3,600 µg/L and 1,900 µg/L respectively). Dissolved zinc and arsenic concentrations appear
to present the least strong correlation.
Barium (December 2019) is the only parameter reporting a correlation coefficient (r) value
below 0.800. All general parameters and major ions reported R2 values above the 0.950
confidence level. For dissolved metals the R2 coefficient was generally above 0.900,
however, in December 2019 the R2 coefficient for arsenic was 0.847, manganese 0.787 and
barium 0.319. The low barium coefficient is attributed to one bore location reporting an
anomalous difference between the low-flow and no-purge concentration by 54%.
In general, the correlation graphs and coefficients calculated for December 2019 and March
2020 monitoring rounds, display a mostly strong correlation. Some variance was noted with
dissolved metal concentrations between sample methods.
The Bland-Altman plots (Figure 4) present a strong level of agreement between the methods
for all parameters, with calculated differences falling within the upper and lower 95% limits
of agreement. In addition, the Spearman’s rank coefficient calculated between absolute
difference and the mean, reported values between 0.847 and 1.000, suggesting a strong
relationship, and further supporting the agreement of the two sample methods.
A comparison of the average labour time to complete sampling at the study site is included
in Table 4. On average the no-purge sampling method approximately halves the time taken
to complete the monitoring round.
Table 4:

Study site, sample time comparison between low-flow and HydraSleeve
methods

Sample method

No. of monitoring bores

Hours to complete sampling

Low-flow

15

24 (2 days)

No-purge (HydraSleeve)

15

12 (1 day)
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Limitations and assumptions
A number of assumptions and limitations were made during this case study and include:
The low-flow purge sampling results provided an accurate hydro-chemical representation
of the natural aquifer.
The bores had stabilised sufficiently to provide representative aquifer water after 5
minutes of HydraSleeve deployment.
There were no temporal chemical changes to the groundwater between sampling with
the HydraSleeve and sampling with the SS-Mega Monsoon pump. The set-up period
was always less than 1 hour.
There was negligible human and laboratory analysis error.
Any concentration differences measured between the two sample methods related to
each bore on the given day; therefore, differences in concentration were assumed to
represent the sample collection methodologies.
The Bland and Altman (1999) approach is based on the assumption that the sample
differences are normally distributed.

Conclusion
The following conclusions are drawn from this case study:
Overall, there is a strong correlation and agreement between the low-flow and no-purge
sample methods, indicating the suitability of a no-purge method for collecting
representative groundwater samples from fractured rock aquifers without the need for
purging.
Further analysis and the completion of repeatability tests are recommended using the
Bland and Altman (1999) approach.
More research is required to establish the limitations and suitability of HydraSleeves in
different hydrogeological environments and for sampling within different bore
configurations.
The HydraSleeve saves time, money and manual handling when in the field and enables
people to work individually with ease.
The HydraSleeve method should be considered on a project-dependent basis, where
project objectives are established and the suitability of HydraSleeves are assessed. For
projects that aim to build a baseline for natural water quality results before mining activity
begins, the HydraSleeve offers a suitable alternative to low-flow sampling.
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Abstract
Following cessation of operations, a reagent (sodium oxalate) was stored at a mine site. Environmental
monitoring indicated that oxalate was present in high concentrations in the groundwater. This led to the site
being classified as contaminated  remediation required, requiring action to manage and mitigate the
impact of the stored oxalate.
Following a change of project ownership, a critical review of the oxalate contamination issue was
undertaken. This case study describes the review process, problems identified with the historical monitoring,
how the problems were resolved, and lessons learnt that should be applied to any environmental monitoring
or contamination assessment.
The case study concluded that historical monitoring results were incorrect, and there was no evidence of any
oxalate in groundwater. Environmental monitoring is continuing in accordance with the Sampling and
Analysis Quality Plan, which confirms this conclusion and demonstrates that the stored oxalate does not pose
a current risk to receptors.
Key lessons learnt that can be applied to many environmental monitoring programs are:
Know your site and your risks. Characterise your waste materials. Do a sanity check of your monitoring
results, ensure they make sense from a site context. Understand your baseline or reference existing
environmental conditions and drivers for movement or change.
Be specific in terminology. Understand if laboratory results are for total or soluble metals, are they field
filtered or not. Call out terms that are not specific, for example in licence conditions.
Bad data is worse than no data. Develop monitoring procedures and use trained personnel. Collect and
check field and laboratory quality control samples to verify your results.
All these things are critical to understand your site, and more importantly, to appropriately manage and
present the environmental risks to regulators.
This paper presents a simplified case study of over three years of investigation and analysis. Distinguishing
site details have been removed, and the paper should not be relied upon to present the nuances and
complexities of the investigation outcomes and detailed site circumstances.
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1.0 Introduction and Site Context
1.1

Operational Overview

The site is in the Midwest region of Western Australia. Site infrastructure includes a long narrow open pit,
with the tailings storage facility (TSF) on the western site of the pit, and all other infrastructure on the
eastern side. The infrastructure on the eastern side includes a processing plant and HDPE lined mineral waste
storage facilities containing solid and liquid wastes. There is also a groundwater abstraction borefield located
approximately 6 km east and north of the mining operations.

1.2

Hydrogeology Overview

Geology underlying the mine area is broadly characterised by weathered rock to a depth of approximately
50 metres below ground level (mgbl), with underlying gabbro bedrock. The weathered zone is mostly clayey
with tight or closed fractures and low permeability.
A palaeo drainage system is located approximately 6 km from the pit to the east and west. Groundwater
flows through the palaeo drainage system east of the pit to the north west, then turns to run south westerly.
The borefields are in the paleo drainage system, accessing both the shallow and deep aquifers. The shallow
aquifer is comprised of alluvium and ferricrete. It is underlain by a thick clay layer that separates the shallow
aquifer from the deep sandy palaeochannel aquifer.
Groundwater at the mine area is typically 15 to 40 mbgl. There are high points in the groundwater near
the TSF and the central plant area, and a groundwater low to the west of the open pit. There is not active
dewatering of the open pit, but the pit is expected to be a groundwater sink driven by the high evaporation
rate.
Groundwater flow on the west side of the pit where the TSF is located is broadly to the north. Groundwater
flow on the east of the pit is from the plant area to the north east and to the south east.

1.3

Key Operational History

Operations commenced at the site in 1999 and continued until 2003 when it entered care and maintenance
and was then closed. The site was non operational for about 8 years from 2003 to 2011, although some
groundwater monitoring was undertaken in that period. Operations re commenced in 2011 and continued
until the site entered care and maintenance in 2015. There were several changes of ownership from 1999 to
2011, which means some historical information and context has been lost. New owners purchased the site in
2016 and have been working on re designing operations to streamline processing and seeking approvals for
construction and recommencement.
The site used sodium oxalate slurry sourced from a bauxite refinery as an input to the processing plant from
1999 to 2003. In 2003 when the site entered care and maintenance the sodium oxalate slurry continued to
be received on site for about 3 to 5 months. The volume was too large to store in the sodium oxalate storage
tanks at the processing plant, so it was stored in bunded cells built of clayey tailings in the middle of the
unlined TSF. The mine was subsequently closed, and the stored sodium oxalate slurry was covered with
clayey tailings, weathered waste rock and topsoil to prevent wind erosion.
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1.4

Sodium Oxalate Characterisation

It is important to distinguish between different materials containing sodium oxalate, and define the relevant
terms used in this paper.
Pure sodium oxalate is highly soluble in water (37,000 mg/L at 20°C) and dissociates to oxalate (C2O4 2) in
neutral pH (Chemical Book, 2014). It presents as oxalic acid (H2C2O4) in acidic conditions. In contrast, calcium
oxalate is insoluble  this will become important later.
Oxalate is a naturally occurring substance that is present in spinach, tea, Acacia plants and forage plants for
stock. However, when ingested in high concentrations it can cause kidney failure and in severe cases, death.
A recorded example of acute oxalate toxicity involved a 56 year old man who consumed 16 cups of iced tea
daily, which was calculated as more than 1,500 mg of oxalate. This led to kidney dysfunction and renal failure
(Mena Gutierrez, 2015). Over 60% of kidney stones are calcium oxalate based (Goldfarb, 2006). Those at risk
of kidney stones are recommended to consume less than 50 mg/day of oxalate (Healthline, 2020). This limit
would be reached by consuming approximately 3 cups per day of black tea  however, drinking tea with milk
mitigates the risk as the oxalate binds with calcium in the milk (Marina J S Charrier, 2002).
The sodium oxalate slurry was a by product of bauxite refining. The sodium oxalate slurry is generated during
the refinery process from the reaction of naturally occurring oxalate in organic material with hot sodium
hydroxide (Jamieson, 2013). It has a high concentration of hydroxide, with pH of 14 and is insoluble (Name
witheld, 2005).
The sodium oxalate slurry used on site had very different characteristics to pure sodium oxalate, including
significantly more alkaline pH and much lower solubility. It is important to characterise potential
contaminant sources accurately so that sampling, analysis and interpretation of results is based on correct
information.
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2.0 Results
2.1

Groundwater Analysis Results

Oxalate was first analysed in groundwater samples in 2006. Oxalate analysis was undertaken on an ad hoc
basis approximately once or twice a year, from a range of sites including monitoring bores near the TSF, the
plant area and the borefields (approximately 6 km away). The site operating licence was updated in 2015 to
require analysis of oxalate in groundwater. Results of oxalate analysis in groundwater from 2006 to 2015 are
presented in Graph 2.1.

Graph 2.1

Oxalate Analysis Results 2006 2015, selected bores for clarity

© Umwelt, 2021
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Groundwater sampling and analysis in 2006 indicated that oxalate in the TSF groundwater monitoring bores
(TSMB labels, green shading in the graph) was 1 to 2 mg/L. The next analysis in 2007 indicated it had
increased to 400 to 2,000 mg/L. Analysis of oxalate in the TSF monitoring bores indicated that the
concentration remained in this range from 2007 to 2015.
Analysis of oxalate commenced at plant site monitoring bores in 2008 (PSMB labels, orange shading in the
graph). The concentration at the plant site was 2,000 to 6,000 mg/L in 2008. By 2015, it had increased to
17,000 mg/L in one of the plant site monitoring bores.
Oxalate was also analysed in borefields groundwater samples and was recorded at 200 to 600 mg/L in both
shallow and deep monitoring bores from a single sampling event.

2.2

Regulatory Requirements

Regulators took action to impose requirements relating to management of sodium oxalate in response to the
high concentrations of oxalate detected in ambient groundwater monitoring.
In 2010, a new tenement condition was added requiring a management strategy to be developed and
approved by the (then) Department of Mines and Petroleum for the sodium oxalate containment cells in
the TSF.
In 2013, the site was listed as a contaminated site requiring remediation under the Contaminated Sites Act
2003. The reasons for classification included reference to groundwater monitoring results showing that
concentrations of oxalate in groundwater beneath the plant area had increased steadily from 2008 to 2010,
indicating the sodium oxalate is likely to be an ongoing source of groundwater contamination at the site.
In 2015, the Prescribed Premises licence was amended to require analysis of sodium oxalate in ambient
groundwater monitoring.
These regulator requirements prompted further work to investigate the oxalate results and review the
environmental risk, which took place over the next 3 years from 2013 to 2016.
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3.0 Interpretation  Question Everything
The oxalate contamination review looked at a wide range of information and questioned all assumptions and
veracity of evidence relating to oxalate and risks. The interpretation presented below is a summary of the
questions and checks that were most fruitful in the investigation, and that would be readily applicable to
other projects.

3.1

Site Context Reality Check

Firstly, a site context reality check was undertaken which involved sourcing data such as monitoring bore
construction details (borelogs) and incident reports from the early 2000s and reviewing site hydrogeology
and groundwater flow directions.
Measured oxalate concentration was highest at the plant, which was separated from the oxalate stored at
the TSF by the open pit. The depth of the open pit was approximately 80 mbgl. The total depth of the
groundwater monitoring bores at the TSF and the plant area were 35 to 50 mbgl. Therefore, the open pit was
deeper than the groundwater monitoring bores, and it was considered infeasible for oxalate to migrate from
the TSF, down 80 m under the pit, and then up approximately 40 m to be detected in monitoring bores at the
plant area. Figure 3.1 on the following page presents a schematic cross section west to east from the TSF
bores (TSMB6), through the pit, and to the plant site bores (PSMB1), which demonstrates the barrier of the
pit.
An alternate theory was explored, that the oxalate contamination may have originated on the east site of the
open pit. Oxalate was stored in the tanks at the plant area. However, records didnt indicate any major leaks,
and it had been over ten years since the oxalate storage tanks had been removed. There was also oxalate
present in mineral waste in a HDPE lined facility on the east side of the pit. However, it was down gradient
from the plant area and the eight monitoring bores near the HDPE lined facility had lower oxalate
concentration than the bore with highest measured oxalate concentration in the plant area.
It was not clear where the high and increasing oxalate concentration that had been measured at the plant
area was coming from.
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Figure 3.1

Schematic Geology Cross section through mine area, west to east

© Umwelt, 2021
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3.2

Contaminant Characterization

Secondly, information available relating to characterization of the contaminant was sourced and reviewed.
Italics are used to emphasize the distinct material types that are described.
The sodium oxalate slurry used on site had a highly alkaline pH and relatively high concentration of
hydroxide. In contrast, all groundwater monitoring bores had relatively neutral pH (6.3 to 8.6) and hydroxide
was below the limit of detection (refer to Table 3.1 for comparison). It seemed implausible that the oxalate
had mobilized differently to pH and hydroxide, which are both highly soluble.
Indeed, the sodium oxalate slurry was characterized as being insoluble. Why was the oxalate mobilizing?
Furthermore, calcium was present in all the groundwater monitoring bores at a moderate to high
concentration (18 to 3,600 mg/L). The calcium concentration was highest in the bores with high oxalate
concentration. As calcium oxalate is insoluble, it seemed strange that the soluble oxalate concentration and
soluble calcium concentration were high in the same bores.
Table 3.1 Comparison of key properties of contaminant sources and site materials
Property

Sodium Oxalate Slurry
(MSDS)

Ambient Groundwater
Monitoring

Solid Sodium Oxalate
Material

pH

14

6.3  8.6

12.5

Hydroxide

Sodium hydroxide:
12% = 120,000 mg/L

Hydroxide: Not detected
(< 5 mg/L)

Not available

Oxalate (reported as
soluble oxalate, no test
available for oxalate in
solids)

Sodium oxalate:
37% = 370,000 mg/L

Oxalate:
300 to 17,000 mg/L

Oxalate:
400,000 to 550,000 mg/L

Calcium (soluble)

N/A

18 to 3,600 mg/L

N/A

The sodium oxalate material stored on site was also no longer a slurry, as it had been stored in clay lined
cells and remained in place for over 10 years. It was now a solid material. There had been limited
characterization of the sodium oxalate material in the form it was stored on site. Two samples of the sodium
oxalate material from the TSF were collected in 2005. The limited analysis undertaken indicated pH was
approximately 12.5 and soluble oxalate concentration was 400,000 to 550,000 mg/L (refer to Table 3.1).
While the pH was comparable to the MSDS, the oxalate concentration was higher than in the sodium oxalate
slurry, which seemed improbable. Analysis of 2 samples from 10 years ago were not considered to represent
the current state of material stored in the TSF.
As mentioned earlier, mineral waste material stored in a HDPE lined facility also contained oxalate. However,
there had been no characterization of this waste material since operations commenced.
There was insufficient reliable data to characterize the sodium oxalate material as it was stored on site. This
led to collection and analysis of further samples from the TSF as well as from the HDPE lined waste facility.
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3.3

Lab Quality Assurance Data and Methods

In 2016, there was a change of site ownership. Associated with this change, a new groundwater monitoring
program was implemented. This is also when characterization of the sodium oxalate material in the TSF and
materials stored in the HDPE lined facility was undertaken.
Collection of groundwater samples and lab analysis was outsourced to a consultant that specialized in
groundwater monitoring. The groundwater monitoring consultant sent the samples to a lab that was
different to the lab used by site personnel for oxalate analysis to date.
The results showed that soluble oxalate in all groundwater monitoring bores was below the limit of
detection, and in the lined waste facility liquid it was 5,000 mg/L. This was a major deviation from all
previous results, which showed detectable and high concentrations in all groundwater monitoring bores.
This prompted a closer look at the methods and quality assurance data of the two laboratories. Lab 1 (which
undertook all the historic analysis) used high performance liquid chromatography (HPLC) with an ultraviolet
light detection at a wavelength of 215 nanometres, which detects oxalic acid. In contrast, Lab 2 (which
undertook the analysis in 2016) used ion chromatography (IC) which works on the basis that each ion has a
different affinity for the ion exchanger. No laboratories in Australia are accredited by the National
Association of Testing Authorities (NATA) for analysis of oxalate or oxalic acid in water (NATA, 2021).
The quality assurance data for Lab 1 verified a high accuracy in detecting oxalic acid in standard samples with
known concentrations. This was important but incomplete quality assurance. It showed that their method
was detecting oxalate in a known standard sample, but it didnt demonstrate their measurement of oxalate
was accurate in the groundwater matrix from site samples.
In contrast, the quality assurance data for Lab 2 included typical items such as lab duplicates, method blanks
and sample spikes, which verified that false positives and false negatives were not occurring from
interference of other elements in the sample matrix.
Further details on laboratory quality assurance indicators and the quality assurance data from the two labs is
provided in Table 3.2.
Table 3.2 Laboratory Quality Assurance Indicators
Indicator

Typical Measurement Method

Lab 1

Lab 2

Precision  the reproducibility of
repetitive measurements,
undertaken as laboratory duplicate
analysis of the same sample.

Relative Percentage Difference
(RPD) between laboratory
duplicate measurements.

Not available

Lab duplicates
analysed,
RPD <10%
acceptable.

Accuracy  the correctness of a
measurement.

Sample matrix spike (MS) and
matrix spike duplicate (MSD)  a
known amount of the analyte is
added to a portion of the actual
sample prior to extraction and
digestion.

90 to 105%
recovery from
known
concentrations
acceptable

Sample spikes
analysed,
77 to 98%
recovery 
acceptable

Laboratory control sample (LCS)
prepared from a source
independent of the calibration
standards.
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Indicator

Typical Measurement Method

Lab 1

Lab 2

Representativeness  the extent to
which the results represent the
actual environmental conditions.
This indicator considers possible
sources of contamination that may
interfere with the results.

Laboratory method blank (MB), to
evaluate possible interference from
glassware and reagents used in the
analytical process.

Not available

Blanks <limit
of reporting 
acceptable

Comparability  the ability to
directly compare results between
different sampling locations and
events, and compare to relevant
guidelines.

Laboratory analysis methods used.
Limit of reporting (LOR).

Practical
Quantitation
Limit 10 mg/L 
this limit is high
but acceptable
considering
range of results

Limit of
reporting
0.1 mg/L 
acceptable

Sample preservation
Holding time

Following on from review of the laboratory methods and quality assurance data, CSIRO were consulted on the
different methodologies used by each laboratory. CSIRO confirmed that they used the same method as Lab 2
(ion chromatography) for oxalate analysis, and that there is no accredited method for analysis of oxalate.
Sub samples of the groundwater samples that had been tested by Lab 2 were sent to Lab 1 for testing using
both HPLC and IC methods. The HPLC method provided similar results to historic analysis, whereas the IC
methods provided similar results to Lab 2.
Further investigation identified that HPLC analysis at a wavelength of 215 nm could be resulting in false
positives with numerous other parameters that would be detected at the same wavelength, including
proteins, nitrate, sodium aluminate and other organic acids. It was not clear what the interference was from,
but it was clear that the historic results didnt make sense.
We had confidence in the new results using the ion chromatography method because:
The method was used by CSIRO, a reliable research organisation.
The two laboratories recorded similar results using the same method.
Quality assurance data from Lab 1 HPLC method did not verify there were no false positives from
interference in the sample matrix.
Quality assurance data from Lab 2 IC method verified that there were no false positives or false
negatives.
The results made sense from a site content. Soluble oxalate was detected at a high concentration in the
HDPE lined waste facility liquid using ion chromatography, where it was expected to occur.
The results made sense in the context of contaminant characterization. Samples of the solid sodium
oxalate material stored in the TSF recorded high concentrations of oxalate from the layer of stored
material, but oxalate was not detected below this relatively thin layer.
Laboratory analysis for soluble oxalate since that time has been undertaken by Lab 2 using the IC method.
Soluble oxalate has remained below the limit of detection in all groundwater monitoring bores and has been
in the range of 2,000 to 7,000 mg/L in the waste liquid in the lined waste facility.
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3.4

Project Outcomes

A formal Sampling and Analysis Quality Plan (SAQP) was developed in 2017, which met the requirements of
the Prescribed Premises licence and included additional requirements for field quality control samples and
lab quality assurance data. This SAQP forms the basis of the sampling plan for the project to this date.
A Sodium Oxalate Management Plan was prepared, which was approved by DMIRS and endorsed by a
Contaminated Sites Auditor and the Department of Water and Environmental Regulation (DWER)
Contaminated Sites Branch in 2019.
However, all of this could have been avoided if there had been no poor quality data.
The data collected since 2016 indicates that soluble oxalate was probably never present in the groundwater.
The regulatory responses requiring sodium oxalate remediation would not have occurred if there was no
data showing high concentrations of oxalate in groundwater.
Better application of scientific principles earlier in the process could have avoided expenditure on
contaminated sites studies, and heightened regulator concern.
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4.0 Discussion and Conclusions
Through the investigation of oxalate in groundwater monitoring we learnt the following lessons that apply to
management and review of environmental monitoring data:
1. Do a reality check  do the result make sense based on the site context?
2. Check your lab quality assurance data and understand what it means.
3. Collect and analyze field quality assurance data (field blanks and duplicates), which is a check of field
sampling techniques and lab analysis methods.
4. Develop and follow procedures for monitoring, and use appropriately trained and experienced
personnel, to ensure that the data collection process is not introducing any unknown errors. Monitoring
procedures should align with relevant Australian standards and other established guidelines.
5. It can be useful to send duplicate samples to an alternate lab if the results are in question or critical.
6. Characterise your waste materials regularly during operations so that you can identify your potential
contaminants of concern (contaminants that could cause an environmental risk if discharged).
7. Be specific in terminology used. Total versus soluble can be a big difference in mobility of contaminants,
environmental risk and analytical results. Propose changes to licence conditions if they are not specific or
appropriate to the risk.
8. Determine the environmental and health and safety risks associated with potential contaminants of
concern, and relevant guidelines or trigger levels at which the contaminants may be hazardous. This will
inform the limit of detection that is needed and analysis of the results.
9. Review your environmental monitoring data after each monitoring event, and regularly review long term
trends in monitoring data.
All these things are critical to understanding your site, ensuring you have good quality data, and more
importantly, appropriately managing and presenting the environmental risks to regulators.
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Overview
Introduction
Case Study
Methods
Results
Environmental Risk Assessment
Learnings and Considerations
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Introduction
Regulatory framework for environmental
discharge to salt lakes is becoming
increasingly stringent
Due to importance of temporary
waterbodies in arid regions
Key concerns include elevated
concentrations of metals in discharge water
During flooded conditions, these
waterbodies are often highly productive
Organisms may be at their most sensitive
when they first emerge
3

Traditional vs Toxicity Discharge Studies
Previously, desktop review, or flood
studies, have been used to provide
an indication of potential toxicity
However, knowledge gaps remain,
particularly for salt lakes
Stantec have been investigating the
use of a variety of analytical
techniques and toxicity studies
The outcomes are being applied to
environmental risk assessment,
aligning with regulatory expectations

4

Case Study
Base metal mine located in the mid-west
that discharges to a nearby salt lake
Potential risk identified for sensitive
biological receptors (aquatic biota and
waterbirds), although toxicity unknown

5

Bioaccumulation and biomagnification
concerns raised for potential
contaminants
Stantec undertook metals bioavailability
and toxicity testing to understand risk

Methods
Integrated approach comprising:
Field survey to assess aquatic biota
Analysis of water (dissolved metals) and
sediment (total and bioavailable metal
fractions)
Toxicity testing of two species; alga (72hr
chronic toxicity) and aquatic invertebrate (48hr
acute toxicity) by Ecotox Australia
Comparison of analytical results against trigger
values (ANZG) and toxicity concentrations
against available literature
Revision of existing environmental risk
assessment based on results
6

Results

Aquatic Biota

The lake was characterised by a
range of salt tolerant algae and
aquatic invertebrates
This included the green alga
Dunaliella sp. and the brine shrimp
Parartemia sp.,
This corresponded to species used
for toxicity testing:
Dunaliella salina (green alga)
Artemia salina (brine shrimp)

7

Results

Water Quality

Alkaline conditions
Progressively more saline
from outfall onto the lake
Total nitrogen was higher than
total phosphorus
Typically, metals
concentrations were low
Selenium and mercury were
below reporting limits
Cadmium and zinc were
elevated (mg/L)
8

Water Quality
pH (unit)

Site 1

Site 2

Site 3

9.55

8.55

7.8

Total Dissolved Solids

11,300

8,600

134,000

Conductivity (µS/cm)

146,000

ANZG
DGVs - 80%

15,600

12,200

Total Nitrogen

12.9

3.3

4.9

Total Phosphorus

<0.01

0.15

0.33

Arsenic

<0.001

<0.001

<0.050

0.14

Cadmium

0.001

0.0028

<0.0050

0.0008

Chromium

0.001

0.002

<0.050

0.04

Copper

0.001

0.013

<0.050

0.0025

Iron

<0.05

<0.05

<2.50

0.0094

Lead

0.003

<0.001

<0.050

0.012

Manganese

<0.001

0.139

<0.050

3.6

Mercury

<0.0001

<0.0001

<0.0001

0.0054

Nickel

0.017

<0.001

<0.001

<0.050

Selenium

0.01

<0.01

<0.50

0.034

Zinc

0.01

0.071

<0.250

0.031

Results
Metals in Sediment

Site 2

Site 3

ANZG
GVs-High

Total

Extractable

Total

Extractable

9.07

<1.0

2.55

<1.0

Cadmium

9.1

1.31

<0.1

0.12

10

Chromium

140

3

35.8

6

370

Copper

146

11.8

4

2.3

270

Iron

38,800

1,260

9,160

2,000

N/A

Lead

120

15.4

2

1.3

220

Arsenic

70

Manganese

8,030

679

59

64

N/A

Mercury

0.02

<0.10

<0.01

<0.10

1

Nickel

14.3

3.4

3.6

1

52

Selenium
Zinc
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Sediment Quality

2.8

<0.5

0.2

<0.5

N/A

3,450

402

15.4

18.4

410

Total metals higher in
sediment
Extractable (bioavailable
fractions) much lower
Selenium and mercury were
below detection in
bioavailable fractions
Zinc remained elevated in
bioavailable fraction (mg/kg)
Low compared to ANZG

Results

Toxicity in Dunaliella salina

No toxicity to algae at
any concentration,
across treatments
No significant
difference in mean cell
yield of algae
Results were
consistent with
available literature

Algal Cell Yield (Mean number of cells/mL x 10^4)
Concentration (%)
FSW Control

Site 2

10% Control

Site 3

± SD

%

± SD

%

± SD

18.6

0.9

18.6

0.9

18.6

0.9

18.6

1.0

7% Control
19.3

1.2

60% Control

14.6

2.0

3.1

13.7

1.1*

6.3

18.7

1.3

18.4

2.1

12.2

0.7

12.5

18.8

1.3

17.7

0.6

14.2

1.5

25

19.3

0.9

18.0

1.1

12.2

0.7

50

18.5
18.8

1.0
1.3

19.2
21.2

0.7
1.7

14.2

1.5

100
10

Site 1
%

Toxicity Artemia salina

Results

Unaffected Invertebrates Mean (± SD)
Concentration (%)

Site 1

Site 2
± SD

%

± SD

%

± SD

100.0

0.0

100.0

0.0

100.0

0.0

100.0

0.0

60% Control

100.0

0.0

3.1

100.0

0.0

FSW Control
7% Control
10% Control

100.0

0.0

6.3

100.0

0.0

100.0

0.0

100.0

0.0

12.5

100.0

0.0

100.0

0.0

100.0

0.0

25

100.0

0.0

100.0

0.0

100.0

0.0

50

100.0
100.0

0.0
0.0

100.0
100.0

0.0
0.0

100.0

0.0

100
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Site 3

%

No toxicity to brine shrimp
at any concentration,
across treatments
No significant difference in
the mean % of brine
shrimp no affects
Results were consistent
with available literature

Environmental Risk Assessment
Previously, potentially sensitive
biological receptors were identified for
potential contaminants of concern
These studies enabled a revised risk to
be undertaken for the discharge
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The residual risk was reduced, due to
the results of the analytical data and
toxicity studies
During flood events, dilution and
dispersal of any contaminants will
reduce toxicity

Controls
The lake has natural characteristics that are likely to reduce toxic metal forms and
potential uptake in aquatic biota:
presence of metal oxides and salts
fine clays
organics (limited in salt lakes)
Discharge water is subject to pre-treatment (MWC) and secondary treatment (settling),
with continuous improvement
There has been some removal of contaminated sediment from the lake
These controls have led to reduced metal concentrations in recent years
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Learnings
A range of water quality samples are
required to test for toxicity (low to
high concentrations of contaminants)
Representative species should be
considered that reflect saline
conditions
Consider hatching local species,
although this can be costly
Site-specific trigger values are more
applicable than ANZG for comparison
14

Considerations
Adequate baseline data is vital
All potential toxicity scenarios and pretreatment options should be considered
Salt tolerant species also appear to
have an inherent natural resilience to
elevated metals

15

Traditional sampling methods should
still be employed to ensure ecological
values and processes are maintained
Bioavailability and toxicity studies are
an additional tool to understanding
potential toxicity risk

Questions?

16
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Abstract
Understanding the relationships between plant growth and soil properties is essential for
improving rehabilitation outcomes. However, the interactions between soil properties and plant
growth can be complex, with the characteristics of soils dependant on numerous physical and
chemical factors that each play a different part in the establishment and growth of vegetation.
Additionally, variation in soil properties can be high, and this can become a limiting factor to
setting rehabilitation targets for vegetation cover and diversity. In this study, a statistical
analysis of soil and vegetation data from 25 rehabilitation monitoring plots and 13 analogue
plots from a rehabilitated mine site in the Eastern Goldfields Region of Western Australia was
undertaken, to determine which soil properties have the greatest influence on plant diversity
and plant cover. Both principal component analysis and generalised linear models were used
to explore correlations between soil properties and plant cover and diversity values. The
results of the analysis showed that vegetation cover was most strongly controlled by
exchangeable sodium percentage, electrical conductivity, and chloride content and plant
diversity was most strongly controlled by exchangeable sodium percentage, pH, total
phosphorus, and silt content.
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Introduction
Northern Star Resources Limited operates the KCGM Operations, which includes the
Superpit, located adjacent to the City of Kalgoorlie-Boulder, approximately 600 kilometres
(km) east of Perth in the Eastern Goldfields Region of Western Australia (WA).
KCGM O
een mined
progressively since gold was first discovered in 1893. Rehabilitation of disturbed areas at the
Superpit has been undertaken progressively since the early 1990s.
In recent years KCGM Operations has collected an extensive amount of waste and soil
characterisation data, as well as vegetation monitoring data from both rehabilitation and
analogue plots. Vegetation monitoring involves the use of quadrats to assess both vegetation
cover and diversity among a wider range of parameters. Rehabilitation materials, including
soils, have been stockpiled at KCGM Operations since the late 1980s, and some of these
materials have been used for progressive rehabilitation. Characterisation of soils at
rehabilitated and analogue sites has focused on physical parameters including particle sizing
and hydraulic conductivity and chemical parameters including salinity, pH, sodicity, organic
carbon, and nutrient availability. An opportunity was identified to statistically analyse the
existing data collected by KCGM Operations, to better understand the linkages between soils
and vegetation and simplify the development of closure completion criteria.
It was hypothesised that some soil properties would have a greater influence over plant cover
and diversity than others. To test this, ordination was first used to identify soil variables that
were most responsible for variations in plant growth and diversity. Generalised linear models
(GLM) were then used to confirm significant relationships between soil and plant parameters.

Methods
Thirty-eight sites were analysed for 12 chemical, 6 physical, and 2 vegetation parameters.
These parameters are described in Table 1. Of the 38 sites, 25 were rehabilitated (previously
disturbed) and 13 were analogue (non-disturbed). All analogue sites were located in areas
known to contain non-disturbed native vegetation.
Vegetation parameters were sourced from existing monitoring data. Vegetation cover and
diversity values were calculated as the mean percent cover and mean diversity for the total
number of transects at each site. Mean vegetation cover and diversity was 20.9% and 1.93
respectively for rehabilitated sites and 24.4% and 1.90 for analogue sites. For the soil chemical
and physical parameters, only data from the top 50cm of the soil profile was included in the
analysis. It is these soils that are likely most responsible for the ongoing support of vegetation.
A common ordination technique is Principal Component Analysis (PCA). PCA is used primarily
to display patterns in multivariate data. Generally, variables displayed closer together in a PCA
plot are more related than variables that are further apart.
statistical software was used to complete non-metric dimensional scaling (NMDS) ordination
with Bray-Curtis distance. Percent parameters (e.g. vegetation cover, coarse fragment) were
arcscine transformed prior to the NMDS. A detrended correspondence analysis (DCA) was
performed to receive information on gradient length. Eigenvalues produced from the analysis
were used to assess how well the ordination fitted, and how much variation could be explained
determine which of the vegetation parameters had a significant correlation with the variation
in soil parameters.
Conference 2021, May 19th
st
to 21
.

Table1: Physical, chemical and vegetation parameters analysed at each of the 38 KCGM sites
Soil
Physical
Coarse fragments (>2 mm) (%)
Coarse sand (0.2-2 mm) (%)
Fine sand (0.02-0.2 mm) (%)
Silt (0.002 0.02 mm) (%)
Clay (<0.002 mm) (%)
Saturated hydraulic conductivity (cm/h)

Chemical
Electrical conductivity (EC1:5) (dS/m)
pH (unit)
Cl (mg/kg)
Organic Carbon (%)
Effective Cation Exchange Capacity
(ECEC) (meq/100g)
Total Nitrogen (mg/kg)
Total Phosphorus (mg/kg)
Available Phosphorus (mg/kg)
Available Potassium (mg/kg)
Exchangeable Sodium Percentage
(ESP) (%)
Trace elements (S, Cu, Fe, Mn) (mg/kg)
Exchangeable cations (Mg2+, K+, Ca2+,
Al3+, and Na+) (meq/100g)

Vegetation
Cover (%)
Diversity

Variance (ANOVA) was used to test the effect of soil parameters on each of the vegetation
parameters and confirm variations observed in the PCA. All analyses were performed using
the R project statistical computing software (R Core Team 2014).

Results
Variation in soil parameters
Each axis (or principal component) of the PCA shows the direction of maximum variation
through the dataset. Analysis of eigenvalues showed that the first four axes of the PCA
represent 93% of variation in soil parameters with the first, second, third, and fourth axes
individually explaining 37%, 32%, 17%, and 8% of the matrix respectively (Table 2). Therefore
the first two axis of the PCA explained the greatest amount of variance across the soil
parameters (Figure 1).

Table 2: Proportion of variance explained by axes of PCA
Value
Eigenvalue
Proportion
explained
Cumulative
proportion

Axis 1
0.46

Axis 2
0.40

Axis 3
0.21

Axis 4
0.10

0.37

0.32

0.17

0.08

0.37

0.69

0.85

0.93

Eigenvector scores for each of the soil parameters and the first four axes of the PCA are
provided in Table 3. Eigenvector scores show the weight of each variable (soil parameters)
on each axis of the PCA. Generally, scores vary between -1 to +1 and if the value of the
Eigenvector for a specific variable is closer to 1, it has a greater effect on the larger dataset.
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Table 3: Eigenvector scores of soil parameters for the first four PCA axes
Parameter
pH
EC1:5
Cl
Total Nitrogen
Total Phosphorus
Available Phosphorus
Available Potassium
Available S
Organic Carbon
Trace Cu
Trace Fe
Trace Mn
Trace Zn
ECEC
ESP
Exchangeable Ca2+
Exchangeable Mg2+
Exchangeable K+
Exchangeable Na+
Exchangeable Al3+
Coarse fragments
Coarse sand
Fine sand
Silt
Clay
Hydraulic conductivity

Axis 1
0.28
-1.15
-1.29
0.70
-0.02
1.11
1.02
-1.05
0.08
1.03
-0.32
0.89
0.06
1.05
0.85
2.40
2.27
2.33
1.69
0.69
0.85
0.65
-0.04
0.26
0.08
-0.2171

Axis 2
0.96
1.12
-0.70
0.79
1.39
0.64
0.34
2.86
1.06
0.55
1.33
-0.60
1.01
0.43
1.08
-0.16
-0.45
-0.14
-1.38
0.90
1.08
0.31
0.89
0.68
1.25
1.3049

Axis 3
0.50
1.26
-0.65
0.95
1.10
-0.07
0.20
2.71
0.61
-0.37
-0.58
-1.39
0.62
0.71
0.77
0.09
-0.86
-0.53
-2.23
0.80
0.77
0.25
0.38
-0.16
0.45
-0.3145

Axis 4
-0.14
1.05
-0.53
0.63
0.08
-0.38
0.45
2.54
-0.12
-0.86
-1.95
-1.85
0.52
0.67
-0.01
0.64
-1.40
-0.72
-2.35
0.75
-0.01
0.56
-0.49
-0.50
-0.52
-1.1526

Eigenvector analysis showed higher weightings on two or three axes for:
EC1:5,
Total Phosphorus,
Total Nitrogen,
Available Sulphur,
ECEC,
ESP,
Exchangeable Aluminium, and
Coarse fragment percent.

These properties were considered more likely to explain the variation in soil parameters.
Ordination of both soil and vegetation parameters showed that both mean diversity and mean
cover have a significant correlation with the variation exhibited in the PCA (P<0.01).
The ordination plot in Figure 1 indicates that an increase in EC1:5, Cl, S, Total P, ESP and
coarse fragment percent has the most negative effect on mean cover and diversity. An
increase in pH, organic C and fine sand content has the most positive effect on mean cover
and diversity.
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Although an increase in the availability of nutrients (e.g. Total N) and exchangeable cations
(e.g. ex. Ca) are shown to have a positive effect on mean cover and mean diversity, the greater
distance between these variables and vegetation parameters suggests that the relationship is
not strong enough to be significant.

Figure 1: NMDS ordination of 38 plots, displaying the first and second axis. Black dots indicate
and
OC Organic Carbon, EC Electrical
Conductivity, TP Total Phosphorus, TN Total Nitrogen, CFrag Coarse Fragments, CSand
Coarse Sand, Fsand Fine Sand, Avail. K Available Potassium, Avail. P Available Phosphorus.

Interaction between soil and vegetation parameters
To confirm relationships between soil and vegetation characteristics observed in the PCA, an
ANOVA assessment was run on GLM models to test the effect of soil parameters on
vegetation parameters. Results of the analysis are provided in Table 4.
The results of the ANOVA show that ESP had a significant effect on both vegetation cover
and diversity. In this case, for every 1% increase in ESP, average diversity reduced by 1.3
and average vegetation cover reduced by 12% (Figure 2).
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Table 4: Summary statistics for individual interactions between soil properties and mean
vegetation cover or mean vegetation diversity. Asterisks show the significance level at
P<0.05(*), P<0.01(**) and P <0.001 (***).
Parameter

Unit

Physical Properties
Particle size distribution
Coarse fragments (>2 mm)
Coarse sand (0.2-2 mm)
Fine sand (0.02-0.2 mm)
Silt (0.002 0.02 mm)
Clay (<0.002 mm)
Saturated hydraulic conductivity
Chemical Properties
EC1:5
pH
Cl
Organic carbon
ECEC
Total nitrogen
Total phosphorus
Available phosphorus
Available potassium
S
Cu
Fe
Mn
Zn
B
ESP
Exchangeable Ca2+
Exchangeable Mg2+
Exchangeable K+
Exchangeable Na+
Exchangeable Al3+
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w/w
w/w

P value
Mean Vegetation
Mean Vegetation
Cover
Diversity

w/w
w/w
cm/h

>0.05
>0.05
>0.05
>0.05
>0.05
>0.05

>0.05
>0.05
>0.05
<0.001***
>0.05
>0.05

dS/m
pH units
mg/kg
%
meq/100g
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
%
meq/100g
meq/100g
meq/100g
meq/100g
meq/100g

<0.01**
>0.05
<0.05*
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
<0.001***
>0.05
>0.05
>0.05
>0.05
>0.05

>0.05
<0.01**
>0.05
>0.05
>0.05
>0.05
<0.05*
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
<0.05*
>0.05
>0.05
>0.05
>0.05
>0.05
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a)

b)

Figure 2 (a) Plot showing correlation between ESP (%) and mean vegetation cover where
P<0.05, (b) plot showing correlation between ESP (%) and mean diversity where P<0.05.

Chloride and EC1:5 also had a significant effect on vegetation cover but did not have a
significant effect on diversity (Figure 3). The linear plot shows that vegetation cover is likely to
be less than 10% where EC1:5 is greater than 2dS/m and Chloride content is greater than
2500mg/kg,
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a)

b)

Figure 3 (a) Plot showing correlation between EC1:5 (dS/m) and mean vegetation cover where
P<0.05, (b) plot showing correlation between Chloride (mg/kg) and mean vegetation cover
where P<0.05.

In addition to ESP, plant diversity was strongly influenced by total Phosphorus and pH. An
increase in total Phosphorus caused a decline in plant diversity whereas an increase in the
alkalinity improved plant diversity (Figure 4).
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a)

b)

Figure 4 (a) Plot showing correlation between total phosphorus (mg/kg) and mean diversity
where P<0.05, (b) plot showing correlation between pH (unit) and mean diversity P<0.05.

In regards to physical soil factors, only increasing silt content was shown to have an adverse
affect on mean plant diversity (Figure 5). No physical soil factors were shown have a significant
effect on mean cover.
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Figure 5 Plot showing correlation between silt (%) and mean diversity where P<0.001.

Discussion
The results of the analysis show the importance of soil physical and chemical characteristics
on plant growth and establishment. Vegetation cover was shown to be adversely affected by
increases in salinity, Chloride content, and ESP. The effect of salinity on plant growth is well
known, and many studies have observed a decline in plant growth with increasing levels of
salinity (Munns and Tester 2008). Here we show that where EC1:5 is greater than 2dS/m,
vegetation cover is likely to be lower than 10%. The constituent cations of total soluble salts
in soils are usually sodium, calcium and magnesium and the anions are chloride, sulphate,
and carbonate (including bicarbonate). Because both Chloride and EC1:5 were strongly
correlated with vegetation cover, this suggests that sodium chloride constitutes the majority of
soluble salts within the soils tested. During leaching processes, sodium from the salt is
adsorbed by soil clay particles. A soil is considered to be sodic when the adsorbed sodium
reaches a concentration where it starts to affect soil structure (evidenced by an ESP>6%).
Adverse conditions in sodic soils such as low hydraulic conductivity, poor porosity (or
movement of air) and high soil strength when dry, have all been linked to poor plant growth
(Rengasamy et al 2003). However, this is one of the first studies to also demonstrate the effect
of ESP on diversity. The results show that at ESP >6%, plant cover is likely to be 20% lower
and mean diversity less than 2, supporting the premise that sodic soils have adverse effects
on both vegetation amount (represented by cover) and diversity.
Although the ordination showed a positive correlation between the availability of nutrients (e.g.
total Nitrogen) and indicators of nutrient availability (exchangeable cations) and vegetation
cover and diversity, an increase in these factors was not large enough to have a significant
effect on plant parameters. Analysis of fitted models did confirm however, a significant
relationship between plant diversity and total Phosphorus. In this study, the consequence of
increased availability of Phosphorus was a reduction in plant diversity. This outcome may be
the result of two factors either; i) that high levels of total Phosphorus have an adverse effect
on the establishment of phosphorus sensitive species or ii) that high levels of total Phosphorus
limits the amount of Phosphorus that a plant can recover from symbiotic relationships. Many
Australian native plants grow in regions with ancient, highly weathered soils and thus have
Conference 2021, May 19th
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developed specialised adaptations for acquiring phosphorus (Williams et al. 2019).
Phosphorus sensitivity has been well documented in the Proteacea family and plant species
endemic to the south west (Lambers et al 2013). However, the effect of phosphorus on other
plant species outside of the south west is less well documented. Williams et al. (2019) showed
that excess P supply exhibited negative effects on growth and survival of some Eucalyptus
species endemic to the Great Western Woodlands, which occurs to the north and south of
Kalgoorlie. The results of this study show that mean diversity is reduced where levels of total
Phosphorus exceed approximately 200 mg/kg, suggesting that Phosphorus sensitivity may
also extend to other species endemic to the Eastern Goldfields Region. When a plant root
system is infected with mycorrhizal hyphae this can absorb P from solutions with very low P
concentrations. Peverill et al (1999) argue that that there is evidence to suggest that the effect
of mycorrhizally mediated Phosphorus uptake is depressed at high soil P status and this may
provide an alternative explanation to why plant diversity is reduced as high levels of total
Phosphorus.
Plant diversity was also shown to be positively influenced by pH, whereby mean species
diversity increased with increasing alkalinity (where values range between 6.5-9.5). Soils in
arid and semi-arid regions have been noted to exhibit greater alkalinity (pH 7-9) as a result of
higher presence of carbonates and exchangeable sodium (Peverill et al 1999) and the range
of pH values found in soils in this study reflects those typically expected in arid and semi-arid
regions. Partel (2002) found that positive relationships between species richness (diversity)
and pH were significantly more probable in floristic regions where plants had evolved on high
pH soils. The results of this show that species diversity reduces at pH levels of <8, supporting
the premise that plants from the Eastern Goldfields Region are more likely to be adapted to
alkaline soils.
Of the physical properties that were tested (coarse sand content, fine sand content, silt
content, clay content, saturated hydraulic conductivity) only silt content was shown to have a
significant effect on plant diversity. In this study mean diversity was more likely to be less than
1 when silt content was greater than 15%. The reason for this may relate to the potential for
soils with high silt content to be more susceptible to structural decline (e.g. deterioration of
aggregate stability; decreased soil hydraulic conductivity; increased susceptibility to surface
sealing; and decreased soil aeration). These characteristics can lead to increased runoff and
erosion potential (Sumner and Naidu 1998). ESP is one indicator of structural decline caused
by clay dispersion. However, any soil particles less than 0.2mm can also contribute to decline
as they can be prone to mobilisation within the soil matrix, even if ESP is <6% (Vacher et al
2004). Soils with high erosion rates can be characterised by low vegetation establishment
(Govers et al 2006). García-Fayos et al (2010) also showed that soil erosion can influence
species composition of plant communities by favouring the establishment of species that have
larger or heavier seed that is less likely to be removed by water erosion. Although these
findings suggest that an increase in silt content is most likely to affect diversity by increasing
a soils susceptibility to erosion, the potential for other factors associated with high silt content
to influence plant diversity (such as decreased soil hydraulic conductivity) could prove fruitful
in further studies.
Notably, this study did not consider the effect of age on vegetation parameters and the
interaction of this with soil properties, nor did it consider the effect of microbial abundance
(e.g. symbiotic N2-fixing bacteria, mycorrhizal fungi) on plant diversity. Recent studies have
identified the latter as an important driver of species diversity on earth, with many species
reliant on microbial symbionts for growth and survival (van der Heijden et al 2008). Both the
effect of age and microbial abundance should be considered in future studies.
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Nonetheless, the findings of this study have the potential to be beneficial for the creation of
mine closure completion criteria that includes target values for vegetation cover or diversity.
In this case where characterisation work shows soils (topsoil and subsoils) or materials to
have elevated ESP, EC1:5, Chloride, total phosphorus, silt or lower pH, completion criteria
could be amended to reflect vegetation and diversity values that are more realistic or
achievable.

Conclusion
Overall, the findings of this study show that there is a direct relationship between; 1) ESP,
EC1:5 and chloride content and vegetation cover and 2) ESP, pH, total phosphorus and silt
content and plant diversity. Although the ordination provided a useful way of displaying
patterns and reducing the dimensionality of data, factors that were shown to exert strong
influence over vegetation parameters in the ordination were not always shown to be significant
when variables were tested with GLMs (e.g. coarse fragments and plant cover). This highlights
the value of using both PCA and GLMs for the derivation of significant soil drivers.
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Outline

What is PFAS?
Why is PFAS in the environment a risk?
Sources of PFAS in Australia the usual suspects
Sources of PFAS in Mining the unusual suspect
Emerging risks for the mining industry

Disclaimer: This presentation has been prepared to highlight the emerging issues
relating to the uses of PFAS in the mining industry. The pictures contained herein
are from publicly available sources to provide conceptual support and are not
intended to directly represent any specific mining operations where PFAS is known
or suspected to be present.

What is PFAS?
Per and polyfluoroalkyl substances
(PFAS) are a complex family of
manmade fluorinated organic
chemicals that have been produced
since the mid 20th century
Estimated to include 5,000 to 10,000
chemicals
Used in manufacturing industry
protective coatings (perfluorooctanic
acids - PFOA)
architectural resins (perfluorononanoic
acid - PFNA)

Aqueous film forming foams (AFFF many types)
Perfluorooctanesulfonate (PFOS)
1960s
Fluorotelomers (eg. 6:2 FTS, 8:2 FTS)
since 2000s

Risks to the Environment
All PFAS are highly persistent, bioaccumulative and potentially toxic to humans and the
manufactured and not naturally occuring.
PFAS is highly soluble and mobile rapidly migrates long distances in a relatively short
time into groundwater and surface water. Even polar bears in the arctic have PFAS in
their systems
Toxicity occurs at very low concentrations (parts per billion range)
Humans are primarily exposed to PFAS, such as PFOS, through food consumption and
contaminated drinking water
PFOS and PFOA have a half-life of approximately 2 to 9 years

Aquatic environments have a high level of bioaccumulative uptake
PFHxS has relatively longer half-lives in biota and humans than PFOS
Edible aquatic organisms that have been studied have half-lives that are much shorter than
humans

Rapidly emerging contaminant of concern with a high level of research and investigation
happening globally

Risks to Human Health
Scientists are still learning about the health
effects of exposures to PFAS. Studies indicate
that exposure to specific PFAS over certain
levels could result in adverse health effects
including:
cause developmental effects in infants

pregnancy
lower infant birth weights
increase cholesterol levels
affect the immune system [There is evidence from
human and animal studies that PFAS exposure
may reduce antibody responses to vaccines
(COVID-19 included)] (Grandjean et al., 2017,
Looker et al., 2014)
Reduce infectious disease resistance (NTP, 2016)
increase the risk of cancer kidney, testicular,
ovarian, prostate, lymph system, leukemia

Sources of PFAS in Australia - The
Usual Suspects
Primary source is the use and release of Aqueous Film Forming Foams
(AFFF)
Defence Sites fire-fighting training areas
Airports
Department of Fire and Emergency Services/Fire Training Facilities
Power Stations
Fuel Refineries and any site with Bulk Fuel Storage

Secondary sources from manufacturing and disposal of consumer
products
Manufacturing facilities
Landfills and Waste Disposal Facilities
Water Treatment and Sewage Treatment Plants
Land application of Biosolids

Older legacy PFAS typically consists of more highly regulated variants
such as PFOS, PFHxS and PFOA
More recent use of newer types of AFFF is often accompanied by the
presence of shorter chain, less regulated, carboxylic acid species and
oxidisable precursors

PFAS Point Source Conceptual Site
Model
Fire-Fighting Foam
Application

Landfills and WWTPs

Adapted from figures by L. Trozzolo, TRC

PFAS in Australia is Under Investigation
High Priority Sites
Western Australia - 28 PFAS
sites
Queensland Government - 19
PFAS sites
NSW - 43 PFAS sites
Victoria ???
Northern Territory 3 PFAS
sites
South Australia 4 PFAS sites
Tasmania 2 PFAS sites

Mining barely gets a mention

Usual Suspects

PFAS in Mining

The Emerging Suspect

Point Source Release Areas of
PFAS in Mining
Fire-fighting training areas
Releases to unsealed ground over long periods of time
Workshops
Whilst use of PFAS is being phased-out nationally many sites
still hold large stores of AFFF with nowhere to dispose of it
Washdown bays
Water treatment plants

Heavy vehicles
Most contain their own foam cannisters
Use and releases to ground can occur anywhere

pits, haul roads, underground

Dust Suppression
Use of recycle water impacted by PFAS distributes risks across the operational area
Dust suppression along conveyor lines

Diffuse Secondary Sources become a
Large-Scale Issue
Transport of contaminated soils via heavy vehicles from
primary source areas over large areas
PFAS impacted surface water runoff enters sumps and
dams
PFAS impregnates concrete holding bunds and underlying
soils
Water recycling and reuse distributes PFAS into process
water, water supply dams, recreational areas
Standard water treatment units not equipped to process
PFAS treated wastewater releases PFAS back into the
environment (e.g Biomax, oily water separator systems)
The cycle recommences!

The Conceptual Site Model Changes
In addition to the standard point source release areas

Emerging Remediation Solutions for the
Mining Industry
Four types of water treatment technologies
Adsorption
Ion Exchange
Foam Fractionation (ozone assisted)
Reverse Osmosis

Usual suspect water treatment systems
designed to treat large source concentrations
not trace concentrations
Foam fractionation and RO have many shortfalls when
considering large volume treatment systems with trace PFAS.

Adsorption and Ion Exchange are better able
to be tailored to provide an engineered
solution that meets low concentration targets
Also need to consider impacts of other
contaminants on PFAS removal
Pretreatment
Downstream media fouling
Waste minimisation

Other Remediation Considerations
Seasonal changes in flow
rates/concentrations
Consideration into generated waste
stream/s dependant on viable receiving
facilities in remote locations.
Inclusion of sludge dewatering and
also immobilisation equipment based
on suspected volumes, available
footprints and local regulatory
requirements.
Modular filtration systems capable of
switching between lead and lag beds to
minimise media swap outs and
potential offsite disposal or
regeneration.

Where to From Here?
Increasing regulatory pressure is coming for mine sites to
identify their PFAS risks
Contaminated sites investigations should always consider PFAS sources
site history often hard to determine
Early identification of potential sources, pathways and receptors critical to
investigation

Critical to understand water sources and flow paths: surface
water, groundwater, process water, recycled water
Sustainable PFAS solutions require soils (source sites) to be
managed first
Need to consider potential remediation endpoints early
Analysis will need to go beyond the older regulated PFAS sources and
include newer, shorter-chain less regulated carboxylic acid species, if water
treatment is a potential outcome
Total Oxidisble Precursor Assay (TOPA) critical to understand the nonoxidisable components that has yet to degrade standard analysis is only
the tip of the iceberg

Contacts
If you have any questions or would like more information please feel free to contact via the details
below or sign up to our E-newsletter via the link below.
Visit our website at www.360environmental.com.au
Sign up for our newsletter on our website

Julie Palich
Group Leader Contaminated Sites
0417 568 467
juliepalich@360environmental.com.au
Chris Donnetti
Principal PFAS Specialist
0415 803 884
chrisdonnetti@360environmental.com.au

http://www.linkedin.com/company/360-environmental
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Environmental Surveys
Taxonomic impediment
Challenging morphology
Incomplete taxonomic
frameworks
Sex/life-stage specific
characters
Damaged specimens
Spatial comparisons

Environmental Surveys
Sampling impediment
Cryptic organisms
Low sampling success
Sterile plants

Environmental Surveys
Methods
Barcoding
Genomic
Sequencing
eDNA

Challenges

Taxonomic
Impediment
Sampling
Impediment

Outcome

Improved
EIA

DNA Barcoding
Short, easily amplified
DNA fragment
Rapid identification
Dependent on data
sharing
Delimitation of new
species

DNA Barcoding

DNA Barcoding
Schizomida

Hyper-diverse subterranean
radiation in the Pilbara
Most species are SREs
Juveniles and females are
morphologically cryptic

The West Australian, 29 March 2007

Draculoides julianneae (Cape Range)

video courtesy of WA Museum (Clay Bryce, Kym Abrams and Mark Harvey)

DNA Barcoding

DNA Barcoding

DNA Barcoding

BLAST
Results
(GenBank)

Genomic Sequencing
Low Variation

Genomic Sequencing
POWER!

Genomic Sequencing
Genome Skimming
Sequence random parts
of entire genome
Extract DNA
Fragment DNA
Ligate adaptors
Pool samples
Sequence (NGS)
Bioinformatics

300bp
150bp

150bp

Genomic Sequencing
High copy number regions
Plastid genomes (cpDNA,
plastome) ~150 kbp
Nuclear ribosomal DNA
(nrDNA) ~7.5 kbp

Genomic Sequencing

Eremophila

Speciose
Difficult to identify
Sterile plants

nrDNA
results
(~7.5k bp)

Environmental DNA (eDNA)
Organisms leave traces of
DNA in the environment
Use trace DNA to monitor
biodiversity
Two approaches
Species specific (qPCR)
Multi-taxa
(metabarcoding)
recording?. Biological Journal of the Linnean Society.

Environmental DNA (eDNA)
Quantitative PCR qPCR
A species specific
fragment of DNA
Amplification detected
by fluorescence
Detection threshold
Pros: cheap, high
sensitivity
Cons: R&D, pass/fail

Figure: Dietrich (2017) Detection of four at-risk freshwater pearly mussel species (Bivalvia:
Unionoida: Unionidae) from environmental DNA (eDNA). Masters Thesis.

Environmental DNA (eDNA)
eDNA Metabarcoding

All DNA is targeted in
an environmental
sample
DNA fragments are
sequenced using NGS
Pros: access to seq
data, assemblage data
Cons: loss of low
detection species,
bioinformatically
specialised

Figure modified by Adam J. Vanbergen from Gill, et al. (2016) Protecting an Ecosystem Service:
Approaches to Understanding and Mitigating Threats to Wild Insect Pollinators. Advances in
Ecological Research.

Comparison
of methods

qPCR

Metabarcoding

Field Sampling

Simple syringe up to 0.5L
water through
m filter,
followed by ethanol

Time consuming up to 1L water
passed through 0.44 m filter
with a pump

Storage

Frozen (-20)

Frozen (-20)

DNA fragment

cytB (mtDNA)

16S (mtDNA)

Replication/design

3 water samples x 3 replicates
(9/site)
0 = neg, 1-2 = equivocal, >2 =
positive
+ve control captive specimen
ve controls

5 water samples per site
0 = neg, >0 = positive
+ve control captive specimen
-ve control rinse water

Price

Cheaper

More expensive

Results

Site

Traditional
Sampling

qPCR
(n=9)

Metabarcoding
(n=5)

Positive Control
Site 1
Site 2
Site 3
Site 4
Site 5
Site 6
Site 7
Site 8

yes
yes
?
?
nearby
?
?
?
?

9
2
0
1
7
0
0
2
9

5
1
1
0
5
3
N/A
N/A
N/A
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Site

Traditional
Sampling

qPCR
(n=9)

Metabarcoding
(n=5)

Positive Control
Site 1
Site 2
Site 3
Site 4
Site 5
Site 6
Site 7
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yes
?
?
nearby
?
?
?
?

9
2
0
1
7
0
0
2
9

5
1
1
0
5
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N/A
N/A
N/A

Environmental DNA (eDNA)
Targeted sampling of
stygofauna
Invasive species
qPCR metabarcoding
hybrid methods
Sensitivity analyses
Field sampling
methods
exDNA extractions

Photo: WA Museum

Summary
Data sharing
Cost effective
Benefits beyond the
original project
more we sequence
the more we find
species extend
beyond impacts

Methods
Barcoding
Genomic
Sequencing
eDNA

Challenges

Taxonomic
Impediment
Sampling
Impediment

Outcome

Improved
EIA

Summary

Multiple lines of
evidence
Complexity
Expertise
Cost effective

Methods
Barcoding
Genomic
Sequencing
eDNA

Challenges

Taxonomic
Impediment
Sampling
Impediment

Outcome

Improved
EIA

Summary
Improved
understanding
Species identity
Species
distributions
Ecological
interactions
Improved EIA
Cost effective

Methods
Barcoding
Genomic
Sequencing
eDNA

Challenges

Taxonomic
Impediment
Sampling
Impediment

Outcome

Improved
EIA

Questions
Joel Huey (Senior Geneticist):
joel@biologicenv.com.au
Nihara Gunawardene
(Manager Molecular):
nihara@biologicenv.com.au

www.biologicenv.com.au
(08) 6365 5066
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DPI MINING :
A VISION FOR THE FUTURE MINE
LANDSCAPES INITIATIVES &
INVESTMENT IN SOCIAL &
COMMUNITY DEVELOPMENT
Wendy Tyrrell and Harley Lacy

Presentation
Introduction to our presentation
Historical Context
Introducing Wendy Tyrrell

What is DPI?

Vision Purpose and Approach
Value Chain and Approach
Innovation Leaning
Framework

Initiatives and Ideas
Supporting the vision of DPI in Mining
Conclude Q and A

WELCOME TO OUR PATHWAY TO IMPACT

02

A little more about us at the DPI

FUNDING THE FUTURE OF MINING
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approach

Presentation Title Here
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MINING AND SDGs AUSTRALIA
2019
Mining and the SDGs

Over 30 people

2020

2021

Initiative Check in
IDEA

15
Organisations
18 People

ONE

Variety of sectors

IDEA

IDEA

Six Opportunities

TW
O

ONE

Climate Health
Ecosystem Fund

Have you got ideas about mining
and the SDGs in Australia?

Regional Partner Power
Sustainable Australian Mining
Climate Health Ecosystem Fund (CHEF)
What You Measure is What You Get
(WYMWYG)

SDGs Live session

IDEA

TWO

Developing a
Social Value Tool

What additional dialogue stakeholders
would like to see in the future?

IDEA

CLIMATE HEALTH ECOSYSTEM FUND

This is an impact fund for renewable energy opportunities
with equity from indigenous communities

+

+

RESPONSIBLE SOURCING COALITION
(RESCO): MINE TO CONSUMER
Multi-stakeholder dialogue, on

Consumer
Whole of Value Chain - 4 Aspects
Partners

THE MINING RESEARCH BATTLEFIELD
Platform to build global cooperation
Mining

Academia
NGOs
Emerging young stakeholders (in all
these fields)

Accelerating toward a Greener Energy Future
New Business models for Energy Use
Sourcing Renewables
Energy Supply Options

Development
Shared Prosperity
Leading Miner BHP - Supporting
Partnership

SUPPORTING VISION OF SD IN MINING
Journey of Mining; Brundtland to today
DPI

UN SD Goals

is a shift in communication, innovation and engagement

Conclusion

Presentation Title Here
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Thank you to GEMG 2021
Wendy Tyrrell | Harley Lacy
wendy@dpimining.org |
harley@hlacy.com

www.dpimining.org

OUR VISION, PURPOSE & APPROACH

Our VISION is of an
industry that is deeply
connected to the values of
transparent and fair, equal
and inclusive and a
genuine partner in global
development.

Our PURPOSE is to
accelerate this future
through our work and
influence.

Our APPROACH is simple.
We work together,
collaboratively, with
stakeholders from across
the value chain to
advocate for new ways of
operating, sparking
courageous multistakeholder conversations
challenges.
04

WE KNOW THE COMPLEX CHALLENGES AND
RISKS THAT MINING FACES
Deeper mines, lower ore grades, challenges accessing quality resources
An increasingly complex and changing investment environment
A clash between demand for resources to support future needs, and
the ability to respond
Responsible sourcing pressure from customer facing companies
Increasing ESG requirements
Climate change and the need to decarbonize, with increasing focus on
Scope 3 emissions
Communities and indigenous people who are not welcoming to
mining, despite 30 years of sustainability work
The need to attract young and emerging talent
FUNDING THE FUTURE OF MINING
02

WE RECOGNISE THE NEED FOR CHANGE

This is aided with many sharing the same values and understanding
the need to innovate

...it all points to a need to
innovate and collaborate
in order to survive and
thrive.
FUNDING THE FUTURE OF MINING
03

CHALLENGES THAT ONE MINING COMPANY
CANNOT SOLVE ALONE
Especially in this increasingly complex changing world....
Consultation with impacted partners
Valuing diversity of thought, gender,
race and religion
Collaboration with other actors
Co-designing solutions for better
social performance
Social licence to operate is important
and valuable
FUNDING THE FUTURE OF MINING
04

DPI CREATIVE
APPROACHES
We are a young, globally diverse non-profit organization,
created to address these challenges!
We do things differently by bringing together stakeholders
from the entire mining ecosystem to bring about
meaningful change through our pilots and initiatives.

Neutrality

New pathways

Experimentation

Catalyzing

Piloting

Being independent

Innovation

Incubating and turbo-charging ideas

Creative solution

Being brave and plucky

FUNDING THE FUTURE OF MINING
06

PHILOSOPHY
SO
WE CAN
SHARE
IT
Our foundational
document
is called the
Development Partner Framework for
Mining.
You can download it on our website.

The result of an award winning multi-stakeholder
process, this short document is a set of principles
designed to help mining companies, host countries and
communities carve out their path to long-term success
and to set the foundation for new ways of operating and
collaborating.

FUNDING THE FUTURE OF MINING
09

WHAT IS THE ANSWER?

Does a space like this currently exist to help you prosper?

FUNDING THE FUTURE OF MINING
05

WHY DPI?
We help position you as part of a progressive
coalition in mining, committed to co-creating
change through innovation and new thinking.
We offer a welcoming and energizing platform for
deep thinking for the biggest challenges ahead
thinking and new approaches
Our work programs are built on a genuinely inclusive
catalyst process
We provide access to a wide and deep network of
people and organizations, from the global to the local
We help prepare your organization for the demands
of future
FUNDING THE FUTURE OF MINING
07

ECOSYSTEM
We bring together voices from across the entire mining ecosystem to collaborate, and also
expert voices from outside mining, to apply their knowledge and experience to tackling the

Explorers and
Producers

Collaborative
Action

05
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Navigating Native Title – Creating the Right Environment to Support
Communities.
Matt Collier and Rebecca Alston, Gold Fields.
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Navigating native title - Creating the right environment to support communities
MATT COLLIER AND REBECCA ALSTON
Goldfields Environmental Management Group

Presented at Goldfields Environmental Management Group Conference 2021, May 19th to 21st Kalgoorlie, Western
Australia

Forward Looking statements
Terms of use
Certain statements in this document constitute forward looking statements within the meaning of Section 27A of the US Securities Act of 1933 and Section 21E of the US Securities Exchange Act of
1934.
In particular, the forward looking statements in this document include among others those relating to the Damang Exploration Target Statement; the Far Southeast Exploration Target Statement;
commodity prices; demand for gold and other metals and minerals; interest rate expectations; exploration and production costs; levels of expected production; Gold Fields growth pipeline; levels and
expected benefits of current and planned capital expenditures; future reserve, resource and other mineralisation levels; and the extent of cost efficiencies and savings to be achieved. Such forward
looking statements involve known and unknown risks, uncertainties and other important factors that could cause the actual results, performance or achievements of the company to be materially
different from the future results, performance or achievements expressed or implied by such forward looking statements. Such risks, uncertainties and other important factors include among others:
economic, business and political conditions in South Africa, Ghana, Australia, Peru and elsewhere; the ability to achieve anticipated efficiencies and other cost savings in connection with past and
future acquisitions, exploration and development activities; decreases in the market price of gold and/or copper; hazards associated with underground and surface gold mining; labour disruptions;
availability terms and deployment of capital or credit; changes in government regulations, particularly taxation and environmental regulations; and new legislation affecting mining and mineral rights;
changes in exchange rates; currency devaluations; the availability and cost of raw and finished materials; the cost of energy and water; inflation and other macro-economic factors, industrial action,
temporary stoppages of mines for safety and unplanned maintenance reasons; and the impact of the AIDS and other occupational health risks experienced by Gold Fields employees.
These forward looking statements speak only as of the date of this document. Gold Fields undertakes no obligation to update publicly or release any revisions to these forward looking statements to
reflect events or circumstances after the date of this document or to reflect the occurrence of unanticipated events.

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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Key focus points
Relationship building shared value

Understanding your stakeholders

Relationship building

Native title: positive partnerships

Who are they, and why should
we engage with them?

A horizon-based approach to
building strong relationships

How native title helps the
journey towards reconciliation

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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Understanding your stakeholders

But first!
Identifying your stakeholders through an ESG lens
Environmental, Social and Governance (ESG)
Refers to the three central factors in measuring the sustainability and societal impact
of an investment in a company or business

Environmental
How a company
performs as a steward
of nature

Social
How a company
manages relationships
with employees,
suppliers, customers
and communities

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021

Governance
Company leadership,
executive pay, audits,
internal controls and
shareholder rights

5

Understanding your stakeholders
We mean REALLY understanding them
Stakeholder Mapping

Mapping your stakeholders:
What are their levels of interest?
What impact might they have on
your operations?
What is the societal expectation
with respect to the level of
engagement?

Department of Water
and Environmental
Regulation

5
Environmental
Protection Authority

Department of Planning,Department of Mines,
Lands and Heritage Industry Regulation and
Safety
Employees

4

Native Title 1
Chamber of Minerals
Department of Health
and Energy

3
Department of
Biodiveristy,
Conservation and
Attractions

2

Family 1

Pastoral Lands Board
Shire

AWU

Mining Company One

Pastoral Station 1
Landgate

Gold Fields Land and Sea
Council
Native Title 2
Community 1

Mining Company Three

1

Mining Company Two

0
0

1

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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Interest

3

4

5
6

Understanding your stakeholders
We mean REALLY understanding them
Community Relations Risk
Assessment

What are your key stakeholder
risks?

5

Unauthorised access,
disturbance or damage to
archaeological or cultural
heritage site

4

Risk assessment is a useful tool
for prioritising

Native Title

Lack of benefit from mine
Theft of mine property
Local employment
and gold
Lack of understanding of
Government elections
direct social impacts
Stakeholders
communicating on behalf
of the mine Insufficent planning for
Stakeholder perceptions mine closure
environmental, social,
Pollution - air, water,
economic impacts and
land, people, biodiveristy
Loss of ecosystem
benefits
Community
protest
services
Local government lack of Stakeholder lobbying
Socio economic
capacity
against the mine
landscape Illegal occupation of mine
unemployment,
land
Poor relations between
education, skills
mine and stakeholders

3

2

1

0
0

1

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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3

Likelihood

4

5
7

Build an engagement strategy
Focus on the right areas

01

02

03

04

Stakeholder
mapping

Prioritise
stakeholders

Strategy

Resource it!

Both a risk and social value
approach

Use your mapping exercises
to prioritise your
stakeholders

Build a stakeholder
engagement strategy based
on the priorities

Ensure the correct resources
are available and supported.

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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Relationship building

Horizon Based Approach
Community engagement

Relationship building
Horizon 1

Strong foundation
Regular, structured and consistent communication

Agreement making

Meaningful collaboration

Horizon 2

Negotiating to achieve desired outcomes for all parties

Opportunity realisation
Horizon 3

Shared value
Long-term, sustainable outcomes

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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Relationship building
Horizon based approach

Horizon

Activities

Relationship building

Establish relationship participants, key contacts
Introductions
Structure (communication, meetings)
Understanding needs
Small ad hoc support initiatives
First steps of training, employment and business engagement

Agreement making

Heritage management
Native title payments
Business, employment, training
Cultural knowledge and practices
Community initiatives

Opportunity realisation

Meaningful engagement:
Bridging the gaps to achieving outcomes

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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Employment and business opportunities
Thinking outside the box

What are the employment opportunities at your sites?
Rosters, swings, job sharing, shared duties
Apprenticeships, traineeships
Flexible approach to job requirements
What are the opportunities with your contractors, supply
chain, community partners?
Indigenous businesses employ approx. 10 times more
Aboriginal people than non-indigenous business
Labour hire, recruitment
Supply Nation

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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Native Title: positive partnerships

What is Native Title

Native title recognises a set of rights
and interests over land or waters
where Aboriginal and Torres Strait
Islander groups have practiced and
continue to practice, traditional laws
and customs prior to sovereignty
(British occupation)

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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Positive partnerships
A journey towards Reconciliation

A native title agreement is an
opportunity to really understand,
and commit to, desired outcomes for
all parties

Health and
Wellbeing

Business
Development

Education

Land
Management

Business
Support

Employment
and Training

Also sets clear expectations
for the activities and
behaviours of all parties

Law and
Culture

Goldfields Environmental Management Group Conference | Matt Collier & Rebecca Alston | 21 May 2021
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ESRM Planning, Delivering NRM Action and Direction Through Collaboration.
Richard Marver, Contour Environmental and Agricultural Consulting
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ESRM planning, delivering NRM action
and direction through collaboration
Richard Marver
21st May 2021

Presented to
GEMG 2021 Conference

Introduction
The Ecologically Sustainable Rangelands Management (ESRM) programme works with
land managers to identify and benchmark ecological indicators of landscape function
and develop management plans that achieve positive outcomes across multiple
values.
The process involves a mapping exercise and on-ground discussions about various
ecological aspects of the area in question (pastoral station, mine lease etc.). Ideas for
future land management are discussed and a management plan is developed.

The process is based upon published ecological theories and
principles, for example:
McHarg, IL (1969). Design with Nature. Natural History Press, NY.
Pringle H.J.R., and K.L. Tinley (2003). Are we overlooking critical geomorphic
determinants of landscape change in Australian rangelands?
4(3): 180-186.
Pringle, H. J. R., I. W. Watson, and K. L. Tinley (2006). Landscape improvement, or
ongoing degradation reconciling apparent contradictions from the arid rangelands
of Western Australia.
21:1267 1279.
LeHouérou, H. N. (2006). Environmental constraints and limits to livestock husbandry
in arid lands.
17:10-18.

There is a strong focus on the involvement of the land manager/s who
will be implementing the plan.
They have to be the ones driving the process, be willing to stand
behind, and be comfortable with the plan.
Much of the discussion is to capture the knowledge of the people who
live and work on the land, and to tease out their own ideas for
management.

Where are we now?
ESRM plans have been developed for 95
rangelands properties across three states.
The plans cover a combined area of more
than 19,000,000 hectares.
We have worked across multiple land tenure
types:
Pastoral
Mining
Indigenous owned
Department of Biodiversity, Conservation and
Attractions managed land

We are now introducing the ESRM
planning process into North QLD
and SA

So what's involved in an ESRM plan?
A mapping exercise to map and document the land managers own knowledge
of the entire area
A conversation around a map, guided by the ESRM facilitator
Multiple clear overlays are used over a large map. The overlays allow for quick identification of linkages in landscape function and
management

On-ground and aerial surveys of priority areas identified through the mapping
exercise
To assess in detail what is happening on the ground and in the broader area
To discuss potential management interventions to address any landscape management issues
To take GPS points and photos of relevant features for the ESRM plan
Incidental conversations and discussions occur during the surveys

Further mapping to record discussed interventions and plan out future
infrastructure developments
Make sure the strategies link together and provide a wholistic solution

Develop a plan that summarises the discussions and mapping, and lays out the
strategies for the area
Draft plan is reviewed and changed as required by the land manager, before a final version is created

Develop and ESRM poster summarising the on-ground activities identified
in the plan

So what's involved in an ESRM plan?
As part the ESRM planning process we discuss:
Historical, current and predicted climate trends
Rainfall

Evaporation

Temperature

Key decision dates

The natural resources of the lease
Land systems

Flora and fauna biodiversity

Soil

Vegetation

Surface and subsurface hydrology

Landscape function

The current landscape condition of the area

The landscape condition trend of the area

All aspects of current and historical land management:
Land uses
Grazing management of domestic and feral grazers
Weed management
Erosion issues and their treatment
Fire management and fire history
Infrastructure

So what's involved in an ESRM plan?

This identifies the drivers of the observed
landscape condition and the management of
the area

So what's involved in an ESRM plan?
Using that information, and the land managers own ideas for the area we plan:
The best land use strategy for the area
Grazing?

Carbon?

Cultural?

Conservation?

Something else?

How to manage each of the land uses
Grazing system design

Monitoring and benchmarking progress

Appropriate infrastructure design

How will it fit within the landscape?

How will it be managed in a variable climate?

What is the scope of each land use?

What are the costs associated with it?

Address landscape issues:
Erosion control strategies in prioritised locations
Weed and feral animal control strategies
Grazing strategies for conservation as well as production benefits
Best practise fire management plans

Collaboration and engagement are key
Land managers have to be engaged and feel fully comfortable with the plan and its
implementation strategies.
Collaboration is key if there are multiple land managers with different management
motivations.
The informal and non-threatening nature of the ESRM planning process allows for
open and honest discussions to identify commonalities in different land managers
preferred strategies and management drivers.

What do they look like?

What do they look like?

We see scenes like this as we travel around

And often we see things like this

Why bother?

Robyn Cadzow

Central Australian Pastoralist

The four undeniable laws of landscape ecology

1. Everything is connected to everything else

2. Everything must go somewhere

3. Nature knows best

4. Everything and everyone has a role

Image courtesy of K. Tinley

Image courtesy of K. Tinley

Erosion control measures

2005

Sieve Structures

2019

Erosion control measures

Scrub Packing

2014

2014

2015

Erosion control measures

Scrub Packing

Erosion control measures

Erosion Banks
2017

2018

2017

Erosion control measures

Grader Banks

2017 (different site)

2017

2018

Erosion control measures

2018

2016

Erosion control measures
2017 (looking upslope)

2017 (looking upslope)

2018 (looking downslope

Erosion control measures
2016
2016

2018

Grazing management plans

Fire management

What it looks like

Fire management plans

Infrastructure development plans

The ESRM Plan

All linked together in a wholistic and
practical plan for the area, backed by
the land manager, or land managers

Collaboration and conversation

Connect Coordinate Deliver

