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1.  Introduction

Northern Minerals Limited (Northern Minerals) has tasked Landloch Pty Ltd to undertake
a desktop study of the potential volumes and quality of runoff to be managed from the
batters of an integrated waste landform (IWL) during mining operations at the Browns
Range Rare Earth Project (Browns Range).

The project has a lifespan of approximately 10 years, and Northern Minerals has a
requirement to manage sediment generated from active waste dump areas through use
of sediment basins.

The data provided in this memorandum will be used by Northern Minerals to determine
the required size and nature of the basins. To this end, Landloch has completed the
following tasks:

a) Use the available information for Browns Range materials and define the key
wastes to be managed for sediment generation and transport during mining
operations.

b) Review available data in Landloch’s materials database relating to erodibility,
infiltration properties, and sediment properties of the key waste(s).

c) Compare the available data, and present those for materials that are similar to
those to be extracted at the Browns Range Project.

d) Use WEPP to consider predicted runoff and sediment loads for a series of design
storms and compare with those generated from the long time series climate file.

e) Use the Water Erosion Prediction Project (WEPP) runoff/erosion model for a long
time series (100 years) climate file to consider the predicted runoff and sediment
loads for a range of storm events.

f) Using the available sediment characterisation data, detail the sediment loads
likely to be generated for a range of storm events, partitioned into easily-settled
and difficultto-settle fractions.



1.1 Proposed IWL design
The information provided is intended for use during operations of the site, and assumes
the IWL will have the following characteristics':

Maximum height 23m.

Linear outer batter slope with gradient of 33% (18.4°).

No berms will exist on outer batter.

IWL will be constructed in 3 lifts of ~8m height.

No water will be discharged from the top of the IWL to the outer batter slopes.
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This is shown schematically in Figure 1.
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Figure 1: Conceptual diagram of IWL outer batter shape.

2.  Wastes of Browns Range

Information on the abundance and characteristics of the wastes at Browns Range have
been sourced from information provided by Northern Minerals?. Browns Range has four
identified mining areas: Wolverine, Gambit, Gambit+-West, and Area 5. The data
provided is an aggregation of data for all mining areas.

2.1 Waste type abundance and weathering distribution
The proportions of each waste type are provided in Table 1.

! Knight Piesold Pty Ltd (2014), Tailings storage facility summary, Report prepared for Northern Minerals
Limited.
2 SRK Consulting (2013), Physical properties of Browns Range waste rock, Report prepared for Northern
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Table 1: Abundance of different wastes at Browns Range.

Waste Type Abundance
(Proportion of total waste)
Sedimentary (mainly Arenite and Arkose) >90%
Weathered and transported wastes <5%
Breccias <5%
Igneous Negligible
Metamorphic Negligible

The sedimentary wastes comprise the vast majority of the waste at Browns Range.
Therefore, only properties of the sandstone are considered further. Table 2 listed the
weathering distribution of the sandstone. The materials sampled were from a maximum
depth of ~120m and typically from a depth of less than 50m. As such, the materials
may not be representative of deeper materials that may be less weathered and may
contain higher proportions of fresh rock. The majority of wastes are slightly to
moderately weathered (~65-85%), with a smaller amount of fresh sandstone (2-22%).
A small amount of waste is also classed as highly-extremely weathered).

Table 2: Weathering distribution of sandstone and pit geometries at Browns Range.

- Wolverine . Gambit-
Mining Area (it Gambit West Area 5

Weathering information

Fresh 18% 22% 4% 2%

Slightly o o o o

Weathered 33% 16% 73% 36%

Weathering | Moderately | = 5 o, 49% 13% 37%

Stage Weathered
Highly o, [¢) O, O,
Weathered 14% 1% 10% 20%
Extremely o o o o
Weathered 1% 2% 0% S%

2.2 Properties of weathered sandstone

The properties of the weathered sandstone related to its durability are listed in Table 3.
Levels for “excellent” or “good” materials are derived from information provided by SRK
Consulting®. The sandstone is typically of marginal quality with respect to use as an
armour stone. This is consistent with SRK Consulting’s comments that the sandstone will
fracture in situ to relatively small blocks (0% of the sandstone will fracture to a size of
100-200mm or greater, with the median block size being ~500mm in diameter). SRK
Consulting also indicate that the size distribution of the blocks once blasted and
transported to the IWL will be considerably finer than the in situ block size, and will be
more widely graded.

3 SRK Consulting (2013), Physical properties of Browns Range waste rock, Report prepared for Northern
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Table 3: Average property values for weathered sandstone (ranges given in brackets).

Level for Levels for Sandstones of Different
Properly Unit Excellent- Weathering Levels Rating*
Good | glighly | Moderately | Highl
Material 'gntly cderalely 'gnty
Lithology - - Sandstone Gogd-
marginal
2.4 2.4 2.4
: 5 . : : :
Rock density | t/m >2.5 (2.32.6) (2.12.6) (2.42.5) Marginal
Compressive 26 30 24
srength | P9 | >80 1 ya o | (16.46) (20-26) Poor
Soundness y <10 19 31 46 Marginal-
(MgSQ,) loss ° (4-38) (4-80) (25-89) poor
. R 7 8 7 .
Porosity % <6 (2-14) (2:17) (5-8) Marginal

* Rating refers to the material’s usefulness for engineering applications.

3.  Similar materials in Landloch’s materials database

Landloch has four blocky sandstone materials for which all have basic material
properties (Table 5), two have WEPP erodibility parameters, and three have sediment
property data. The availability of information for these materials is provided in Table 4.

Table 4: Availability of material characterisation data for sandstone materials from
Landloch’s materials database.

Location Basic Sediment WEPP
Properties | Characteristics | Parameters
Moura — D Seam (Central QLD) \Y% \% \%
Ellendale Diamond Mine (Kimberleys) \Y% U \%
Oakey Creek (Central QLD) V \Y u
Tarong Coal Mine (Southern QLD) V \Y u

3.1 Basic properties

Basic properties of sandstone materials from Landloch’s materials database is provided
in Table 5. The particle size distributions of the materials were taken of sample that had
been blasted, excavated, and transported to a waste dump. A ~2kg sample of the fine
component of the material was taken from each location and used to define the particle
size distribution of the fine fraction using standard laboratory techniques including both
dry sieving and hydrometers. The rock cover values were assessed using
photogrammetric techniques. Surfaces were photographed and digitally scaled (to allow
the size of the rock to be determined. The proportion of the surface covered in rock was
then calculated. Rocks with diameters greater than ~20mm were included in this
assessment.



Table 5: Basic material properties for sandstones from Landloch’s materials database.

Particle Size Distribution of Fine
Fraction H EC;. Rock
Material P 1 Cover
Clay Silt Sand

% % % pH Units | dS/m %
Moura 28.3 97 62.0 9.3 0.4 80
Ellendale 18.3 1.0 80.7 94 0.1 70
Oakey Creek 13.7 11.6 74.7 - - 75
Tarong 12.8 114 75.8 - - 70

Particle Size: Clay <0.002mm; Silt 0.002-0.02mm; Sand 0.02-2.0mm

Figure 2. Representative trafficked, rain-armored sandstone surface (top); Typical tip-
face at Ellendale showing blasted size of the sandstone. Rocks in foreground are ~1m
in diameter (bottom).



