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Executive summary

A hydrologic assessment was required in order to form a baseline understanding of surface water
behaviour within and surrounding the East Pilbara Generation Hub (EPGH) Wind Farm 1 (WF1) and
Wind Farm 2 (WF2) areas (the study area). The baseline hydrologic assessment is intended to support
preliminary layout/design of infrastructure and initial regulatory approval submissions.

The EPGH site is located 100 km east of the Iron Bridge mine site. This will allow renewable energy to
be efficiently inserted into Fortescue’s existing transmission network, through the Iron Bridge and
North Star Junction substations. Two wind farm locations are proposed, situated in the headwaters of
the Camel Creek catchment (WF1) and Yandicoogina Creek (WF2), part of the De Gray River basin. The
wind farm site will be supported by other infrastructure including an infrastructure corridor running
north along Marble Bar Road, to connect the proposed site to porting facilities, and energy
transmission corridors to the west.

As there are no streamflow gauges in the EPGH project area, regional characterisation of the rainfall-
runoff relationship was undertaken through Flood Frequency Analysis (FFA) of two nearby streamflow
gauges at Marble Bar and Nullagine, as well as the development of two RORB rainfall-runoff models of
the same catchments. This resulted in the validation of a set of empirical loss model parameters for
use in the hydrologic analysis of the study area catchments.

Rainfall-runoff and hydraulic behaviour predictions for the base (existing) case in the study area were
undertaken using two rain-on-grid TUFLOW hydraulic models. Design rainfall events including the
50%, 20%, 10%, 5%, 2% and 1% AEP events were assessed for the WF1 and WF2 study areas. Only
conceptual wind turbine layouts were provided by FFl at the time of the assessment, and it was shown
that the conceptual locations were typically outside the 1% AEP peak flood extent, particularly on the
main creek systems. Some conceptual turbine locations were shown to be within the predicted flood
extent on minor creek systems within WF1, with some locations in WF2 shown to be in more
significant flowpaths. It is expected the results of this baseline hydrologic assessment will inform
turbine location optimisation as the design process matures.

Sensitivity analysis was also undertaken to predict peak flood behaviour sensitivity to the predicted
impacts on rainfall in the 2050 future climate scenario. This sensitivity was assessed for both the 1%
AEP 2050 RCP4.5 and RCP8.5 scenarios. Model results predicted that increases in peak flood levels
were typically below 200 mm for most of the study area, even in the RCP8.5 scenario. Similarly,
assessment of model results to increased floodplain roughness was also undertaken, with model
results showing similar increases in peak flood levels. As a result, it is expected that the uncertainties
and associated risks relating to future climate hydrologic uncertainty and the exact floodplain
roughness across the study area and could be mitigated by adoption of a standard design freeboard
of 300 mm.

East Pilbara Generation Hub Advisian 7
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Acronyms and abbreviations

Definition

Acronym/abbreviation

1D One-dimensional

2D Two-dimensional

AEP Annual Exceedance Probability

AHD Australian Height Datum

AM Annual Maximum

ARF Areal Reduction Factor

ARR1987 Australian Rainfall and Runoff (1987)
ARR2019 Australian Rainfall and Runoff (2019)
BoM Bureau of Meteorology

CL Continuing Loss

DEM Digital Elevation Model

DWER Department of Water and Environment Regulation
EPGH East Pilbara Generation Hub

FFA Flood Frequency Analysis

FFI Fortescue Future Industries

IFD Intensity Frequency Duration

ILg Burst Initial Loss

ILs Storm Initial Loss

LPHI Log Pearson llI

MRWA Main Roads Western Australia

PILF Potentially Influential Low Flows

RCP Representative Concentration Pathway
RFFA Regional Flood Frequency Analysis
RFFE Regional Flood Frequency Estimation Model
RFFP Regional Flood Frequency Procedure
SILO Scientific Information for Landowners
TEC Threatened Ecological Communities
WEF1 Wind Farm 1

East Pilbara Generation Hub
0: EPGH-HYD-REP-001

Advisian 8



Acronym/abbreviation Definition

WEF2 Wind Farm 2
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1 Introduction

Background

Fortescue Future Industries, a wholly owned subsidiary of Fortescue Metals Group, is leading the
company's decarbonisation and green product export agendas by developing a portfolio of projects,
centred on producing renewable energy and other value-adding green export products, primarily
hydrogen and ammonia. This portfolio of projects proposes to achieve 100% decarbonisation of
Fortescue's operations by 2030.

A key element to achieving this objective is the proposed East Pilbara Generation Hub (EPGH), which
will support development of a combination of wind and solar power generation. This will allow
renewable energy to be transmitted back into Fortescue’s power network, to decarbonise existing iron
ore operations and provide renewable energy to support the potential for large-scale conversion to a
hybrid hydrogen electric fleet.

The identified EPGH site (the focus of this study) is located 100 km east of the Iron Bridge mine site.
This will allow renewable energy to be efficiently inserted into Fortescue's existing transmission
network, through the Iron Bridge and North Star Junction substations. The site sits within both a native
title determination area (Nyamal People #1) and an undetermined area the subject of a registered
native title claim (Nyamal #1). The entire area is on the Corunna Downs pastoral lease. Two wind farm
locations are proposed, Wind Farm 1 (WF1) is situated in the headwaters of the Camel Creek
catchment and Wind Farm 2 (WF2) is situated in the headwaters of Yandicoogina Creek, part of the

De Gray River basin. The wind farm site will be supported by other infrastructure including an
infrastructure corridor running north along Marble Bar Road, to connect the proposed site to porting
facilities, and energy transmission corridors to the west.

A hydrologic assessment is required in order to form a baseline understanding of surface water
behaviour within and surrounding the WF1 and WF2 areas (the study area) as presented in Figure 1-1.
The proposed transmission corridor is to be assessed in later studies and does not form part of this
assessment (although regional hydrologic characterisation works undertaken in this study include the
Coongan River crossing of the transmission corridor). This baseline hydrologic assessment will support
preliminary layout/design of infrastructure and initial regulatory approval submissions.

This report provides a summary of the baseline hydrologic assessment works including site
characteristics, design event hydrology and hydraulic modelling results.

Scope of works
The scope of works for this assessment are:

1. Review existing publicly available and Fortescue generated hydrological data, surrounding
environmental settings, potential sensitive receptors nearby, that would inform the development
of the hydrological models and model boundaries, as in Task 2.

2. Develop hydrological/hydraulic models for surface water catchment/s for surface water
assessment and quantification of stream flow resulting from rainfall-runoff.

a. The assessment methodologies shall comprise of regional and rainfall-runoff routing
methods/models including the Regional Flood Frequency Procedure (RFFP), Regional Flood

East Pilbara Generation Hub Advisian 10
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Frequency Estimation tool (RFFE), RORB and TUFLOW, determined to be appropriate for the
complexity of the hydrological regime of the catchment area, and the objectives of the study.

b. The assessment shall determine the critical rainfall duration and temporal rainfall patterns, and
flood estimates at the locations of interest for the purpose of regulatory reporting.
Additionally, critical duration and temporal patterns shall be determined, or models
developed that would enable future their determination, for localised proposed infrastructure
areas such that future design work can be performed.

c. The assessment shall be performed for design rainfall events ranging from 50% to 1% Annual
Exceedance Probability (AEP), as well as implications from climate change.

d. The assessment shall be performed in accordance with the guidelines of the latest (2019)
version of Australian Rainfall & Runoff (ARR2019) (Ball et al., 2019).

e. The extent of the hydrological/hydraulic model/s shall consider the proposed transmission
corridor and any sensitive surface water receptors such that the baseline models can be used
to inform future surface water impact assessments.

Calibrate/verify the hydrological model, or parameters thereof within the model, where data exists.

4. Develop a baseline hydrological assessment report documenting the catchment setting and
surrounding environment, methodologies, justification for suitability of the adopted
methodologies and model parameters, and results including flood mapping (flood depth and
velocities) of the area for the 20%, 5% and 1% AEP design rainfall events, suitable for regulatory
approval submission (this document).
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2 Information and data

FFl provided information

A summary of the key information provided by FFl for this assessment is presented in Table 2-1.

Table 2-1: Data utilised in this assessment

Data / Information Description File / Format

Aerial Imagery and Topography

1 m photogrammetrically
derived DEM captured PIL_ELEV_FMG_FFI_1M_DEM_FEB2022 tif
February 2022

Digital Elevation
Model (DEM)

Planning

EAST_PILBARA_DEV_ENV_REV2.DXF
EAST_PILBARA_PHASE1.DXF
EAST_P_DEV_ENV_REV2_CORUNNA.DXF

Proposed project

Development areas
development areas

Indicative wind turbine

Infrastructure layout
layout

EP_All_Towers_DevEnv.shp

Background Information

Reports Nil

As shown in Figure 2-1, the Digital Elevation Model (DEM) extends for a significant distance outside
the project area and includes most of the proposed transmission corridor to Iron Bridge.

Publicly available data

Hydrology datasets including stream gauging and rainfall data were sourced from the Department of
Water and Environmental Regulation (DWER), Bureau of Meteorology (BoM), and ARR2019 Datahub.
These datasets are described in Section 4.
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3 Catchment characterisation

The hydrologic behaviours of the contributing catchments to the Study Area are governed by the
climate and physical characteristics of the catchment. This section provides a description of the
catchment characteristics that informed the hydrologic and hydraulic modelling.

Catchments

The Study Area is located in the headwaters of Cane Creek (a tributary of Coongan River) and
Yandicoogina Creek (a tributary of Talga River). Talga River discharges into the Coongan River
approximately 55 km downstream of the Study Area, with the Coongan River ultimately discharging
into the De Grey River.

The main creek systems of the Study Area are presented in Figure 3-1. The contributing catchments of
the Study Area drain generally in a northwesterly direction. General catchment characteristics for the
main creek systems contributing to the Study Area are presented in Table 3-1.

Table 3-1: Study Area catchment details

Area Mainstream Cen.troid Cent.roid EA slope Shape

Catchment Name (km?) Length Latlotude Long:tude (m/km) Fa<2:tor,
(km) (°s) (°E) L*/A
Emu Creek 412 40.01 21.57 119.99 2.50 4.60
Ram Creek 69.8 16.90 21.47 119.91 332 4.09
Camel Creek 51.5 18.06 21.46 119.95 367 6.33
Sandy Creek 161 27.03 21.49 120.05 413 454
Yandicoogina Creek 173 30.63 21.44 120.15 3.88 5.42
Cattle Creek 54.2 15.17 21.36 120.17 327 424
Soak Creek 58.5 14.99 21.31 120.20 3.55 3.84

Climate

The Pilbara climate is characterised by very hot summers, mild winters and low and variable rainfall
(Sudmeyer, 2016). The BoM Koppen climate classification system (Stern et al., 2000) defines the Study
Area as a hot desert area with winter drought. Rainfall therefore occurs predominantly in the summer
wet season (approximately November to March) from passing ex-tropical cyclones and low-pressure
systems localised isolated convective thunderstorm activity. Owing to these mechanisms, rainfall is
highly variable and extended periods of low rainfall are common.

Point data has been obtained from the Scientific Information for Landowners (SILO) database to
enable long term review of rainfall and evaporation data. SILO is a database of Australian climate data
from 1889 to the present. It provides daily meteorological datasets for a range of climate variables in
ready-to-use formats suitable for biophysical modelling, research and climate applications. SILO
datasets are constructed from observational records provided by the Bureau of Meteorology. SILO

East Pilbara Generation Hub Advisian 15
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interpolates the raw data, which may contain missing values, to derive datasets which are both
spatially and temporally complete.

The variability of rainfall is demonstrated in Figure 3-2 with mean monthly and annual rainfall totals at
Marble Bar (ID: 004020). The annual rainfall average (360.8 mm) is provided for the October to
September water year. Mean monthly pan evaporation for Marble Bar (available from 1970 onwards)
consistently exceeds mean monthly rainfall, signifying a water limited environment (Table 3-2).
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0: EPGH-HYD-REP-001



-01491_F3-1_STUDYCATCHS_RevB.mxd

Hydrology\5_Engineering\HY-Hydrology\3_GIS\4_Mapping\_ReportMaps\MXDs\311012

ISSUED FOR INFORMA:I'ION Org: PC__ Chk: PC

-01491_FFI_EPGH_Baseline

I\Projects\311012

7/10/2022 Rev: A

Sandy Creek

Emu Creek

R.
pon Hilg Ry

Yandicoogina
Creek

EAST PILBARA GENERATION HUB
BASELINE HYDROLOGY STUDY

FIGURE 3-1

STUDY AREA CATCHMENTS

Legend

[] WF1 Overall Hydrologic Study Area
[] wF2 Overall Hydrologic Study Area
:] Main Development Area Catchments
Project Development Envelope
State Road

— Local Road

Miscellaneous Road

3% Proposed Wind Tower Location
Major Waterway
Minor Waterway

Shuttle Radar Topography Mission DEM (mMSL)
- High : 750

- Low : 150

© Advisian Pty Ltd While every care is taken to ensure the
accuracy of this data, Advisian makes no representations or
warranties about its accuracy, reliability, completeness or suitability
for any particular purpose and disclaims all responsibility and all
liability (including without limitation liability in negligence) for all
expenses, losses, damages (including indirect or consequential
damage) and costs which might be incurred as a result of the data
being inaccurate or incomplete in any way and for any reason.

Coordinate System: GDA 1994 MGA Zone 50
Projection: Transverse Mercator

Datum: GDA 1994 N
False Easting: 500,000.0000 A
Scale at A3 - 1:250,000
0 35 7 10.5 14
I T
Kilometers

REGIONAL LOCATION

MARBLE BAR

NULLAGINE

Sources: Esri, HERE, Garmin, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong
Kong), Esri Korea, Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User




-01491_F3-2_CLIMATE_RevB.mxd

Hydrology\5_Engineering\HY-Hydrology\3_GIS\4_Mapping\_ReportMaps\MXDs\311012

ISSUED FOR INFORM;\TION Org: PC__Chk: PC

-01491_FFI_EPGH_Baseline

I\Projects\311012

17/10/2022  Rev: A

SILO Climate Data Point Location

Marble Bar004020

X

Ripon Hijls ry
[
%
1
S
WEF2

WF1

EAST PILBARA GENERATION HUB
BASELINE HYDROLOGY STUDY

FIGURE 3-2

STUDY AREA CLIMATE DATA

Legend

@ Climate Data Gauge Site
Project Development Envelope
—— State Road
— Local Road

Miscellaneous Road

4%  Proposed Wind Tower Location
Major Waterway
Minor Waterway

© Advisian Pty Ltd While every care is taken to ensure the
accuracy of this data, Advisian makes no representations or
warranties about its accuracy, reliability, completeness or suitability
for any particular purpose and disclaims all responsibility and all
liability (including without limitation liability in negligence) for all
expenses, losses, damages (including indirect or consequential
damage) and costs which might be incurred as a result of the data
being inaccurate or incomplete in any way and for any reason.

Coordinate System: GDA 1994 MGA Zone 50
Projection: Transverse Mercator

Datum: GDA 1994 N
False Easting: 500,000.0000 A
Scale at A3 - 1:500,000
0 7 14 21 28
I T
Kilometers

REGIONAL LOCATION

[ MARBLE BAR

NULLAGINE

Sources: Esri, HERE, Garmin, USGS, Intermap, INCREMENT P, NRCan, Esri Japan, METI, Esri China (Hong

Kong), Esri Korea, Esri (Thailand), NGCC, (c) OpenStreetMap contributors, and the GIS User




Table 3-2: Monthly evaporation and rainfall data (BoM, 2022)

Mean pan
evaporation
(mm) at
Marble Bar*

339 365 374 338 279 289 245 199 161 172 211 264 3,237

Mean rainfall
(mm) at 36 9.1 38.5 828  83.1 59.9 204 217 233 11.6 55 13 360.8
Marble Bar

Highest

; 1163 712 3149 3465 3472 4354 2373 1867 2009 1339 889 529 7979
Rainfall (mm)

Lowest

. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 424
Rainfall (mm)

Median

) 0.0 33 203 572 667 282 35 46 6.9 0.9 0.0 0.0 3427
Rainfall (mm)

Highest
Daily Rainfall 843 605 1504 1516 1214 3048 1688 914 1046 1056 73.1 304 3048
(mm)

Mean no.
rain
days > 10
mm

0.1 0.3 1.1 2.5 2.5 15 0.5 0.6 0.7 0.3 0.2 0.0 9.8

*Pan evaporation data (since 1970)

Soils

Soils within the Study Area are variable, with stony soils dominating the headwater areas which consist
of the predominately hillier terrain in the Nullagine Hills Zone (Tille, 2006). This consists of Stony soils
with Red shallow loams and sands with spinifex grasslands with kanji and snappy gum.

The lower plains of the study are typified by the Abydos Plains and Hills Zone. This includes Red deep
sandy duplexes and Red shallow loams with Stony soils, Red sandy earths and Red loamy earths.
Vegetation consists of typically Spinifex grasslands with kanji (and some tussock grasslands).

The key soil landscapes of the Study Area are presented in Figure 3-3.

East Pilbara Generation Hub Advisian 19
0: EPGH-HYD-REP-001



EAST PILBARA GENERATION HUB
BASELINE HYDROLOGY STUDY

FIGURE 3-3

REGIONAL SOIL MAPPING

Legend

D WF1 Catchment

D WF2 Catchment
Project Development Envelope
State Road

— Local Road
Miscellaneous Road

3% Proposed Wind Tower Location

Major Waterway

— Minor Waterway

Soil Group

- Calcareous shallow loam

[ Red deep sand

- Red deep sandy duplex

| Red shallow loam

" Red shallow sand

|| Red/brown non-cracking clay

- Stony soll

© Advisian Pty Ltd While every care is taken to ensure the
accuracy of this data, Advisian makes no representations or
warranties about its accuracy, reliability, completeness or suitability
for any particular purpose and disclaims all responsibility and all
liability (including without limitation liability in negligence) for all
expenses, losses, damages (including indirect or consequential
damage) and costs which might be incurred as a result of the data
being inaccurate or incomplete in any way and for any reason.

Coordinate System: GDA 1994 MGA Zone 50
Projection: Transverse Mercator

Datum: GDA 1994 N
False Easting: 500,000.0000 A

-01491_F3-3_SOILS_RevA.mxd

Scale at A3 - 1:250,000
3.5 7 10.5 14

Kilometers

REGIONAL LOCATION

~ MARBLE BAR

o
—
o
—
—
(3]
—
7
[a)
x
>
=
73
Q.
©
=
el
ol
o
[oN
[J]
[~4
~
[=2
£
Q.
Q.
©
2|
2
2
kDI
2
>
(o2
o
o
=
°
>
T
>
s
=
(=)
£
=
(]
(]
£
D
c
-
2
>
(o2
ke
o
=
°
>
juny

)
o
<
ey
()
@)
o

S
O
=z
]
=
=
x
(@]
o
Z
o
(@]
w
o
w
>
%]
4]

~ | ®NULLAGINE

-01491_FFI_EPGH_Baseline

Source: Esri, Maxar, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN,
and the GIS User Community

FORTESCUE

e Advisian

Werley Group

I\Projects\311012
15/08/2022 Rev: A




Infrastructure
Existing infrastructure within the Study Area is limited to:
e Marble Bar Road;
e Local access tracks; and

e Small regional airstrips located at Corunna Downs and Corunna Downs 2.

Environmental and cultural values

Flows through the Study Area support environmental habitats including within the riparian corridors.
Although unlikely, potential changes to surface water flows downstream of the proposed renewable
energy activities due to proposed infrastructure has the potential to impact vegetation in the
respective communities. There are no Threatened Ecological Communities (TEC) within the study area
according to the Department of Water and Environmental Regulation (DWER) mapping data.

The site sits within both a native title determination area (Nyamal People #1) and an undetermined
area the subject of a registered native title claim (Nyamal #1). The entire area is on the Corunna Downs
pastoral lease.
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4 Regional rainfall-runoff characterisation

Background

Several hydrologic modelling approaches were used to aid in characterising design event discharges
and ultimately hydraulic behaviours in the Study Area. To enable the best estimate of empirical loss
model parameters for the design event hydrologic assessment in the study area, characterisation of
the regional rainfall-runoff relationship was undertaken using the surrounding gauged watercourses.
This approach used Flood Frequency Analysis (FFA) and two RORB rainfall-runoff models. This
approach is recommended by ARR in preference to regional estimates obtained from the ARR Datahub
(Babister et al., 2016)

Each of the hydrologic modelling approaches, input parameters, methodology and results of each of
the approaches are presented in the following sections.

Flood frequency analysis

Historic streamflow gauging records from the Coongan River and Nullagine River catchments were
available to aid in regional characterisation of catchment response to rainfall.

These data were analysed to produce FFA quantiles. These quantiles were then compared to the RORB
hydrologic model Monte Carlo peak flow quantiles for the same locations to derive a best estimate of
empirical loss parameters for use in the study area.

4.2.1 Historic streamflow data

A summary of the DWER streamflow records utilised in this assessment is presented in Table 4-1.
Gauge locations and associated catchment areas are presented in Figure 4-1.

The FFA was undertaken for the gauged data using the TUFLOW FLIKE FFA software using Annual
Maxima (AM) data for respective water years (October to September). There is a reasonable length of
record available at the gauges (26-56 years) with only small periods of missed recordings.

The gauges have daily maximum discharge recordings available which were used to derive the water
year AM for use in the FFA.

Table 4-1: Stream gauges used in this assessment

Catchment Area

DWER Stream Gauge (from DWER) Start Date End Date Water Years
(km?)
Coongan River — Marble Bar
7 11/12/1 -
(710204) 3,736 /12/1966 56
Nullagine River - Nullagine
(710004) 875 13/03/1997 - 26
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4.2.2 Streamflow data review

Upon undertaking the FFA analysis, review of all publicly available information was undertaken for
each of the gauge sites.

Both gauging sites are typified by mobile alluvial beds, however Marble Bar site does show a mixture
of alluvium and a stable rock base (including what appears to be a scour hole adjacent to the gauge in
aerial imagery). This means there may be some variability in the relationship between gauge height
and a corresponding flow estimate (rating curve) that are derived from manual ratings at different
times. An example of this is presented in Figure 4-2, with all historic rating curves at the Marble Bar
gauge site presented for flows up to 300 m3/s.

Example of difference in gauge
height for same flow rating

This can impact low magnitude flow estimates based on variances in alluvial aggradation at the gauge
site before, during and after each flow event.

Both sites have had relatively low manual flow ratings undertaken when considered in the context of
design flows of this study. This is typical for the gauges in the Pilbara where access to gauge sites
during times of flood is difficult due to safety considerations and low flood immunities typically
associated with regional roads. The largest manual ratings at each site are:

e 295 m3/sin 1971 at Marble Bar

e 4 m3/sin 2018 at Nullagine

This means that there is significant extrapolation from manually rated flows up to the rare events
assessed in this study based on a DWER derived rating curve (derived typically from DWER modelling).

Most of the AM flow events recorded at the gauging sites are noted by DWER as having a relative
uncertainty of +/- 20%.
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No detailed topographic data was available of the gauge sites and surrounding areas to enable a
validation of the DWER rating curves to estimates derived from detailed two-dimensional hydraulic
modelling results.

4.2.3 Periods of missed recordings

Manual review of periods of missed recording were undertaken for both gauges. This resulted in the
1967, 1972 and 1978 water years being excluded from the analysed Coongan River record due to large
periods of missed recordings over the peak wet season. The first incomplete 1997 water year for the
Nullagine River gauge record was also excluded.

424 Low flow censoring

Runoff in the Study Area is ephemeral, mostly in direct response to rainfall and is therefore highly
seasonal and variable. This means that there are often years in which there are no floods. The annual
maximum records from these years are therefore not representative of the population of floods and
can unduly influence the fit of the right-hand tail (larger magnitude events) of the frequency
distribution. These lower magnitude flows are often referred to as Potentially Influential Low Flows
(PILF). Censoring of PILFs was undertaken for the gauge record using the multiple Grubbs-Beck test as
described in Book 3 Chapter 2 ARR2019 (Ball et al., 2019).

The PILF threshold derived from the multiple Grubbs-Beck test was then manually adjusted by trial and
error for an appropriate low flow threshold until a satisfactory fit was achieved in the right-hand tail
with consideration to expected growth in the rare to very rare event range. This resulted in a PILF
threshold of:

e 53.5 m3/s at Marble Bar (6 years of data out of 52 available years)

e 11.9 m3/s at Nullagine (5 years of data out of 24 available years)

425 FFA results

The FFA results for each gauge are presented in Appendix A whilst tabulated results are presented in
Table 4-2. Data for both sites were fit using the Log Pearson Ill (LPIIl) probability model and
L-Moments inference method.

Table 4-2: FFA quantile estimates

50% AEP  20% AEP 10% AEP 5% AEP 2% AEP 1% AEP

DWER Stream Gauge

(m3/s) (m3/s) (m3/s) (m3/s) (m3/s) (m3/s)
Coongan River — Marble Bar
(710204) 508 1,148 1,736 2,463 3,721 4972
Nullagine River - Nullagine 237 734 1,161 1,593 2,140 2,522
(710004)
East Pilbara Generation Hub Advisian 25

0: EPGH-HYD-REP-001



Regional rainfall-runoff modelling

Rainfall-runoff modelling software RORB (version 6.45) was used to simulate rainfall-runoff in the
regional Coongan River and Nullagine River catchments for a range of Annual Exceedance Probability
(AEP) events.

As these regional watercourses do not flow through the Study Area, the RORB modelling was used as a
basis to derive and validate empirical loss model parameter estimates for both catchments to derive a
regional relationship to inform loss selection in the study area (where no streamflow gauges are
located to allow for a localised assessment).

The two RORB models were set up with the outlets at the respective streamflow gauge sites. The RORB
model schematisation including the nodal-network arrangement for both models are presented in
Figure 4-3.

Sub-catchment areas were delineated using Shuttle Radar Topography Mission Hydrologically
Enforced (SRTM-H) topographic data and manually inspected for conformance to expected catchment
divides (aerial imagery).

4.3.1 Model inputs and parameters

RORB models are characterised by a number of input parameters such as rainfall, rainfall losses,
temporal patterns, areal reduction factors and pre-burst rainfall as well as two additional parameters to
derive storage-discharge relationships which are detailed below.

Design rainfall data

The latest IFD data were obtained from the BoM Design Rainfall Data System (BoM, 2016) for use in
the study. Point rainfall data was obtained for the centroid of both catchments. The centroid locations
and resultant IFD values adopted in this assessment are presented in .

As the catchments are larger than 20 km?, consideration of spatial variability of rainfall was undertaken.
Regionalised gridded IFD data was extracted for the full catchment to assess spatial variability of the
design rainfall estimates in the model. The mean gridded IFD value was checked for the 1% AEP critical
duration events for each model (24 hours for the 1% AEP event in both catchments) and showed the
centroid values closely replicated the mean gridded values for the total catchment area.

Further manual inspection of IFD grids was undertaken to assess whether predicted event depths were
shown to show a consistent grade across the catchment. This was done to ensure that higher
intensities were not predicted at one end of the catchment compared to the other (which may not
present itself in the catchment mean vs. point centroid analysis). The grids showed no consistent or
marked gradation across the subject catchments due to orographic or other effects.

The centroid values were therefore considered appropriate to adopt in the loss validation assessment.
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Table 4-3: 24 hour (critical duration) 1% AEP design rainfall estimate comparison

Catchment Centroid Point Value = Mean Catchment Value Difference
Coongan River — Marble Bar 187 mm 192 mm 2.6%
Nullagine River - Nullagine 210 mm 211 mm 0.5%

Median pre-burst rainfall depths were extracted from ARR Datahub (Babister et al., 2016). Pre-burst
rainfall was removed from the Storm /L (ILs) prior to simulation in the model to represent the Burst /L
(ILg).

Areal reduction factors

Given the large size of the subject catchment, it is unlikely that the spatial coverage of a high intensity
storm burst will be consistent across the entire catchment area. To address this issue, it is typical to
apply an Areal Reduction Factor (ARF) to the IFD estimates to ensure the preservation of a probability
neutral transition between the design rainfall and the design flood characteristics (ARR2019) (Ball et al.,
2019). The procedures outlined in ARR2019 (and automated in RORB) were adopted to determine
ARFs for both catchments.

Loss model

An Initial/Continuing Loss (IL/CL) empirical loss model has been adopted for the regional loss
validation assessment. Adopted values are discussed in Section 4.3.2.

Storage-discharge parameterisation

RORB is characterised by two additional parameters to enable calculation of its storage-discharge
relationship. These are the exponent m, often referred to as the non-linearity parameter and the
coefficient K, often referred to as the reach storage parameter.

The standard m value of 0.8 was adopted in the RORB models, as was used in the work undertaken by
Pearcey et al. (2014). Through historic event calibration to streamflow records at a number of DWER
gauging sites through the Pilbara, Pearcey et al. (2014) estimated the reach-storage relationship for a
number of catchments including the Coongan River and Nullagine River. These are:
e Copg= 0.48 for Coongan River to Marble Bar
e Cog= 0.58 for Nullagine River to Nullagine
Using the calibrated Cog values from Pearcey et al. (2014), K. for the developed RORB models were
derived by the following equations :

K. =0.48 x dqv (Coongan River)

K =0.58 x dav (Nullagine River)

Where da, represents the average distance from each sub area to the catchment outlet. This resulted
in a Kcof 29.7 and 19.0 for the Coongan and Nullagine River RORB models, respectively.
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When using this relationship, the K. values derived in this study may not exactly match those derived
by Pearcey et al. (2014) due to potential differences in model schematisation and its effects on da. To
limit the magnitude of this potential difference, Advisian ensured that a similar number of sub areas
were used to that used in Pearcey et al. (2014) for both catchments.

Temporal patterns

Given the size of the catchment areas, all events were simulated using the Rangelands areal ensemble
temporal patterns extracted from the ARR Datahub (Babister et al., 2016).

Simulation approach

The assessment of the catchment response to rainfall for both catchments has used a Monte Carlo
assessment approach for flood quantile estimation.

The Monte Carlo approach provides a framework for simulating the natural variability in the key
processes that influence flood runoff: all important flood producing factors are treated as stochastic
variables, and the less important ones are fixed. The primary advantage of the method is that it allows
the exceedance probability of the flood characteristic to be determined without bias (subject to the
representativeness of the selected inputs) (ARR2019) (Ball et al., 2019). The approach is conceptualised
in Figure 4-4.

For this assessment, temporal patterns and initial loss have been stochastically sampled.
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4.3.2 Results discussion

Coongan River

Coongan River is typified by large alluvial deposits for much of its mainstream length. This makes the
replication of the rainfall-runoff relationship for low magnitude events inherently difficult, as
transmission losses can be highly variable depending on antecedent conditions (and seasonal
baseflow). Conversely for rare events, the gauge period of record means that confidence limits render
a relatively wide confidence interval for this event magnitude (refer Appendix A).

It was therefore agreed with FFI that for the Coongan River model loss validation exercise, that
replication of intermediate event quantiles (e.g., around the 10% and 5% AEP events) would be the
main focus of the assessment, with the rare and frequent event quantile replication deemed less
imperative due to the aforementioned limitations.

It was found after a number of trial-and-error iterations using regional experience as a basis for the
initial loss parameter selection, that adoption of a Storm Initial Loss (ILs) of 20 mm and Continuing Loss
(CL) of 6.5 mm/hr resulted in the best fit of intermediate event quantiles. It is noted that no reasonable
set of loss parameters was able to replicate the growth curves predicted by the FFA quantiles in the
RORB model.

Table 4-4 presents the tabulated comparison of FFA and RORB Monte Carlo flow quantiles, whilst
these are also graphically presented in Appendix A.

20% AEP 10% AEP 5% AEP 2% AEP 1% AEP
RORB MC
Peak flow quantile 639 1,520 2,732 4,703 6,473
(m*/s)
FFA
Peak flow quantile 1,148 1,736 2,463 3,721 4,972
(m*/s)

Nullagine River

The Nullagine gauge site is in the headwaters of the Nullagine River catchment and represents a much
smaller catchment area than that contributing to the Marble Bar gauge site on the Coongan River.

Hence whilst the mainstream also has alluvial deposits and associated infiltrative capacity, the smaller
scale of the waterway alluvial deposits compared to the Coongan River (and hence alluvial infiltrative
capacity) means that continuing loss estimates for this system were expected to be lower than that
predicted for the Coongan River. This assumption is also supported by regional soil mapping in the
hillslope areas, with the catchment exhibiting geomaterials of typical Pilbara stony soils, whereas
Coongan River exhibited some regions of deep sands. FFA also estimated reasonably large flow
quantiles per unit area for the contributing catchment when compared to Marble Bar.
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As a result, starting loss parameter estimates were based on the lower limits of Region 2 loss values.
After a number of trial-and-error iterations, adoption of a Storm Initial Loss (ILs) of 20 mm and
Continuing Loss (CL) of 3.0 mm/hr resulted in a strong match to all event quantiles.

Table 4-5 presents the tabulated comparison of FFA and RORB Monte Carlo flow quantiles, whilst
these are also graphically presented in Appendix A.

Table 4-5: Predicted peak flow quantiles at Nullagine gauge

Design Storm 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP
RORB MC

Peak flow quantile 729 1,160 1,611 2,258 2,761

(m?/s)
FFA

Peak flow quantile 734 1,161 1,593 2,140 2,522

(m?/s)
4.3.3 Design loss adoption for study area

Results from the Coongan River and Nullagine River regional loss validation exercise showed generally
good regional consistency for the derived ILs value of 20 mm and hence this was approved for
adoption after discussion with FFI.

The same analysis also showed a reasonable variance in CL values between the two catchments. The
Coongan River was noted as having a larger impact from expansive alluvial deposits compared to
Nullagine River. Additionally, regional soil mapping (only mapping available) showed that the
Nullagine River catchment to the gauge site typically consisted of 'Stony soils’ and some 'Hard
cracking clays’. Coongan River also exhibited typically ‘Stony soils’, but some regions in the north-
eastern area of the catchment trended toward some large areas of deep red sands (prevalent in the
lower half of both WF1 and WF2 project catchment areas).

It was agreed with FFl that due to the limited geotechnical information available across the
development area to support any adoption of spatially varying loss parameterisation, the Region 2
median gridded loss of 4.3 mm/hr was selected. This value sits near the middle between the derived
values of 3 mm/hr and 6.5 mm/hr and hence serves as a reasonable CL value selection for the study
area design event hydrology assessment.

The final adopted loss parameters for the study are design event hydrology determined from the
regional loss validation exercise are presented in Table 4-6.

Table 4-6: Adopted design event loss parameters for use in the study area

Parameter Value

Storm Initial Loss (ILs) 20 mm
Continuing Loss (CL) 4.3 mm/hr
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5 Study area design event hydrology

General approach

As baseline hydrology results were required across the entire Study Area, hydrologic and hydraulic
modelling of the local catchments in the development areas was undertaken using TUFLOW (version
2020-10-AC). TUFLOW is a linked 1D/2D hydrodynamic computational engine for simulating free-
surface long wave propagation processes (tides, floods, tsunamis, dam breaks) by solving the full one-
and two-dimensional versions of the Navier-Stokes equations incorporating all physical terms
including inertia (1D and 2D) and sub-grid turbulence (2D) (BMT, 2018).

For the WF1 study area, Emu Creek flows through the far southwestern corner of the development
envelope. As the detailed topographic data coverage did not extent to the top of the Emu Creek
catchment, a local RORB model was developed for the Emu Creek catchment and used to develop
inflow hydrographs (and local sub area rainfall excesses) for application to the TUFLOW model.

The assessment has used two separate TUFLOW models for the respective WF1 and WF2 areas. The
general adopted model extents and local Emu Creek RORB model general layout is presented in Figure
5-1.

Simulation approach

The assessment of the catchment response to rainfall for the RORB and TUFLOW models has used an
ensemble assessment approach for flood quantile estimation.

Flood magnitudes are generally very sensitive to temporal patterns and thus the ensemble approach
provides a straightforward means of avoiding the introduction of bias due to this source of variability
(Ball et al., 2019). A range of design storm durations were simulated in the TUFLOW model to
determine the critical storm duration (the storm duration resulting in the highest peak flow) at various
locations in the catchments. The approach is conceptualised in Figure 5-2.

Design events

Table 5-1 summarises the design storms assessed in the TUFLOW and RORB models. The longest
storm durations were assessed to ensure that the critical duration in the main flowpaths across the
study area was identified.

Table 5-1: Design storms assessed in TUFLOW and RORB models

Storm detail Events assessed

Annual Exceedance Probabilities (AEPs) 1%, 2%, 5%, 10%, 20% and 50%
Design Storm Durations (minutes) 60, 120, 180, 270, 360, 540, 720, 1080
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