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Introduction

1.1 Background

Roy Hill (RH) is an iron ore mining, rail and port project (Project) developed in Western
Austral i ads (Fgurk bB.Mach of emigingonrthe Chichester Range takes place
under the water table, resulting in the need for dewatering of the mining pits.

Roy Hill maintain a Water Management Strategy (RHWMS) for dewatering, water supply and
surplus water disposal to ensure alignment with business, environmental and stakeholder
objectives.

RH have updated the Life of Mine (LoM) mining strategy, ore processing strategy and waste
(tailings) disposal strategy, as of July 2018, which forms the basis of the revised LoM RHWMS
for dewatering, water supply and surplus water disposal. The RHWMS identifies the
requirement for additional surplus water disposal capacity to address increases in forecast
dewatering rates and surplus non-return process water. The proposed revision to the LoM
RHWMS incorporates Managed Aquifer Recharge (MAR) as a surplus water disposal solution.

RH has developed a MAR project for purpose of disposing and/or storing surplus groundwater
into Proterozoic and Cainozoic formations within the mining area. RH submitted the MAR
proposal including groundwater change assessment for a 2-year period to the EPA in early
2018. In mid-2018 the EPA approved implementation of the proposal. The EPA requested that
RH present an updated LoM RHWMS and groundwater change assessment to support approval
for MAR beyond the two year period.

The revised RHWMS includes the current MAR project(s) and expansion of the MAR project to
locations south of the Fortescue River, referred to as Remote MAR North (RMAR North) and
Remote MAR South (RMAR South) (Figure 1-1).

GHD has been requested by RH to carry out an update to the groundwater change assessment
of the revised LoM RHWMS.

1.2 Purpose and scope of this report
The objective of this project is to assess groundwater change for the revised LoM RHWMS.

The LoM RHWMS proposes an expanded footprint of operations. Assessment of the feasibility

and related groundwater change for the expanded operational footprint requires development of

a suitable conceptual model for the regional groundwater system, and a numerical groundwater
modelling system for quantitative analysis of the groundwater response. Addressing these

requirements is the focus for this study. This new numerical tool builds on existing models, in
particular RHO6s FEFLOW dewat er i QW modasadvelagped we | |
by MWH (2009, 2015).

In fulfilment of this study the following will be provided:
Description of receiving environment (including hydrogeological setting);
Hydrogeological conceptualisation (update);

Development of the numerical model, modelling of RHWMS, and prediction of water level
change;

Proposed monitoring of groundwater impacts,

The assessment described in this report also builds on and refers to existing MAR assessments
and studies, including R H 6 s -RBAR00510 (Hydrogeological Assessment for Roy Hill Managed
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Aquifer Recharge System Report, March 2018) and Managed Rec har geds report, Ro
Remote MAR Project i Phase 1 (May 2018).

Due to the nature, feasibility level and regional scale of this assessment, these LoM impacts will
be evaluated from the regional rather than localised, operational perspective.

1.3 Document overview

This content of this document is structured as follows:
1 Section 1 provides an introduction;

1 Section 2 provides an overview of the RHWMS, including water balance tasks and
operating conditions for dewatering, water supply and surplus water disposal;

1 Section 3 describe the methodology and outcomes for the groundwater change
assessment;

1 Section 4 describes the planning approach (incorporating monitoring) for the RHWMS;
I Section 5 presents conclusions; and

1 Appendices present additional information (geological description details, land system
descriptions, modelled results i hydrograph plots, change maps, etc).

1.4 Study limitations

This report: has been prepared by GHD for Roy Hill Holdings Pty Ltd and may only be used and
relied on by Roy Hill Holdings Pty Ltd for the purpose agreed between GHD and the Roy Hill
Holdings Pty Ltd as set out in this report.

GHD otherwise disclaims responsibility to any person other than Roy Hill Holdings Pty Ltd
arising in connection with this report. GHD also excludes implied warranties and conditions, to
the extent legally permissible.

The services undertaken by GHD in connection with preparing this report were limited to those
specifically detailed in the report and are subject to the scope limitations set out in the report.

The opinions, conclusions and any recommendations in this report are based on conditions
encountered and information reviewed at the date of preparation of the report. GHD has no
responsibility or obligation to update this report to account for events or changes occurring
subsequent to the date that the report was prepared.

The opinions, conclusions and any recommendations in this report are based on assumptions
made by GHD described in this report. GHD disclaims liability arising from any of the
assumptions being incorrect.

GHD has prepared this report on the basis of information provided by Roy Hill Holdings Pty Ltd
and others who provided information to GHD (including Government authorities)], which GHD
has not independently verified or checked beyond the agreed scope of work. GHD does not
accept liability in connection with such unverified information, including errors and omissions in
the report, which were caused by errors or omissions in that information.

The opinions, conclusions and any recommendations in this report are based on information
obtained from, and testing undertaken at or in connection with, specific sample points. Site
conditions at other parts of the site may be different from the site conditions found at the specific
sample points.

Investigations undertaken in respect of this report are constrained by the particular site
conditions, such as the location of infrastructure, services and vegetation. As a result, not all
relevant site features and conditions may have been identified in this report.

2 | GHD | Report for Roy Hill Holdings Pty Ltd - Roy Hill Life of Mine Water Management Strategy - Groundwater Change
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Site conditions (including the presence of hazardous substances and/or site contamination) may
change after the date of this Report. GHD does not accept responsibility arising from, or in
connection with, any change to the site conditions. GHD is also not responsible for updating this
report if the site conditions change.

GHD excludes and disclaims all liability for all claims, expenses, losses, damages and costs,

including indirect, incidental or consequential loss, legal costs, special or exemplary damages

and loss of profits, savings or economic benefit, Roy Hill Holdings Pty Ltd may incur as a direct

or indirect result of the Leapfrog and MODFLOW models and for any reason being inaccurate,
incomplete or incapable of being processed on Roy Hill Holdings Pty Ltd6 s e qui pment or
systems or failing to achieve any particular purpose. To the extent permitted by law, GHD

excludes any warranty, condition, undertaking or term, whether express or implied, statutory or
otherwise, as to the condition, quality, performance, merchantability or fitness for purpose of the
Leapfrog and MODFLOW models.

GHD does not guarantee that the model files provided to Roy Hill Holdings Pty Ltd are free of
computer viruses or other conditions that may damage or interfere with data, hardware or

software with which it might be used. Roy Hill Holdings Pty Ltd absolves GHD from any
consequence of Roy Hill Holdings Pty Ltd6 s or ot her per s onobtmodelilge of
tools.
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Figure 1-1: Regional setting of the study area
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Roy Hill Water Management Strategy
update

2.1 Roy Hill Water Management Strategy update 0 key business
drivers

The basis of the LoM RHWMS update is the July 2018 RH LoM Plan. The LoM plan describes
the product, mining, ore processing and waste management strategy. Key parameters of this
plan that influence the LoM RHWMS include:

2.1.1 Product strategy

The product strategy exerts a strong influence on the RHWMS. Chloride is an important ore
guality parameter that is influenced by water quality. The water supply strategy (including
process water reuse) is required to satisfy quality terms of reference to ensure the product
quality specifications for chloride is achieved.

2.1.2 Mining strategy

The mining strategy is the principal driver of dewatering rates. Key parameters influencing
dewatering rates at a LoM scale is the planned open areas (mine pits) below water table.

In general, there has been an increase in the footprint of simultaneously operating pits
throughout the LoM mine plan, which has a direct influence (increase) on dewatering
abstraction rates.

In addition, the scale of the active mining footprint is a key factor in determining dust
suppression requirements for the LoM.

2.1.3 Ore processing and waste (tailings) management strategy

The (solids and water) mass balance of the ore processing facility is a key driver for water
demand. Factors such as throughput, processing yield and tailings solids concentration are key
parameters in determining water needs for ore processing. Recovery of process water from
tailings storage facilities (TSF) is necessary for maximising consolidation and subject to water
balance assumptions for the TSF.

As mentioned above product chloride concentrations is an important parameter, and therefore
the solids and water balance for chloride is an important consideration in determining water
supply and process water reuse.

2.2 Roy Hill Water =~ Management Strategy update 0 key
objectives

A key objective for the RHWMS update is to build resilience and adaptability to manage multiple
business, environmental and stakeholder objectives.

The RHWMS strategy maintains a focus on minimising environmental and stakeholder impacts
by maintaining water reuse as a high priority for the business.

GHD | Report for Roy Hill Holdings Pty Ltd - Roy Hill Life of Mine Water Management Strategy - Groundwater Change
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2.3 Roy Hill Water Management Strategy 0 key updates

For water balance planning purposes, the RHWMS definessevenp r i mar y O watasksr bal a
Water balance tasks describe the water inputs and outputs for the parts of the operation that

make up the overall mine site water balance. A schematic illustrating the water balance tasks is

shown in Figure 2-1. The RHWMS defines the following water balance tasks:

1 Mining and Dewatering task (MDT); consists of inputs only, includes ore moisture (pore
water) and mine dewater streams (i.e. fresh, brackish and saline).

1 Raw Water Supply Task (RWST); consists of inputs only, includes supplementary raw
water inputs.

1 Water Treatment Plant Task (WTPT); water inputs (feed water) and outputs (wash
water and reject water) of the water treatment facility.

1 Process Plant Task (PPT); water inputs and outputs (tailings, product moisture) of the
ore processing facility

I TSF Task (TSFT); water inputs and outputs of the tailings storage facility
1 Dust Suppression Task (DST); water inputs and outputs for dust suppression
1 Surplus Water Disposal Task (SWDT); water outputs to disposal (multiple components).

Tasks may comprise one or multiple components. For example the mining and dewatering task
comprises multiple pits and water quality streams.

The RHWMS update retains the previous tasks and components with addition of MAR
components to the surplus water disposal task as the main change. Table 2-1 provides a
summary of the key RHWMS tasks and components, including description of change from
previous RHWMS. An illustrative map showing the current and proposed locations of the
RHWMS components is presented in Figure 2-2. The update to the RHWMS address the
operating conditions described in Section 2.4.

It should be noted that this study focuses on assessment of groundwater change related to the
dewatering task and surplus water disposal tasks in the RHWMS.

6 | GHD | Report for Roy Hill Holdings Pty Ltd - Roy Hill Life of Mine Water Management Strategy - Groundwater Change
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Table 2-1: Roy Hill Water Management Strategy: key updates

Mining & Pit Dewatering (multiple pits)  Dewatering of mine pits remains a core water

Dewatering Fresh (<800 ppm Cl) management activity. Increased dewatering forecast

Task (MDT) Brackish (<5,000 mg/l TDS) ditzs t;)r:gc;(saa::edﬁe(:ggc%rer;: _tla_gllc:);v watertable mine

Saline (5,000 mg/l TDS) pis, q yin-p :

Raw Water Remote water supply Remote water supply was previously proposed

Supply Task borefield (Stage 2 borefield) and assessed for abstraction of

(RWST)?! up to 40 ML/d. Remote water supply remains in the
strategy to address operating conditions where
water quality prohibits reuse of mine dewatering and
non-return process water.

Water Water Treatment Plant Water treatment remains a key component of the

Treatment Plant water supply strategy to address water quality

Task (WTPT) requirements of the ore processing facility

Process Plant Ore Processing facility Multiple operating conditions considered to address

Task (PPT) water demand and product quality objectives.
Processing changes including WHIMS are
considered in determining future water demand

TSF Task Above ground TSF In-pit tailings storage is proposed to replace the

(TSFT) In-pit TSF current above ground facility. On average 20 ML/d
process water recovery is estimated to be required
to optimise in-pit storage capacity

Dust Dust suppression Dust suppression supplied from surplus

Suppression groundwater and or non-return process water

Task (DST)

Surplus Water South West Injection The SWIB MAR is developed in the south west part

Disposal Task Borefield (SWIB MAR) of the mining tenement. Disposal of surplus water in

(SWDT) the SWIB is currently approved for a two year

Mine Pit (MPMAR)

Remote MAR South borefield
(RMAR South)

Remote MAR North borefield
(RMAR North)

Evaporation Basin

period

Disposal of surplus water in future & completed
mine pits. Disposal of surplus water in the future
mining area (Stage 1 borefield) is currently
approved for a two year period

Surplus (brackish) water greater than capacity for
re-use and local disposal is identified under some
operating conditions. Development of MAR capacity
south of the Fortescue River is proposed for
additional surplus brackish water (<5,000 mg/l).

Surplus (saline, >5,000 mg/L) water greater than
capacity for re-use and local disposal is identified
under some operating conditions. Development of
MAR capacity south of the Fortescue River is
proposed for additional surplus brackish and/or
saline water

Disposal of surplus water via an evaporation basin
was previously proposed and assessed. An
evaporation basin remains part of the LoM strategy.
Implementation of the evaporation basin is largely
considered a contingency, however operating
conditions requiring an evaporation basin is
considered

1 Supplementary to dewatering
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2.4 Roy Hill Water Management Strategy update doperating
conditions

The LoM RHWMS tasks and components are presented schematically in Error! Reference s
ource not found.Figure 2-2. Water balances for multiple realistic operating conditions form the
basis. Operating conditions are influenced by multiple factors including dewatering flows and
quality of the LoM and flow and quality constraints for each of the other tasks. For example, the
dewatering flows and quality changes over time and at certain thresholds represent a change to
the operating condition triggering requirement for additional surplus water disposal components
and or raw water supply components.

Another example is the multiple operating conditions for water inputs to the process plant task.
Product quality specifications may place a constraint on reuse of process water in the process
plant, which necessitates an alternate operating condition for alternate use and/or disposal of
the process water and replacement of the supply (eg additional dewatering and/or raw water
supply).

It is important for RH to consider the realistic operating conditions that may require
implementation and undertake planning for these operating conditions to mitigate production
risk. Quantitative water balances describing current, LoM average and LoM peak operating
conditions are presented in the following sections.

24.1 Current operating condition
The water balance for the current operating condition is presented in Table 2-2 and Figure 2-3.

The mining and dewatering task (MDT) consists of inputs from dewatering and pore water (in
mined ore). The current dewatering rate is around 58 ML/d, total inputs including pore water is
around 74 ML/d. Dewatering consists of three quality streams, defined below:

1 Mine dewater fresh (TDS < 2,000 mg/l); maximum quality for direct feed to the
Processing plant task (PPT).

1 Mine dewater brackish (TDS < 5,000 mg/l); quality limit for feed to the Water treatment
plan task (WTPT) for direct feed to the PPT and surplus water disposal to Mine Pit MAR
and Remote MAR South.

1 Mine dewater saline (TDS > 5,000 mg/l); saline water quality, disposal to SWIB and
Remote MAR North.

Raw water inputs to other water balance tasks are satisfied by dewatering and therefore no
supplementary raw water abstraction takes place currently.

The current quantity of mine dewater fresh is sufficient to satisfy the PPT and therefore the
WTPT not required.

The PPT receives mine dewater and (ore) pore water inputs (58 ML/d) and outputs consist of
(product) pore water and discharge to tailings (58 ML/d).

Tailings disposal is currently to an above ground TSF. Seepage, evaporation and entrainment in
pore space account for over half of the outputs from the TSFT (27 ML/d). Other outputs are
return process water to the PPT (up to 9 ML/d)) and use in the DST (up to 9 ML/d)).

The DST can receive inputs from several sources, currently non-return process water (9 ML/d).

The surplus water disposal task (SWDT) consists of outputs that are surplus to the operation.
Currently surplus are mine dewater, up to 25 ML/d, disposed of to the SWIB and Mine Pit MAR.

The balance reports the total inputs and outputs of the operation which are currently around 74
ML/d.
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Table 2-2: Current operating condition

Water Balance Components ML/d GL/LoM (13
yrs)

o MDT Inputs
5 Mine Dewater Fresh (TDS < 2,000 40 15
I L |
< Mine Dewater Brackish (TDS <5,000 14 5
= mgl)
a Mine Dewater Saline (TDS >5,000 4 1
o mgl)
% (:/4) Pore Water (ore) 16 6
s < Sum Inputs 74 27
RWST Inputs
E E N I?I_eDmsot<eSSo%%ply Elﬁorefield brackish 0 0
<§E |<T: % 2 ( ) mgl)
X =~ Sum Inputs 0 0
WTPT Inputs
- Mine Dewater brackish (TDS <5,000 0 0
z mgl)
é Process Water (non-return) 0 0
E Remote Supply Borefield brackish 0 0
tw (TDS <5,000 mgl)
é Total In 0 0
El:J WTPT Outputs
E Wash Water (Cl <400 ppm) 0 0
E (:/4) RO Reject 0 0
=< Total Out 0 0
PPT Inputs
Mine Dewater fresh (TDS < 2,000 23 8
mg/l)
Wash Water (Cl <400 ppm) 10 4
é Process Water (Direct return) 9 3
:: Pore Water (Feed) 16 6
<ZE Total In 58 21
o PPT outputs
é Process Water (in Tailings) -45 -16
8 Pore Water (product) -13 -5
o Total Out -58 -21
TSFT Inputs
Process Water (in Tailings) 45 16
Total In 45 16
TSFT Outputs
TSF seepage, evap & entrainment -27 -10
%f) Process Water (Direct Return) -9 -3
E Process Water (Non-Return) -9 -3
& Total Out -45 -16
DST Input
§ % é Proces:Water (Non-Return) 9 3
Q0+
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Water Balance Components ML/d GL/LoM (13
yrs)

Mine Dewater brackish (TDS <5,000

mgl)
Mine Dewater saline (TDS >5,000 0 0
mgl)
Total In 9 3
DST Output
Process Water (road evap) -9 -3
Mine Dewater brackish (TDS <5,000 O 0
mgl)
Mine Dewater saline (TDS >5,000 0 0
mgl)
Total Out -9 -3
SWDT Outputs
0 RO Reject to SWIB MAR 0 0
é Process Water (NR) to SWIB MAR 0 0
% Dewater to SWIB MAR -20 -7
) Dewater to Mine Pit MAR (TDS -5 -2
% <5,000 mgl)
i Dewater to RMAR South (TDS <5,000 0 0
= mgl)
Y Dewater to RMAR North 0 0
E % Dewater to Evaproation Basin 0
e Sum Outputs -25 -9
INPUTS
MINING & DEWATERING TASK 74 27
RAW WATER SUPPLY TASK 0 0
Total Inputs 74 27
OUTPUTS
PROCESS PLANT TASK -13 -5
TSF TASK -27 -10
8 DUST SUP. TASK -9 -3
% SURPLUS WATER DISPOSAL TASK -25 -9
= Total Outputs -74 27

12 | GHD | Report for Roy Hill Holdings Pty Ltd - Roy Hill Life of Mine Water Management Strategy - Groundwater Change
Assessment, 61/37437



50 40

MINING & DEWATERING TASK

M increase M Decrease M Total

14 4

. .

Mine Dewater Fresh (TDS < 2,000 mg/l)

Mine Dewater Brackish (TDS <5,000 mgl)

Mine Dewater Saline (TDS >5,000 mgl)

16

Pore Water (ore)

50

30
20
10

RAW WATER SUPPLY TASK

M Increase M Decrease M Total

Remote Supply Borefield brackish {TDS <5,000 mgl)

50
30

20
10

Mine Dewater brackish (TDS <5,000...

WATER TREATMENT PLANT TASK

M Increase M Decrease M Total

0 0

Process Water (non-return)
Remote Supply Borefield brackish...

0

Wash Water (Cl <400 ppm)

RO Reject

50

PROCESS PLANT TASK

M Increase M Decrease M Total

> -
0

Process Water (Non-Return)

Mine Dewater brackish (TDS...

Process Water (road evap)
Mine Dewater saline (TDS...

9 I T—

e 10 I
30 23 |
20
. B

0

‘Wash Water (Cl <400 ppm) Pore Water (Feed) Pore Water (product)
Mine Dewater fresh (TDS <... Process Water (Direct return) Process Water (in Tailings)
TSF TASK
M Increase M Decrease M Total
50
40
30
20
10 2 I
) e
0
Process Water (in Tailings) TSF seepage, evap & entrainment Process Water (Direct Return) Process Water (Non-Return)
DUST SUPPRESSION TASK
M Increase M Decrease M Total

20
15
10 9 0 0

Mine Dewater brackish (TDS...

0

Mine Dewater saline (TDS...

SURPLUS WATER DISPOSAL TASK

M increase M Decrease M Total

0
-10
0 20 I
0 5 0 0 0
Process Water (NR) to... Dewater to Mine Pit MA... Dewater to RMAR North
RO Reject to SWIB MAR Dewater to SWIB MAR Dewater to RMAR South... Dewater to Evaproation...
MINESITE WATER BALANCE
M increase M Decrease M Total
80 & —
|
40
B
0
RAW WATER SUPPLY TASK TSF TASK SURPLUS WATER DISPOSAL...
MINING & DEWATERING TASK PROCESS PLANT TASK DUST SUP. TASK

Figure 2-3: Current operating condition
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24.2 LoM average operating condition 1

The water balance for the LoM average operating condition lis presented in Table 2-3 and
Figure 2-4.

The mining and dewatering task (MDT) consists of inputs from dewatering and pore water (in
mined ore). The LoM average dewatering rate is around 132 ML/d. This LoM average condition
assumes the dewatering streams are brackish (80 ML/d) and saline (52 ML/d), a mine dewater
fresh stream is excluded from the LoM average as this stream is not considered sustainable
over LoM.

Under this scenario the raw water inputs to other water balance tasks are satisfied by
dewatering and therefore no supplementary raw water abstraction is required.

Mine dewater fresh (Cl < 2000 mg/l) is unsustainable and therefore the WTPT is required to
provide the full PPT demand of 33 Ml/d. A by-product of the WTPT is a saline reject stream (6
ML/d), which is disposed of to the saline SWIB.

The PPT receives wash water (33 ML/d) and ore pore water inputs (16 ML/d) and outputs
consist of product pore water and discharge to tailings (36 ML/d).

Tailings disposal is currently to an above ground TSF and from 2020 to in-pit TSF. Seepage,
evaporation and entrainment in pore space account for around half of the outputs from the
TSFT (16 ML/d). Other outputs are non-return process water (20 ML/d), which is disposed of to
the SWIB.

The DST can receive inputs from several sources, under this scenario the DST receives around
10 ML/d from excess mine dewater saline.

The surplus water disposal task (SWDT) consists of outputs that are surplus to the operation.
Under this scenario surplus water disposal is distributed in the following allocations:

1  WTPT reject to SWIB (6 ML/d)

Non-return process water to SWIB (20 ML/d)
Mine Dewater saline to SWIB (40 ML/d)
Mine dewater saline to RMAR North (2 ML/d)

= =4 =a -2

Mine dewater brackish to mine pit MAR (5 ML/d) (injection into other locations within the
mine (drawdown) footprint will be undertaken if an opportunity presents itself in the mine
plan)

1 Mine dewater brackish to RMAR North (2 ML/d)
1 Mine dewater brackish to RMAR south (20 ML/d)

The balance reports the total inputs and outputs of the operation which under this scenario are
around 148 ML/d.
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Table 2-3:LoM average operating condition

Water Balance Components ML/d GL/LoM (13
yrs)

o MDT Inputs
5 Mine Dewater Fresh (TDS < 2,000 0 0 0
I L |
< Mine Dewater Brackish (TDS <5,000 80 29 380
= mgl)
o Mine Dewater Saline (TDS >5,000 52 19 247
o mgl)
% (:/4) Pore Water (ore) 16 6 76
s < Sum Inputs 148 54 702
RWST Inputs
x> Remote Supply Borefield brackish 0 0 0
=1 % (TDS <5,000 mgl)
g < Suminputs 0 0 0
WTPT Inputs
- Mine Dewater brackish (TDS <5,000 39 14 185
z mgl)
é Process Water (non-return) 0 0 0
E Remote Supply Borefield brackish 0 0 0
tw (TDS <5,000 mgl)
= Total In 39 14 185
é WTPT Outputs
E Wash Water (Cl <400 ppm) -33 -12 -157
E (:/4) RO Reject -6 -2 -28
= ,E Total Out -39 -14 -185
PPT Inputs
Mine Dewater fresh (TDS < 2,000 0 0 0
mg/l)
Wash Water (Cl <400 ppm) 33 12 157
%f) Process Water (Direct return) 0 0 0
Ii: Pore Water (Feed) 16 6 76
'<Z: Total In 49 18 233
= PPT outputs
ﬁ Process Water (in Tailings) -36 -13 -171
(@) Pore Water (product) -13 -5 -62
g Total Out -49 -18 -233
TSFT Inputs
Process Water (in Tailings) 36 13 171
Total In 36 13 171
TSFT Outputs
TSF seepage, evap & entrainment -16 -6 -76
(lf) Process Water (Direct Return) 0 0 0
E Process Water (Non-Return) -20 -7 -95
& Total Out -36 -13 -171
DST Input
§ % é Proces:Water (Non-Return) 0 0 0
Q0+
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Water Balance Components ML/d GL/LoM (13
yrS)

Mine Dewater brackish (TDS <5,000

mgl)
Mine Dewater saline (TDS >5,000 10 4 47
mgl)
Total In 10 4 47
DST Output
Process Water (road evap) 0 0 0
Mine Dewater brackish (TDS <5,000 O 0 0
mgl)
Mine Dewater saline (TDS >5,000 -10 0 0
mgl)
Total Out -10 0 0
SWDT Outputs
y RO Reject to SWIB MAR -6 -2 -28
b Process Water (NR) to SWIB MAR -20 -7 -95
g Dewater to SWIB MAR -40 -15 -190
a Dewater to Mine Pit MAR (TDS -5 -2 -24
% <5,000 mgl)
';: Dewater to RMAR South (TDS <5,000 -20 -7 -95
2 mgl)
g Dewater to RMAR North -18 -7 -85
E % Dewater to Evaproation Basin 0 0 0
8 |<£ Sum Outputs -109 -40 -516
INPUTS
MINING & DEWATERING TASK 148 54 702
WATER SUPPLY TASK 0 0 0
Total Inputs 148 54 702
OUTPUTS
PROCESS PLANT TASK -13 -5 -62
TSF TASK -16 -6 -76
E)J DUST SUP. TASK -10 -4 -47
<Z( SURPLUS WATER DISPOSAL TASK -109 -40 -516
Dzé' Total Outputs -148 -54 -702
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Figure 2-4: LoM average operating condition
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2.4.3 LoM average operating condition2 (high mine dewater saline )

The water balance for the LoM average operating condition 2 is presented in Table 2-4 and
Figure 2-5. Under this scenario mine dewater saline forms a higher proportion of total
dewatering.

The mining and dewatering task (MDT) consists of inputs from dewatering and pore water (in
mined ore). The LoM average dewatering rate is around 132 ML/d. The LoM average condition
assumes the dewatering streams are brackish (50 ML/d) and saline (82 ML/d), a mine dewater
fresh stream is excluded from the LoM average as this stream is not considered sustainable
over LoM.

Under this scenario mine dewatering brackish only partially meets the requirements of the
WTPT due to difficulties to aggregate brackish water from multiple separate mine pits. As a
result, supplementary raw water is sourced from the remote supply borefield (10 ML/d).

Mine dewater fresh (Cl < 2000 mg/l) is unsustainable and therefore the WTPT is required to
provide the full PPT demand of 33 Ml/d. A by-product of the WTPT is a saline reject stream (6
ML/d), which is disposed of to the saline SWIB.

The PPT receives wash water (33 ML/d) and ore pore water inputs (16 ML/d) and outputs
consist of product pore water and discharge to tailings (36 ML/d).

Tailings disposal is currently to an above ground TSF and from 2020 to in-pit TSF. Seepage,
evaporation and entrainment in pore space account for around half of the outputs from the
TSFT (16 ML/d). Other outputs are non-return process water (20 ML/d), which is disposed of to
the SWIB.

The DST can receive inputs from several sources, under this scenario the DST receives around
10 ML/d from excess mine dewater saline.

The surplus water disposal task (SWDT) consists of outputs that are surplus to the operation.
Under this scenario surplus water disposal is distributed in the following allocations:

T WTPT reject to SWIB (6 ML/d)

Non-return process water to SWIB (20 ML/d)
Mine Dewater saline to SWIB (40 ML/d)

Mine dewater saline to RMAR North (20 ML/d)

= = =4 =

Mine dewater brackish to mine pit MAR (11 ML/d) (injection into other locations within
the mine (drawdown) footprint will be undertaken if an opportunity presents itself in the
mine plan)

1 Mine dewater brackish to RMAR South (0 ML/d)
1 Mine dewater disposal to Evaporation Basin (22 ML/d)

The balance reports the total inputs and outputs of the operation which are currently around 158
ML/d.
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Table 2-4:LoM average operating condition 2

Water Balance Components ML/d GL/LoM (13
yrs)

o MDT Inputs
=z Mine Dewater Fresh (TDS < 2,000 0 0 0
i mg/l)
'2 Mine Dewater Brackish (TDS <5,000 50 18 237
= mgl)
@) Mine Dewater Saline (TDS >5,000 82 30 389
g‘ mgl)
Z v Pore Water (ore) 16 6 76
Z 2 Sum Inputs 148 54 702
g
o RWST Inputs
L
lz Remote Supply Borefield brackish 10 4 47
=7 (TDS <5,000 mgl)
ZRE  sum Inputs 10 4 47
<D<
Xonkr
WTPT Inputs
Mine Dewater brackish (TDS <5,000 29 11 138
= mgl)
< Process Water (non-return) 0 0 0
o
— Remote Supply Borefield brackish 10 4 47
= (TDS <5,000 mgl)
E Total In 39 14 185
E WTPT Outputs
= Wash Water (Cl <400 ppm) -33 -12 -157
14
Lll_J W« RO Reject -6 -2 -28
<2<  Total Out -39 14 1185
=
PPT Inputs
Mine Dewater fresh (TDS < 2,000 0 0 0
mg/l)
Wash Water (Cl <400 ppm) 33 12 157
%f) Process Water (Direct return) 0 0 0
|<E Pore Water (Feed) 16 6 76
|_
<ZE Total In 49 18 233
o PPT outputs
% Process Water (in Tailings) -36 -13 -171
L
8 Pore Water (product) -13 -5 -62
g Total Out -49 -18 -233
TSFT Inputs
Process Water (in Tailings) 36 13 171
Total In 36 13 171
TSFT Outputs
TSF seepage, evap & entrainment -16 -6 -76
},4) Process Water (Direct Return) 0 0 0
E Process Water (Non-Return) -20 -7 -95
Lc|/_% Total Out -36 13 171
) |
2 (I/—) 8 o DST Input
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Water Balance Components ML/d GL/LoM (13
yrS)

Process Water (Non-Return)

Mine Dewater brackish (TDS <5,000 0 0 0
mgl)
Mine Dewater saline (TDS >5,000 10 4 47
mgl)
Total In 10 4 47
DST Output
Process Water (road evap) 0 0 0
Mine Dewater brackish (TDS <5,000 O 0 0
mgl)
Mine Dewater saline (TDS >5,000 -10 0 0
mgl)
Total Out -10 0 0
SWDT Outputs
N RO Reject to SWIB MAR -6 -2 -28
f,() Process Water (NR) to SWIB MAR -20 -7 -95
g Dewater to SWIB MAR -40 -15 -190
&) Dewater to Mine Pit MAR (TDS -11 -4 -52
% <5,000 mgl)
lz Dewater to RMAR South (TDS <5,000 0 0 0
= mgl)
9 Dewater to RMAR North -20 -7 -95
E % Dewater to Evaproation Basin -22 -8 -104
(:,), |<£ Sum Outputs -119 -43 -564
INPUTS
MINING & DEWATERING TASK 148 54 702
WATER SUPPLY TASK 10 0 0
Total Inputs 158 54 702
OUTPUTS
PROCESS PLANT TASK -13 -5 -62
TSF TASK -16 -6 -76
I(.I)J DUST SUP. TASK -10 -4 -47
<Z( SURPLUS WATER DISPOSAL TASK -119 -43 -564
Dzé' Total Outputs -158 -58 -749
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Figure 2-5: LoM average operating condition 2
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2.4.4 LoM average operating condition 3 (process water re -use)

The water balance for the LoM average operating condition 3 is presented in Table 2-5 and
Figure 2-6. Under this scenario mine dewater saline forms a higher proportion of total
dewatering and process water re-use is feasible.

The mining and dewatering task (MDT) consists of inputs from dewatering and pore water (in
mined ore). The LoM average dewatering rate is around 132 ML/d. The LoM average condition
assumes the dewatering streams are brackish (50 ML/d) and saline (82 ML/d), a mine dewater
fresh stream is excluded from the LoM average as this stream is not considered sustainable
over LoM.

Under this scenario with re-use of process water directly to the PPT (10 ML/d), the production
requirement for the WTPT is reduced to an output of 23 ML/d. the input requirements of the
WTPT are met from mine dewater brackish. No supplementary raw water is required.

Due to process water re-use the WTPT is required to provide 23 ML/d of the full PPT demand of
33 Ml/d. A by-product of the WTPT is a saline reject stream (4 ML/d), which is disposed of to the
saline SWIB.

The PPT receives return-process water (10 ML/d), wash water (23 ML/d) and ore pore water
inputs (16 ML/d) and outputs consist of product pore water and discharge to tailings (36 ML/d).

Tailings disposal is currently to an above ground TSF and from 2020 to in-pit TSF. Seepage,
evaporation and entrainment in pore space account for around half of the outputs from the
TSFT (16 ML/d). Other outputs are the return-process water (10 ML/d) and non-return process
water (10 ML/d), which under this scenario is used in dust suppression.

The DST can receive inputs from several sources, under this scenario the DST receives around
10 ML/d from non-return process water.

The surplus water disposal task (SWDT) consists of outputs that are surplus to the operation.
Under this scenario surplus water disposal is distributed in the following allocations:

1 WTPT reject to SWIB (4 ML/d)

Non-return process water to SWIB (0 ML/d)
Mine Dewater saline to to SWIB (60 ML/d)
Mine dewater saline to RMAR North (20 ML/d)

= = =4 =

Mine dewater brackish to mine pit MAR (5 ML/d) (injection into other locations within the
mine (drawdown) footprint will be undertaken if an opportunity presents itself in the mine
plan)

1 Mine dewater brackish to RMAR south (20 ML/d)
1 Mine dewater saline to evaporation basin (0 ML/d)

The balance reports the total inputs and outputs of the operation which are currently around
148 ML/d.
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Table 2-5:LoM average operating

condition 3

Water Balance Components ML/d GL/LoM (13
yrs)

MINING &

WATER

WATER TREATMENT PLANT

TASK

PROCESS PLANT TASK

DUST TSF TASK

SUP.

DEWATERING TASK

SUPPLY
TASK

TASK

MDT Inputs

Mine Dewater Fresh (TDS < 2,000 mg/l)
Mine Dewater Brackish (TDS <5,000

mgl)

Mine Dewater Saline (TDS >5,000 mg]l)

Pore Water (ore)
Sum Inputs
RWST Inputs

Remote Supply Borefield brackish (TDS

<5,000 mgl)
Sum Inputs

WTPT Inputs

Mine Dewater brackish (TDS <5,000

mgl)
Process Water (non-return)

Remote Supply Borefield brackish (TDS

<5,000 mgl)

Total In

WTPT Outputs

Wash Water (Cl <400 ppm)
RO Reject

Total Out

PPT Inputs

Mine Dewater fresh (TDS < 2,000 mg/l)

Wash Water (Cl <400 ppm)
Process Water (Direct return)
Pore Water (Feed)

Total In

PPT outputs

Process Water (in Tailings)
Pore Water (product)

Total Out

TSFT Inputs

Process Water (in Tailings)
Total In

TSFT Outputs

TSF seepage, evap & entrainment
Process Water (Direct Return)
Process Water (Non-Return)
Total Out

DST Input

Process Water (Non-Return)

0
50

82
16
148

27

o

27

-23

-27

23

10

16
49

18

30

54

10

o A~ 00 O

-13

-18

13
13

237

389
76
702

128

128

-109
-19
-128

109
47
76
232

-171
-62
-233

171
171
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Water Balance Components ML/d GL/LoM (13
yrS)

Mine Dewater brackish (TDS <5,000

mgl)
Mine Dewater saline (TDS >5,000 mgl) 0 0 0
Total In 10 4 47
DST Output
Process Water (road evap) -10 -4 -47
Mine Dewater brackish (TDS <5,000 0 0 0
mgl)
Mine Dewater saline (TDS >5,000 mgl) 0 0 0
Total Out -10 -4 -47
SWDT Outputs
N RO Reject to SWIB MAR -4 -1 -19
f,() Process Water (NR) to SWIB MAR 0 0 0
g Dewater to SWIB MAR -62 -22 -285
&) Dewater to Mine Pit MAR (TDS <5,000 -2 -2 -24
% mgl)
'2 Dewater to RMAR South (TDS <5,000 -20 -7 -95
= mgl)
9 Dewater to RMAR North -20 -7 -95
E % Dewater to Evaproation Basin 0 0 0
(:/)) |<£ Sum Outputs -109 -40 -517
INPUTS
MINING & DEWATERING TASK 148 54 702
WATER SUPPLY TASK 0 0 0
Total Inputs 148 54 702
OUTPUTS
PROCESS PLANT TASK -13 -5 -62
TSF TASK -16 -6 -76
E)J DUST SUP. TASK -10 -4 -47
<Z( SURPLUS WATER DISPOSAL TASK -109 -40 -517
Dzé' Total Outputs -148 -54 -702
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MINING & DEWATERING TASK

M increase M Decrease M Total

150 52 e ———
100
0 0
Mine Dewater Fresh (TDS < 2,000 mg/l) Mine Dewater Brackish (TDS <5,000 mgl) Mine Dewater Saline (TDS 5,000 mgl) Pore Water (ore)
WATER SUPPLY TASK
M Increase M Decrease M Total
50
40
30
20
10
0 0
Remote Supply Borefield brackish (TDS <5,000 mgl)
WATER TREATMENT PLANT TASK
M Increase M Decrease M Total
50
40
30 27 0 0
20
10
- ————
o
Process Water (non-return) ‘Wash Water (Cl <400 ppm)
Mine Dewater brackish (TDS <5,000... Remote Supply Borefield brackish (T... RO Reject
PROCESS PLANT TASK
M Increase M Decrease M Total
w0 10 I
22.95 I
20
0 36 I
0 -13
-20
Wash Water (Cl <400 ppm) Pore Water (Feed) Pore Water (product)
Mine Dewater fresh (TDS <... Process Water (Direct return) Process Water (in Tailings)
TSF TASK
M Increase M Decrease M Total
50
40 36
20 16
10
0
Process Water (in Tailings) TSF seepage, evap & entrainment Process Water (Direct Return) Process Water (Non-Return)
DUST SUPPRESSION TASK
M Increase M Decrease M Total
20
15
10 10 0 ]
: - - 0 0
[
Mine Dewater brackish (TDS... Process Water (road evap) Mine Dewater saline (TDS...
Process Water (Non-Return) Mine Dewater saline (TDS... Mine Dewater brackish (TDS...
SURPLUS WATER DISPOSAL TASK
M Increase M Decrease M Total
0
4 0
-50
-62 3 I
-100 -20 I
-20 0
-150
Process Water (NR) to... Dewater to Mine Pit MAR... Dewater to RMAR North
RO Reject to SWIB MAR Dewater to SWIB MAR Dewater to RMAR South... Dewater to Evaproation...
MINESITE WATER BALANCE
M Increase M Decrease M Total
150 0 =
100 - -16 10
50
o}
-109
-50
WATER SUPPLY TASK TSF TASK SURPLUS WATER DISPOSAL...
MINING & DEWATERING TASK PROCESS PLANT TASK DUST SUP. TASK
Figure 2-6:LoM average operating condition 3
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245 LoM peak operating condition

The water balance for the LoM peak operating condition is presented in Table 2-6 and Figure
2-7.

The mining and dewatering task (MDT) consists of inputs from dewatering and pore water (in
mined ore). The LoM peak dewatering rate is around 225 ML/d. The LoM peak operating
condition assumes the dewatering streams are brackish (125 ML/d) and saline (100 ML/d), a
mine dewater fresh stream is excluded from the LoM average as this stream is not considered
sustainable over LoM.

Raw water inputs to other water balance tasks are satisfied by dewatering and therefore no
supplementary raw water abstraction is required.

Mine dewater fresh (Cl < 2000 mg/l) is unsustainable and therefore the WTPT is required to
provide the full PPT demand of 33 Ml/d. A by-product of the WTPT is a saline reject stream (6
ML/d), which is disposed of to the saline SWIB.

The PPT receives wash water (33 ML/d) and ore pore water inputs (16 ML/d) and outputs
consist of product pore water and discharge to tailings (36 ML/d).

Tailings disposal is currently to an above ground TSF and from 2020 to in-pit TSF. Seepage,
evaporation and entrainment in pore space account for around half of the outputs from the
TSFT (16 ML/d). Other outputs are non-return process water (20 ML/d), which is disposed of to
the SWIB.

The DST can receive inputs from several sources, under this scenario the DST receives around
10 ML/d from excess mine dewater saline.

The surplus water disposal task (SWDT) consists of outputs that are surplus to the operation.
Under this scenario surplus water disposal is distributed in the following allocations:

1  WTPT reject to SWIB (6 ML/d)

Non-return process water to SWIB (20 ML/d)
Mine Dewater saline to SWIB (56 ML/d)

Mine dewater saline to RMAR North (34 ML/d)

= =4 =a -2

Mine dewater brackish to mine pit MAR (24 ML/d) (injection into other locations within
the mine (drawdown) footprint will be undertaken if an opportunity presents itself in the
mine plan)

1 Mine dewater brackish to RMAR North (26 ML/d)
1 Mine dewater brackish to RMAR south (36 ML/d)

The balance reports the total inputs and outputs of the operation which are currently around 148
ML/d.
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Table 2-6: LoM peak operating

condition

Water Balance Components ML/d GL/LoM (13
yrs)

MINING & DEWATERING
TASK

WATER

WATER TREATMENT PLANT

TASK

PROCESS PLANT TASK

DUTSF TASK

SUPPLY
TASK

=2 _d
o

MDT Inputs

Mine Dewater Fresh (TDS < 2,000
mg/l)

Mine Dewater Brackish (TDS <5,000

mgl)

Mine Dewater Saline (TDS >5,000
mgl)

Pore Water (ore)

Sum Inputs

RWST Inputs

Remote Supply Borefield brackish
(TDS <5,000 mgl)

Sum Inputs

WTPT Inputs

Mine Dewater brackish (TDS <5,000

mgl)
Process Water (non-return)

Remote Supply Borefield brackish
(TDS <5,000 mgl)

Total In

WTPT Outputs

Wash Water (Cl <400 ppm)
RO Reject

Total Out

PPT Inputs

Mine Dewater fresh (TDS < 2,000
mg/l)

Wash Water (Cl <400 ppm)
Process Water (Direct return)
Pore Water (Feed)

Total In

PPT outputs

Process Water (in Tailings)
Pore Water (product)

Total Out

TSFT Inputs

Process Water (in Tailings)
Total In

TSFT Outputs

TSF seepage, evap & entrainment
Process Water (Direct Return)
Process Water (Non-Return)
Total Out

DST Input

0

125

100

16
241

39

33

16
49

46

37

88

14

14

-12

-14

12

18

-13

-18

13
13
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Water Balance Components ML/d GL/LoM (13
yrs)

Process Water (Non-Return)

Mine Dewater brackish (TDS <5,000 0 0
mgl)
Mine Dewater saline (TDS >5,000 10 4
mgl)
Total In 10 4
DST Output
Process Water (road evap) 0 0
Mine Dewater brackish (TDS <5,000 O 0
mgl)
Mine Dewater saline (TDS >5,000 -10 -4
mgl)
Total Out -10 -4
SWDT Outputs
N RO Reject to SWIB MAR -6 -2
f,() Process Water (NR) to SWIB MAR -20 -7
g Dewater to SWIB MAR -56 -20
&) Dewater to Mine Pit MAR (TDS -24 -9
% <5,000 mgl)
lz Dewater to RMAR South (TDS <5,000 -36 -13
= mgl)
9 Dewater to RMAR North -60 -22
E % Dewater to Evaporation Basin 0 0
(:/)) Ii: Sum Outputs -202 -74
INPUTS
MINING & DEWATERING TASK 241 88
WATER SUPPLY TASK 0 0
Total Inputs 241 88
OUTPUTS
PROCESS PLANT TASK -13 -5
TSF TASK -16 -6
E)J DUST SUP. TASK -10 -4
<Z( SURPLUS WATER DISPOSAL TASK -202 -74
Dzé' Total Outputs -241 -88
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MINING & DEWATERING TASK
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-130
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Figure 2-7: LoM peak operating condition
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Change Assessment for L oM Water
Management Strategy update

3.1 Approach to hydrological impact assessment

3.1.1 Overview

This section describes methodology and results of assessing changes to the groundwater
systems and associated environmental risks. The assessment period is from September 2018
to March 2031.

Water level changes were evaluated by using numerical modelling over a domain at regional
scale, which includes both the mining area, part of the Fortescue Marsh, Fortescue Valley to the
south of the marsh and the Roy Hill mining area, towards the northern flanks of the Hamersley
Range.

The groundwater flow modelling system was developed based on integrating existing geological
and groundwater data and models covering the selected domain. Existing models incorporated
into or considered in the current project include:

Roy Hill project groundwater model (described in MAR impact assessment document i
Willis-Jones, 2018); and

Stage 2 borefield model (MWH, 2009))

Previous investigation works, conceptual models and calibrated numerical models form the
basis of this assessment.

The numerical model for this assessment was developed in the MODFLOW modelling code,
which is an industry standard applied in numerous mining application and is considered to be a
suitable code for representation of the conceptual model and proposed RHWMS.

3.1.2 Information  acquisition  from Roy Hill

Project data was provided by Roy Hill and included (but was not limited to):

MWH (2009) Stage 2 Borefield hydrogeological report with description of the numerical
model developed for Stage 2 borefield;

R H | Qarent geological conceptualisation, existing Leapfrog model and associated
exploration data;

RHI O6s F #Bewatednly model (Willis-Jones, 2018);
R H 1 O éosndvgater monitoring data (water levels, abstraction rates, water quality);

Predicted dewatering rates obtained from predictive FEFLOW runs for the July 2018 LoM
Plan and the subsequent FEFLOW update from August 2018 LoM Plan;

Groundwater management and aquifer review compliance documentation (e.g. Surrette,
2018);

Current water management strategy update;

Digital elevation model, modified from NOAA 1 second (30 m) model (Geoscience
Australia);

Climate data (BoM).
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3.1.3 Other relevant works and data sources

A considerable volume of work has been published in public domain or internally within various
mining companies (such as FMG, BHP Billition, Rio Tinto, Roy Hill/lHPPL) and in collaboration
with University of Western Australia on the Fortescue Marsh environment, its hydrology and
hydrogeology.

FMG developed a detailed hydrogeological conceptualisation and several versions of numerical
models of the northern part of the Fortescue Marsh (e.g. Brandes de Roos and Youngs (2010))
and the Chichester Range including their mining tenement and the surrounds. The available
documentation is a useful reference on major aquifer units and their parameterisation. It is noted
however that despite similarities with Roy Hill tenement, some of the hydrological and
hydrogeological settings show minor or more prominent differences, for example in the extent
and the role of calcrete aquifer or the connectivity with the Fortescue Marsh.

BHP Billiton commissioned an ecohydrological assessment of the entire Fortescue Marsh
Catchment as part of assessment of all their operations in the Pilbara. The results of this
assessment which includes description and water balance of hydrological and groundwater
systems and their functioning with respect to environmental receptors are compiled in Simonic
et al (2015).

UWA published several publications on the hydrological history and functioning of the Fortescue
Marsh. Of particular interest is the reconstruction of flooding events in the Marsh over the last
century and their association with large scale (cyclonic) rainfall events. UWA in collaboration
with Rio Tinto has been undertaking a hydrogeological exploration and monitoring program of
the Marsh and the Fortescue Valley, the results of which have yet to be processed and
released.

3.14 Data gap analysis

The modelling tools represent an inevitably simplified understanding of what is potentially a
complex hydrological system. This is partly due to the scattered nature of information on
geological structure, distribution and variation of hydraulic properties and variations due to
seasonal and climatic changes.

Some of the geological boundaries were extrapolated based on best available interpretation
which may change if new data becomes available. In particular, there is site-based evidence
that the Marra Mamba unit contains highly permeable zones, however their detailed delineation,
both laterally and vertically is uncertain and often limited to areas with dense exploration data
cover.

Assessment of groundwater level change and its effect on some environmental receptors is
dependent on accurate representation of ground by means of a digital elevation model (DEM),
since this is used to establish the values of depth to groundwater. This is important in the low-
lying areas around the marsh and in the northern part of the remote MAR area where the
existing watertable is generally shallow (less than 10 m).

Hydrological data regarding flows in major drainage courses such as Fortescue River, or larger
creeks, is not available to directly investigate interaction between groundwater and surface
water features and to determine, with greater accuracy the recharge/discharge relationships.
3.15 Assumptions

The following assumptions were made in this assessment:

The presented conceptual model and its parameterisation is broadly valid for the scale of
assessment;
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Mean annual rainfall and evaporation are considered representative for the modelled
period (inter-annual variations are neglected); rainfall and evapotranspiration is uniform
within recharge and evapotranspiration zones (no intra-zonal variability);

Large rainfall events do not have a lasting effect on the groundwater system;

Fortescue Marsh and Fortescue River do not have marked effects on groundwater flow
under prevailing conditions (other than being terminal discharge areas for groundwater)

Recharge effect of creeks in the ranges is included in fan and break of slope recharge
and aggregated in range outcrop recharge, occasional extreme flow conditions not
considered,;

Density-driven flow effects were not included (considered relevant in the Marsh area only)

The 30 m DEM is sufficient representation of ground surface for the regional-scale model
(undue/suspect deviations i i n 0 i- foen@ more accurate representation are noted in
the Fortescue Marsh area);

Homogeneous bulk hydraulic properties are applied for the major aquifer units considered
in this conceptual and numerical model;

Groundwater flow at a regional scale can be approximated with porous flow
characteristics;

The mining plan is as of July 2018, with small update in August 2018.
3.2 Re gional setting and hydrological knowledge

3.2.1 Study area

The study focuses on the eastern part of the Upper Fortescue Valley around the eastern
perimeter of the Fortescue Marsh in the Pilbara, approximately between 60 and 120 km north of
Newman.

The study area spans the southern slopes of the Chichester Range which hosts R H dnsining

RH&s operations on the nort he alsthepcrassextitbdratesoue t h e
Valley to the south, where the Stage 2 borefield and RMAR are situated, towards the Hamersley

Range at the southern edge of the Fortescue Valley.

The eastern limit of the area is broadly defined by the course of Fortescue River, the western
limit of the study area follows the catchment boundary (of the Coondiner Creek catchment area)
within the Fortescue Valley, crosses the eastern part of Fortescue Marsh and a major drainage
line within the Chichester Range. The boundaries of the study are set such that they are beyond
the assumed effects of R H dnsining operations. The receiving environment with the delineated
study area was shown in Figure 1-1.

3.2.2 Topography

The regional topography features two prominent east-west trending hilly structures, the
Chichester and Hamersley Ranges, separated by the east-west trending Fortescue River
Valley. The Marsh is a brackish to saline, endorheic wetland formed in the drainage terminus of
the Upper Fortescue River within the Fortescue Valley.

The main drainages in the area, the Fortescue River and the ephemeral creeks draining the
ranges, further sculpture the topography of the area by dissecting the range slopes and forming
relatively narrow catchment areas.

The Fortescue Marsh, at around 400 m AHD, or slightly below in places, forms the lowest points
in the study area. Outside of the Fortescue Marsh the valley terrain gently rises to elevations of
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450 m AHD before reaching approximately 550 m AHD in the Chichester Range and over 800
m AHD in the Hamersley Range (Figure 1-1).

3.2.3 Land systems

Western Australia Department of Agriculture and Food (DAFWA) surveyed the wider Pilbara
area for the purposes of land classification, and resource evaluation, based on topography,
geology, soils and vegetation.

Van Vreeswyk et al. (2004) grouped the land systems into land surface types using a
combination of more generic landforms, soils, vegetation and drainage patterns. This grouping
is useful for understanding ecological values of the region, for hydrogeological conceptualisation
and understanding features such as recharge, evapotranspiration and groundwater surface
water interaction, and for environmental impact assessment.

The land surface types found in the study area are described in detail in Appendix A and their
spatial distribution is presented in Figure 3-1.

The mining area is characterised by the expression of Newman, Jamindie and Turee systems.
The Newman system forms the hilly parts of the Chichester Range, with frequent outcrops and
shallow, stony soils supporting only spinifex grasslands. They gradate to hardpan plains with
low rises and widely spaced drainage features of the Jamindie and Turee systems. The soils
are often loamy with fractions of gravels and loose stones.

The remote borefield and MAR tenement extends over the Turee system in the north crossing
through Coolibah, Narbung systems around the perimeter of the Fortescue Marsh and along the
Fortescue River to the Fan system characterising the majority of the remote borefield (Stage 2)
area.

Active floodplains and alluvial plains along the Fortescue River with deep red cracking clays of
the Cooliba system supporting the woodlands of the species after which it was named represent
the depositional surfaces downgradient of the Turee system. They are complemented by flat
alluvial washplains with localised drainage and no defined channel structures of the Narbung
system with sandy duplex soils. The Fan system is characterised by groved Acacia shrublands
and banded vegetation on relatively flat washplains and gilgai plains with deep red loams.

3.24 Climate

The climate of the study area is semi-arid to arid, characterised by high temperatures and low,
irregular rainfall. Most rainfall occurs between December and March in association with tropical
cyclones and localised thunderstorms. Available meteorological stations in the area (e.g. 7151-
Newman; 5009-Marillana, 5023-Roy Hill) indicate that rainfall has a large degree of intra-annual
(within-year) and inter-annual variation. Mean annual rainfall may vary from 300 to 500 mm/yr;
however, in any given year the amount and timing of rainfall is unreliable (e.g. Simonic et al,
2015). Average annual pan evaporation is between 2,800 and 3,200 mm/yr (BoM website, map
coverages), which is an order of magnitude higher than the average annual rainfall.

During cyclones, daily rainfall events of between 70 and 400 mm/day have been recorded. This
usually results in a distinct peak in rainfall distribution over any given month. Cyclonic and other
large magnitude rainfall events are important for the generation of surface water flows and
groundwater recharge.

They are also responsible for periodic accumulation of water in the Fortescue Marsh. In general,
the rainfall of 75 mm/month often has a wetting effect (i.e. induce ponding) on the Fortescue
Marsh, while 30 mm/month is insufficient to generate any effect on the marsh (Rouillard et al.,
2015).
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3.25 Regional hydrology

Setting and key features

The Fortescue River is the main source of surface water inflows into the study area. Other
significant drainages include Coondiner Creek in the Hamersley Range, and Kulbee Creek /
Christmas Creek / Kulkinbah Creek in the Chichester Range (Figure 3-2).

The Upper Fortescue River, with a total catchment area of 16,281 km?, contributes significant
surface water flow volumes into the eastern end of the Marsh. These flows are largely derived
from upland areas, and delivered through numerous tributaries such as Homestead Creek,
Whaleback Creek and Jimblebar Creek (outside of the study area).

Since the completion of Ophthalmia Dam in December 1981, natural flows emanating from the
upper catchment have been partially attenuated. Downstream of Ophthalmia Dam, at the
entrance of the Fortescue River to Fortescue River Valley (Ethel Gorge), there is a major deltaic
feature.

The surface water hydrology is characterised by variable rainfall-runoff response with lower
rainfall-runoff response associated with deeper soils and flatter areas (the Fortescue Valley);
and higher rainfall-runoff response associated with steeper slopes and shallower soils (the
Ranges).

The drainages are better defined in the steeper part of the slopes of the Chichester and
Hamersley Ranges. They become less defined and braided or dispersed in flat areas at the
lower slopes. Following the major events they drain to the Marsh. Smaller events, do not
activate drainage to the Marsh, the flow terminates in smaller isolated pools (yintas) the
periphery of the Marsh.

Fortescue Marsh is a large episodically inundated samphire marsh, a terminal surface water
feature for surface water flows and groundwater. While it is dry most of the time, cyclonic rainfall
events cause occasional water ponding in summer months. It is almost 100 km long, however
only its easternmost extension is part of the evaluated study area. No published flood level data
is available for the Marsh. Examination of satellite imagery against ground elevation data
suggests that flood levels of approximately 407 m RL have occurred.

Stream flow

The drainage systems are ephemeral and flow in direct response to rainfall. Streamflow mainly
occurs during the summer months of December to March and is generally associated with the
major rainfall events such as the passage of tropical cyclones. Runoff can persist for periods of
weeks to months.

The Fortescue River flows are highly variable and while they are not gauged within the study
area, annual flows into the marsh from the Fortescue River catchment were estimated at
34 GL/a (Simonic et al, 2015).

Some of the larger ephemeral creeks also periodically bring water to the Fortescue Valley area.
Large alluvial fans were formed at their outlets to the valley. The most notable alluvial fan in the
study area is associated east and parallel with Coondiner Creek (spanning north from the
Hamersley Range), but smaller fans dot the landscape where the ranges meet the valley floor.

On the northern side of the study area minor surface water contributions from Christmas,
Kulbee, No Name and Kulkinbah Creeks are present, with examples of ephemeral inflows
exhibited by these creeks and their association with summer rainfall events shown in Figure 3-3.
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Figure 3-3: Ephemeral flows from the Chichester Range creeks as measured
during 2011 to 2013 (after Simonic et al, 2015 )

Catchment response

Catchment response to rainfall is attributable to catchment physical characteristics. Surface
water runoff is the result of excess rainfall, i.e. rainfall available for surface runoff after infiltration
and evaporation/evapotranspiration losses. Factors impacting the amount of runoff include

antecedent soil moisture conditions, duration and intensity of rainfall, in addition to landscape
characteristics.

Major flooding events are generally the result of large, intense cyclonic rainfall events, with

runoff coefficients varying significantly between rainfall events. Streamflow mainly occurs during
the summer months of December to March.

Surface runoff which follows larger rainfall and in particular summer cyclonic events takes place
as follows:

1 Hill-slope runoff

1 Channel flow (typical for RH mining area)
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1 Diverging flow (typical for RH Mining area)
1 Sheetflow.

The Marshds eastern basin forms part of the stud)
the majority of surface water flow to the Marsh, with a catchment area of approximately
31,000 km2.

Periodic flooding of the Marsh area is generally associated with cyclonic rainfall and runoff in the
summer months, with larger-scale inundation events (more than 20% of the marsh area)
estimated to occur once in every five years. The unusually large inundation experienced in April
2000 is considered to be a 1/1000 year event. The maximum flooding extent of the Fortescue
Marsh covers a total area of 210 km?2.

Inundation of the east and west basins may have different footprints for smaller events.
Accumulations of surface water along the marsh shores are known as yintas and form at low
topographic points. They are semi-permanent and fed by catchment inflows from the Chichester
Range.

3.2.6 Regional geology

Geology of the region has been described in a number of sources (Willis-Jones, 2018; Simonic
et al, 2015, Rouillard et al., 2015, MWH, 2009, Brandes de Roos and Youngs, 2010; Surrette
and Clark, 2010 and others.). The area is characterised by Archaean to Proterozoic geology
overlain by younger, predominantly Tertiary-age sediments and alluvial and colluvial deposits.

The early Proterozoic Hamersley Group, which consists of various metasedimentary rocks
including cherty banded iron formation, chert and carbonates interbedded with minor felsic
volcanic rock and intruded by dolerite dykes dominates the basement geology. The Hamersley
Group lies unconformably on the Archaean metasediments and metavolcanics of the Fortescue
Group.

The Fortescue Valley is an extensive sequence of Quaternary and Tertiary alluvial, colluvial and
lacustrine sediments overlying the Proterozoic basement, in particular weathered and fresh
dolomite and chert. The alluvial deposits increase in thickness away from the ranges towards
the Marsh.

A typical N-S geological section through the Fortescue Valley is shown in Figure 3-4 (Simonic et
al, 2015), which demonstrates the common configuration of the key lithological units within the
valley area and on its southern and northern flanks. The conceptualisation followed in this study
also considers an important clay layer which has not been specifically delineated in Figure 3-4.
This clay layer, at the base of Tertiary detritals overlies and confines the weathered dolomite
and separates it hydraulically from the overlying shallow aquifer hosted in Tertiary detritals and
alluvial sediments. The clay layer is considered in the sequence as shown in Appendix C.

The study area is intersected by several regional scale faults (Figure 3-5), however their impact
(if any) on groundwater flow is not well understood. Another set of faults cut in a SW-NE
direction and is expressed in the ranges on both sides of the Fortescue Valley. They are likely to
extend across the valley beneath the Tertiary/Quaternary cover. A series of dolerite dykes which
also trend SW-NE may occur in the study area. Dolerite dykes commonly constitute low-
permeability barriers to groundwater flow, however the thermal contact during their formation
can often increase the permeability of host rocks in the contact zone.

Surface geology of the study area is presented in Figure 3-6.
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3.2.7 Groundwater

Major aquifer systems

The regional aquifer system in the Fortescue Valley is hosted in Tertiary detritals and the
underlying Wittenoom Formation (dominated by dolomite of the Paraburdoo Member). Tertiary
calcrete or pisolitic limonite formed within valley-fill sequences are both often highly permeable.
The flanks of the valley rise into ranges comprising fractured-rock aquifers of low permeability
and storage. In places, these basement rocks have more transmissive sections associated with
orebodies and form localised aquifers.

The extent of these orebody aquifers and their connectivity with larger groundwater flow
systems may be enhanced by faulting or erosion or other structural features, and as such can
vary widely and is site specific.
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Figure 3-4: Conceptual geological section across the Upper Fortescue River
Catchment ( adapted from  Simonic et al., 2015)

The Chichester Range comprises Cainozoic alluvial and detrital sediments, Hamersley Group
Marra Mamba Formation and Fortescue Groupds younc_

Hydrogeologically productive and transmissive Nammuldi Member is the basal unit of Marra
Mamba Formation and is 10 to 60 m thick. Its thickness is assumed to be progressively reduced
on the southern flanks of the Chichester Range and may also thin out or erode in the drainage
systems of creeks intersecting the Chichester Range. It overlies the Roy Hill Shale, the
uppermost member of the Jeerinah Formation. The Nammuldi member has high hydraulic
permeability in supergene zones and forms a discontinuous aquifer. Unmineralised Marra
Mamba Formation has generally low storage and permeability.

The Fortescue Valley comprises a sequence of Quaternary and Tertiary sediments which
generally overlie the weathered and fresh dolomite of the Wittenoom Formation. The area also
hosts large expressions of calcrete which is ascribed to Oakover Formation, however there can
be several calcrete horizons within the sequence. The base elevation of the Tertiary calcrete is
generally at 400 m AHD, consistent with deeper parts of the Fortescue Marsh ground surface.
Calcrete-described occurrences in the Fortescue Marsh area also often form surficially or sub-
surficially expressing hardpans or claypans which facilitate ponding of surface water or rainfall
during major rainfall events.

Tertiary detritals comprise silty and clayey playa deposits, with low permeability clay at the

base. Their thickness increases towards the vall eyq
rather homogeneous clay layer present at the base of detritals with thickness of 10 to 20 m has

likely confining effects on the underlying weathered dolomite aquifer (pumping tests conducted
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in the weathered dolomite aquifer did not induce any significant response from the overlying
shallow aquifer, e.g. Johnston K and R Hamilton, 2018); and its base is generally at 380 m
AHD.
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Figure 3-6: Surface geology
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Alluvial fans are also a notable feature in the Cainozoic landscape and occur at the outflows of
creeks from the Ranges (e.g. Coondiner Creek in the Hamersley Range and Christmas Creek in
the Chichester Range).

The upper section of the Wittenoom dolomite is weathered and often karstified and sometimes
erroneously described as Ocalcret emayconfaml omi te i s
manganese which weathers into localised black manganiferous clay. Depth of weathering is

variable but the available logs suggest that weathering ceases at an elevation of 350 to 360 m

AHD, suggesting an average thickness of the weathered dolomite unit being 20 to 30 m.

The pre-Cainozoic landscape is intersected by regional faults which may have influence on
groundwater flows and salinity contrasts. The faults may be accompanied by dolerite dykes
which could facilitate localised compartmentalisation.

The bedrock geology of the Fortescue Valley is offset against the basement rocks of the
Hamersley Range to the south of the of the assessment area. This contact is a regional fault
system, the part of which is known as the Poonda Fault System. The Wittenoom Formation in
this part of the assessment area is offset against the upper members of the Hamersley Group
sequence, including the low-permeability Mt McRae and Mt Sylvia Formations.

Detailed stratigraphy of the study area is summarised in Appendix B and indicative cross-
sections are available in Appendix C.

Hydraulic properties

The aquifer units in the area generally show high variations in hydraulic properties, namely
hydraulic conductivity (K) or transmissivity (T), specific storage (Ss) and specific yield (Sy).
Parameterisations of individual aquifer units has been reported in previous modelling reports
both for the Chichester Range (mining footprint) and the Fortescue Valley area (e.g. Willis-
Jones, 2018; Brandes de Roos and Youngs, 2010, MWH, 2009).

Indications from existing dewatering at RH mining tenement are that permeability of some of the
units (e.g. Nammuldi Member) has been previously underrepresented in some parts of the
mining footprint and needs to be adjusted. This seems to be consistent with some results
obtained from Stage 1 Borefield (MWH, 2015) and also from other hydrogeological
investigations in similar hydrogeological conditions. Johnston and Hamilton (2018) suggest that
some of the previously considered aquifer parameters in the RMAR area are higher than
previously considered.

Aquifer hydraulic parameters from the mining tenement are adopted as per RHIO6 s dewat er i n¢
model (Willis-Jones, 2018), and their values updated in August 2108 (Firmani, personal

communication). The adopted value for the resource part and initial estimates for the RMAR

area are provided in Table 3-1. Hydraulic parameters were subsequently adjusted, where

needed, during the calibration runs.

Groundwater recharge

Groundwater recharge is associated with major cyclonic events that are episodic and relatively
short-lived resulting in some short-term mounding within the shallow groundwater system. The
major component of recharge during the majority of inter-cyclonic events is lateral inflow from
the ranges, with the majority of the valley sediments not recording any significant recharge
during those times.

Ponding in the marsh is facilitated by the presence of presumably low permeability clay and
silcrete/calcrete hardpans in the surficial sediments of the marsh. While it has been previously
asserted that accumulated water in the marsh feeds the surficial alluvial deposits where more
permeable material in the ponding surface occurs in some areas of the Marsh facilitating the
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seepage of flood waters into the sub-surface it is quite likely that ponding occurs because water
levels in surficial sediments also rise during large scale rainfall events.

Table 3-1: Summary of hydraulic parameters for the study area

I S TN e T £

Alluvium 01_Alluvials 0.00001

(Quaternary

cover)

Tertiary 02_Detritals, 02b_Calcrete, 0.01 to 6 0.001 to 0.00001 0.02

Detritals 02c_Detritals_downstream, 0.6 t0 0.2

(clay, 02d_detritals_under_creek,

calcrete) 03_Detritals_DID

Nammuldi 04_HNAM, 05_ONAM, 1.7 to 40 0.17to40 0.00001to 0.01

Member 06_SONAM, 0.00005 to

(part of 07_NAM_BIF, 0.12

Marra 07_NAM_BIF_undiff,

Mamba Fm) 07_NAM_BIF_Zulu_area

Jeerinah Fm  08_Jeerinah, 0.045 to 0.0045to1 0.000001to 0.01

08_Jerr_under_creek 10 0.00001 to

0.05

Weathered n/a 5to 50 0.5to 25 0.00001 0.02

dolomite to
0.05

Dolomite n/a 0.01 0.01 0.000001 0.005
to
0.01

The recharging effect of the Marsh inundation and contributions from creek and river flows (if
present) are relatively short-lived since the rising groundwater is rapidly lost to
evapotranspiration in the groundwater discharge zone.

In the Chichester Range, the Marra Mamba Formation outcrops receive direct recharge from
higher magnitude rainfall events. Intense rainfall may not result in substantial infiltration in the
hills due to the sloped land surface, but is likely to cause surface runoff that infiltrates into the
ground when it reaches the break-of-slope areas or within the permeable sections of the
drainage lines. The latter is probably evident in the hydrograph of RHPZ0012, located close to
the Kulkinbah Creek which recorded several water level peaks after 2008, 2010 and 2011
rainfall events with daily rainfall exceeding 50 mm.

Recharge is expected to be enhanced in outcrop and subcrop zones near (and south of) the
Chichester Rangeb6s break of sl ope, where the
alluvial fan systems extending to the Fortescue Marsh, most notably along the Christmas Creek.
These break-of-slope regions include outcrop/subcrop with drainage-incisions resulting in direct
connection between surface water and aquifers. Willis-Jones (2018) presented a hydrograph of
RHPZ0010, situated at a break of slope area but screened in Marra Mamba, which recorded
water level rises following large rainfall events between 2005 and 2012. The bore recorded four
major water level rises during that period, ranging to up to two metres. This marked response is
not reciprocated in bores which are more proximal to the Fortescue Marsh (for example
RHPZ0022B), possibly due to the thickening of alluvial sediments which will a dampening effect
on recharge pulses.

Chi c

The high-level recharge calculation is based on lithological units. An estimate of recharge rates
and volumes is presented in Table 3-2:
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Table 3-2: Recharge rate and volume estimates

Zone Area (km?2) Proportion | Recharge (GL/yr

of rainfall
(%)

Chichester Range, basement 577 3 1 1.7
outcrops and subcrops

Chichester Range break of slope, 180 11 4 2.0
alluvial fans
Hamersley Range, basement 289 3 1 0.9

outcrops and subcrops

Hamersley Range, break of slope, 200 11 4 2.2
alluvial fans

Alluvium/colluvium cover (valley) 2,800 Oto 2 0to 0.5 0 (to 5.6)
Fortescue Marsh footprint and 439 +214 O 0 0

claypan/ hardpan 0

Total 6.8 (to 12.4)
L7 The total study area covers 4,622 km?, however the marsh footprint is not used in recharge estimate calculation

Groundwater levels and flows

Groundwater flow directions are oriented towards the Fortescue Marsh in a concentric radial
manner (Figure 3-7). Groundwater flow gradients are highest at the margins of the Fortescue
Valley reflecting increasing topographic elevations and shallower depth to low permeability
basement. In the Fortescue Marsh area, the groundwater flow gradients become gradually
smaller and are considered to be significantly slowing down the groundwater flow rates.
Groundwater is eventually removed by evapotranspiration when it becomes close to the ground
level on the fringes of the marsh.

Ponding in the marsh is assumed to be facilitated by the presence of relatively low permeability
clay and silcrete/calcrete hardpans in the surficial sediments of the marsh. Accumulated water
in the marsh feeds the surficial alluvial deposits where more permeable material in the ponding
surface occurs in some areas of the Marsh expediting the seepage of flood waters into the sub-
surface. While the exact locations of seepage points are unknown, the CSIRO work (Barron,
2013) suggests the connectivity may be present in patchy areas with vegetation that is known to
use groundwater.

This mode of flow resulted in accumulation of salts and formation of brines in the Marsh area.
The dense contrasts between the brine and the incoming freshwater from the Ranges forces
fresh water to move against the saline interface and towards the surface. The concentration of
brines is estimated to be up to 100 to 150 g/L.

Flow (and salinity) characteristics are also likely to be influenced by contribution of water from
alluvial fans emanating from the ranges, and possibly by other undefined structural features.
There appears to be a significant freshwater front from the south intruding into a body of saline
water in its flow north to northeast towards to Fortescue Marsh (Figure 3-7), which shows some
apparent correlation to SW-NE structural features running across the assessment area.

Depth to groundwater varies being the shallowest beneath the Fortescue Marsh. It becomes

deeper towards the flanks of the Fortescue Valley and in the adjacent ranges. While the marsh
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