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Section 1 - Introduction

Rio Tinto Iron Ore’s (RTIO) Brockman Syncline mining operations are located in the West Pilbara
region of Western Australia. They include a number of active mine areas and also a range of
deposits at different stages of development. The active mining areas include Brockman Syncline
2/Nammuldi (B2N) and Brockman 4 (BS4) mining area. B2N is approximately 50 km north west of
the Tom Price township, BS4 is located approximately 30 km south-west of B2N (Figure 1).

Currently B2N and BS4 mining areas utilise different water management infrastructure. RTIO
abstracts groundwater at B2N and BS4 for dewatering, mineral processing, construction and
potable supply and operated under different licences due to geographical limitations and
operational volume requirements. The groundwater abstraction across B2N (which also includes
Silvergrass East operations) permits abstraction of up to 55 gigalitres (GL) per annum in
accordance with the conditions of Groundwater Licence GWL107421 (22). The groundwater
abstraction across BS4 currently permits up to 13 GL/a in accordance with the conditions of well
license GWL164398 (9); both issued under the Rights in Water and Irrigation Act 1914 (RiWI Act)
and administered by the Department of Water and Environmental Regulation (DWER — Water,

previously the Department of Water).

The Brockman Syncline operations comprise a combination of Brockman and Marra Mamba Iron
Formation (MMIF) deposits and some minor mineralised detritals. The BS4 mine has been in
operation since 1996 with below water table (BWT) commencing in 2016. At B2N above water table
(AWT) mining commenced in 2006 with approximately 80% of the currently mined deposits BWT,

dewatering commenced in 2013.

The Brockman Syncline Proposal includes the development of the following AWT and BWT pits
across the Brockman Syncline:
¢ Extension of the existing BS4 pits to support BWT mining.
e Development of new AWT and BWT pits at Brockman 4;
o0 BS3; Endeavour; Marra Mamba pits; M, N, O, R, Q and BS1.
o Development of new AWT and BWT pits at B2N;
0 Lens G, Diesel, BS3-Ext (Sandleford; Monkey, Lauriston; Creekside; and MM-J).

This report provides an assessment of the potential impacts to the aquifer/s, other groundwater

users and the environment from the proposed groundwater abstraction.
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Figure 1: Location map of the Brockman Syncline deposits.




Section 2 - Regional Setting

21 Topography

The Brockman Syncline represents a large topographic feature with its central apex trending
roughly east-west for approximately 60 km. High ridges of Brockman Iron Formation standing 300
— 400 m metres above the syncline valley floor crop out along the northern and southern limbs with
a maximum elevation of 1132 m Australian Height Datum (mRL) on the northern limb at Mount
Brockman. The highest elevations correspond with the younger Brockman Iron Formation, which
is separated from an outer, lower lying ridge of the older MMIF, by valleys of softer dolomite,

metasedimentary rock and more recent Tertiary infill sediments.
2.2 Climate and Rainfall

The climate of the Brockman Syncline is classified as semi-arid to subtropical with hot, wet
summers and cool dry winters. Under the Képpen climate system the Brockman Syncline is defined
as Hot Semi-Arid (BSh) to Hot Desert (BWh). Rainfall data from the Australian Bureau of
Meteorology’s (BoM) nearest climate station, Hamersley Station (station number 005005) is
available from 1912 to 2015 (with years 1927-33, 1960, 1985-86 and 2008 missing) (Figure 2).

Figure 2: Monthly rainfall statistics for BoM Hamersley Station (005005).

Weather data is being collected at automatic weather stations across the syncline. However, these
records are not yet long enough to characterise the climate. Consequently, gridded rainfall data for
the centroid and pan evaporation for the area has been generated from the Queensland

governments Scientific Information for Land Owners (SILO) synthetic data product.

Rainfall is typically associated with tropical low-pressure systems and thunderstorm activity from
the monsoonal trough that develops over northern Australia during summer. While winters are

typically dry and mild, unseasonal rainfall can occur owing to tropical cloud bands that intermittently



affect the area. Analysis of the daily rainfall data indicates that rain events are infrequent and
typically have low rainfall totals. Review of annual rainfall data suggests a general increase in
average rainfall since the 1920’s. However, a more recent trend of reduced rainfall compared to

the 30-year mean is evident over the last 12 years (Figure 3).

The mean annual pan evaporation is 3,385 mm (BoM, 2008), greatly exceeding the mean annual
rainfall; highlighting the water limited environment and indicates groundwater recharge is likely to
be highly episodic and variable from year to year contingent on the occurrence of large rainfall

events.

Figure 3: Brockman Syncline annual (October-September) rainfall from SILO data.
2.3 Hydrology

The Brockman Syncline occurs across two major sub-catchments of the Ashburton River Basin,
namely the Duck Creek and Hardey River sub-catchments; with catchment areas of approximately
6,400 km? and 6,300 km?, respectively. Both Duck Creek and Hardey River flow in a westwards
direction, with Hardey River entering the Ashburton River at Hardey junction, ~115 km west of the
BS4 operations and Duck Creek entering the Ashburton River 30 km downstream of Hardey
Junction (

). Given the locations of the deposits on ridgelines, the deposits often form the catchment

boundaries or boundaries for tributaries to these main catchments.
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The central syncline is drained east to west by the ephemeral Boolgeeda Creek, which is a tributary
of Duck Creek. Boolgeeda Creek is fed by smaller tributaries that dissect the Brockman Syncline
ridge lines via drainage from the north and south. The drainage results in tributaries that both feed
into and cut out of the internal synclinal structure. The BS1, BS4 Pit 1 and Maybelline deposits are

located in the Duck Creek catchment.

The Marra Mamba deposits of Q, R, S, T, M and N, as well as Endeavour, BS3, BS3 Extension,
and Lens G deposits are located at the headwaters of the Hardey River regional catchment. The
deposits are situated in valley sub-catchments, exposed to surface water runoffs from the northern
and southern valley slopes. The central valley containing Lens CD and Lens EF originally drained
from the east and west to a central location, where water was conveyed north to Duck Creek. The
western valley, containing Lens A and B, drained west, then north to Duck Creek. The eastern

valley containing the eastern extent of Lens EF is an internal draining basin (

)-The Diesel and Sandleford deposits of BS3-Ext are situated in an internally draining basin located
in the upper catchment of the Beasley River, immediately east of the B2N. This basin captures

local runoff and is subject to flooding after large rainfall events (Worley Parsons, 2014) (

). Surface water drainage around the syncline flows no more than a few kilometres before it

discharges away from the syncline. Therefore, overland flow around the syncline is minimal.
2.4 Geology

The basement geology of the Brockman Syncline comprises the three Groups from the Mount

Bruce Supergroup; namely the Fortescue, Hamersley and Turee Creek Groups. The Turee Creek
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Group is inferred in the centre of the Syncline, beneath Cainozoic transported sediments. These
groups are arranged in a large syncline plunging west broadly along an east-west axis, with limb
dip angle of 30-45°. The current BS4 mine operations are located on the southern limb of the
syncline, whist the B2N mine operations lay on the northern (Error! Reference source not
found.).
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Figure 5, Brockman Syncline regional setting (study area) illustrating topography, deposit

locations, local hydrology, and major dolerite intrusion locations.

A number of strike slip faults trending north northwest displace the basement in horst and graben
type structures across the Syncline. In some cases there is repetition of the stratigraphy. High
grade mineralisation across the syncline is hosted within both Marra Mamba and Brockman Iron
Formation deposits. Mineralisation within the MMIF is most common within the Mount Newman
Member, and is observed across the syncline in operational Lenses A to F at B2N, as well as future
pit areas Lens G, Pits O, Q, R, S, T, M and N, MM-J, Creekside and Diesel of the BS3-Extension

deposits. The MMIF generally comprises a thick sequence of banded iron deposits, carbonates,



fine grained silicates and volcanic rocks. Underlying the orebody is generally partially weathered
to fresh un-mineralised Mount Newman Member. Overlying the deposit is commonly the West

Angela Member of the Wittenoom Formation, and un-mineralised and mineralised Detritals.

Similarly, high grade mineralisation hosted with the Dales Gorge and/or Joffre Member of the
Brockman Iron Formation is found across operational pits Pit 5-Pit 13 at B2 and Pits 2, 3 and 5 at
BS4 and proposed pits Maybelline, BS3-Extention pits Sandleford, Monkey, Lauriston and
Brokenwood, BS3, Endeavour, Atlantis and BS1. The Brockman Iron Formation generally
comprises a thick sequence of alternating BIF, chert and shale. The deposits are conformably

overlain by the Yandicoogina Shale Member and underlain by the Mount McRae Shale.

The Wittenoom Formation conformably overlies the MMIF. The Wittenoom Formation is subdivided
into three members: the West Angela Member at the base, overlain by the Paraburdoo Member
and the Bee Gorge Member. The West Angela Member consists of dolomite, dolomitic shales and
cherty BIF. When weathered the dolomite and dolomitic shales are reduced to manganiferous

clays.

Valley fill material covers most of the topographically lower areas across the Brockman Syncline,
particularly as detrital accumulations along the northern and southern flanks of the outcropping
Brockman Iron Formation. Detrital accumulations are also extensive in the N-S trending gullies
which cross-cut the deposit. The valleys themselves contain vast amount of colluvium and sheet
wash alluvium on top of the bedded formations. There is also minor detrital iron deposits at various

locations around the Syncline.

2.4.1 Dolerite Intrusions

Dolerite dykes and sills are ubiquitous across the Pilbara. However, they are particularly abundant
across the Brockman Syncline area, being identified from geophysics, geological mapping,

encountered during resource drilling and visible as erosional features in aerial imagery.

The Brockman Syncline is characterised by dolerite dykes trending northwest-southeast and cross
cutting the major formations and the deposits (i.e have been intruded/and subsequently eroded
prior to deposition of Tertiary sediments). The dykes occur at regular intervals, are sub-vertical,
and generally with no fault displacement although a number have been interpreted as being

associated with major faults or having intruded pre-existing fault structures (Mduller, et. al., 2005).

A continuous dolerite sill also wraps around the syncline along strike within the Joffre Member of
the Brockman Iron Formation. The sill has been intruded before the major deformation event of the

area as it exhibits similar folding and faulting of the layered formations.

The dolerite in the area is often extensively weathered to a clay near surface, and the subsurface
presence of the dykes/sills is commonly identified through preferentially weathered lineaments

through the Marra Mamba and Brockman Iron formations.



Section 3 - Hydrogeology

3.1 Groundwater Investigations

Groundwater investigations across the Brockman Syncline commenced in the 1970’s as part of
mineral investigations. Major geological and hydrogeological drilling and testing programme across

B2N and BS4 deposits commenced in the 1980’s and have been ongoing.

Groundwater monitoring and sampling of over 200 monitoring bores and vibrating wire piezometers
(VWP’s) has been ongoing across the Brockman Syncline since the 1990’s with regular monitoring

since 2004; bore locations are shown in Figure 6.

Data gathered from these investigations has been used to determine the extent of groundwater
resources within the region and to identify plus develop dewatering strategies for BWT deposits. In
addition to field investigations, reconciliation of aquifer stress associated with dewatering at exiting
BS4 and B2N BWT mines has allowed for ongoing refinement of hydrogeological conceptualisation

in the Syncline (i.e. aquifer geometry and aquifer properties).

Figure 6, Location map of the Brockman Syncline illustrating current operations and

current water bore infrastructure.



3.2 Hydrostratigraphic Units

Groundwater in the Brockman Syncline is hosted within a number of different formations of varying

hydraulic characteristics, a summary is detailed below.

Table 1, Summary of hydraulic characteris of geological formations found within the

Brockman Syncline study area.

Hydrogeology

Low storage

Geology Characteristics Description
Where saturated, Tertiary detrital sediments, may be permeable and host
groundwater, with the heterogeneity of these sediments (i.e. pisolites,
Alluvials Variable aquifer ) ) ] ] o .
properties clays) reflected in variable aquifer properties. Primarily overlie the
Wittenoom Formation.
e Network of dykes cross cut syncline and act as hydraulic barriers. A
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Sills/Dykes Low permeability major sill also wraps around the syncline.
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S Low storage
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Groundwater is predominantly associated with secondary porosity
developed through mineralisation within the Joffre and Dales Gorge
Members.

The shale bands are characteristically low permeability and often act as
an aquitard. However, the upper units can have increased permeability
where fractured.

A thick succession of chert, shale and dolomite. Groundwater is
associated with secondary porosity associated with faulting/fractures and
subsequent karstic dissolution predominantly within the Paraburdoo
Member.
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Medium storage
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3.3 Pre-abstraction groundwater Levels

3.3.1 Spatial groundwater level variation

The groundwater system relevant to the Brockman Syncline operations is hosted within Brockman
Iron, Wittenoom and MMIF and overlying sediments within the Syncline, illustrated in Figure 5. The
underlying Fortescue Group Formations are depicted by the shaded area as they are hydraulically
disconnected from the Hamersley Group aquifer system. Pre-mining groundwater levels within this
area range from 593 to 495 mRL. The highest hydraulic head at the Brockman Syncline is
measured at Brockman Syncline 3 Extension deposits, specifically at Creekside / Deposit MM-J /

Brokenwood where the groundwater level is 593 mRL (Figure 7).

The groundwater divide corresponds to a high point in the topography between Creekside and MM-
J deposits with a ground elevation ~ 650 mRL. This area also corresponds to a catchment divide.
From the groundwater divide towards the west, the groundwater levels decrease along the
southern limb of the syncline towards the south west with level reaching a low 488 mRL at BS4,
28 km away, form this point groundwater level increases to reach 516 mRL at the western end of
the southern limb of the syncline. On the eastern side of the divide, groundwater level decreases
to a flat 586 mRL level at Lens G located 6 km to the north east, then continues to decrease to the
west in the direction of B2N where groundwater level is 575 mRL at Lens AB. The groundwater
level keeps decreasing towards Brockman Syncline 1 (BS1) deposit where a large head step
change occurs from 543 to 497 mRL within the deposit, past BS1 levels rise again to 520 mRL
toward FMG Eliwana mining area (Figure 7).

Regional review of groundwater levels and general groundwater decrease from the groundwater
divide suggests a continual hydraulic gradient. However, more detailed assessment of groundwater
levels suggest that groundwater is compartmentalised, exhibiting very flat groundwater levels with
sudden step changes (up to 50m) over short distances. The compartmentalisation is a result of
numerous NW-SE trending dolerite dykes that cross cut the Hamersley Group hydrostratigraphy
(excluding detrital layers). Local dykes cross cut single limbs of the syncline (north or south), where
larger regional dykes are observed running across the Boolgeeda Valley, transecting both limbs of

the syncline.

There is generally no observed change in groundwater level within each compartment
perpendicular to strike within the Hamersley Group formations. If saturated alluvials are present
above the bedrock formations, then hydraulic connection through these Tertiary sediments is
created between compartments, as illustrated in (Figure 8). There is minimal groundwater data
within the Boolgeeda Valley. However, the few observations suggest groundwater level grades

from ~540 to 500 mRL east to west following the gradient of Boolgeeda Creek.

Depth to groundwater is variable due to significant topography variation, the shallowest

groundwater is ~20 mbg/L in the BS1 western area.
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Figure 7, Brockman Syncline Fence section of pre-mining and current groundwater levels
within the Wittenoom Formation aquifer around the syncline. lllustrating groundwater
compartmentalisation and extent of dewatering drawdown from existing operations, fence

section line trace is shown on Figure 5.

Figure 8, Schematic of geological controls on groundwater levels.

3.3.2 Temporal groundwater level response

In general groundwater levels within the Brockman Syncline aquifers are maintained at a consistent
elevation (unless influenced by groundwater abstraction from the current mining operations). There
is no significant response to rainfall recharge. However, there is a slight annual fluctuation, which
may illustrate diffuse recharge during the wet season and then slight leakage between groundwater

compartments (Figure 9,).
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Figure 9, Hydrograph from MB16BS4M0007 (BS4 Pit M - MMIF Deposit) and MB17BS1003
(BS1-Brockman Iron Formation Deposit), illustrating a typical groundwater level response
from bore with the Brockman Syncline aquifers that are not influenced by dewatering,

illustrating the lack of rainfall recharge response.
3.4 Groundwater level response to dewatering abstraction

Premining groundwater levels across the syncline are presented in Figure 10. Active dewatering
for mining currently occurs at B2N and BS4 mining operations, with reduction of the pre-mining
groundwater level of up to 154m and 74m, respectively (Figure 11 and Figure 12). Abstraction has
been from the Brockman, Marra Mamba and Wittenoom formations. The drawdown from B2N has

propagated around the syncline to Diesel deposit (Figure 12).
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Figure 10, Pre-mining groundwater levels around syncline.

Figure 11, Drawdown of pre-mining groundwater level in the BS4 area (2013-2020).
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Figure 12, Groundwater drawdown contours from pre-mining levels in the B2N area,
illustrating propagation around to Diesel (2016-2020).
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3.5 Groundwater Chemistry

Groundwater sampling for laboratory chemical analysis has been undertaken since the 1990’s
across the Brockman Syncline, with a majority of the data collected for the BS4 and B2N mining

operations. Limited data is available across the rest of the study area.

Groundwater quality is typically fresh (Table 2), with electrical conductivities varying between ~500
and ~1,500 uS/cm and pH values ranging from between 7.2 and 8.4 with a mean of 7.2.
Groundwater quality is generally within ANZECC & ARMCANZ (2000) guidelines for aquatic
ecosystems, with the exception of copper and zinc, which were recorded at elevated levels at some
sites. Groundwater has been sampled from dewatering or supply water bores located within BS1,
B2N and BS4 across all hydrostratigraphic units present within the syncline. The major ion variation

across is shown in a piper plot in Figure 13.

Groundwater was also sampled during drilling of monitoring bores, the range in major ions was
broader, in particular chloride ranged from 6 to 3320 mg/L, with a regional average of 194 mg/L.
Spatially, chloride concentration is highly variable, with changes in concentration of ~300 mg/L

recorded over several hundred meters.

Table 2, Summary of physical chemistry and major ion concentrations of samples collected

from (i) water bores pumped and (ii) monitoring bores sampled across Brockman Syncline.

(i) Pumping water bores (mg/L)

Na K Ca Mg Fe HCOs | SO4 Cl pH EC TDS
Mean | 108 14 74 59 0.1 261 162 189 7.9 1285 815
Min. 36 3 24 23 0.0 63 2.0 69 7.2 553 314
Max. | 208 71 383 223 1.9 521 1630 592 8.4 3730 3420

(ii) Monitoring bores sampled (mg/L)

Na K Ca Mg HCO3 | SO4 Cl
Mean | 95 15 61 52 230 111 186
Min. 6 1 3 2 5 1 6
Max. 1100 939 560 365 610 2600 3320
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Figure 13, Piper plot illustrating the major ion variation in groundwater within Brockman

Syncline aquifers.
3.6 Aquifer testing

A total of 42 production bores have been subject to test pumping across the southern limb of the
Brockman Syncline; including three in BSMM, five across BSMQ, R and O, with the remaining
within current BS4 operations. A total of 58 production bores have been tested across the northern
limb of the Brockman Syncline, including six at BS1, one each at Diesel and Lens G; with the
remaining 51 across current B2N operations. These bores were tested for hydraulic parameters
and bore performance (efficiency). Tests were conducted following the completion of different

hydrogeological drilling programs across the Brockman Syncline (Appendix |).

A summary of the pumping testing, including interpreted hydraulic conductivity, specific yield /
storage capacity and recommended sustainable pumping rate for each bore is presented in

Appendix II.

A summary of the aquifer testing analyses of results are as follows:

e The mineralised MMIF transmissivity ranges between ~80 and 700 m?/day.

e The fractured/weathered Wittenoom Formation transmissivity ranges between 70 and
1800mZ/day.

e The mineralised Brockman Iron Formation transmissivity ranges from 120 and
1000m?/day.
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Consolidated and unconsolidated detrital transmissivity ranges between ~200 and 3000

m2/day.

Production bores screened in the mineralised deposits of both Marra Mamba and

Brockman Iron Formations produced generally high yielding bores up to 60 L/s.

Production bores screened in the Wittenoom Formation produced a range of yields
depending on the screened member, with the Paraburdoo Member producing higher
yielding (20-55 L/s) production bores at BS4.

Production bores screened in the detrital lens’ and underlying MMIF of the Nammuldi
deposit show a wide range of yields, from high yields (45 L/s) to low yields (10 L/s) at B2N.
The Boolgeeda Valley is noted as having limited groundwater resources, with no

production bores installed within the Weeli Wolli Formation given low aquifer potential.
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Section 4 - Conceptual Hydrogeology

Integration of hydrogeological investigations (described in Section 3), ongoing monitoring across
the area and hydrogeological understanding developed at other Rio Tinto sites, has allowed for the
development of a conceptual hydrogeological model of the Brockman Syncline, including
incorporation and distribution of aquifers and aquitards and the potential for structural control on
groundwater movement. This represents a simplified understanding of the natural behaviour and
dynamics of the aquifer systems and provides the technical foundation for the detailed numerical

modelling process described in Section 6.
41 Regional Hydrogeological Conceptual Model

411 Aquifer Distribution

The key components of the Brockman Syncline regional conceptual model comprises of the

following hydrostratigraphic features:

o Where saturated, Tertiary detrital sediments, may be permeable and host groundwater,
with the heterogeneity of these sediments (i.e. pisolites and clays) reflected in variable
aquifer properties. Saturated Tertiary sediments may be in hydraulic connection with
karstic Wittenoom Formation and mineralised MMIF and create a conduit for groundwater
to pass across any basement hydraulic barriers.

¢ Karstic dolomite of the Wittenoom Formation presents as a regional aquifer system, with
development of secondary permeability through dissolution of dolomite within the
Paraburdoo Member. Note that primary permeability of units within the Wittenoom
Formation (i.e. shale of the Bee Gorge Member, crystalline dolomite of the Paraburdoo
Member) is generally low.

e Brockman Iron Formation and MMIF orebodies, where the mineralisation process has
increased permeability and porosity. Of note is that the MMIF orebodies are often in
connection with the Wittenoom Formation and Tertiary detrital aquifers.

e The orebody aquifers are flanked by low permeability unmineralised banded iron formation
of their respective host units; local permeability may be increased where fracturing and
faulting occurs.

¢ Relatively low permeability shales of the Mount McRae Shale and Mount Sylvia Formation
acting as an aquitard between the Brockman Iron Formation orebody aquifer and the
regional Wittenoom Formation aquifer. However, hydraulic connection between these units

is observed where faulting has caused occurred, in particular at BS4.

e Hydraulic barriers have been identified throughout the Brockman Syncline aquifers, based
on changes in groundwater elevations, anomalously steep gradients or response in
monitoring bores to abstraction. The key hydraulic barriers include very low permeability
dolerite dykes, which intersect the syncline perpendicular to strike and compartments the
aquifers. Additionally, differential groundwater levels have been observed across a major

Dolerite Sill that has been observed wrapping around the syncline along strike of the Joffre
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Member of Brockman Iron Formation. This sill forms a major hydraulic boundary on the
inside of the syncline. However, there are a number of locations identified where the sill
has been eroded below groundwater level (and infilled with detrital sediments), which will
allow hydraulic connection with the formations overlying the Brockman Iron Formation
(Figure 14).

The system described above is hydraulically isolated from the Fortescue Group (underlying
the un-mineralised MMIF), due to the inherent low permeability formations (i.e.
unmineralised banded iron formation of the MacLeod and Nammuldi Members, prevalence
of shale and dolerite within the Fortescue Group). This is hydraulic separation is common

across the Pilbara.
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Figure 14, Brockman Syncline hydrogeological conceptualisation, illustrating the Brockman Syncline aquifer system, key hydraulic features and aquifer

boundary formations.
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4.1.2 Groundwater Recharge

There is no evidence of groundwater throughflow into the Brockman Syncline aquifer system from

the boundary aquifers (Figure 14). Therefore, recharge can be assumed to be only due rainfall.

Overland flow around the syncline is minimal and the depth to water is generally >25m, so recharge
will predominantly occur diffusely from local rainfall within each compartment’s catchment. This is
supported by the spatial variation in chloride concentrations, which are observed to change
significantly between compartments, suggesting that recharge rate to each compartment is unique
due to variations in local catchment area, detrital cover thickness and vegetation density. Recharge
is likely to be enhanced where karstic Wittenoom Formation or mineralised MMIF outcrops/or

subcrops below the Tertiary sediments.
4.1.3 Inter-compartment groundwater discharge

Each groundwater compartment (i.e. between cross cutting dolerite dykes that act as barriers) is
considered to be an isolated aquifer system, within its own recharge and discharge mechanisms.
The only hydraulic connection between the aquifer compartments is as a result of overtopping of
the hydraulic boundary. Groundwater levels are reflective of overtopping elevation. Therefore, the
recharge into the compartment will equal the volume that overtops into the downstream
compartment. In some locations dykes do not appear to act as barriers, possibly as a result of

faulting creating hydraulic connection.
4.1.4 Brockman Syncline aquifer system groundwater discharge

Although the Brockman Syncline aquifers are primarily a closed system, groundwater discharge
from the Brockman Syncline aquifer systems does occur in a number of locations, illustrated on

Figure 14:

A) Overtopping of dolerite sill: Resource drilling in the BS1 area, drilled through un-saturated
detritals and then intersected the dolerite sill at groundwater level (497 mRL). This suggests
groundwater is overtopping the dolerite barrier with a groundwater flow direction into the Boolgeeda

Valley.

B) Groundwater level nears ground surface prior to BS1, where surface drainage truncates
the inside of the syncline, with possible groundwater outflow into Boolgeeda Valley at this point.

However, there is limited data to confirm this.

C) Groundwater levels diverge at BS4, suggesting groundwater outflow occurs here, it is likely
that groundwater discharge occurs into a south trending palaeovalley. However, there is limited

information to confirm this.

D) Plunge Pool: Groundwater level intersects a topographic low on the southern limb
(adjacent to BS3) allowing groundwater to discharge into a persistent water feature “Plunge Pool”
(discussed further in 4.2.1)
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Figure 15, 2D Hydrogeological conceptual section of the Brockman Syncline aquifers, boundary formations and key hydraulic features.
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4.2 Key Water-related Features

Three pools were identified in proximity to the development envelop; Plunge Pool, Kurwillinha Pool
(aka Ephemeral Pool) and Ridge Pool; of which Ridge Pool and Plunge Pool are known water
sources for the Pilbara Leaf-nosed Bat (PLNb) (Bat Call WA, 2017). Baseline groundwater level
data capture commenced at the ‘Plunge Pool’ in October 2016 to understand the mode of
occurrence of the pool. Ephemeral Pool and Ridge Pool are above regional groundwater level and

considered to be surface water driven, ephemeral pools (Figure 16).

Figure 16, Surface water features identified within Study area.
4.21 Plunge Pool

Plunge Pool is a permanent water body at the base of a small gorge in the Hardey River catchment
(Figure 17). The pool has high ecological importance and has a high cultural significance to the
Eastern Guruma Traditional Owners. Therefore, the pool is to be protected from mining-related

impacts.

The pool is fed by surface water runoff from an approximately 20 km?2 sub-catchment of the Hardey
River catchment. The pool is also supported by groundwater from unmineralised MMIF. The
maximum observed water level in the pool is 542.6 mRL. Bathometry data suggests that the depth

of the pool is up to approximately 2 m.
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The pool is approximately 20 km east of the current Brockman Syncline 4 (BS4) mining operations,
3 km east of Brockman Syncline Marra Mamba — M (BSM-M) and Marra Mamba — N (BSM-N), 1
km south of BS3 and is down gradient of three deposits referred to as BS3 Extension (Marra
Mamba - J (MM-J), Creekside (CRK) and Brokenwood (BKWD)) within the Greater Brockman

Syncline.

Figure 17, Plunge Pool (SW16BS4M0001) (540208E, 7503508N).

4.2.2 Kurwillinha Pool

This pool is located at the upper end of a small gorge within the boundaries of the planned Deposit
O pit. The pool is located at approximately at 555 mRL, which is more than 50 m higher than the
pre-mining groundwater table in the area, at 502 mRL. This pool is the smallest of the three and
was observed to diminish between October and December in 2016-2018 until it was dry. The pool
was noted as approximately 4 m by 1.5 m and 0.2 m deep (October 2016; Figure 18). The pool is
most likely fed by surface water, which collects after rainfall events at the start of the gorge. The

gorge is within the low permeability MMIF, with colluvium along the base.
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Figure 18, Photo of Kurwillinha Pool (531869E, 7500982N).
4.2.3 Ridge Pool

This pool is located in a gully high on the Brockman Iron Formation ridge (Figure 19). The pool was
noted as approximately 8 m by 4 m and 1 m deep (November 2016). The elevation of the pool is
approximately 670 mRL; this is 160 m higher than the pre mining groundwater level (510 mRL) in
the BS4MM deposits in the valley to the south. The pool has been observed to contain water
throughout the end of 2016-2018.

The pool is most likely fed by surface water which collects after rainfall events in a hollow in the

low permeability Dales Gorge Member of the Brockman Iron Formation. The water in the pool is

protected from evaporation by an overhanging rock shelf (Figure 19).
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Figure 19, Photo of Ridge Pool (534471E, 7503042N).

4.3 Deposit scale hydrogeological conceptual models

Due to the complex nature of the aquifer geometry, geological structures and hydraulic barriers
around the Brockman Syncline, deposit scale hydrogeological conceptual models have also been

developed:
4.3.1 Endeavour

Endeavour is a Brockman Iron Formation deposit, located 5 km east of the BS4 operational mine,
and covers an approximate 2 km x 1 km area. Approximately 5% of the resource is BWT. There is
limited groundwater level information within the deposit. However, regionally groundwater flow is

to the west, moving towards active dewatering at BS4.
4.3.2 BS4MM Pits O, Q, R, Mand N

The BS4 Marra Mamba deposits sit atop a range on the Beasley River side of the
Boolgeeda/Beasley catchment divide. Approximately 63% of the resource across these pit areas
are BWT. Groundwater levels range from ~545 mRL (Deposit M) to ~505 mRL (Deposit N) across
these MMIF deposits. Short duration aquifer testing identified that a number of dolerite dykes within
the deposit areas act as groundwater flow barriers (RTIO, 2017 & RTIO, 2012). It is likely other
dykes in the area are also restricting flow based on the increasing relative groundwater levels from
west to east. Groundwater drawdown has been observed within the Deposits Q and R from

dewatering within BS4. This indicates a degree of connection through the Mount Sylvia Formation
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and Mount McRae Shale to the Brockman Iron Formation, which has previously been considered
a barrier to flow. An appreciation of the potential for dykes to impede groundwater flow will be
essential to determining dewatering requirements and further work will be required to better define
and understand the hydraulic connection. Deposit M is in close proximity to Plunge Pool, however
a hydraulic barrier (dolerite dyke) creates ~10m difference in groundwater level with the M-deposit

having the lower groundwater level (Figure 20).

Figure 20, Hydrogeological cross section of the M-Deposit illustrating hydraulic barriers and

hydraulic relationship to Plunge Pool, location of cross section illustrated on Figure 21.
4.3.3 Brockman Syncline 3

The BS3 deposit is a Brockman Iron Formation deposit, located ~17 km east of BS4. The resource
covers an area of 800 m x 800 m (Figure 21). Mineralisation extends to approximately 530 mRL,
but this deposit is only planned to be mined AWT (Figure 22). Pre-mining groundwater levels within

the deposit are at ~558 mRL. This deposit is intersected by multiple dolerite dykes.

A unique characteristic of this deposit is that within one the groundwater compartments there is a
variation in groundwater level to the south where it reduces across the Mount McRae Shale/Mount
Sylvia Formations to ~547mRL within the Wittenoom Formation/MMIF, this is not observed
elsewhere across the syncline, where the gradient is generally aligned to strike of the lithology.
This may be due to increased recharge due to surface mineralisation and subsequent impedance

of groundwater flow to the south though the low permeability units (Figure 22).
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Figure 21, Map of BS3 and BSM - M deposit, illustrating cross section locations,

groundwater levels and Plunge Pool.

Figure 22, BS3 hydrogeological cross section, illustrating key hydraulic features and

proximity to Plunge Pool.

4.3.4 Brockman Syncline 3 Extension

Brockman Syncline 3 Extension (BS3-Ext) comprises a number of deposits over a ~15 km x 6 km
area (MM-J, Brokenwood, Sandleford, CRK, Monkey and Diesel), ranging from 20 to 30 km to the
northwest of the BS4 mining operations. Brokenwood is a Brockman Iron Formation deposit,
Monkey and Sandleford are detrital deposits, and MM-J, Creekside and Diesel are MMIF deposits.
Creekside and MM-J combined are ~116 Mt, and are ~30% BWT. Brokenwood is an above AWT

deposit.
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There are no monitoring bores located within the CRK and MM-J resource areas. A potential
regional groundwater divide, located approximately between the MM-J and CRK deposits, has
been identified based on review of available groundwater level information from resource RC
drilling, groundwater flow to the north of this divide is to the northeast and to the southwest in the

south of the divide.

Approximately 57% of the Diesel deposit is BWT (~19 Mt). The BWT resources identified are in Pit
S1, with the deepest part of the pit extending to 560 mRL and Pit S2, which extends to 520 mRL.
Pre-mining groundwater level is ~584 mRL with current groundwater level of 571 mRL reflecting

drawdown propagation along the valley in response to dewatering at B2N (Figure 23).
Numerous northwest-trending dolerite dykes have been identified adjacent to the Diesel deposit
with at least one directly intersecting the deposit. Based on recent pumping testing, there is

potential for this feature to at least partially impede groundwater flow within the deposit, although

the extent of compartmentalisation is not currently known.

Figure 23, BS3-Extension - conceptual hydrogeology of Diesel.
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4.3.5 LensG

Lens G is located 9 km south-east of B2N mining area. The MMIF resource consists of two main
deposits and eight smaller deposits over an ~3.1 km by 750 m area and is approximately 56Mt, of
which approximately 65% BWT.

Groundwater monitoring across Lens G commenced in 2011, with additional monitoring
infrastructure installed in 2016 and 2019. Additional monitoring bores have also been installed
between the deposit and the current operational pit Lens EF to monitor drawdown extent from

dewatering at B2N.

Groundwater records from resource drilling and early monitoring bores suggests an original
groundwater elevation of ~586 mRL, with a number of monitoring bores currently installed within
and proximal to the deposit. Current groundwater levels range from 575 to 577 mRL across the
deposit, reflecting drawdown propagation along the valley in response to dewatering at B2N. Two
northwest-trending dolerite dykes have been identified within the deposit. A 2.5 m difference in
groundwater elevation across the most southerly of these dykes suggests the potential for this

feature to impede groundwater flow.

4.3.6 Brockman Syncline 1 (East and West)

BS1 is located 30 km southwest of BS2 mine and 8 km north of the BS4 mine. The BS1 resource
covers an ~1 km x 15 km area and is primarily a Brockman Iron Formation resource, with minor
MMIF ore. The deposit has been notionally divided into four mining areas; BS1-W1 and BS1-W2
(BS1W), BS1-E1 and BS1-E2 (BS1E). Approximately 30% of the resource is BWT.

Groundwater elevation is ~543 mRL in BS1E and ~ 496 mRL in BS1W. The ~40m groundwater
elevation difference is attributed to a northwest trending dolerite dyke that intersects the deposit

and compartmentalises the orebody aquifers (
Figure 24 to Figure 26). This is a major feature that has been observed regionally. Between BS1E

and BS1W groundwater is thought to discharge from the Brockman Syncline aquifers and into
Boolgeeda Valley.
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Figure 25, Geological cross sections illustrating groundwater levels and mineralisation along strike within BS1 deposits, illustrating BWT areas.
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Figure 26, Geological cross sections illustrating groundwater levels and mineralisation, along dip illustrating hydraulic relationship across different strata
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Section 5 - Existing Groundwater Use

5.1 Third Party Water Users

A review of the DWER WIN and Rio Tinto internal databases identified one third party bore within
a 10km radius of the Brockman Syncline development envelope (Figure 27). The operational status
of this bore is unknown. However, there is potential it is used occasionally for rail maintenance

purposes.

FMG’s Eliwana and Flying Fish deposits are located up hydraulic gradient of the BS1 deposits,
which may be operational concurrent to BS1. From a flood hydrology perspective, it is unlikely that
development upstream will exacerbate flood risk at BS1 owing to catchment area being removed
through mining. This is confirmed by the surface water impacted assessment submitted by FMG
to the EPA in support of the Eliwana Mine Project environmental review process (FMG, 2018a).
Nevertheless, there is potential, albeit highly unlikely that inadequate surface water management
upstream creates a risk for the proposed operations at BS1, e.g. uncontrolled release of impounded

water.

Furthermore, FMG’s BWT deposits will require discharge of surplus water into a nearby creek.
Review of the Surface Water Management Plan (FMG, 2018b) and Eliwana Mine Project Discharge
Assessment report (Water Technology, 2018), also submitted to the EPA in support of the Eliwana
Mine Project environmental review process; indicates that surplus water will not be discharged into
any of the catchments draining towards the BS1 deposits. As such, there is no risk of a constant
flow of water through the proposed BS1 creek realignments, which in turn may have presented a

seepage risk.

Given the potential flood risk mentioned above it is recommended that attempts are made to
engage with FMG in order to seek additional information regarding their proposed surface water
management for the Eliwana and Flying Fish deposits. This information can subsequently be used

to further inform surface water management at BS1.
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Figure 27, Location of Third-Party bores proximal to the Brockman Syncline.
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Section 6 - Groundwater flow model

A numerical groundwater model was developed using the hydrogeological conceptualisation
presented within this report. The aim of the model was to quantify cumulative impact to groundwater
level from mining within the Brockman Syncline, including RTIO approved and proposal as well as
nearby third-party mining projects, such as FMG Eliwana. Additionally, life of mine groundwater

abstraction volumes for dewatering were predicted to inform the site water balance.
6.1 Model Setup

Leapfrog 3D modelling software was used to generate the geometry of the hydrostratigraphic zones
based on the hydrogeological conceptual model detailed within this report. The Groundwater
modelling was completed in MODFLOW-USG code. The numerical model construction is detailed
fully in (Appendix Ill). However, the key hydrogeological considerations were represented in the
model as follows (

Figure 28):
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Current RTIO operations abstraction - The MODFLOW well package was used to
represent historic dewatering and drawdown from water supply using metered abstraction

volumes.

Future RTIO operations abstraction - The drain package was used to represent mine pit
development over time. The drain stage was set to 10m below the proposed pit floor to

simulate advanced dewatering to approximately one bench below mining.

Future 3" Party operations abstraction - The drain package was also used to represent
third party mine pit development over time where information mine progression plans

publically exist as a cumulative impact assessment was requested.

Groundwater recharge - Recharge was set at 1% rainfall only in locations where alluvial

material is mapped.

Groundwater outflow - The MODFLOW Drain package was used to represent outflow
locations at selected alluvial channels, allowing groundwater discharge only in the event

of elevated groundwater levels. The potential outflow locations are illustrated in Figure 14.

The Regional Groundwater Model is not appropriate to consider potential changes at
Plunge Pool. Refer to Plunge Pool; the Mode of Occurrence memo for further detail. The
regional model displays drawdown into Plunge Pool compartment with variable K values
for dolerite dykes but current understanding regarding dolerite dykes conceptualisation is

explained in Plunge Pool; the Mode of Occurrence memo.
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Figure 28, Model boundaries and key hydrogeological considerations.

6.2 Model timing and scenarios

Both steady state and transient models were developed with different time steps (stress periods)
in order to simulate the mining phase and also predict groundwater level recovery at mine closure,

as follows:

¢ History matching - A quarterly (3 month) stress period length was applied in the calibration
phase (2008 to 2019).

e Prediction - Predictive modelling to the end of mining (2020 - 2050) was simulated with an

annual stress period length.

e Closure - Stress periods in the recovery phase were designated annual durations and then

increasingly longer into the post-mining recovery phase (2020-2350).
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6.3 Model results

6.3.1 Abstraction volumes

Dewatering volumes for all the Brockman Syncline mining areas have been grouped into two

groups, B2N and BS4, defined by the current water management system separation.

Predicted daily inflow rates for individual B2N hub pits are shown in Figure 29. Maximum predicted
daily inflow is approximately 30 ML/day at Lens EF in 2020. Life of mining dewatering across the
B2N hub is predicted to be in the order of 420GL (Appendix lll). Lens CD and Lens EF are expected
to be the dominant contributors to total dewatering volume (totalling around 70% of cumulative

inflow volumes) until the end of mining in 2050.

Predicted BS4 hub daily inflow rates for individual pits are shown in Figure 30. Figure 30Under the
current mine plan, the highest short-term inflows are expected from pit N (approximately
11ML/day). Cumulative inflows over the life of mining total approximately 150 GL. The greatest
overall dewatering volumes are predicted from BS4 Pits 2 and 3, BSMO, BSMN and BS1 East,

each contributing approximately 20GL to the total dewatering volume.

Figure 29, Predicted cumulative inflow (base case model run) — B2N Hub.
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Figure 30, Predicted cumulative inflow (base case model run) — BS4 Hub.

6.3.2 Groundwater level drawdown

Due to the different timing of completion of mining within the various pits across the Brockman
Syncline, the timing of the minimum water level at each location is variable. The overall predicted
minimum water level over the complete duration of mining (with FMG) is presented in Figure 31
and minimum water levels without FMG in Figure 32. The lowest water levels occur at BS4 Pit 2
(around 320 mAHD) and Nammuldi Lens CD (350 mAHD). The hydrographs in several of the
shallower pit locations show that the drawdown in the vicinity of these pits continues to develop
below the pit floor over time as the cone of depression induced from the adjacent larger, deeper

pits continues to propagate regionally.
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Figure 31, Minimum predicted groundwater level during mining with FMG (to 2050).
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Figure 32, Minimum predicted groundwater level during mining without FMG (to 2050).

Figure 33 displays the predicted drawdown in 2040 and 2050 at BSM — M. The dolerite dykes
(hydraulic barriers) in the area have been modelled as low permeability boundaries due to pre-
mining head difference either side. Therefore, drawdown propagation from BSM - M does not reach
the Plunge Pool.
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Figure 33, Fence diagram Predicted groundwater drawdown and end of mining (2040 and 2050) across Brockman Syncline.
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6.3.3 Groundwater level recovery

Groundwater recovery was simulated for the proposed closure scenario. It is important to reiterate
that the recovery groundwater levels simulated within the pit extent under the open void condition
do not represent a potential pit lake surface, rather the model can only be used in this regard to
obtain an estimate of the rate of groundwater inflow into each pit at a given lake stage, taking into
consideration the interaction of drawdown between nearby pits. Additional work is required to
develop a pit lake water balance model that includes components of lake evaporation, direct
rainfall, pit wall runoff, surface water runoff etc. Groundwater levels simulated within the backfilled
pits are considered appropriate to represent the likely recovery of groundwater within the pit
footprint post-mining, with the assumption that appropriate closure bunding is in place to prevent
significant influx of surface water runoff to the pit. Regional groundwater levels predicted at 2350
under the proposed closure scenario with FMG mining are presented in Figure 34 and without FMG
in Figure 35.

Plunge Pool GWElevation [ 390.1 -400 [[] 450.1- 460 [__] 510.1-520

©  GDE Reference Point Location Il 340.1 - 350 [ 400.1-410 ] 460.1- 470 7] 520.1 - 530
[ 1FrmG_MM4-6 I 350.1 - 360 [ 410.1 -420 [ 470.1 - 480 [II] 530.1 - 540
-] RTIO Resource I 360.1 - 370 [ 420.1 - 430 ] 480.1- 490 540.1 - 550

7| Competitor Resource I 370.1 - 380 [ 430.1 - 440 [ 490.1-500 [H 550.1 - 560
——— Major Flow Bamiers [ 380.1 - 390 [ 440.1 - 450 ] 500.1- 510 [N 560.1 - 570

Groundwater Contour (mAHD) [ 570.1 - 580

Figure 34, Recovered groundwater level at 2350 with FMG.
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Figure 35, Recovered groundwater level at 2350 without FMG.

6.3.4 Summary of modelling results

The key findings of the regional numerical modelling assessment are:

The groundwater dewatering requirement for the Nammuldi hub peaks in 2029, with a
predicted volume of 23.0 GL/year. Cumulative inflows to the end of mining are predicted
to be in the order of 420 GL. Lens CD and Lens EF are expected to account for
approximately 70% of the LoM dewatering requirement for Nammuldi.

The peak groundwater dewatering requirement for the BS4 hub peaks in 2029, with a
predicted volume of 10.7GL/year during both years. Cumulative inflows to the end of
mining are predicted to be in the order of 150 GL. The greatest overall dewatering volumes
are predicted from BS4 Pits 2 and 3, BSMO, BSMN and BS1 East, each contributing
approximately 20GL to the total dewatering volume.

Drawdown (to the 2m contour) caused by the Proposal is expected to propagate relatively
rapidly away from the mine voids to the extent where dykes act as a barrier to further flow.
The McRae Shale also acts to slow the propagation of drawdown in locations where it is
not mined out.

Rio Tinto is the primary groundwater user within the majority of the modelled area, with
FMG also holding water licenses within the north-western limb of the syncline. Drawdown
from the FMG and Rio Tinto operations have the potential to overlap at the BS1 mining
area, which may affect the pit inflow and/or bore abstraction rates at both operations.

Several potential GDE’s occur, with the most significant being Plunge Pool on the southern
arm of the syncline. Plunge Pool is conceptually separated from mine dewatering activities
by the presence of dolerite dykes.

All BWT pit voids are predicted to remain as groundwater sinks post mining (assuming
closure bunding minimised surface water ingress), and as a result drawdown continues in
some locations for several decades after pit completion as the cone of depression induced
by nearby deeper pits continues to propagate. Groundwater recovery is expected to be
greater if pits are backfilled as opposed to left as open voids. However, no locations are
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expected to recover to pre-mining water levels by 2350 under either open void or backfilled
scenarios.

e Groundwater inflow to open voids has been simulated by this model but further work is
required to undertake pit lake water balance modelling to determine the likely equilibrium
lake levels.

e Predictive uncertainty analysis was undertaken to assess the likely changes to predicted
mine inflows and drawdown where the Sy of key aquifers is increased to 0.1 and 0.15,
Mount McRae Shale conductivity is increased two orders of magnitude to 1m/day, and
dyke permeability is increased to 0.02m/day to simulate potential leakage across the
dykes. Parameter modification as part of the sensitivity analysis results in a reasonably
calibrated model in all instances bar a five order of magnitude increase in dyke hydraulic
conductivity, which results in an SRMS ~17 %. Comparison of modelled vs measured
inflows suggests that all uncertainty scenarios may be producing meaningful results.

e Uncertainty runs suggest that predicted inflows may be 110 to 185% of those suggested
by the base model. Drawdown has the potential to propagate to a further regional extent
across the syncline where the dykes and/or Mount McRae Shale are less restrictive to
lateral groundwater flow.

Section 7 - Assessment of Potential Impacts

7.1 Regional groundwater levels

Impacts to regional groundwater levels was illustrated in Section 6. The construction of the various
deposits across the Brockman Syncline is planned to be undertaken over a period of approximately
10 years, commencing in 2025. The production bores to be utilised across each deposit will not be
operated continuously during construction, instead the pumps will be turned on as required to
maintain supply requirements. This will allow for a sustainable approach to groundwater
management and monitoring of groundwater levels prior to dewatering requirements post
construction at each deposit area. Additionally, for largely AWT deposits, it is likely abstracted
groundwater will be required to be transported from surplus water deposit areas, both during mine

construction and mining operational activities.

7.2 Plunge Pool

Recent drilling in both the BS3 and BSM — M deposits, coupled with the understanding of the
hydrogeological conceptualisation suggests that dolerite dykes located between these deposit

areas and Plunge Pool may compartmentalise groundwater and groundwater flow.
7.3 Groundwater Use

The water balances have identified periods of deficit and surpluses at each deposit. It is
acknowledged that the mining sequence may change as orebody knowledge and market conditions

evolve. As such, a surplus water management approach is required to allow flexibility due to
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variability in the mine plan. However, also requires consideration of approved options and regulator
expectations in addition to being technically and financially viable.

Additionally, Rio Tinto recognises water as an asset and as such aims to reduce surplus disposal
by developing MAR schemes (discharge to pit voids, infiltration galleries, groundwater injection)
with the aim of storing it for future requirements. Groundwater management is detailed fully in the
Greater Brockman Life of Mine Water Management Guiding Principles. However, the key principles

are as follows in Figure 36 and Figure 37.

Figure 36, Water management strategy and surplus use hierarchy.
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Figure 37, Schematic depicting the proposed water management infrastructure across the

Greater Brockman region.
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Section 8 - Groundwater Monitoring

The current BS4 and B2N Operations Groundwater Operating Strategies outlines the borefield

operating philosophy and monitoring requirements that are currently implemented across the

operational mine borefields. The proposed monitoring programme (shown in Table 3) aims to

assess aquifer performance, provide data to refine the conceptual model and determine potential

impact on the environment. Additional monitoring bores are planned in future drilling programmes

to refine conceptual understanding and augment the current monitoring network. All data collected

through the monitoring programme will be included within the externally reported Annual and

Triennial Aquifer Reviews.

Table 3: Monitoring Schedule across the Brockman Syncline

Bore Type Frequency

Parameter

(not currently in GWOS)

Monthly (access

pending)

Monthly Abstraction volume
- -
Quarterly Field Chemistry
EC, pH, Temperature
Production Bores
Laboratory Analysis
GWOS
( ) Major lons (COs, HCOs, Ca, Na, K, Mg, SO4, Si, F, Fe, Al, Cl)
Annually Dissolved metals (Ag, As, B, Ba, Cd, Co, Cr, Cu, Hg, Mn, Mo,
Ni, Pb, Sb, Se, Sn, U, Zn);
Nutrients (Total P, Total N, NO2, NO3, NH4)
Monitoring Bores -
across Brockman
Syncline Monthly Groundwater level
(GWOS)
Daily  (access
pending) Groundwater level, measure from data logger.
Field Chemistry
Plunge Pool EC, pH, temp, TSS

Laboratory Analysis

Major lons (CO3, HCOs3, Ca, Na, K, Mg, S04, Si, F, Fe, Al, Cl)
Dissolved metals (Ag, As, B, Ba, Cd, Co, Cr, Cu, Hg, Mn, Mo,
Ni, Pb, Sb, Se, Sn, U, Zn);

Nutrients (Total P, Total N, NO2, NO3, NHa)

Stable Isotopes
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Appendix |

Summary of hydrogeological investigations completed across B2N and BS4

Date
1978

Investigation

Nammuldi Dewatering Project.
Review and Evaluation for
Hamersley Iron Pty Ltd

Summary of Works

Pumping tests were carried out on six test bores
near Shafts 3 & 4. The results indicated dewatering
was feasible, although the actual borefield
configuration required more work.

Reference
Layton
Groundwater

Consultants

October 1991

Study of water levels. Nammuldi
deposit lenses A to G

Determine the water
level in the deposits but also to determine hydraulic

gradients both along the predominately east-west Resource
main drainage trends and down slope towards Investigations,
these drainages. 1991
August 1999 Preliminary Assessment of Dewatering and disposal options at Nammuldi and
Groundwater Issues at the Silvergrass East deposits - to establish greater
Nammuldi, Homestead and understanding of hydrogeological systems and PPK, 1999
Silvergrass Deposits identify and quantify the environmental and
operational implications of BWT mining.
August 1999 Nammuldi/ Silvergrass East An investigation into the dewatering and disposal
Hydrogeological Investigations options at the Nammuldi and Silvergrass East
Final Report deposits. A total of 34 bores including 8 full scale
production bores were constructed and pump PPK. 1999
tested. ’
January 2005 | Brockman 4 Railway Water Supply | Five water supply bores were drilled between
chainages 291.7 km and 321.7 km for the railway
constructions at Brockman 4. No hydraulic tests Aquaterra
were conducted on these bores.
April 2005 Brockman 4 Feasibility Report Investigations involving geological studies, drilling
(33 bores), aquifer testing and the development of a
numerical model of the Brockman groundwater
system and initial studies in order to provide Aquaterra
information on potential mine dewatering and water
supply options.
September Brockman Syncline Dewatering Refining the groundwater model to accommodate
2007 and Water Supply Bore Installation | the mine schedule. A further nine dewatering and Aquat
five waters supply bores were drilled and reported quaterra
on.
October 2007 | Nammuldi Hydrogeological Investigation across Nammuldi to better understand
investigation (RTIO-PDE- aquifer characteristics and heterogeneity along the RTIO. 2007
0036428). operational deposits. '
2008 Nammuldi hydrogeological review Desktop review of work completed across
(RTIO-PDE-0052993) Nammuldi. URS, 2008
July 2008 Brockman 4 Railway Construction Eight bores were drilled and six pre existing bores
Water supply were rehabilitated between chainages 292 km and
326 km. Bores were drilled targeting the Wittenoom
Formation and the Marra Mamba Iron Formation to
meet the water demand. Bores 322 P2 and 322 P8
were drilled as part of railway construction water Aquaterra
supply project and are not currently in operation.
August 2009 Nammuldi BWT Hydrogeological Drilling and construction of 28 monitoring bores and
Field Program Report two production bores for water supply purposes. RTIO. 2009
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July, 2010

Dewatering Requirements for
Nammuldi

Groundwater modelling investigation across
Nammuldi operational pit areas

RTIO, 2010
August 2010 Dewatering Requirements for Groundwater modelling investigation across
Silvergrass East based on Greater | Nammuldi and Silvergrass East.
. ) RTIO, 2010
Nammuldi Conventional Schedule
v5.1
2010 Preliminary Groundwater Modelling | Groundwater modelling investigation across
for Dewatering Design, Silvergrass | Nammuldi and Silvergrass East URS, 2010
Deposits,
2010 Nammuldi BWT Void Model, Post Investigation to understand the impacts of mine
closure water and chloride balance | voids at Lens A, B, C/D and E/F post pit closure on
models for Lens A. B. CD and EF groundwater and surface water quality and quantity. | RTIO, 2010
2011 Brockman Syncline South Marra Drilling, construction and pumping testing of four
Mamba (BSSM) Groundwater production bores and 10 monitoring bores along the | RTIO, 2011
Investigation BSSM pits R, O and Q.
2011 Dewatering Requirements for Investigation to sustain water supply and water
Nammuldi based on Mine Plan supply exploration targets, sustain pit dewatering RTIO, 2011
6.1b and dewatering strategy across Nammuldi.
2011 Bore Completion Report 2010 Investigation across Nammuldi to better understand
aquifer characteristics. Drilling, construction and
testing of four production bores, 15 monitoring bore | RTIO, 2011
across Lenses Ato F.
2011 Nammuldi Interpretative Summary of pumping testing data across Nammuldi
. RTIO, 2011
Hydrogeological Report
2012 Waste Fine Storage Facility Drilling and construction of three monitoring bores
(WFSF) Hydrogeological adjacent to the proposed location of the WFSF to RTIO. 2012
Assessment provide hydrogeological assessment of the area. ’
2012 B.rockman 4 B =astem Borefisid & Drilling, installation and pumping testing of five
Pit 3 Dewatering Groundwater
Investigations, Hydrogeological production bores and five monitoring bores in the
Report Eastern Borefield and five production bores and 4
. o . RTIO, 2012
monitoring bores in Pit 3 area to conceptualise and
update the groundwater model for Brockman 4, in
order to align the water supply and mine and
dewatering plans
2012 Brockman Syncline 4: Drilling, construction and testing of a single
Groundwater flow in the Southern production bore in SSV to replace damaged (gravel RTIO. 2012
Strike Valley pack issues) production bore. ’
2012 Brockman 4 Hydrogeological Provide additional in-pit dewatering capacity to Pits
Drilling Completion Report Pits 2,3 | 1, 2, 3 and 5 at Brockman four while undertaking
and 5 explorative drilling for additional dewatering
requirements. RTIO, 2012
Drilling, construction and testing of four production
bores and eleven monitoring bores.
2013 Nammuldi BWT Implementation: Implementation of the Stage 2 dewatering borefield
Bore Completion Report for the Nammuldi below water table mining
operations. Additional monitoring bores at the WFSF
and NAIA.
RTIO, 2013

Drilling, construction and testing of six production
bores, two monitoring bores in the Nammuldi
deposit area and ten monitoring bores in the WFSF
and NAIA areas.
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2013

Nammuldi BWT Implementation

Drilling, construction and testing of six production
bores in the Nammuldi deposit area. Drilled to

(Stage 2): Bore Completion Report support the Stage 2 dewatering implementation. RTIO, 2013
for SKM.
2014 Brockman 4 Hydrogeological Provide additional monitoring points in Pits 2, 3, and
Drilling Completion Report, Pits 2, 5 and baseline ARD monitoring for proposed ARD
3and5 dump to the north of major pits.
RTIO, 2014
Drilling, construction and testing of nineteen
monitoring bores. No production bores were
planned for this drilling program.
2015 Brockman 4 Hydrogeological Improvement of dewatering capacity and furthering
Drilling Completion Report, Pits 1, conceptual understanding of dewatering
2,3,5,6and7 compartmentalisation influenced by dolerite dykes.
RTIO, 2015
Drilling, construction and testing of one production
bore, twenty monitoring bores and nine VWP’s in
the Brockman four deposit area.
2016 Brockman 4 2016 Hydrogeological Increasing dewatering capacity at Brockman four
Drilling Programme Completion deposit area. Redevelopment of existing production
Report bores following damage due to mining operations. RTIO, 2016
Drilling, construction and testing of two production
bores, six monitoring bores and seven VWP’s.
2016 BS4 MM - M and N Deposits Assessment of aquifer properties and future
Hydrogeological Drilling dewatering requirements for below water table
Programme Completion Report mining. RTIO, 2016
Drilling, construction and testing of three production
bores and eleven monitoring bores.
2016 Brockman Syncline 2 Nammuldi Drilling, construction and testing of three in-pit
2016 Hydrogeological Drilling monitoring bores, four, ex-pit monitoring bores and RTIO, 2016
Program Completion Report three VWP’s in the Brockman two/ Nammuldi
deposit area.
2016 Preliminary Conceptualisation of Conceptualisation of surface water pools near
Pools at Brockman 4 Marra Brockman four Marra Mamba deposits yet outside
Mamba Deposits M and N the BS4MM project envelope. A monitoring spear RTIO, 2017
was installed at Plunge Pool to monitoring
groundwater levels.
2016 Brockman 2 Nammuldi and SGE - Increasing dewatering capacity and enabling future
Hydrogeological Investigation BWT mining in the SGE deposit area.
Completion Report RTIO, 2017
Drilling, construction and testing of seven
production bores and two monitoring bores.
2018 Brockman Syncline 4 Sustaining Investigation of BS1 and BS3 deposits to increase
and Brockman Syncline 4 Strategy | conceptual understanding of hydrostratigraphy in the
Hydrogeological Field Programme: | deposit areas. Replacement of SSV production
Factual Report bores with single high yield bore.
RTIO, 2018
Drilling, construction and testing of five production
bores, twenty-two monitoring bores and ten VWP’s
in the Brockman one, three and four deposits and
Nammuldi deposit.
2018 Brockman 2 Nammuldi and SGE - Investigation to sustain water supply and water
Hydrogeological Investigation supply exploration targets, sustain pit dewatering
Completion Report. and dewatering strategy studies cross SGE and to
expand the groundwater monitoring network across
undeveloped deposits to aid in hydrogeological RTIO, 2018

conceptualisation.

Drilling, construction and testing of eight monitoring
bores, six vibrating wire piezometers and two
production bores.
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Appendix Il

Summary of production bores tested across Brockman Syncline

Depth to
P Step Rate Transmissivity Recommended
Bore ID Water Screened Aquifer Type CRT (L/s) .
Test (L/s) (m?/day) sustainable rate (L/s)
(mbtoc)
Paraburdoo Member
WB10NAMO001 32.84 - 100 (2010) 862-3162
(Shale) and Detritals
7, 12, 18,
WB10NAMO002 41.25 Mt. Newman Orebody 21 (2010) 7-302
24 (2010)
West Angela Member | 2, 3, 4, 6,
WB10NAMO003 30.97 10 (2010) 14-176
(Shale) 16 (2010)
West Angela Member | 4, 6, 7, 8
WB10NAMO004 36.47 7 (2010) 8-274
(Shale) (2010)
West Angela Member
(Shale), Paraburdoo | 6, 10, 12,
WB10NAMO005 30.78 ) 12 (2010) 2-126
Member (Dolomite), | 14 (2010)
Detritals
30, 40, 55,
Paraburdoo Member
WB10NAMO006 40.435 ] 75, 95 | 75 (2010) 139-998
(Dolomite)
(2010)
5, 10, 12,
Marra Mamba Iron
WBO07NAMO1 35.50 ) 14, 16 | 14 (2008) 325 14
Formation
(2008)
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Marra Mamba Iron | 4, 6, 9, 11,
WB07NAMO02 42.78 ) 12 (2008) 75 12
Formation 13 (2008)
Marra Mamba Iron
-- 152-441
WB08SNAMO1 Formation 26 (2008)
West Angela, mineralised | 10, 15, 17,
WB11NAMO001 253 and unmineralised Mt. | 20, 22 20-400
Newman (2012) 17 (2012)
35, 40, 45, | 55 (2012)
WB11NAM004 45.8 Bee Gorge 50, 55 112-439
(2012)
20, 30, 40, | 45 (2012)
base of detritals, Bee
WB11NAMO005 36.4 45, 50, 55 70-808
Gorge and Paraburdoo
(2012)
Paraburdoo, base of 15 18, 21 22 (2012)
WB11NAMO006 32.8 West  Angela  and o 20-700
24 (2012)
mineralised Mt. Newman
base of West Angela and | 15, 19, 24, | 25 (2012)
WB11NAMO007 24.7 30-66
mineralised Mt. Newman | 27 (2012)
base of West Angela and | 15, 18, 21, | 19 (2012)
WB11NAMO008 25.8 30-80
mineralised Mt. Newman | 23 (2012)
38, 50, 55,
Paraburdoo and West
WB11NAMO011 394 57,60 58 (2012) 50-320 50
Angela
(2012)
Paraburdoo, top of West | 50, 60, 70,
WB11NAM012 40 80 (2012) 450-1380 70
Angela and Mt. Newman | 80 (2012)
base of West Angela and | no step
WB11NAMO013 18.6 8 (2012) 3-160 5
mineralised Mt. Newman | test done
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due to lack

pump that
could do
less than 8
L/s (2012)
Paraburdoo, top and
60, 65, 70,
WB11NAMO014 30.6 base of West Angela and 80 (2012) 80 (2012) 130-1600 80
mineralised Mt. Newman
40, 45, 55,
Bee Gorge and
WB11NAMO015 38.8 60, 65 | 65 (2012) 65-1000 65
Paraburdoo
(2012)
30, 35, 40,
WB11NAMO016 47.7 Bee Gorge 35 (2012) 56-89 35
45 (2012)
Paraburdoo, West | 25, 30, 35,
WB11NAMO009 394 44 (2012) 30-250 40
Angelas, Mt. Newman 40 (2013)
West Angelas, | 15, 20, 25,
WB11BSSM001 120 45 150-600 40
mineralised Mt Newman 40, 55
WB11BSSM002
50, 60, 70,
WB11BSSM003 65 Wittenoom Dolomite 78 75 260-1800 75
WB11BSSM004 118 Mineralised Mt Newman - - - -
20, 30, 35,
WB11BSSM005 118 Mineralised Mt Newman 40 38 125-1000 35
WB12BS4B001 Mineralised BIF (Dales
Gorge Member)
WB12BS4B002 Mineralised BIF (Joffre

Member)
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WB12BS4B003

Mineralised BIF (Dales
Gorge Member)

15, 20, 25,
30, 40

WB12BS4B004

Mineralised BIF (Joffre
Member) and Whaleback
Shale

WB12BS4B005

Mineralised BIF (Joffre
Member)

WB13BS4B001

75

Mineralised BIF (Joffre
Member) and Shale

15, 20, 25,
30, 40

WB13BS4B003

45

Mineralised BIF (Dales
Gorge Member), with
interbedded Shale

10, 20, 30,
40, 68

WB13BS4B004

20

Mineralised BIF (Joffre
Member)

WB13BS4B005

50

Mineralised BIF (Dales
Gorge Member)

WB13NAMO001

32.2

Paraburdoo, West
Angelas, mineralised Mt

Newman

50, 70, 90
(2013)

80 (2012)

35-75

WB13NAMO002

31.5

Paraburdoo, West
Angelas, mineralised Mt

Newman

80, 85, 90
95 (2013)

100 (2012)

130-400

55

WB13NAMO003

41.1

West Angelas,

mineralised Mt. Newman

5, 12, 15
(2013)

12 (2012)

14-15

12

WB13NAMO004

30.9

Paraburdoo, West
Angelas, mineralised Mt.

Newman

25, 30, 35
40 (2013)

32 (2012)

30-40
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Paraburdoo, West | 80, 85, 90,
WB13NAMO005 34.6 90 (2012) 80-300 55
Angelas, Mt. Newman 95 (2013)
Mineralised BIF (Dales
WB14BS2001 61 - - - -
Gorge Member)
Detritals, Mineralised BIF
WB14BS2002 57 - - - -
(Dales Gorge Member)
Detritals, Mineralised BIF
WB14BS2004 55 - - - -
(Dales Gorge Member)
Detritals, Mineralised BIF
WB14BS2005 69 - - - -
(Dales Gorge Member)
WB14BS2006 71 Detritals, Cavities - - - -
Detritals, unmineralised
WB14BS2007 43 Dales Gorge Member, | - - - -
Chert and Shale
20, 25, 30,
WB14NAMO001 63.26 Mt Newman 35, 40 | -- 450
(2014)
10, 20, 25,
WB14NAMO002 65.8 Mt Newman 30, 35| -- 525
(2014)
25, 28, 31,
Wittenoom Dolomite, Mt
WB14NAMO003 70.54 34, 40 | -- 525
Newman
(2014)
Mineralised BIF (Joffre | 10, 12.5,
wB15BS4B001 35 20 109 5
Member) 15,17.5
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WB15NAM001 No
65.33 Mineralised Mt Newman | pumping - --
test
WB15NAM002 15, 20, 25
53.79 Mineralised Mt Newman - -
(2015)
2, 4, 6, 8,
WB15NAM003 101.77 Mineralised Mt Newman - -
10 (2015)
No
WB15NAM004 108.47 Mineralised Mt Newman | pumping - -
test
60, 65, 70,
WB17NAM0001 50.25 Wittenoom Dolomite 75 75 (2017) 300 40
. . 25, 35, 45,
WB17NAM0002 65.51 Wittenoom Dolomite 55 55 (2017)
Shale with interbedded | No
WB17BS4B0001 70 BIF (Dales Gorge | pumping - - -
Member) test
Shale with interbedded | No
WB17BS4B0002 66 BIF (Dales Gorge | pumping - - -
Member) test
No
Shale and BIF (Joffre )
WB17BS4B0003 pumping - - -
Member)
test
Dolerite and mineralised
WB17BS4B0004 117.7 6,7,8,9 110 8
Joffre Member
Footwall Zone and Dales
wWB18BS4B0001 28.87 - - - -

Gorge Member
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20, 30, 40,

wB18BS4M0002 57.62 Wittenoom Formation 5060 60 241 60
10, 20, 30,
WB18BS4M0003 53.30 Wittenoom Formation 45, 60 30 340 30
20, 30, 40,
WB18NAMO0001 67.35 Wittenoom Formation 50. 55 50 1165 50
20, 30, 40,
WB18NAMO0002 73.12 Wittenoom Dolomite 50 60 60 1800 >60
Mineralised BIF (Dales
20, 30, 40,
WB19BS1E0001 17.94 Gorge Member) with 50 60 50 80 50
Shale Bands ’
Mineralised BIF (Dales
10, 20, 30,
WB19BS1E0002 52.54 Gorge Member  with 40. 50 45 110 40
Shale Bands ’
Mineralised BIF (Dales
25, 35, 45,
WB19BS1E0003 19.19 Gorge Member  with 55 65 60 250 60
Shale Bands ’
Mineralised BIF (Dales
15, 25, 35,
WB19BS4B0001 52.91 Gorge Member) with 45, 55 50 79 40
Shale Bands ’
Mineralised BIF (Joffre
10, 15, 20,
WB19BS4B0002 65.56 Member) with  Shale 05 30 22 86 25
Bands ,
Mineralised BIF (Joffre
10, 20, 30,
WB19BS4B0003 59.91 Member) with  Shale 50 180 40
40, 45, 50

Bands
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Mineralised BIF (Joffre

WB19BS4B0004 62.15 Member) with  Shale | - - - -
Bands
WB19BS4B0005 N/A
Mineralised BIF (Joffre
wB19BS4B0006 36.01 Member) with Shale | 2,3,4,5,6 | 5.5 150 5
Bands
Partially mineralised BIF | 20, 25, 30,
wB19BS4B0007 59.46 40 111 40
(Joffre Member) 35,40
20, 25, 30,
WB19BS20001 71.44 Dales Gorge 35 40 30 (2019) 254.5 50
Wittenoom Dolomite, Mt | 10, 20, 30,
WB19NAMO0001 48.94 45 (2019) 840 50
Newman 40, 50
Wittenoom Dolomite, Mt | 20, 25, 30,
WB19NAMO0002 65.55 40 (2019) 421 50
Newman 35, 40
10, 20, 30,
WB19NAMO0003 105.1 Wittenoom Dolomite 38 - 264 60
Wittenoom Dolomite, Mt | 10, 20, 30,
WB19NAMO0005 70.5 45 (2019) 2545 50
Newman 40, 50
9, 12, 14,
WB19NAMO0006 15.92 Mineralised Mt Newman 16 - - 10
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