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ABOUT GEMS

Global Environmental Modelling Systems (GEMS), a wholly owned Australian company, has expertise in
the development and application of higksolution computer model to realistically predict
atmospheric and oceanographic conditions for use in riverine, coastal and oceanic settings.

The GEMS team is made up of qualified and experienced physical oceanographers, meteorologists,
numerical modellers and environmental sciists. GEMS is a leading developer of numerical models in
Australia. It has developed a system of validated environmental models and rigorous analytical
procedures that provide solutions to a variety of environmental, engineering and operational msble

DISCLAIMER

This report and the work undertaken for its preparation, is presented for the use of the client. Global
Environmental Modelling Systems (GEMS) warrants that the study was carried out in accordance with
accepted practice and available dabat that no other warranty is made as to the accuracy of the data
or results contained in the report.

This GEMS report may not contain sufficient or appropriate information to meet the purpose of other
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1 INTRODUCTION

GEMS has been engagedWineralogy Pty. Ltdo model the brine dispersion characteristics &ffour
of the desalination plants, which are to be constructed at Cape Prestafrigure 1) operating
simutaneously. The four plantsre required to supply pable water tofour separatelron Ore Projecs
operated by:

1) Citic Pacific Mining Manageme(@PMM);
2) International Minerals (IM)

3) AustralasiarMining Resource$AMR); and
4)  Mineralogy

The brine discharge from thEPMMproject has akady been studied by GEMS (GEMS, apa@d
received conditional approval from the DEC. Theimam water production capacity of th€PMM
desalination plantvas51 GL/annum equating to a brine outfall ¢204,000 m3/day

Similarly a study of the proposéil brine discharge has been completed by GEGIEMS, 2009b) and is

part of the Public Environmental Review (PER) submission by IM to the DEC for approval. The maximum
water production capacity of the IM desalination plant was 50 GL/annum, equating tioe dostfall of

200,000 m3/day

The locations studied for these two brine discharges are indicated in Figure

The brief for this study was to investigate the dispersion of the brine discharges when the remaining two
desalination plant outfalls are consig®l. There were two configurations which were requested to be
simulated:

Configuration 1

a)The conditionally approved CPMM discharge is increased from a maximum of 204,000 m3/day to
320,000 m3/day resulting from an expansion of the CPMM desalination ptardetiver
80GL/annum of potable water

b) The IM brineoutfall from a desalination plant producing a maximum of 50GL/annum of potable
waterremains in its present proposed location northeast of the port breakwater; and

c) The 2 extra deslination plans (AMR ad Mineralogy), also producing a maximum of 50
GL/annum of potable waterwill have outfalé with the samediffuser design proposed for
CPMM, at separate locations along the plantiex$tle jetty (Figure 2kufficiently far apart as to
establish separatenixing zones.

Configuration 2

As for Configuration 1 except that the IM discharge is relocated to form a third discharge location
further out along thetrestle jetty, also with a 50m diffuser as proposed for the CPMM outfall.
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The work has been undertakessing o sophisticated numerical computer models:

1)The GEMS 3D Coastal Ocean Mo@&@M3Dto simulate the complex thredimensional ocean
currents off Cap@reston and

2)The GEMS 3Blume DispersioModel (PLUMBD) to simulate the mixing of the desaliriah
reject waters with the ambient seawater

Further simulations were also undertaken with the USA EPA Plumes model to study the near field
dilution behaviour of the dischargeinder vaious tidal and wind conditions and to provide comparisons
with studiesfor other desalination plants.
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Figure 1: Google Earth image of the Capeestonstudy region.
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Figure 2: The Cape Preston port plan showing the locations of the CPMM and IM brine
discharges.
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1.1 OBJECTIVES

The outfall studies were undertaken in two parts:

1) Site selectin whereupon a number of potential discharge locatiateng thetrestle jetty
were studied todetermineappropriate brine discharge locatisnand

2) Detailed simulations of thehosenbrine dischargslocationsto determine whether the
dilution characteistics of the outfall complied with Western Australian Department of
Environment and Conservation (DEC) guidelaresGovernment Ministerial Conditions

The pecific Ministerial conditions of approvapplied to the CRIM dischargesvere that the preferred
outfall configuration was required to

1 Restrict the size of thmixingzone surrounding the diffuser to four hectares in a@396 of the
time;

1 Ensure that salinity variation resulting from the discharge is no greater than 5% above the
ambient level for mee than one percent of the time anywhere around Cape Preston (except
within the mixingzone.

Thesecriteriawere adopted as the constraints for all 4 discharges simulated in this study.

1.2 SCOPE OF WORKS

The scope of works undertaken for this study idelu

1 Digitising the bathymetry in vicinity of Cape Preston from informaginginallysupplied by
Sandwell (2007);

1 Digitising the proposed port breakwater design and including the topography in the bathymetric
grids;

1 Digitising the proposed shipping cham@@d berth pocket depths and including these data in the
bathymetric grids;

9 Running the GEMS 3D Coastal Ocean Model (GCOM3D) to simulate the complex 3D ocean
currents off Cape Prestasmith the new port and shipping channels in place

1 Setting up a numberfalischarge options for site selection processes;

9 Running the GEMS PLUME3D model to simulate the dispersal of the brine disohaaysh
outfall option to aid site selection decisions

9 Detailed examination of thd chosenoutfall sitelocationsfor Confguration lincluding studies of
initial dilution with the USA EPA Plumes Model; and

Brine Outfall Dispersion StudiasCape Preston for Mineralogy Page |11
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9 Detailed examination of the 4 chosen outfall site locations for Configuration 2 including studies of
initial dilution with the USA EPA Plumes Model.

1.3 BRINE DISCHARGEARACTERISTICS

The key brine discharge characteristider the CPMM dischargavere developed by Sandwelllhe
CPMMdesalinationplant is designed toaroutinely produce 44 GL/annum of desalinated watgr20
ML/day), but has infrastructure capable &1 GL/amum (140 ML/day) to accommodate makep
production following plant outages due to maintenance, cyclones, etc. The brine dispersion flows
simulated in tle CPMM standalonstudy (GEMS, 2009ayere based on 20 ML/day plant operation as

a worst case.

The dscharge characteristider the CPMM outfallvere defined to be:
Outfall Flow. 204,000 m3/day
Total Dissolved SoliddDg: 78.82 g/L
Temperature +2°C above ambient
Total Suspended Solid3$$ 45% inorganic solids (silt, clay and sand)
30% aganic solids
25% Ferric hydroxide

< 1% flocculants (polymer based)

For ths study it has been assumed that the basic characteristics of the outfall will be the same but that
the outfall flow rates will be as per the specifications for the study

1) CPMM outfall flow rate: 320,000 m3/day

2) IM, ARM and Mineralogy outfall flow rates: 200,000 m3/day

Brine Outfall Dispersion StudiasCape Preston for Mineralogy Page |12
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2 CLIMATE AND METEORILY

2.1 SYNOPTIC OVERVIEW

The ocean climate of Cape Preston is dependent on meteorological forcing across the region and
beyond. In order to understand the nature of the seasonal and aterual oceanographic response, it
is important to have a working understanding of the general meteorology of the region.

The meteorology of the Northwest Shelf is controlled by two maiaseas, referred to here,
NBaLISOGAGStEe a wO22fQ YR Wgl NY¥QT GKSNB | NB &Kz

2.1.1 W/ hh[ {9!'{hbQ

During the cooler months the winds over the region are controlled by aigbsure ridge; this ridge is
apersistent feature over the southern part of Western Australia. The ridge drives easterly quarter winds
across the shelf region. Frontal systems moving throughlatitlides periodically erode the ridge; wind
gradients then shift to the northeast, withsaubsequent shift through southwest to southeast following
frontal passage. A new high pressure will therestablish the pattern; during this phase periods of
more persistent and stronger easterly winds can be expected to influence Cape Preston.

During periods of comparatively lighter offshore gradient winds local weak sea breezes may develop
along the coast, directionally dependent on the particular locatigiigure3 shows a typical synoptic
sequence over the Weegion during June.
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The sequence initially shows a strong hgghssure system directing a nortast pressure gradient over
the Pilbara,and thena weakening of this gradient as the high erodes under itifluence of a mid
latitude front and finally the reestablishment of high pressure in the wake of the front.

2.1.2 W21 wa {9!{hbQ

During the warmer months, the sttbopical ridge migrates southwards and the dominant synoptic
feature is a permanent heatough that develops inland from the Pilbara coast. This pattern produces
results quasipermanent southwest wind flow across the Shelf region. Fluctuations in the intensity and
location of the heat trough as well as diurnal and local topographic inflee affect dayo-day
variations in wind direction and speed within the general sewtst flow.

Figure4 shows a typical synoptic pattern over the WA region during January. During this period, the
winds at Cape Preston are controlled by the location iatehsity of the Pilbara heat low.
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2.2 ANNUAL AND SEASONKXIND ROSES

The Bureau of Meteorology holds data for a humber of sites in the Pilbara region including Barrow
Island, Karratha Airport and Onslow. Since these sites are remote from Cape Preston it is well
recognized that winds from these locations will not directly represent the wind regime in waters off
Cape Preston. However, these datts may be used to understand general iré@nual, seasonalnd

diurnal wind patterns for the area and to assist with verification of atmospheric models. The annual
wind rose for Barrow Island (75km west of Cape Preston) derived from these observations is given in
Figureb5. These data are disaggregated into quarterly wind roséguess to 9.

Bamowls

Years: 1993- 2005
Period : All Months
No. of Obs = 50109

N
T

Units : m/s Frequency Rings : 10%

25 50 75 100 125 150 »

Figure 5:  Annual wind rose for Barrow Island derived from the years 1999 to 2005.
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Figure 6: Wind rose for Barrow Island for January to Mafrom 1999 to 2005.
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&

Figure 7:  Wind rose for Barrow Island for April to June from 1999 to 2005.
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Figure 8: Wind rose for Barrow Island for July to August from 1999 to 2005.

| 4

/

Figure 9:  Wind rose for Barrow Island for September to December from 1999 to 2005.
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3 METEOROLOGICALRRQING OFHE OCEARURRENT MORE

Accurate modelling of the waves and currents in any region can only be achieved with a suitable
representative meteorological data set. In the past, much of the atmospheric forcing applied to drive
ocean models has been $&d on historic, single station (wind) data obtained from the nearest
automatic or manual weather station to the site of interest.

In work carried out for Woodside Energy off Northwest Cape in Australia, the limitations of adopting
measured winds were cleg demonstrated. In that studyGEMS, 2003)sing satellite tracked drifting
buoys, it was shown that when using coastal winds or even winds measured on site, the errors were
quite large due to the fact that:

a) measured winds are only accurate at the asde site;

b) as the plume drifts on the currents it moves into areas influenced by winds which are
different to those at the release site; and

c) Even at the release site the currents are not just driven by the local wind binfarenced
by currents flowingmto the area driven by different winds to those at the release site.

As a result GEMS has moved to applying spatial and time varying data from numerical weather
prediction (NWP) models to force its oceanographic models.

3.1 LAPS AND MESIAPS

The Bureawf Meteorology (BoM) routinely operates a suite of Numerical Weather Prediction models at
a range of spatial and temporal resolutions. These models are nested in space so that the model system
captures a range of atmospheric scales from global througkiremtal to the local, or mesoscale.

The main Australian region forecast model run by the BoM is LAPS (Limited Area Prediction System)
which runs on a 35km grid from halfway across the Indian Ocean to east of New Zealand. This model
runs twice daily nsted in the BoM global atmospheric modeGASP (Global Assimilation and Prediction
model) and produces forecasts out to ten days.

The BoM has also operated its mesoscale model (MesolkcAMEsoscale Limited Area Prediction
System) at a spatial resolutiori about 10km for a period of more thamgenyears (since the Sydney

2000 Olympics). The model is nested inside LAPS and runs twice daily producing forecasts out to 48
hours. Meteorological data from the analysis cycle (zero hour) and the first eleves tiolorecasts of

this model are now routinely downloaded twice daily and archived by GEMS. This generates a database
of hourly meteorological data with the longest forecast time step of eleven hours.

Validation of the accuracy of the meteorologicataléor each new study area needs to be undertaken,
however GEMS has determined from previous studies that the MesoLAPS model data provides a very
good representation of coastal wind regimegalidation for this project is presented separately (GEMS,
2008Aand B)

Brine Outfall Dispersion StudiasCape Preston for Mineralogy Page |18
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3.2 SELECTION OF A PEHROF REPRESENTATMNEDS

In previous studiesit Barrow Islandt w- & & K2 gy GKI G wnnm 6L & | ai@LA
shelf with thebalance of westerly versusasterly wind events an average level (see Figur@).

For this studywinds for Cape Preston were extracted from the MesolLaps datatmaghe period 2001

2007 andanalysed to examine the inteamnual variation in the eastiest components of windin

excess of 5 m/sver the period. Figur@l shows therelative percentage of easterlies and westerlies
over this entire period and for each individual year. In general, as expected, there is a noticeable bias
towards the westerlies and the years 2001 and 2007 are the nearest to the long term average.

Accordngly, 2007 has been selected as a year broadly representative cfdongconditions andhe
brine dischargesimulations were commenceah Januaryl, 20 and continued fol52 weeks.
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Figure 10: Analysis of the occurrence of easterly or westerly wind events coedpaith the
average at Barrow Island during the years 1999 to 2005.

DEasterly BWesterly

HEEEETT]

2001 2002 2003 2004 2005 2006 2007

Figure 11: Analysis of the occurrence of easterly or westerly wind events compared with the
average at Cape Preston during the years 2001 to 2007.
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4. OCEANOGRAPHY

4.1 BATHYMETRY

The bathymetric data sets used in this study were derived from the GEMS database which has been
developed from a range of sources including digital hydrographic chart dataGewscience Australia.
These data were updated with some local batlegrg provided by Sandwells (20Q7)

The bathymetry of the Cape Preston region is showrkigiurel2. The region can be characterised by
extensive intertidal areas particularly to the south and southeastCape Preston and a shallow
nearshore platform that extends to the southwest of Cape Preston for a few kilometres but extends
much furtherto the northeast(some 30 knto the vicinity of Eaglehawk Island.élflatform to the east

of Cape Preston is verhalowandcontains a number of small islands (SW and NE Regnard) and shoals.

The Maitland River drains into Regnard Bay and the intertidal areas along this stretch of coast support
large stands of mangrove habitat.

To the west of Cape Preston lies a ghalembayment known as Fortescue Roads. The Fortescue River
discharges at the base of this embayment. The river is located some 23 km to thewssitbf Cape
Preston, and is the closest river to the Cape.

Both the Maitland and the Fortescue Rivers diaige areas of hinterland, but only flow occasionally in
response to cyclonic downpours over the hinterland. On such occasions they discharge large volumes of
fresh and highly turbid silty waters to the nearshore environment.

Further to the west lies ahallow promontory on which occur a number of small islands and shoals (eg
Fortescue and Steamboat Islands). This promontory runs to the north and effectively borders Fortescue
Roads to the west.

Fortescue Roads drains northward into a large basin wherengpths extend te16 m CD. This basin

is relatively flat and slopes gently from the shore out. It is partly enclosed to the north by a low subtidal
ridge at-11m CD. This ridge supports a number of shoals and banks (e.g. McLennan &zhk&)dThis
basin is clearly shown oRigure13 (note depths are in metres) which presents detailed bathymetry
recently obtained by Sandwell on behalf of CP Mining.

Figurel3 also shows the extent of intertidal subates in the vicinity of Cape Preston and the shallow
passage to the east of Cape Preston through which the tide drains Regnard Bay.

Preston Island is located approximately 1.2 km to the navést of Cape Preston and is located near
the tip of the shallownearshore platform referred to earlier. At low spring tide it is barely separated
from the mainland by very shallow water (< 1 m chart datum (CD)).

The seabed is relatively shallow (<8 m CD) sagtht of Preston Island, however, immediately north to
north west of Preston Island (~300 m offshore) the seabed drops rapidly to over 13 m CD, and deep
navigable waters (>20m ) occur some 11 km to the north. Hence its suitability as a port location.
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Figure 12: Bathymetry of the Cape Preston regigNote depth in fathoms
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Figure 13: Cape Preston bathymetgnd new port design
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4.2 TIDES AND CURRENTS

The dominant influence on the circulation in the waters off Cape Preston is the northwest shelf tides
and the regional winds. Tides are relatively strong off Cape Preston witpicltysemidiurnal and
springneap behaviour and a spring tidal rangedaf metres.

Watermovements in the region during spring tides are more influenced by tidal currents than local wind
conditions. Surface current velocities during spring tides eaoh0.75 m/s (1.5 knots) whereas during
neap tides the peak current velocities are typically 0.25 m/s (0.5 knots).

There is no evidence of sustained stratification in the waters off Cape Preston from the 12 months of
data recorded on site (GEMS, 2008 A d). The combination of relatively strong tidal currents,
episodically strong winds producing wave action and surface currents and the relatively shallow
bathymetry around Cape Preston tends to limit the opportunity for stratified layers to develop.

The majority of the flood tide reaches Cape Preston from the open ocean by going around the
Montebello Islands and then flowing southwards towards the coast. When the flood tide reaches Cape
Preston it splits around the Cape with flow occurring to the sewdist and to the soutkeast along the

coast. The ebb tide, whilst not being the exact converse of this process, generally reaches the open
ocean by flowing north to northivest around the Montebello Islands.

The dominant mixing and dispersion mechanism affeCPreston is the strong and varying tidal currents
and the episodic influence of strong surface winds.

The dominant flushing mechanism is the ebb tide which generally flows-north-west from the site.
The analysis of the ADCP data (GEMS, 2008A)aadddBhighlights a relatively strong residual current to
the north-eastwhich isdriven by the southwesterly winds and the ebb tidéuring summer

Tidal forcing for the modelling study was based on data from the GEMS Australian region gridded tidal
database, which has been developed with extensive modelling programmes (primarily for AMSA Search
and Rescue in Canberra).

Figurel4d K2¢6a GKS Odz2NNBYyild NRP&aS O0RANBOGAZ2Yya NB aid2él
Island.

Further detail can be obtained in Table 1 which gives current speed exceedance information and details
on the flood and ebb tides and residual flows through the region.
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Table 1: Current Statistics derad from ADCP data at Cape Preston

Current Speed (m/s) Dominant Summer Residual
Current Current

Exceeded for a Range of Percentages of Time Directions

(averaged from
September to
April)

99% | 95% | 90% | 50% | 10% | 5% 1% | Flood | Ebb | Speed | Direction
(m/s) (deg)

004 | 0.06 | 0.08 | 0.21 | 043 | 0.49 | 0.60 | 205 45 0.11 63

4.3 OCEAN MODEL SETUP

¢tKS 20SlIy OdaNNByida yR aSl tS@Sta sSNB Y2RStft SR
grid (Figurel5) was used to genate boundary conditions for a higher resolution GCOM3D ¢iglite

16). The coarse grid was run at a resolution of 1 km driven by tides and MesoLAPS winds and
atmospheric pressures. The finer grid weested in the larger grid at a resolution of 50 metres. It is
necessary to run this nested system to fully capture the complex tidal dynamics of the northwest shelf
region.

GCOM3D was used on this nested grid system to predict the ocean currents fa2 therths of the
brine discharge simulation driven by the winds, atmospheric pressures and tides described earlier.

Examples of the ebb and flood tidal currents predicted by GCOMS3D in the Cape Preston region are
shown inFigures 17 and 18 respectively illustrating the fact that the dominant flushing mechanism
during the dredging period is the ebb tide.

4.4 VERIFICATION OF THHEDRODYNAMIC MODEL

The GCOM3D model has been verifiedensivelyagainst current and tide data cotieed by GEMS at
Cape Preston since October 2008pecific studies usirsgtellite tracked drogues released during a field
survey in June 200ave also been undertakerThese verification studies apresented in a separate
report (seeGEMS 2008 andB).
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Figure 15: Northwest Shelf grid from Exmouth to Broome
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Figure 16: Cape Preston nestegtid.
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Figure 17: Example of the ebb tide off Cape Preston predicted by GCAM3be new port

Figure 18: Example of the flood tide off Cape Preston predicted by GCCibt3be new port
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