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1 INTRODUCTION

1.1 Overview

Arafura Resources Limited (Arafura) is proposing to develop the Nolans Rare Earths Project
(Nolans) located approximately 135km north-northwest of Alice Springs and 10km west
of the Stuart Highway in the Northern Territory. The closest community is Aileron, situated
~13km south west of Nolans.

Nolans is targeting a mineral deposit hosted in fluorapatite and containing rare earths.
Nolans comprises the mine site, a processing site, a borefield area, an accommodation
village site, and interconnecting access roads and utility service corridors.

An open pit will be excavated and remain at closure.

Waste rock dumps (WRDs) will receive mineral wastes generated during the life of the
mine (25 years measured and indicated). It is estimated that 91 million loose cubic metres
(181 million tonnes) will need to be stored over the life of mine (based on 2015 pit model
data provided to Landloch by Arafura), with 162Mt produced in the first 25 years. Current
plans include two WRDs for the 25 years of mining (with a total of 38 years of ore
processing), each with a fotal maximum height of 60m and constructed using a concave
batter profile and no berms. The estimated footprint is 220ha (NT EPA 2019). Storage
and infiltration of rainfall into the top surface of the WRD:s is planned; discharge of runoff
to the downslope batters is not planned.

A residue storage facility (RSF) is planned with a life of mine (LOM) footprint of 480ha
and approximate height of 14m. The RSF is planned to be rehabilitated similar to WRDs.

Topsoil is to be stored for use in rehabilitation. Lower grade mined material will be
stockpiled and may or may not require rehabilitation depending on future economics of
the project.

Landloch Pty Ltd (Landloch) has considered issues related to the long-term erosional stability
of the WRDs and RSF that may exist at Nolans postclosure. It is assumed that the lower
grade mined materials can be treated the same as the other mineralised waste (though
this assumption would need to be validated going forward). Other elements such as the
processing plant, evaporation ponds, and ROM are not considered in this report.

Arafura is currently (as of June 2021) also considered WRD designs heights that exceed
60m (the target maximum dump height considered in this report). This is due to the
potential increase in the size of the pit, developed in early 2021 based on the ore reserve
update. As part of that update, it was simpler to add height to the current WRD locations
rather than having to do a full re-design of all the surface water management infrastructure
to locate an additional WRD within the mining lease. Arafura consider this an issue to be
solved at a later date. Options to store the additional waste longerterm may include some
or all of these:

e New dump location with surface water management adjustments;
e Expand the footprint of the current WRDs;

o Backfill parts of the open-pit; and/or

e Apply for a small increase to the WRD ceiling height.
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The main objective of this report is to define appropriate WRD design concepts (i.e. batter
shapes) for any volume of WRD material throughout the LOM, particularly in light of the
fact that the project is very likely to continue on past the currently understood 38 year
LOM, which will produce additional waste rock into the future.

The concepts provided in this report must necessarily be validated once mining has
commenced and once samples of the extracted wastes and disturbed soils are available.
Validation would include testing of the erodibility of the as-disturbed wastes and soils; this
report uses estimations for erodibility based on available data to date. Field trials to further
validate the suitability of the designs would then occur. This could include erosion and
vegetation monitoring whereby measures of runoff and erosion are made for the proposed
rehabilitation design. The results of this monitoring can then be fed back into the erosion
modelling process to confirm the model predictions and provide additional confidence in
the long-term suitability of the rehabilitation designs adopted for Nolans.

2 CONTEXT

2.1 Closure design shape and cost

The three dimensional (3D) shape and quality of rehabilitated mine waste landforms will
be important for successful closure at Nolans. Their design must be consistent with
constraints imposed them by material properties (soils and wastes), climate and other
physical factors (e.g., fopography). The constraints imposed by the properties of the soil
and mineral wastes and the climate are for all intents and purposes fixed, with limited to
no scope for Nolans to significantly alter their influence.

Preliminary rehabilitated landform parameters are often set early in the life of a mine (i.e.,
during the feasibility planning and/or approval’s phases). These parameters include:

e The location of the landform;

e Landform footprint;

e Rehabilitated batter heights, gradients, and batter profile shapes; and
e Berm positions and capacity.

Landloch regularly observes that the parameters set at this stage of mining (and in
particular footprint and height) have a large bearing on the scope of rehabilitation options
available later in the mine life. Landloch has observed situations where, for example, had
more footprint been available, more flexibility and potentially more cost effective
rehabilitation options could have been adopted.

One example of this is a Pilbara (WA) operation that placed a WRD containing erodible
materials too close to an ore conveyor. This limited the ability to increase footprint,
meaning that more erosion resistant materials had to be sourced and hauled from a distant
pit to achieve successful rehabilitation.

The way in which a waste landform is built also has significant cost implications. For
example, Landloch is aware of one site in the northern WA Goldfields that by constructing
WRDs to a shape consistent with the rehabilitation shape rather than constructing to a
generic shape based on ease of construction, the cost of rehabilitation was reduced by
75%. Failure to adequately plan for the rehabilitation WRD design requirements within the

Nolans Landform Rehabilitation Guidance | 5
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operations phase on another site in the Pilbara region saw rehabilitation costs for one
WRD reach to in excess of $300,000 per hectare (2013 costs) because reshaping
required the use of truck and shovel techniques rather than dozer push. Based on the
operator’s review of costs, truck and shovel was 6-10 times more costly than dozer push.

It is also important to note that bulk earthworks required as part of waste landform
rehabilitation is a significant component of a mine site’s closure liability. Kumari and
Cooper (2019) presented closure cost data for the Mogalakwena platinum mine in South
Africa. They stated that waste landform rehabilitation, “made vp about 70% of the total
closure liability in [the] case of premature or immediate closure and almost 90% in [the]
case of planned or LoM closure.” They also stated that a major contributor to rehabilitation
cost was, “suboptimal placement of waste rock (i.e., restricted footprint, smaller bench
widlths, steeper side slopes and high dump heights)', and acknowledged that, “ suboptimal
waste placement could also contribute to other environmental issues—such as dust, erosion
and groundwater impacts—leading fo increased post-closure costs dve fo active care and
mainfenance requirements.” Similar closure cost estimates are presented by AusIMM
(2012), where the cost of reshaping can be as much as 80% of the total landform closure
cost. Loch and Lowe (2008) illustrated via a simple example that constructing to a design
guided by final landform design requirements could reduce bulk earthworks costs by
~35%. Combining these examples, a 35% reduction in reshaping costs could translate
into savings of several millions of dollars (AUD), or a 20-30% reduction in the total closure
cost for an entire mine (Howard 2019).

Significant savings can be realised through early inclusion of rehabilitated landform
shapes into mine planning. This document aims to provide a broad understanding of
landform design requirements that can be used by Arafura to develop informed preliminary
rehabilitation landform shapes for Nolans.

2.2 Regulator expectations

2.2.] Guidance documents

The Northern Territory Department of Mines and Energy published guidelines on mine
closure and completion and mine rehabilitation in November 2006. Landloch understands
that these documents have been withdrawn and are being updated. In the absence of
these documents, guidance documents from Western Australia are commonly used. The
Western Australian mining regulators involved with waste landforms and closure include
the Department of Mines, Industry Regulation and Safety (DMIRS) and the Environmental
Protection Authority of Western Australia (WA EPA). They have provided a range of
guidance documents that are relevant to landform design.

In addition, the Australian Government has produced a range of handbooks in the Leading
Practice Sustainable Development Program for the Mining Industry. The Mine Closure

(LPSDP 2016a) and Mine Rehabilitation (LPSDP 2016b) handbooks are relevant for
rehabilitation of waste facilities.

The NT EPA also provided information specific for Nolans in the terms of reference (NT
EPA 2015) for the preparation of the Environmental Impact Statement for Nolans. This is
discussed below.

/\ Nolans Landform Rehabilitation Guidance | 6
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2.2.2 DMIRS and WA EPA

DMIRS (formerly Department of Mines and Petroleum (DMP)) and WA EPA take an
objective-based, non-prescriptive approach to assessing the suitability of waste landform
closure designs. It is their expectation that mining proponents provide detail about how
their project will meet their stated broad objectives. These objectives are clearly stated in

the completion criteria framework document endorsed by DMIRS (Young ef a/. (2019),
drawing from DMP & WA EPA (2015)):

“The Department of Mines and Petroleum’s (DMP] principle [sic) closure
objectives are for rehabilitated mines to be [physically) safe to humans and
animals,  [geo-fechnically)  stable,  [geo-chemically] non-polluting/  non-
contaminating, and capable of sustaining an agreed postmining land use.”

“The Environmental Profection Authority’s (EPA) objective for Rehabilitation and
Decommissioning is fo ensure that premises are decommissioned and
rehabilitated in an ecologically sustainable manner.”

Based on these objectives, land with a post mining land use consistent with ‘Conservation
and Natural Environments’! or ‘Production from Relatively Natural Environments'? as
defined using the Australian Land Use and Management classification (ABARES 2016)
would require the development of vegetation consistent with the end land use (e.g.,
rangeland species) and would need to be non-polluting.

These objectives are further detailed in DMIRS (2020) (red underlining is Landloch’s
emphasis):

*  From the project approval stage throughout mine life, the mine closure plan
should demonstrate that ecologically sustainable mine closure can be
achieved consistent with agreed postmining oufcomes and land uses, and
without unacceptable liability fo the Stafe.

*  Materials characterisation needs fo be carried out prior fo project approval
to a sufficient level of detail to develop a workable closure plan. This is
fundamental to effective closure planning. For existing operations, this work
should start as soon as possible. Maferials characterisation should include
the identification of materials with potential to produce acid, metalliferous
or saline drainage, dispersive materials, erosive rock, fibrous and
asbestiform materials, and radioactive materials, as well as benign
materials infended for use in mine rehabilitation activities. The identification
of good quality rehabilitation material (e.g., benign, fresh rock) should also

be carried out

! Conservation purposes based on maintaining the essentially natural ecosystems present.
2 Primary production with limited change to the native vegetation.
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Specific guidance provided for WRDs (DMP 2009) includes (red underlining is Landloch’s
emphasis):

Design the profile of the dump (e.g., height and slope angles) fo ensure that the
final structure is safe, stable and not prone fo significant erosion. Factors that
should be considered in the design are material types, proposed vegetation
cover, natural topography and climate. Generally, more dispersive material,
poorer topsoil and high dumps will require flatter outer slopes. Only the best
condlitions and stable materials would justify slopes approaching 20 degrees.

A _major cause of serious erosion on newly created landforms is the lack of
adequate drainage control. It is therefore essential fo design and construct

drainage control measures that will handle expected rainfall events. In arid
regions, it is preferable to design the dump profile to be water retaining. This
means that the fop surface, berms and batters need to be constructed so that they
hold the maximum expected rainfall event. The construction of suitably
engineered impoundments on the flat surfaces and deep ripping at suitable
infervals on the sloping surfaces will generally achieve the necessary control.
Minimising slope lengths will help reduce water velocity and therefore reduce
erosion pofential.

Specific to RSFs (similar to Tailings Storage Facilities (TSFs), the DMIRS’s Code of Practice
for TSFs in Western Australia (DMP 2013) states that the primary function of a TSF, “/s the
safe and economical storage of tailings in an erosion-resistant, non-polluting structure that
minimises environmental impacts”. This requirement for erosional resistance exists both
during operations and after tenement relinquishment. Successful relinquishment requires
that the TSF be left such that it is able to, “maintain an acceptable impact on the
environment, remain structurally stable, resist deterioration through erosion or decay,
prevent loss of containment, and be functionally compatible with the agreed postmining
land use”. There is to be no requirement for ongoing maintenance for relinquishment to
oceur.

2.2.3 leading practice sustainable development program

The Australian Government’s Mine Closure handbook (LPSDP 2016a) usefully defines a
functional ecosystem (that is implicit in the DMIRS and WA EPA obijectives) as, “an
ecosystem that is stable not subject fo high rates of erosion), is effective in refaining water
and nutrients, and is selfsustaining”.

It also provides these useful guiding thoughts:

“The difficulties faced in the restoration of functioning ecosystems on such
landforms, often under extreme ranges in femperature and rainfall, are offen
exacerbated by the properties of the waste material. The physical, chemical and
geochemical characterisation of mine wasfe mafterials is uvsed fo identify
potentially problematic waste—for example, potentially acid-forming, sodic or
saline waste—or wasfe units suitable for use as nearsurface growth medium,
water-holding material or surface armour.

Nolans Landform Rehabilitation Guidance | 8



Identification of these characteristics—viewed in conjunction with local climatic
condiitions, the effects of climate change, the way waste materials are likely to
weather and develop over time, and target closure objectives and completion
criferia—is paramount to appropriafe landform design.

The nature of the landform surface directly affects critical long-term objectives,
such as resistance to erosion, the integrity of encapsulation of hostile wastes, the
capacity to accept and store rainfall, and the ability to support plant growth.
Ultimately, slope configuration, and the nature of surface material on those
slopes, should be interdependent, with slope angle and length being constrained
by the relative capacity of the surface material fo resist erosion. Vegetation
communities are typically one of the most visible outcomes of mine rehabilitation
and thus are a logical focus of rehabilitation planning, however, success in
establishing the community depends on creating an appropriate soil environment
that forms a stable, functional cover.

The Australian Government's Mine Rehabilitation handbook (LPSDP 2016b) clearly
includes landform design as an integral part of rehabilitation. It outlines the following
aspects of mine rehabilitation:

1. Rehabilitation objectives and targets
2. Rehabilitation planning
3. Rehabilitation techniques
a. Landform design and construction
b. Reconstruction of the soil profile
c. Selection of suitable species
d. Establishment of vegetation
e. Fauna recolonisation
4. Completion criteria
5. Rehabilitation management and monitoring

It also defines the characteristics of high and low risk landforms. These are summarised in
Table 1 below, are a guide only, and are not absolutely prescriptive.

Table 1: Summary of high and low risk waste landform batter profiles

High-risk Landforms Low-risk Landforms

e low vegetation cover (likely associated e high and effective vegetation cover

with low rainfall or with rainfall patterns) o low-moderate rainfall erosivity
e high rainfall erosivity (associated with rain of low intensities
e high batter slopes (the definition of ‘high’ but sufficient volume to grow vegetation)

varies with climate and materials, but in e  low batter slopes (commonly <20 m)
many situations =60m is considered high) e materials of low erodibility, often with

o highly erodible materials significant content of competent rock
e limited capacity to reduce gradients to e  capacity to reduce gradients to effective
effective  levels  (i.e.,  footprint levels.

constraints).
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2.2.4 EIS terms of reference

The NT EPA terms of reference states that Nolans’ Mine Rehabilitation and Closure Plan
should include a description of measures to be taken that will ensure soil stabilisation
against erosion to a level similar to comparable landforms in surrounding undisturbed
areas.

From this it is concluded that erosion rates of rehabilitated WRDs and RSF batters should
be consistent with rates from comparable undisturbed areas.

2.3 Landform design expectations

Landloch’s understanding of rehabilitation landform design expectations is outlined below.

2.3.1 Need for erosion modelling

Mining regulators often request that there be a clear link between the waste landform
design and material properties. Results of erosion modelling and landform evolution
modelling are often requested, with an increasing expectation for these tasks to have been
completed as materials become available and as a site nears closure. This is done as a
means of demonstrating that the risk posed by erosion in the long-term is addressed.

2.3.2 Design life

Design of mine waste facility batters based on longterm erosion does not commonly
consider erosion from individual storm events. Rather, it considers long-term erosion rates.
This is because available erosion benchmarks against which erosion can be assessed are
almost always measures of long-term rates. These benchmarks include naturally occurring
erosion rates and rates of soil formation, both of which are measured over decades or
centuries. Also, it is important to note that elevated erosion of a batter during a single
large rainfall event does not necessarily cause irreversible changes to the batter surface
condition such that all subsequent events yield higher erosion rates. Because of this, batter
slopes (excluding engineered runoff control structures) can be considered ‘resilient’ to a
variety of rainfall/runoff events when their erosion rates are consistent with long-term
benchmark erosion rates for the area.

Assuming that batter shapes are designed to produce rates consistent with long-term
benchmark rates, it is then the engineered runoff control structures that represent points in
the design that can fail and irreversibly change the erosion potential of a batter. These
structures include crest bunds, mid-batter berms, rock drains, and toe drains. These features
introduce a ‘brittleness’ to a design. For this reason, it is important to determine an
appropriate design storm for use in designing these structures for closure. The design
storms adopted for closure will be much larger than those adopted for operations.

To consider an appropriate design storm, it is useful to first consider the required design
life of these engineered structures. The Western Australian DMP & EPA (2015) provides a
reference point that is helpful in setting a design life for mining landforms.

Nolans Landform Rehabilitation Guidance | 10



It states:

“In developing completion criteria, the proponent/operafor should identify
criferia that lead fo the design and construction of final landforms, voids and
ecosystems, and upon being met, will demonstrate achievements of closure
objectives of the mine being closed. The final landforms, voids, and ecosystems
must be designed and constructed in the context of the agreed land use and
closure objectives. The completion criteria should include performance indicaftors
fo demonstrate that rehabilitation trends are following the predicted
performance, particularly where mathematical modelling is utilised to predict any
long-term environmental impact (usvally 300 years or longer)”.

Therefore, it seems appropriate to design any engineered structures for closure using a
design life of ~300 years and also adopting an acceptable risk of failure within that period
(it is impossible to design an engineered structure that poses no risk at closure).

2.3.3 Design storms for engineered structures

To inform what is an acceptable risk, Landloch considered the relationship between design
storm events and risk outlined in the Guidelines on Tailings Dams (ANCOLD 2012) for
structures with a shorter design life and then applied that risk to closure designs with a
300 year design life. The ANCOLD Guidelines are a commonly used engineering
guidance document used to establish appropriate engineering design storms based on
risk. These storms are defined by their Annual Exceedance Probabilities (AEP)®. Adopting
the Guideline’s approach for designing a tailings dam’s spillway or freeboard in a location
where the consequence of failure is minor or medium#, and the population at direct risk
would be less than 10, the resultant risk rating is “very low” to “significant”, and the
recommended AEP is between 0.01 and 0.001. Assuming an operational design life of
50 years for the TSF, there is a 5-40% probability of the design storm being exceeded
once in 50 years.

If a probability of failure of 10% is adopted (i.e., within the range currently accepted
during operations for a TSF but towards the lower end of the range), for a design life of
300 years, this equates to an AEP of 0.0004, equivalent to an Annual Recurrence Interval
(ARI) of 2,500 years. Adoption of a design storm event with an AEP of 0.0004 seems
reasonable for design of engineered runoff control structures for closure landforms at

3 AEP is the probability that a given event accumulated over a given duration will be exceeded in
any one year.

4 Cost of damage to infrastructure <$10M; <100 people affected; Social dislocation <100 people
or <20 business months; <Tkm? impacted; impact duration <1 year; damage to the environment
limited to items of low conservation value (degraded or cleared land, ephemeral streams, non-
endangered flora and fauna), and remediation possible. Medium consequence: Cost of damage
to infrastructure $10M-$100M; 100-1000 people affected; 100-1000 person or 20-2000 business
months dislocated; <5km?2 impacted; impact duration <5 years; significant effects on rural land and
local flora and fauna. Limited effects on items of local and state natural heritage, and limited effects
on native flora and fauna within forestry, aquatic and conservation reserves, or recognised habitat
corridors, wetlands or fish breeding areas.
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Nolans. For a storm duration of 24 hours, the rainfall depth for a 0.0004 AEP event would
be 367mm; for a 72 hour event, the rainfall depth would be 566mm. This design storm is
considered an ‘extreme’ design storm event within the Australian Rainfall and Runoff
design rainfall classification scheme® (Ball ef a/. 2019). Adoption of even more extreme
design storms would only be adopted if the risk posed by Nolans can be shown to be
greater than outlined above.

There is currently a trend among some regulators (requested but not yet found in any
published guideline) to request that Probable Maximum Precipitation (PMP) events be
included in landform designs. The PMP is generally equated to an event with an ARI of
10,000,000 years (AEP of 0.0000001). The likelihood of such an event occurring in 300
years is 0.003%. In other words, there is a 99.997% chance that the PMP would not occur
in 300 years. Inclusion of such extremely rare events in landform designs is not warranted
and stand at odds to standard engineering practice. Such extremely rare events are only
adopted when the risk of failure is high to exireme, i.e., where failure has potential to
cause loss of thousands of lives and property damage in the order of >$1B. In practice,
failure of a waste dump at Nolans is unlikely to result in extreme discharges of water or
sediment, or cause loss of life or very expensive property damage, unlike TSFs where
collapse of a wall can cause large and dangerous flows of retained water and solids.

2.3.4 Erosion benchmarks for use in landform design

Critical to the erosion modelling process is the establishment of an erosion benchmark or
threshold value below which landform designs are deemed acceptably stable, and above
which erosion rates are considered unacceptably high. The NT EPA terms of reference
states that Nolans’ Mine Rehabilitation and Closure Plan should include description of
measures to be take that will ensure soil stabilisation against erosion to a level similar to
comparable landforms in surrounding undisturbed areas (NT EPA 2019).

From this it is concluded that the long-term erosion rates of Nolans” WRDs and RSF should
be consistent with long-term rates of comparable undisturbed areas. A wide range of
approaches have been used to define erosion threshold values (Howard and Loch 2019)
that are similar to comparable landforms in surrounding undisturbed areas. The
approaches include consideration of:

e rates of soil renewal;
e rates of natural erosion in adjoining areas; and
e potential for gully formation.

The soil renewal rate is the combined rate of soil depth increase caused by soil formation
and fluvial and aeolian deposition. Renewal rates for mine waste that includes fractured
waste rock on an arid zone mine site was estimated to be in the order of 4t/ha/y (Howard
and Loch 2019).

5 AR&R design rainfall classes — Very frequent: 12 to 1 exceedances per year (EY); Frequent: 1 EY
to 0.1 AEP; Infrequent: 0.1 to 0.01 AEP; Rare: 0.01 to 0.0005 AEP; Extreme: <0.0005 AEP.
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Natural rates of erosion for rangeland soils in the Northern Territory (average from 28
locations) was 3.8t/ha/y, and ranged from 2.4t/ha/y (lower 95%) to 5.2t/ha/y (upper
95%) (Elliott et a/. 2002). In terms of potential for gully formation Klingebiel (1961)
suggested that erosion rates >11t/ha/y led to gullying. Landloch have measured erosion
on heavily gullied surfaces on three mining waste landforms in the Pilbara. Erosion rates
associated with high rates of gully erosion were >40t/ha/y. Further, nine large-scale
erosion plots have been operational at an iron ore mine site in the Pilbara region of
Western Australia since July 2012. Three heavily rilled and gullied plots had a measured
average erosion rate of 28t/ha/y. The remaining six plots are not heavily rilled or gullied
and have a measured average erosion rate of 2t/ha/y. Erosion monitoring data were
collected at the Murrin Murrin Cobalt-Nickel mine site (Goldfields, WA). Five measures of
erosion on batter slope sections with limited rilling showed average annual erosion rates
<8t/ha/y. Two measures of erosion on batter slope sections with rills and gullies had

measured annual erosion rates of >20 t/ha/y (LPSDP 2016¢).

Based on these results, an erosion benchmark at which erosion rates could be deemed
similar to comparable landforms in surrounding undisturbed areas would be in the order
of 4-8t/ha/y for the entire slope, and rates on the slope at any one point not exceeding
8-11t/ha/y. For the purposes of this report, longterm erosion benchmark values of
<6bt/ha/y (average annual erosion for the entire slope) and <12t/ha/y (peak average
annual erosion for any point along the slope) were used to indicate designs with suitable
long-term erosion potential.

2.3.5 Landform shape limitations

Depending on the erodibility of the materials on site, it is possible for erosion model
predictions to indicate that quite steep, high, and/or long slopes would be stable.
However, Landloch has observed regulators questioning very long and/or very steep
landform batters on the basis of their constructability and the need for very exacting
QA/QC (that historically has not been met by many mining proponents). Landform batter
heights (single batters without a mid-batter berm) in excess of 40m high have been
questioned previously by the WA regulators when uniform (single gradient) slopes were
proposed. However, concave slopes have been accepted for heights of ~70m without the
use of a mid-batter berm.

Very narrow mid-batter berms (5-10m wide once the rehabilitation shape has been
created) have also been questioned because such narrow widths have been observed to
consistently lead to rehabilitation failure. Rather, widths are expected to be set based on
their ability to contain a rare rainfall event. For this report, a storm event with an AEP of
0.0004 (equivalent to an ARl of 2,500 years) and duration of 24 hours has been used.

Gradients steeper than 20 degrees are typically not readily accepted by the regulators
because they are unsafe to traverse with machinery during rehabilitation works. Further,
they cannot be easily ripped and spread with topsoil. A maximum gradient of 18 degrees
was adopted for this report.
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3 RAINFALL, EROSION, AND VEGETATION

Erosion potential of mine waste facilities is strongly influenced by the near-surface materials
that are being stored, the shape of the landforms constructed, and the climate. With
regards to climate, rainfall is most critical for landform design as rainfall totals and rainfall
infensities influence runoff potential which in turn influences erosion potential.

3.1 Rainfall and erosion

3. 1.1 Rainfall

Nolans has a hot, arid climate. The monthly distribution of rainfall is given in Figure 1.
Average monthly rainfall is highest during the summer months of December, January and
February and the shoulder months of March and November. Average monthly rainfall in
these months range from 27 to 58mm. The remaining months have average rainfall values
ranging from 7 to 19mm.

N w S v D
o o o o o

Average Monthly Rain (mm)
)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan ‘ Feb ‘ Mar ‘ Apr May Jun Jul ‘ Aug Sep Oct Nov Dec
49 58 36 16 19 11 7 7 6 17 27 47

Figure 1: Average monthly rainfall, Aileron (Bureau of Meteorology station 15543).

Figure 2 summarises the annual rainfall data for the site (Aileron data for 1949-2020),
excluding years with incomplete data. The average yearly rainfall is 299mm (shown by
the orange line). The maximum annual rainfall occurred in 1974 (1,011mm) and the
minimum occurred in 1965 (62mm) (Figure 2). The median annual rainfall is 254mm,
indicating that there are several annual rainfall totals that are much higher than the
average. Figure 3 shows a histogram of annual rainfall events for the period 1949-2020,
excluding years with incomplete data. Approximately 84% of years have rainfall totals

between 120 and 520mm. There are three years that have very high annual rainfall totals
(1975: 727mm, 2000: 777mm; 1974: 1,01 1mm).
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Figure 2: Annual rainfall totals for Aileron (Bureau of Meteorology station 15543)
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Figure 3: Annual rainfall histogram for 1949-2020, excluding years with incomplete data.

Rainfall is generally characterised by infrequent and intense rainfall events. The Bureau of
Meteorology Intensity—Frequency-Duration (IFD) data (2016 system) for design storms
indicate that a storm with an average exceedance probability of 1% and duration of 24
hours is 197mm (Table 2). Storms greater than 25mm are quite common.
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Duration Design Storm Depth (mm) for an Annual Exceedance Probability of:

(hours) 63.2% 50% 20% 10% 5% 2% 1%
1 20.9 24.7 37.4 46.5 55.8 68.7 79.1
2 25.7 30.4 46.0 57.3 69.1 85.4 98.7
3 28.8 34.0 51.3 63.9 77.0 95.3 110
6 35.0 41.2 61.7 76.6 91.8 113 131
9 39.3 46.3 69.1 85.4 102 126 145
12 42.7 50.4 75.2 92.7 110 137 158
18 48.2 57.0 85.2 105 125 155 179
24 52.5 62.3 93.5 115 137 170 197

3. 1.2 Rainfall erosivity

The erosive force of rain is expressed by rainfall erosivity. Gridded global rainfall erosivity
data (Vrieling et o/ 2014) indicates an annual erosivity value for the Nolans area of
1,145M).mm/(ha.h.y) (Figure 4). This value is consistent with available erosivity mapping
from Rosewell (1993) (1,000-1,500MJ.mm/(ha.h.y)).

Approximately 75% of the Northern Territory has rainfall erosivity values that are higher
than Nolans. Erosivity increases in a northerly direction towards the coast. Rainfall erosivity
at Nolans is like that at Alice Springs and about 25% of that at Darwin. It can be expected
that the Nolans area will have sufficient rainfall erosivity to render rehabilitated waste
landform surfaces prone to erosion, particularly when slopes are steep or long, are
constructed from fine-grained soils or wastes, or have low levels of surface contact cover.
(The actual erosion rate will depend on rainfall erosivity as well as material erodibility and
landform geometry.)

The distribution of average monthly erosivity (Figure 5), expressed as a proportion of
annual rainfall or erosivity, shows that erosivity largely follows that of monthly rainfall
except for February which contains a higher proportion of erosivity. This indicates that -
on average - storms in February are more intense (i.e., have more erosivity) than storm
during other months.

From a rehabilitation perspective, completing rehabilitation works prior to February
appears advantageous as this would mean that the freshly disturbed surfaces could be
armoured by the less intense rains that typically occur during November to January, and
vegetation would have a chance to establish and provide some protection against the
intense rains (noting that vegetation levels are not likely to be sufficiently high to completely
control erosion in the long-term).
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Figure 4: Annual erosivity mapping for the Northern Territory.

50

e Rainfall

1N
o

= Erosivity

w
o

N
o

Proportion (%) of Annual
Rainfall/Ersovity

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 5: Distribution of monthly rainfall and erosivity expressed as a proportion of annual
rainfall or erosivity.

QUALITY SCIENCE | PRACTICAL OUTCOMES Nolans Landform Rehabilitation Guidance | 17




~
Landaioct

3.2 Vegetation impacts on erosion

Annual rainfall of ~300mm will mean that vegetation levels (specifically surface contact
cover rather than foliar cover) are likely to be low, and a high proportion of the land
surface will be bare and exposed to the erosive forces of rain and to surface runoff. Erosion
mitigation by vegetation at the closure time-scale is largely achieved through the presence
of grasses or lying growing species that are in direct contact with the soil surface,
especially in open woodlands where tree and shrub densities are low and where root
densities are also low.

GHD (2016a) undertook a vegetation assessment for Nolans during which ground cover
values were recorded. Ground cover included species up to 0.5m high and would include
both grasses and low shrubs; these values would be an over-estimate of surface contact
cover. The ground cover values reported ranged from 5-70%, with cover values on gravelly
shrublands, alluvial plains, and rock outcrop areas being in the order of 10-30%.
Relationships between projected foliar cover and basal cover (akin to surface contact
cover) presented by van Vreeswyk ef a/. (2004) indicate that basal cover levels of <10%
are associated with projected foliar cover levels of 10-30%.

The Revised Universal Soil Loss Equation’s (RUSLE) (Renard et al. 1997) cover factor
provides a useful benchmark for considering the effects of vegetation on erosion. Figure 6
is a typical curve relating erosion (soil loss ratio®) and cover percent for an arid zone soil
with few trees and large shrubs.

Soil Loss Ratio

0 L 1 i | A 1 L | L ]
0 20 40 60 80 100

Cover (%)

Figure 6: Soil loss ratio for a range of cover precent levels

¢ The soil loss ratio is the ratio of erosion from a surface of a given cover percent to erosion from a
surface with no vegetative cover.
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For a 10% surface contact cover level, erosion could be expected to be ~80% of the
erosion that would occur from a bare surface. Therefore, although vegetation has some
impact on soil erosion, it is unlikely to be able to manage erosion risk by itself in the long-
term at Nolans. This means that the surface created during rehabilitation must be suitably
stable against erosion without the assistance of vegetation. This approach will ensure
stability is reached quickly, and that periodic events such as fire or drought, and other
pressures such as grazing will not adversely impact erosion potential. Further, surfaces
that are erosionally stable are also more likely to support the germination and growth of
vegetation than are surfaces that are mobile and erosion prone.

4 MATERIAL PROPERTIES

The properties of soils and key mining wastes are discussed in this section. The information
is used to estimate plant growth potential and erodibility parameters that are used in
erosion predictions detailed in section 5.

4.1 Soils

Landloch recently undertook a soil assessment for Nolans (Landloch 2021). All the soils
observed within the survey areas shared many common attributes. These included:

Loam to light clay textures with clay contents ranging from 20-30%;

Low rock fragment abundance in the surface soils (absent to few);

Non-texture contrast soils;

Weak surface structure, hardsetting to firm surface;

Non-saline (typically <0.1dS/m);

Non-sodic (<2% ESP in the surface soils) and infrequently spontaneously
dispersive;

Very low surface organic carbon (typically <0.5%);

J Rapid and uniform drainage; and

J Likely moderate permeability based on the presence of hardsetting surfaces
(estimated to be 5-20mm/hr)

A map of the soils is given in Figure 7.
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Figure 7: Nolan soils map
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4.2 Mineral waste

Estimated abundances of the various waste types at Nolans were determined based on
data supplied to Landloch by Nolans (2015 LOM pit data). 91 million loose cubic metres
will need to be stored throughout the 25 year life of the mine. Three lithologies were

identified (Table 3).

Table 3: Abundance of lithologies.

Abundance (%) of Waste

Lithology Transitional/Mixed Oxidised Total (%)
Gneiss 38.4 27.7 57 717
Pegmatite 7.2 7.9 1.2 16.4
Schist 6.8 4.4 0.8 11.9
Total (%) 52.3 40.0 77 700

Gneiss is the dominant waste lithology (71.7% of total waste). Pegmatite and Schist wastes
occur in similar volumes (16.4% and 11.9% respectively). The majority of waste is fresh
(52.3%), with an appreciable proportion of transitional waste (40.0%), and a small
proportion of oxidised waste (7.7%). Given these abundances, the waste landforms at
Nolans are likely to be dominated by fresh and transitional waste.

Testing for acid, metalliferous, and saline drainage has concluded that the risk of acid,
metalliferous, or saline drainage is low, and the mineralised waste material can generally
be managed as non-acidforming waste (GHD 2016b).

4.3 Waste testing - plant growth and durability

Rock durability is of concern in wastes that are completely or partially oxidised. Nolans
will produce an appreciable proportion of oxide and transitional wastes (47.7% of the
total waste). Therefore, the risk posed by the breakdown of the rock was assessed. Plant
growth parameters were also assessed as there is the possibility that waste may be used
near the surface of rehabilitated WRDs and the RSF in order to mitigate the risk of erosion.
These wastes will contain both coarse-grained rock (for which durability is important) and
a fine component (for which plant growth potential is important).

4.3.1 Sampling

Twelve drill core samples of representative waste rock were supplied by Nolans for testing
of durability and plant growth. Details of these samples are given in Table 4. Four samples
each of gneiss, pegmatite, and schist were supplied. Two of the samples were oxidised,
six were fransitional, and four were fresh. Table 5 shows the number of samples of each
lithology/oxidation state combination. Photos of each of the waste samples is given in
Appendix A.
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Table 4: Details of drill core samples supplied

Sample ID Hole ID Lithology Oxidation State
24301 NBDH833 1.00 9.70 Gneiss Oxidised
24302 NBDH833 40.00  47.75 Gneiss Transitional
24303 NBDH836 15.00 22.50 Gneiss Transitional
24304 NBDH836 175.80 185.70 Gneiss Fresh
24305 NBDH877 2.30 11.50 Pegmatite Transitional*
24306 NBDH833 58.00 65.40 Pegmatite Transitional
24307 NBDH837 49.10 64.16 Pegmatite Transitional
24308 NBDH837 73.00 87.00 Pegmatite Fresh
24309 NBDH840 73.00  85.40 Schist Oxidised
24310 NBDH877 72.56  79.60 Schist Transitional
24311 NBDH840  100.00 106.50 Schist Fresh
24312 NBDH1077  84.80  93.00 Schist Fresh

* Mostly oxidised

Table 5: Number of drill core sample supplied.

Lithology

Number of Samples

Transitional/Mixed

Gneiss 1 1 4
Pegmatite 1 4
Schist 2 1 4
Total 4 2 12

4.3.2 Testing regime

The following tests were conducted on the coarse fraction of each waste sample:

e Rock density;

e Water absorption;

e Hardness (impact test); and

e Slake durability.

The fines fraction (<2mm) of each waste sample was tested for:

e pHis (water);
b EC1:5;

e Exchangeable cations (Ca, Mg, Na, K);
e Total N and P;
e Plant available P and K (Colwell); and
e Plant available S (KCI).
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4.3.3 Classification scheme — rock durability

Classification of the longterm durability of the waste samples were made using the
classification scheme for the quality and durability of quarried armourstone from The Rock
Manual (CIRIA, UR, CETMEF 2007), except for slake durability and hardness. The Rock
Manual scheme includes a range of criteria that can be used to guide recommendations
on material durability. It classifies materials as either excellent, good, marginal, or poor
for