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FOREWORD

| would like to welcome everyone to the AusIMM’s fifth Life-of-Mine Conference and our first to be held in a hybrid format.
In common with many events, our conference was originally planned for August 2020 until the global disruptions of

the COVID 19 pandemic intervened. The planning, development and execution of this conference by the conference
organising committee has been a ‘long journey’ with our first meeting extending all the way back to August 2019.

At the time of the last conference in 2018, the mining sector was confronted with increasing cost and production
pressures, ever-demanding technical challenges, and heightening societal and community expectations. These
challenges are all still very valid but now framed within the ‘new normal’ that the COVID and post-COVID world brings,
and its implications, at least the near future, of restricted mobility and social distancing. Given this, it is even more
relevant now that the mining industry enables stronger integration, creates greater innovation and fosters more holistic
thinking, which have all been underlying themes of this conference series since its inception in 2012.

This year’s conference has continued to attract a broad range of professional disciplines with a diversity of affiliations
and views, including contributors from industry, consulting, government and non-government organisations, and
academe and other research institutions. A continuing strength of this conference is the involvement and participation

of the traditional core constituencies of the AusIMM, namely the disciplines of geology, planning, mining and mineral
processing, with the environmental, social and broader sustainability-focused expertise working in this field. What has
changed significantly over the last few years and aligned with this conference is the increasingly important role and
influence that this latter group has within the institute, reflecting the growing significance of these areas in the sector.
With this in mind and as with previous conferences, the organising committee purposely designed a program structure to
enhance and facilitate the opportunities for cross-and inter disciplinary learning and engagement.

We have six excellent keynote speakers — Andrew Roxburgh, Kia Dowell, Aidan Davy, Peter Harvey, Meryl Jones, and
Kim Ferguson — and we really appreciate their time and the contribution of their insights and experiences. Similar to
previous conferences, we have included two panels. The first one on the second day is arranged by the Co-operative
Research Centre for Transformation in Mining Economies (CRC TiME) titled “Mine closure — can we really keep everyone
happy?” with four mine closure experts from key stakeholder groups of Indigenous, Regional Development, Government/
regulatory and Mining. The second panel will be held at the end of the conference where acknowledged experts in

the sector will reflect on how industry will address the challenges, expectations and requirements of communities,
environments and economies globally as articulated through the UN Sustainable Development Goals.

Many thanks to the authors who are presenting their work, their views, their case studies and their findings. Your
contributions are critical to the success of this event and what stimulates the engagement and debate. To the reviewers
of extended abstracts, our sincere thanks for your time, thoroughness and rigour. The generosity of many sponsors and
the support from exhibitors are crucial for such a conference to achieve its aims and we recognise and acknowledge
your genuine interest in this event. The LOM2021 Conference Organising Committee was instrumental in making the
conference a reality, and | am extremely grateful for their time, advice and commitment over what was a much longer
timeframe than was originally envisaged. To Alice, Andrea, Kirsty and the team at the AusIMM, thank you very much for
all the effort and organisational and logistical skills over the past 18 months to ensure this fifth conference on such an
important topic will be another success.

On behalf of the AusIMM and the Sustainable Minerals Institute at The University of Queensland, and the AusIMM’s

Southern Queensland Branch and Community and Environment Society, it is my pleasure to welcome all participants
to this engaging and hopefully somewhat provocative program of Life-of-Mine 2021. We are sure you will enjoy your
involvement and participation, where it be in-person or on-line.

Glen Corder FAusIMM
Sustainable Minerals Institute, The University of Queensland
Conference Chair












































































































































































































































































































































































































































































































Using the approximated initial landform, calibrated SSSAPM parameters, the PSD of the sample and
the daily rainfall data as inputs, SSSPAM was run to simulate the evolution of the landform for 6
years with daily time steps. The resulting DEM after the 6 years of SSSAPM simulated evolution was
compared with the original unaltered DEM to assess SSSPAM’s accuracy.

RESULTS AND DISCUSSION.

FIG 9 represents a comparison of geomorphologies of naturally formed gullies and SSSPAM
simulated gullies on the post mining landform. As evident from FIG 9 the relative positions of the
main gullies seen in the Arial photograph of the study area (FIG 9(a)) is remarkably similar to the
simulated gullies produced by SSSPAM (FIG 9(b)). The erosion and deposition plots shown in FIG
9 (c) and (d), represent the elevation difference between original DEM, DEM of the SSSPAM
simulated landform after 6 years and approximated initial DEM. They show that the erosion and
deposition predicted by SSSPAM matches well with the natural environment both quantitatively (with
respect to erosion depths and deposition heights) and qualitatively (spatial distribution of erosion
and deposition regions). In addition to the main three gullies, a number of smaller gullies (rills) can
be observed in both the Arial photograph and the simulated landform. The minor gully density
(number of gullies) in the original landform and the simulated landform is also very similar.

FIG 9-Arial photographic image of study site (a), plan view of simulated SSSPAM gullies of the
study site (b), erosion and deposition plots of study site, natural gullies (c) and SSSPAM simulated
gullies (d).

To further analyse the geomorphology of the gullies produced by SSSPAM simulations, cross-
sections of the landform along the hillslope was plotted (FIG 10). The original landform surface and
the approximated initial landform surface was also plotted in the same diagram for ease of
comparison. As evident from the FIG 10, the form of the gullies with respect to the depth and width
produced by SSSPAM closely matches that of the natural landform. In most cases the position of
the simulated gully incision is identical to the natural gully incisions while there is a slight offset in
other times. This offset of the gully position can be attributed to the uncertainty of the geomorphology
of the initial landform used in this study.
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FIG 10- Cross-sections of approximated initial surface, original unaltered landform surface and
SSSPAM simulated surface after 6 years at different positions of the hillslope at study site (from
top to bottom).
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CONCLUSIONS

In this paper we introduce the SSSPAM soilscape-landform evolution model as a viable tool for
analysing the evolution of post mining landforms and introduce methods of initial data and parameter
generation required by the model. The location and the geomorphology of the gullies predicted by
SSSPAM is remarkably similar to the gullies observed on the post mining landform. Results show
that SSSPAM is capable of accurately simulating short term gully formation and evolution of a highly
erodible post mining landform.
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POST-MINING ECONOMIES
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INTRODUCTION

Landscape degradation as a result of mining presents environmental and financial challenges. As of
2018 there were approximately 400 operating mine sites in Australia (Britt et al. 2019) that will require
rehabilitation. Inadequate rehabilitation could result in long-term environmental and social impacts,
including loss of ecological services and arable land. Regulatory and reporting requirements exist
under the Mining Act 1992 (NSW) to ensure adequate funding for mine site rehabilitation.

Capping of mineral tailings using semi-pervious systems is a cost-effective strategy that can lower
the cost of mine site rehabilitation. Phytocapping is the establishment of a successful vegetative
cover sustained by the capping material which must contain essential nutrients. Additionally, the
introduced vegetation should be able to tolerate metal rich conditions, poor soil structure and
impaired soil-microbe communities.

There is increased interest in using mixed-waste organic-outputs (MWOOQO) as a soil additive to
maintain viable phytocapping cover. The use of MWOO has been shown to support the revegetation
of impacted soils by increasing soil organic content and nutrients (Kavitha & Subramanian 2007;
Carabassa et al. 2020). However, the use of MWOO is novel and there are significant knowledge
gaps. While benefits have been reported, there are concerns over long-term effectiveness and the
potential of containing trace-levels of heavy metals among other contaminants in MWOO (Cattle et
al. 2020). In view of existing concerns, the use of MWOO as a phytocapping substrate requires
careful consideration to ensure successful application.

To provide information on the application of MWQOO for mine site rehabilitation, we conducted a
glasshouse study using industrial hemp (Cannabis sativa L.) a fast-growing crop as a model plant to
examine the response to MWOO. Hemp plants were cultivated in rhizo-cylinders to observe root
behaviour and determine whether MWOO is conductive of plant growth.

MATERIALS AND METHODS

Cannabis sativa L. Chinese variety Han were used for experimentation. Two-week old hemp
seedlings were transplanted into clear tubes referred as rhizo-cylinders (27cm in height and 7cm in
diameter). Each rhizo-cylinder was filled with 715 g of MWOO, sourced from a mechanical biological
treatment facility located at the Woodlawn Eco-precinct Tarago, NSW. The mature MWOO contained
756 + 97 ug g-1 Zn and 146 + 24 ug-1 Pb.

The performance of hemp plants was evaluated under 3 different treatments consisting of: 1) potting
mix treated with 25% Hoagland solution as the control; 2) untreated-MWOO; and 3) MWOO treated
with 25% Hoagland solution referred as treated-MWOO. Commercially available potting mix
containing 30-40% sand acted as the control. Hemp plants were cultivated in the glasshouse with
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24°C days and 15°C nights, and 13h/11h light dark period per day. Natural light was supplemented
with artificial light maintaining constant photon flux density of 498 + 3uymol s-1 m-2. An automated
irrigation system delivered 40-45 mL of tap-water per plant/day. Every seven days plants were
watered with 100 mL of 25% Hoagland solution or 100mL of tap-water. Each treatment consisted of
9 replicates.

Relative stem growth, total chlorophyll content (atLEAF+, USA) and leaf transpiration (Leaf
porometer, Decagon, USA) were measured as indicators of performance and metal stress. Harvest
occurred at 4-weeks of treatment. Plants were washed and dissected into roots, stems and leaves.
Oven-dried tissues were ground, and acid digested followed by elemental analysis using ICP-MS
(Perkin Elmer NexION 300D). Statistical tests were conducted in SigmaPlot (v.14, USA). A parallel
line analysis was employed to determine significant differences regarding relative stem growth rates.
For significant differences in metal concentrations between treatments, a one-way analysis of
variance (ANOVA) was performed.

RESULTS

Hemp plants developed vigorously in MWOO and showed no visual symptoms of metal stress
(Figure 1A-C). Chlorophyll analysis confirmed the treated-MWOO produced twice as much
chlorophyll relative to the control with 39.8 + 1.1 ug cm?and 22.9 + 1.2 ug cm?, respectively. Leaf
transpiration analysis showed control plants transpired 599.2 + 45.7 mmol m™ s, untreated-MWOO
plants 729.3 + 54 mmol m™ s and treated-MWOO plants 600.5 + 71.6 mmol m™ s. Rhizo-cylinder
analysis showed roots in MWOO treatments developed more vigorous relative to control (Figure 1D).

g
+25% Hoagland +25% Hoagland

FIG 1- Hemp plants cultivated in potting mix and mixed-waste organic output (MWOO) proposed
as tailings capping material. Aerial view of representative 6-week old Cannabis sativa L. plants in
rhizo-cylinders growing in (A) control supplemented with 25% Hoagland’s solution, (B) untreated-
MWOO, (C) treated MWOO with 25% Hoagland’s solution and (D) corresponding rhizo-cylinder
treatments. Numbers on rhizo-cylinders indicate the progression in days of the first visible root
down to the substrate profile.

Untreated-MWOO grew the tallest plant reaching a mean stem height of 489.3 + 55 mm, followed
by treated-MWOO with a mean stem height of 467.8 + 49 mm and control plants with a mean stem
height of 120.9 £ 7.8 mm (Figure 2A). There was a statistically significant difference in stem growth
rates between MWOO treatments and the control (p < 0.0001) (Figure 2B).
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FIG 2 - Stem height as indicator of plant performance. Mean stem height + SE in millimetres of 9
replicates were measured at regular time intervals throughout the experiment (A). A parallel line
analysis found both MWOO treatments were statistically significantly different to the control
regarding stem elongation rate (p < 0.05) (B).

Hemp cultivated in treated-MWOO accumulated the highest Zn and Pb concentrations in roots
followed by untreated-MWOO and the control (Table 1). Zinc and Pb in stem were relatively low
compared to leaves across all treatments, suggesting stem is a transient tissue. Leaf Zn and Pb
concentrations were similar across all treatments.

TABLE 1 - Zinc and Lead concentrations in tissues of Cannabis sativa L. cultivated in potting mix
treated with 25% Hoagland solution as the control, untreated mixed-waste organicoutputs (MWOO)
and treated-MWOO with 25% Hoagland solution. Values are means + SE, n = 9.

Treatments Leaf Stem Root
Zn (ug/g)
Control 6.33 £ 0.628 4.361 +0.391 (a) 22.791 + 1.889 (b)
Untreated-MWOO 5.970 + 0.770 1.720 + 0.179 (b) 57.920 + 9.298 (a)
Treated-MWOO 4.901+0.374 1.962 + 0.091 (b) 75.041 + 3.985 (a)
Pb (ug/g)
Control 0.045 + 0.013 0.018 + 0.002 (b) 0.1460 + 0.008 (b)
Untreated-MWOO 0.067 + 0.008 0.045 + 0.004 (a) 12.028 +2.027 (a)
Treated-MWOO 0.043 £ 0.007

0.051+0.008 (a)  17.553 % 0.757 (a)

Different letters indicate statistically significant differences determined by one-way ANOVA (p <
0.05, Tukey’s test) for differences in tissue Zn and Pb concentrations between treatments.

DISCUSSION

We demonstrate that MWOO as an alternative substrate for tailings capping is suitable for cultivation
of fast-growing crops such as hemp without the need for excess fertilisation. The high levels of
nutrients and contaminants present in MWOO can prevent the establishment and survival of native
grasses and trees (Wilson et al. 2018). The natural ability of hemp to tolerate metal rich conditions
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enhances its potential for the stabilisation of tailings using alternative capping materials such as
MWOO. Furthermore, the accumulation of Zn and Pb in hemp roots (Table 1) indicates metal
sequestration in roots, which is ideal for phytostabilisation of bioavailable metals. This finding is
consistent with previous Zn-toxicity studies with hemp in solution culture (Beggs 2018). While the
current study clearly indicates the potential of MWOO to support hemp growth, further investigation
is needed to investigate the long-term effect of MWOO under field conditions.

We believe this is the first report on cultivating hemp in MWOO for phytocapping of tailings. Hemp
is a high value multipurpose crop, therefore its production on capped tailings with limited requirement
for fertilisers is a promising approach for adding value through mine site rehabilitation. The US hemp
market is projected to grow from USD $4.6 billion in 2019 to USD $26.6bn by 2025 (Industrial Hemp
Market — Global Forecast to 2025, 2019). The Australian hemp market is also expected to expand
at equivalent rate. Therefore, integration of this agribusiness in mine site rehabilitation could
contribute to the local economy after mine closure. Such strategies may also offset some of the cost
associated with rehabilitation.
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INTRODUCTION

In formulating a national strategy for geotourism development, the Australian Geoscience Council
Inc (AGC) has consulted with both the Heritage Committee and the Society of Social and
Environment (The Society) of The AuslIMM to determine how best the development
of geotourism throughout Australia can enhance the scope of regional development of mining areas
during current mining activities and after mine closure. Geotourism adds considerable holistic
content value to traditional nature-based tourism as well as cultural attributes (embracing both
Aboriginal and post European settlement) having regard to mining aspects and can be delivered
through mechanisms such as geotrails and geoparks within defined ‘GeoRegions’.

Employment benefits through the adoption of a strategy to support and promote geotourism include
the following, all of which have the potential to significantly improve Aboriginal employment, and
more broadly, regional employment.

e New domestic employment and consulting opportunities for natural/cultural heritage
professionals — design of interpretation signage/boards, design of geotrails etc.

e Management roles in geoparks and mining parks, regional development, and local
government agencies.

e Flow-on employment in tour operations and townships resulting from increased tourism
visitation.

Societal benefits for local communities include the following.
¢ A mechanism for celebrating and raising awareness of mining heritage, past and present.

e An opportunity to enhance community engagement and build value into ‘Social Licence’
considerations.

e By celebrating geological heritage, and in connection with all other aspects of the area’s
natural and cultural heritage (and most significantly, Aboriginal heritage), geotourism
enhances awareness and understanding of key issues facing society, such as using our
Earth’s resources sustainably.

¢ By raising awareness of the importance of the area’s geological heritage in society today,
geotourism gives local people a sense of pride in their region and strengthens their
identification with the area.

Having regard to these benefits, the National Geotourism Strategy embraces seven strategic goals
that includes (Goal 5) i.e., ‘to develop geotourism in regional mining communities with potential
geoheritage and cultural heritage sites’.

The AGC has considered that Goal 5, where it is applied for mining activity, can be developed
through collaboration between member professional societies and organisations researching mining
and resource industry heritage. These include mining companies, geological and mining museums
(e.g., the Australian Fossil and Minerals Museum, Bathurst) and historical societies (e.g., the
Australasian Mining History Association (AMHA) and the Eastern Goldfields Historical Society Inc.,
Boulder, Western Australia). Aboriginal cultural elements and landscapes cut across widely
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accepted, post-settlement landforms and landmarks, and have values specific to various groups and
individuals. Therefore, there is potential to incorporate and/or communicate (with permission or via
collaboration) creation stories and narratives of landscapes and features through geotourism.

In formulating a national strategy for geotourism development, the Society has identified several
topics which could form the basis for incorporating this aspiration into Goal 5.

One topic relates to the consequences of mine closure. The current emphasis is on environmental
remediation (make safe, stable, and non-polluting). This needs to be broadened to preserve the
mining heritage including gossans and other geologically significant exposures, structures (e.g.,
buildings, workings, and equipment) and other artifacts (e.g., mining and personnel records). The
geotourism potential of conserving these assets should be regarded as important as cultural heritage
assets are for new developments.

To date, the Heritage Committee and the Earth Sciences History Group of the Geological Society of
Australia have agreed to collaborate with the AMHA in the organisation of future annual conferences.
Recently, AusIMM representatives have also participated in workshops associated with a formative
Central West NSW geotrail project being developed by Country & Outback Destination NSW. These
activities will certainly serve to heighten awareness that existing mining operations and mining
heritage sites can be included in future tourism products.

Current notable overseas examples of heritage-rich mine-sites (e.g., the Black Country UNESCO
Global Geopark in the UK and the Baia Mare Geological and Mining Park in Romania) where
geotourism delivery mechanisms have been applied. In addition, the Chinese regime of over 70
national mining parks (e.g., the Changyu Dongtian National Mineral Mountain Park) and the
Jinguashi Gold Ecological Park in Taiwan are also worthy exemplars.

Australian examples of past (e.g., the Murchison Region of Western Australia) and present mining
areas (e.g., Kalgoorlie Boulder, Mt Isa and the Central Highlands of Queensland, Cobar and the
Hunter Valley of NSW, and Queenstown, Tasmania) represent opportunities that can be
incorporated into tourism products with consequential beneficial impacts on local communities. A
national mining park has been proposed for the Hunter Valley to celebrate the significant role mining
has played in Australia’s development, since the first coal mining in Australia by Europeans
commencing near Nobbys Head in Newcastle in the 1790s, and by Aboriginal people (on a small
scale) prior to European arrival.

This iconic ‘park’ could embrace the region including mining and mining purposes lands from the
Port of Newcastle and the Lower Hunter, to Cessnock and through to the Upper Hunter, and be
nurtured within a regional, collaborative, multi-land use strategy that will provide for specified
development within rehabilitated mined areas which could include the following.

¢ Native flora and fauna habitat conservation — all connected through existing and proposed
corridors.

o ‘Soft adventure’ recreation.
e Coal mining heritage sites including buildings and mining equipment, geosites and geotrails.

e Areas set aside for renewable energy generation (solar arrays, wind farms, biomass
production) as recently foreshadowed by the NSW Government’s commitment to transform the
Hunter Region from coal-dependence to a hub of new renewable energy and storage projects.

¢ Areas set aside for light industrial sites for ‘value adding’ manufacturing.

¢ Engagement with the six strategic hubs of the Strategic Aboriginal Culture and Enterprise
Scheme of the Wonnarua Nation Aboriginal Corporation.

As one key outcome, it is proposed that the strategy delivers a geotourism destination of global
significance complementing the outstanding ‘wine tourism’ and other natural heritage attributes of
the iconic Hunter Valley. Significantly, Bulga Coal (a Glencore operated mine) has recently
established the Wollombi Brook Conservation Agreement Area (WBCA) in collaboration with the
Wonnarua peoples, in which facilities are being established for Aboriginal cultural interpretation and
community recreation. The WBCA is just one of several biodiversity and Aboriginal heritage, offset
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properties that can be made accessible to the community for recreation and that are managed under
comprehensive biodiversity, conservation, and Aboriginal cultural heritage management plans.

Another topic relates to the identification within The AusIMM of cultural heritage management
professionals who will be in the ‘front line’ of developing and managing geotourism activities on sites
with geoheritage significance. This issue also falls within Goal 4 of the National Geotourism Strategy.
The recent government sanctioned, Rio Tinto Juukan Caves incident in the Pilbara of Western
Australia serves to highlight the shared interest of geoscientists in respecting the Aboriginal cultural
heritage of geosites, an issue that could be avoided in the future with appropriate representatives in
the different stakeholder agencies. Rio Tinto also has interests in rehabilitating the Argyle diamond
(WA) and Ranger uranium (NT) mine sites where ongoing interaction with impacted communities is
required.
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INTRODUCTION

As the mining industry progresses through the 4th industrial revolution, a critical problem facing mine
operators is understanding the value of new and emerging technologies across the mining value
chain, for both active operations and closed sites and determining which will deliver the greatest
impact in terms of both financial and suitability value drivers. The use of techno-economic models
(models that simulate operating realities and constraints and connect those with impact drivers) as
a form of operational twin is an innovative approach to understand and build the business case for
these new technologies and understand their impact on operating, sustainability and financial
measures. This method of analysis facilitates a thorough understanding of how we create
sustainable operations that deliver value to communities both during and after operation. In all
cases, emergent technologies are studied for their impact on productivity, safety, cost (CAPEX,
OPEX and NPV) and sustainability (i.e. greenhouse gas emissions and energy consumption) to
inform the creation of multi-horizon technology roadmaps and business cases that both executive
and mine operators understand and respect.

Working together with three global tier 1 diversified mining companies, we have developed three
different types of techno-economic models to understand operational and market impacts. A “full
level” mine model was built to de-bottleneck an existing underground operation which was facing
closure. A “prototype” model was built to assess provisions and develop an optimal roadmap to
sustainable site closure and post-closure outcomes for a group of closing and closed sites. A
“portfolio” wide energy and GHG planning model of the entire company value chain, from mine to
customer, was built to address market requirements at the CEO level for commitments to carbon
reduction.

The process for developing these models is to first Diagnose the Present, whether in an operating
mine, a closed site or within a portfolio of businesses. We then Futurecast the operating business
models, which combines working with operators to help them think about what is possible in the
future while scanning for technologies within other industries as well as mining that could address
the issues. We then design the Techno-economics to discover where the bottlenecks and pain
points are. With this we can we build the right clusters of technology and the optimal technology
roadmap to the future with a common dashboard for operators and executives to use for
communication and understanding.

In the case of the underground mine, the technology suites modelled led to an improvement in NPV
from $500 Million to $2.7 Billion of net present value while requiring an increase in CAPEX of only
5%. This was achieved through mine redesign in response to the suite of technologies applied.
Instead of making a decision to close, this mine is actively studying the reinvestment opportunities.

When closure and closed site activities were broken down in a first principles basis and modelled
with a number of emergent technologies from other industries for their impact over a multi-decade
analysis, a potential 25% reduction in cumulative costs was discovered, in addition to significant
safety and sustainability improvements, ranging from exposure to hazard to water quality.

For GHG emissions and the roadmap to carbon reduction, the portfolio modelling allowed a CEO to
present commitments around Scope 1, 2 and 3 GHG reductions and to set the foundation for an
industry leading, company wide energy reduction program.
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Critically, we have found that, despite the “buzz” and focus around them, it is never one technology
that meets the required needs of the business regardless of the type of problem. Instead,
technologies aggregate themselves into what we call “Technology Suites”; dependent and enabling
clusters that work together to deliver major impact.

We will discuss how to Futurecast combinations of emergent technologies to understand their
probable impact on site activities. When combined with a theory of constraints analysis to de-risk the
operation, these new and emergent technologies are used to develop the lowest impact sustainable
operating plans and post mining management plans, including activities ranging from water
treatment to revegetation while focusing on low or non greenhouse gas polluting solutions. Using
techno-economic models to model the impacts of technology on a mine’s economics can also
forecast the most sustainable approach to mine development and closure over the life of mine while
taking into account a future forecast of technologies.
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INTRODUCTION

Greenland Minerals is developing the Kvanefjeld Rare Earth project in Southern Greenland. The
minerals rights to the deposit were first acquired in 2007. Since then Greenland Minerals has been
diligently developing the technical, environmental and social aspects of the project. Much of this work
culminated in the completion of Feasibility Studies and impact assessments.

The mining project will consist of an open pit mine producing 3 million tonnes per year of ore. A
concentrator and refinery will be established in Greenland to treat the ore. Supporting infrastructure
such as a power plant and port will also be required for the project.

In 2015 Greenland Minerals submitted draft documents to apply for a mining licence in Greenland.
These draft documents included a Feasibility Study, Environmental Impact Assessment, Social
Impact Assessment and Maritime Safety Study. During 2016-2019 the Government of Greenland
and their advisors provided progressive feedback on the draft documents. Greenland Minerals
revised versions of the documents in 2018, 2019 and 2020. In October 2020 the Government of
Greenland approved the EIA as being suitable for public consultation.

One of the key permitting documents is the Environmental Impact Assessment. The impact of the
mining project on regional waterways, flora and fauna is a key aspect of the environmental impact
assessment. The arctic environment is sensitive to water contamination so a waste management
plan was devised to minimise any environmental impact.

The waste management plan included sub-aqueous tailings dam facilities which are isolated from
the environment. Embankment walls are double lined to obviate any seepage of waters from the
tailings. As the environment is very significantly net wet, decant water from the tailings dams are
recycled back to the processing plant where they are re-used in the process.

There are a number of rivers which flow in the area which need to be protected from potential
contamination from the project. In addition, the local town’s drinking water must also be protected
from any project impacts.

In order to examine the hydrology impacts, a dynamic model was developed which integrates the
processing plants with the local hydrology and tailings facilities. The IDEAS process modelling
package was the selected tool for this modelling. IDEAS is powerful, flexible and allows for detailed
modelling of the process plants.

Inputs to the modelling were taken from field season measurements of surface water flows, water
chemical and radionuclide analysis, process plant testwork and tailings geochemical testwork.

PROJECT ENVIRONMENT

The Kvaefjeld Project is located in the southern tip of Greenland outside the arctic circle near the
town of Narsaq. The site hydrology consists of three main surface-water flows or rivers. The project
area is a net wet environment were precipitation exceeds rainfall significantly. The temperature of
the area ranges from +15°C to -15°C with an average temperature of 0°C. This temperature range
is narrow due to the maritime climate offered by the fjords. Despite the narrow temperature range
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there is a freshet period each year which generates high water flows in each of the rivers. Therefore,
each of the rivers has significant variability in flow throughout the year. For example, the lower
reaches of the Narsaq river vary from 40 cubic meters per hour to over 4,000 cubic meters per hour
during the freshet.

FIG 1 shows the Napasup-Kuua catchment area which provides water for the local town of Narsagq.
This water catchment area is separated from the Taseq catchment area by a steep mountainous
ridge.

The area is characterised with rocky gullies and steep slopes with limited soil coverage. The
topography is open to the south west which directs surface flows. Precipitation immediately flows
away from the mine area via the valley to Narsap lllua Bay in the South West. Groundwater is limited
to discrete fractured bedrocks at significant depth (70-90 meters) with low recharge rates.

N i 4 Taseq
oy ' Catchment area

gP o
o Lt 1 s Napasup-Kuua | |
. Catchment area

FIG 1 — Surface Waters and Elevations of Project Area

The project will require the construction and operation of the following new facilities:
¢ Open pit mine and waste rock stockpile

e Concentrator process plant treating 3 million tonnes per year of ore and producing a rare earth
rich mineral concentrate and flotation tailings

¢ Refinery treating the mineral concentrate to produce uranium oxide, sodium hypochlorite and
5 different rare earth products.

¢ Tailings dam facility receiving flotation tailings from the concentrator and refinery tailings from
the refinery. They are stored separately in lined tailings dams.

¢ Port facility located at Narsap lllua

¢ Raw water dam located near the process plant site
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¢ Accommodation village located on the outskirts of the town of Narsaq

The project hydrology integrates these facilities through the sharing and transfer of water. Water
supply will be provided by damning the Narsaq river and capturing mine area precipitation. This
water is used in the concentrator and a portion is sent to the Flotation Tailings Storage Facility with
the solid tailings. A small amount of water is transferred to the Chemical Storage Facility from the
refinery. Water from the tailings facilities is recycled back to the processing plants for re-use. Excess
water is removed from the system by treatment followed by placement in the fjord (Norde Sermilik)
to the north of the project plant site.
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FIG 2 — Project Water Flows and Environmental Interactions
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