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Executive Summary

BHP Billiton Nickel West (Nickel West) is proposing to develop the Mt Keith Satellite Operations
(MKSO Project), located approximately 25 km south of Mt Keith, in the Northern Goldfields region of
Western Australia. The MKSO Project will include two open pits, a waste landform, run of mine (ROM)
pad and associated mining and transport infrastructure. MWH Australia Pty Ltd (formerly Outback
Ecology) was commissioned to undertake an aquatic ecology impact assessment of Jones Creek and the
associated southwest terminal claypans, in relation to the MKSO Project. The impact assessment
comprised the following components;
1 database searches, to identify the potential likelihood of conservation significant communities or
species;
1 a literature review of all existing aquatic surveys completed in the vicinity of the MKSO Project,
including a summary of methodology, key findings, species recorded and conservation status;
I an aquatic baseline study (this study), completed on Jones Creek and the claypans in 2011
(Outback Ecology 2012), investigating the diversity of aquatic biota and ecological values; and
I an impact assessment, relating to the ecological values of Jones Creek and the claypans, which

may be used to inform future environmental approvals for the MKSO Project.

Previous aquatic ecology studies of Jones Creek were completed in 1992 and 2005, focussing on the
aguatic invertebrate assemblage from a limited number of sites. In 2011, Outback Ecology employed a
more comprehensive two phase approach to the aquatic baseline study, with field surveys undertaken in
March and April 2011, following a major flood event. A total of 10 sites were established; six in Jones
Creek and four in the terminal claypans, from which a range of ecological components were assessed,
including for the first time planktonic and periphytic algae (primary producers). A summary of the key
habitat characteristics is provided in Table E1, and a summary of the aquatic biota recorded during this

study is presented in Table E2.

Table E1: Summary of habitat characteristics of Jones Creek and the claypans.

Waterbody = Residence Tim Water Clarity ~ Substrate Type Water Quality Riparian Vegetian

Freshwater, Highly degraded,
Carse sands ang circumneutral to | understorey of grass
< ) .
Jones Creek 2 months Clear pebbles, highly alkalinglow nutrient and sedge®verstorey
permeable
and metals of Eucalyptus
Freshwater, Highly degraded,
Fne clay, .
. : circumneutral, | understorey gfasses
Claypan >2 months Turbid overlying .
. . elevated nutrients and herhverstorey ¢
impevious layer :
and some metals| MelaleucandAcacia

Table E2: Summary of diversity of aquatic biota recorded from Jones Creek and the claypans.

Claypan ’ Total Taxa General Distributioﬂ Reproductive Strategies‘

Phytoplanktol 26 22 33 Cosmopolitan Desiccation resistant spor
Diatoms 21 32 35 Cosmopolitan Desiccation resistant spor
Aquatic 93 90 132 Western Australia Mobile adult stages or
Invertebrates Australiavide* desiccation resistant egg:
Frogs 4 2 4 Australiavide Mobile adult stages

* with the exception of new taxa
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Jones Creek and the claypans provide an important freshwater refugia within an arid environment. The
2011 study showed that the abiotic environment was governed by hydrological, geomorphological and
biogeochemical factors, which strongly influenced the aquatic biota. Planktonic algae were more
abundant and diverse in the clear pools of the creek, while periphytic diatoms dominated the claypans,
due to the high turbidity. Opportunistic, transient insect groups were a characteristic of the invertebrate
fauna assemblage of Jones Creek, and were associated with habitat availability and the limited residence
time of surface water pools. In contrast, resident crustacean fauna were a feature of the claypans, due to
the longer hydroperiod. Vertebrate fauna were limited to frogs, with most species occurring along the
length of the creekline and into the claypans. The majority of organisms identified during this study were
found to have a broader, cosmopolitan distribution throughout Western Australian and Australian inland

waters.

Several threatening processes and potential impacts to the aquatic ecology of Jones Creek and the
claypans were identified, although the overall risk was predominantly classified as minor (Table E4). This
was due to the nature of the potential impacts, considered unlikely to occur, or occurring on a localised
and/or temporary scale, as well as the extensive and comparable aquatic habitat available throughout the
area. There were no communities or species of conservation significance found during the database
searches, of relevance to aquatic ecosystems. In addition, the MKSO Project poses a negligible risk to
the two new, verified aquatic invertebrate taxa recorded in this and previous studies (the rotifer
Cephalodella sp. nov. and the clam shrimp Eocyzicus sp. OES 1), as they are unlikely to have a restricted
distribution (Table E3), or be impacted by mining operations. It is expected that appropriate management
and monitoring protocols will be implemented during the construction and operational phases of the MKSO

Project, to prevent and detect potential impacts on the aquatic ecology of Jones Creek and the claypans.

Table E3: Verified new aquatic invertebrate taxa recorded from Jones Creek and the claypans.

Location and Site Dist. Downstream .. e

Neglgible- unlikely to be impact
*Cephalodelkp. Jones Creek 200m (adjacent t¢ or restricted to the creek, due t
nov. (1 site) 6 Mile Well Pit) | extent and availability of

comparable habitat

Negligiblé unlikely to be
Spinicaudata | **Eocyzicusp. Claypans 15Kkm impacted or restricted to the
(clam shrimp) OES1 (4 sitep claypans, due to the extent anc
availability of comparable habit

Rotifera (rotifer|

* identifiedyWetland Research and Management.(2005)
** jdentifiebly Outback Ecology (2012)
Negligible: No impacteztedon taxon.
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Table E4: Summary of threatening processes and potential impacts to Jones Creek and the claypans associated with the MKSO Project.

Threatening Process

Management / Mitigation

: Likelihood of .
Habitat Affected Occurrence Potential Impacts

Risk and Justification

- - appropriate engineering design Minori localised temporan
© | Disturbance . -temporary loss or shi construction and operation proto| . ; P ;
'5 (from creek crossings) Jones Creek Certain in aquatic habitat - monitoring to include abiotic an Impact, extensive comparg
biotic components habitat remaining in creek
° . : . . -100m creek exclusion zone Neghglblq not expected tq
@ | Light and Vibration Jones Creek Certain -none (no available | monitoring to include iband have any impacts on the
A | (from mining operations) studies on impacts) biotic com gonents creek, attributed to limited
P frequency of flood events.
- - appropriate engineering design ][\Illlnorl mc:st common cre€
9 | Sedimentation -reduced wat quality | construction and operation proto OW event once a year, wi
5 (fromMKSQProject features Jones Creek and Possible - smothering of benthi¢ - 100m creek exclusion zone only short SEENOS of the
E and creek crosjsin S) \ Claypans communitiegs itoring to include abioti creek crossings affectad
9 -monttoring 1o Include abIotic an' oyiansjve creek and clayp
biotic components habitat available
]
® | Changes to Surface and hydroperiod in oo . - ) 1Lyield, neg
= | Hydrology (from mining pil Jones Creek and Certain southwest claypan - mqnltorlng to include abiotic an increase in baseline flqwf
2 . Claypans - ...| biotic components historic land use practices
= | and creek crossings) - shift in the compositi Il highlv ad bl
of aquatic biota HEll & ey et
nature of aquatic biota.
- appropriate engineeringgesi o )
=~ reduced water and | construction and operation proto M'rll(orl' ccl)nrc]:%ntratlons of
g | Contamination . . -100m creek exclusion zone nickel suipnide ore are
5 (from orebody mineralo Jones Creek and Unlikel sediment quality - dilution of contaminants followir SXPEHED 192 01, EI
E h drocarboni ills) 9y Claypans y - toxic (lethal or sublet maior rainfall events metalare unlikely impact
y P effects) on aquatic bio jor rail include abiofi on aquatic biota, related tc
- monitoring to include abiotic an hydrogeochemical proces:
biotic components

Minor: impact on a localised and/or temporary scale, with no irreversible damage to the aquatic ecosystem expected.
Negligible: No impact expected to aquatic ecosystem
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1 INnt roducti on

1.1 MKSO Project Location and Description
BHP Billiton Nickel West (Nickel West) commissioned MWH Australia Pty Ltd (MWH; formerly Outback

Ecology) to undertake an aquatic ecology impact assessment for the proposed Mt Keith Satellite
Operations (MKSO Project). The MKSO Project is located approximately five kilometres (km) east of the
Goldfields Highway, and 25 km south of the existing Mt Keith Nickel Operation in the Northern Goldfields
region of Western Australia (WA) (Figure 1-1). The MKSO Project is situated on the Yakabindie and Mt

Keith pastoral leases and is immediately west of the Wanjarri Nature Reserve.

The MKSO Project comprises two open cut pits; Six Mile Well and Goliath (satellite mines), a run of mine
pad (ROM) and waste rock facility. There is also a transport corridor that extends approximately 20 km
north from the MKSO Project to the Mt Keith Nickel Operation, where nickel ore will be processed. In
addition, two creek crossings will be constructed across Jones Creek; one associated with the ROM and
another that bisects the MKSO Project area (Figure 1-2).

Jones Creek is a temporary, freshwater system, the terminus of which is a large floodplain, characterised
by several claypans (Figure 1-3), and located approximately 10 km southwest of the Goldfields Highway.
Creeks and wetlands are recognised as important and diverse habitats, which potentially support
restricted and/or conservation significant species, protected under state and federal legislation; Wildlife
Conservation Act 1950 and Environmental Protection Act 1986 (WA) and Environment Protection and
Biodiversity Conservation Act 1999 (Cwth), respectively. Nickel West is committed to protecting the

ecological values of Jones Creek and the southwest claypans.

For the purpose of the aquatic ecology impact assessment, two broad habitats (study area) have been
evaluated (Figure 1-3);
1 Jones Creek: comprising creek habitat extending downstream of the MKSO Project area; and

1 Claypans: comprising the southwest terminal floodplain area and associated claypans.

Status: Final
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Figure 1-1: Regional location of the MKSO Project, in the Northern Goldfields of Western Australia.
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Figure 1-2: MKSO Project and associated features, in relation to Jones Creek.
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Figure 1-3: MKSO Project, indicating the extent of Jones Creek and claypans.
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1.2

Assessment Scope and Objectives

The overarching objective was to undertake an aquatic ecology impact assessment of Jones Creek and

the associated southwest terminal claypans, in relation to the MKSO Project. The assessment comprised

the following components;

il

database searches, to identify the potential likelihood of conservation significant communities or
species;

a literature review of all existing aquatic surveys completed in the vicinity of the MKSO Project,
including a summary of methodology, key findings, species recorded and conservation status;

an aquatic baseline study (this study!) completed on Jones Creek and the claypans in 2011
(Outback Ecology 2012), investigating the diversity of aquatic biota and ecological values,
considered the most recent and relevant study; and

an impact assessment, relating to the ecological values of Jones Creek and the claypans, which

may be used to inform future environmental approvals for the MKSO Project.

The methods adopted for this aquatic ecology impact assessment have been aligned with relevant

regulatory guidelines and information, to demonstrate that potential impacts on the environment are

acceptable, in order to conserve biological diversity and protect ecological integrity and include:

f

Environmental Protection Authority (EPA). Position Statement No. 4 (2004). Environmental
Protection of Wetlands.
Environmental Protection Authority (EPA). Guidance Statement No. 55 (2003). Implementing

Best Practice in Proposals Submitted to the Environmental Impact Assessment Process.

1 Considered the shoecent and relevant aquatic baselineastuidiyerefore the foofthe impact assessment.
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2 Exi sting Environment
2.1 Biogeographic Region and Land Use

The MKSO Project is located within the Eastern Murchison subregion of the Murchison Bioregion
(Department of Sustainability Environment Water Population and Communities 2010), which covers an
area of 7,847,996 ha (Figure 2-1). This subregion comprises extensive areas of elevated red/red-brown
desert sand plains with minimal dune development, breakaway complexes, and internal drainage and salt
lake systems associated with the occluded palaeodrainage system. Mulga woodlands dominate the
subregion, as well as hummock grasslands, saltbush and samphire shrublands (Cowan 2001). Halophytic
shrublands, mainly comprising samphires such as Tecticornia, occur adjacent to the salt lake systems
(Pringle et al. 1994).

The dominant land use (85%) within the Eastern Murchison subregion is grazing by sheep and cattle
(Australian Natural Resources Atlas 2010; Cowan 2001) (Figure 2-2). Other land uses include
Unallocated Crown Land (UCL), Crown reserves, and mining (predominantly gold and nickel mines). In
2001, less than 2% of the Eastern Murchison subregion was classified as conservation estate (Cowan
2001), however since then, a comprehensive land acquisition program has increased this figure to 8%

(Department of Environment and Conservation 2010).

There is one environmentally sensitive area that lies adjacent to the western edge of the MKSO Project;
the Wanjarri Nature Reserve, classified as an A Class Nature Reserve. The reserve includes the northern
catchment of Jones Creek (Figure 2-2), and its high conservation values are related to the terrestrial
landforms and habitats represented, which support several conservation significant terrestrial fauna
species. There are also several threatened ecological communities (TECSs) in the vicinity of the MKSO

Project (Figure 2-2), primarily associated with calcretes that support significant stygofauna communities.
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Figure 2-1: Location of the MKSO Project, in relation to the IBRA sub-bioregions.
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2.2  Hydrology

Jones Creek is a lateral tributary system, incised into the Barr-Smith Range, where the majority of runoff
is received from the upper catchment, which covers an area of 64.1 km2. During large flood events water
is rapidly shed from this part of the catchment into the creek, aided by the rocky nature of the terrain and
sparse vegetative cover. The terminus for the creek is a large floodplain area to the southwest, containing
a number of claypans (Berry 2011) (Figure 2-3). Beyond this, drainage becomes increasingly diffuse,
before reaching Lake Miranda, located within the Carey Palaeodrainage System (Wetland Research and

Management 2005).

Anecdotal evidence suggests that on average, Jones Creek flows once or twice a year, in response to
moderate or high intensity rainfall of 25 mm or more. The morphology of the channel leads to high energy
flows, with a velocity of up to 1.7 m per second. In the terminal claypans, depths of over two metres have
been recorded following intensive rainfall. During large floods, the creek and associated claypans become
connected, providing a mechanism for chemical and biological exchange (Berry 2011; Wetland Research

and Management 2005).

Jones Creek is a freshwater system that, after flow events, rapidly dries to form a series of disconnected
pools. Water is retained in the claypans for longer periods, supporting a predominantly freshwater
ecosystem for several months or more (Berry 2011). The pools that form within Jones Creek, along with
the claypans, provide an important refugia for aquatic biota within an arid landscape (Wetland Research

and Management 2005).

2.3 Climate

The Murchison Bioregion is characterised as having an arid climate, with an annual rainfall of
approximately 200 mm. Rainfall generally has a bimodal distribution, with low-pressure frontal systems
originating from the south in winter, while summer rainfall is associated with local thunderstorms or tropical
cyclone activity in the north (Beard 1990, Pringle et al. 1994). The limited rainfall received in the region

coincides with high evaporation rates of approximately 2,400 mm per year (Beard 1976).

Yakabindie Station (station 12088) is the closest Bureau of Meteorology (BOM) rainfall station to the
MKSO Project, and is located approximately 10 km south of the MKSO Project. Yakabindie has received
a mean annual rainfall of 218 mm since 1961 (Bureau of Meteorology 2011). The nearest BOM station
with temperature records is Yeelirrie Station (station 12090), situated 50 km northwest of the MKSO
Project. Mean monthly temperatures recorded at Yeelirrie range from 19.3 °C in July to 38.0 °C in January
(Bureau of Meteorology 2011). Inthe 12 months leading up to the 2011 aquatic baseline study, Yakabindie
Station received more than twice the mean annual rainfall (440 mm), due predominantly to large, ex-
tropical, low pressure systems, which moved through the area between December 2010 and February
2011 (Figure 2-4). Specifically in February 2011, the highest monthly rainfall total was recorded

(>180 mm), which flooded Jones Creek and the claypans.
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Figure 2-4: Historic mean monthly rainfall (Yakabindie Station) and temperature (Yeelirrie Station)

compared to the 12 month period prior to the 2011 aquatic baseline study (phases 1 and 2 shown).

2.4 Ecology

There are few studies on the aquatic biota of ephemeral freshwaters in the vicinity of the MKSO Project
or the broader region. The hydrological regime of rivers in the arid region determines the spatial and
temporal availability of habitat. Aquatic biota will rapidly exploit newly-created waterbodies, which can be
highly productive Organisms also employ a range of life histories and survival strategies, which strongly
reflect their temporary environment (Young and Kingsford 2006). . During major flood events, the
connectivity of aquatic systems also increases, allowing for the dispersal of propagules and the migration
of species.

The biological activity of ephemeral waters is driven by the primary productivity of algae and macrophytes,
which tend to be dynamic, and in turn support higher order consumers such as aquatic invertebrates, fish
and waterbirds. Understanding the ecological values of these types of aquatic ecosystems, including
Jones Creek and the claypans is vital, as they provide an important freshwater refugia in an otherwise
arid landscape, and have the potential to be impacted by anthropogenic activities, including mining
(Boulton et al. 2006; Brock et al. 2006; Bunn et al. 2006).
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3 Met hods
3.1

Database searches were undertaken, using a 100 km radius of the study area where possible, to identify

Database Searches and Literature Review

restricted aquatic fauna communities, species or habitats of conservation significance, which may occur
in the vicinity of Jones Creek (Table 3-1). Several databases were accessed from the following State and
Commonwealth agencies; the Department of Parks and Wildlife (DPaW), the Western Australian Museum
(WAM) and the Department of the Environment (DoE). Only search results relevant to this study have

been presented in the report.

Table 3-1: Summary of database searches, including location and search area (GDA 94, UTM 51J).

NatureMap

(Department of Parks and
Wildlife 2016a)

261433 6965254

Circular search axeithin a radiu
of 4km*

Threatened and Priority
Fauna Rankings

(Department of Parks and
Wildlife 2016c)

261433 6965254

Circular search area within a r¢
of100km

Threatened and Priority
Ecological Communities

(Department of Parks and
Wildlife 2016b)

261433 6965254

Circular search area within a r¢
of100km

Western Australian Muset
Invertebrates

(Western Australian &us
2016a;b;c)

261433 6965254

Circular search area within a r¢
of 10&km

Protected Matters

(Department of the
Environment 2016b)

261433 6965254

Circular search area within a r¢
of50km

Directory of Important

(Department of the

Circular search area within a r¢

261433 6965254 of 100km

Wetlands in Australia Environment 2016a)
* maximum allowable search area.

The literature review was restricted to previous studies on Jones Creek and the claypans. The occurrence
of conservation significant species within the vicinity of Jones Creek and the claypans was noted from the

available literature. Key findings from the literature review were summarised and presented in the report.

3.2
3.21

An integrated sampling program was developed for Jones Creek and the claypans for the 2011 aquatic

Baseline Study

Design and Sampling Overview

baseline study. Field work was undertaken by highly experienced aquatic ecologists (Richard De Lange,
Dr Fiona Taukulis) and was conducted over two phases, at the end of March (phase 1), and three weeks
later in mid-April 2011 (phase 2). The sampling regime was tailored to capture changes over the course
of the hydroperiod, including the onset of flooding in Jones Creek, and the subsequent changes in aquatic
biota as the creekline entered the drying phase. The study was executed under a Licence to Take Fauna
for Scientific Purposes (Regulation 17); Fauna Licence Number SF008273, obtained from the Department
of Parks and Wildlife (DPaW). On completion of this study, the results were submitted in electronic format,

to DPaW, following appropriate protocols.
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Ten sites were established during this study, comprising six sites within Jones Creek and four sites in the
terminal floodplain area and claypans (Plate 3-1A-D, Figure 3-1); collectively referred to as claypans
throughout the report. In the creek, sites were situated adjacent to the MKSO Project area, extending
downstream for approximately 11 km. The claypan sites were situated approximately 15 km downstream
of the MKSO Project area.

During both phases of this study, detailed habitat characterisations (Appendix A), including estimates of
pool dimensions, were recorded and photo-monitoring provided a reference of each site. A range of
ecological components were sampled at each site (Table 3-2), broadly comprising:
91 surface water (in situ and chemical analysis) and
sediments (chemical analysis);
phytoplankton (free-floating algae);
diatoms (growing on substrates; periphyton);

1
1
1
1 aquatic invertebrates (including micro and macroinvertebrates);
1 resting stages (dormant biological propagules); and

1

aguatic vertebrates (frogs and tadpoles).

Plate 3-1: Examples of habitat sampled in Jones Creek (A-B), and the claypans (C-D), during the
2011 aquatic baseline study.
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Figure 3-1: Jones Creek and claypan sites, sampled during the 2011 aquatic baseline study, in

relation to the MKSO Project.
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Table 3-2: Sampling sites and parameters measured at Jones Creek and the claypans, during the 2011 aquatic baseline study.

Sites Sample Date Waterbody | GPS Coordinatey  Elevation Brief description and Location Habitat Water Quali Algae Aquatic Aquatic Mgcro.phytes Resting Stage
Type (UTM 51J) (m) Charact. Invertebrateg Vertebrates| Riparian Ve
P1:23/03/2011 . Northern-most creek site, adjacent tg A A A A A A
JC1 Creekline | 0261214 695609 531 ad and northern creek crossin
P2: 11/04/20DRY P 9 A DRY A
P1:23/03/2011 : ; A A A A A A
Creek site, adjacent to ROM and so
Jc2 Creekline | 0261409 696454/ 529 ' o e‘ek i
P2: 11/04/2011 ¢ A A A A A A A
P1:23/03/2011 A A A A A A
x JC3 Creekline 0260626 696349 525 Creek site, adjacent to Six Mile P
o P2:11/04/2011 A A A A A A A
O
[%]
Q
c P1:23/03/2011 . . A A A A A A
Creek site, 2.3km downstream of Si
S Jca Creekline | 0259792 696164{ 518 ' W !
Well Pit.
P2: 12/041200RY A DRY A
P1:23/03/2011 . Creek site at former highway crossing A A A A A A
JC5 Creekline | 0258875 695954 510 downstream of Six Mile Well Pit
P2:12/04/2011 A A A A A A A
P1:24/03/2011 i Creekline site 9.8km downstream of A A A A A A
JC6 Creekline | 0254133 695636 495 h )
Pit and 3km southwest of the Goldfiel
P2:12/04/2011 A A A A A A A
P1:24/03/2011 Larger southwest terminal claypan, A A A A A A
JC7 Claypan 0248040 695211 471 downstream of Six Mile Pitand 10.
P2: 12/04/2011 southwest of Goldfields Hwy. A A A A A A A
P1: 24/03/2011 Floodplain site, southwest of termi A A A A A A
JC8 Floodplain | 0248068 695265 474 claypan, 16.6km downstream of Six |
g P2:12/04/2011 and 10.1km southwest of Goldfields A A A A A A A
o
>
g P1:24/03/2011 Southern-most floodplain site, 20.5 A A A A A A
JC9 Floodplain | 0250724 694570 462 downstream of Six Mile Pitand 13,
P2: 12/04/2011 southsouthwest of Goldfields H A A A A A A A
24/03/2011 Smaller southern claypan, 19.2k A A A A A A
JC10 Claypan 0251236 694689 468 downstream of Six Mile Pitand 12,
12/04/2011 southsouthwest of Goldfields H A A A A A A A
Status: Final
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3.2.2 Water Quality

Water samples were collected from all sites apart from JC1 and JC4, which were dry in phase 2. Samples
were collected using sterilised bottles provided by the NATA-accredited Australian Laboratory Group
(ALS), containing preservative where required. Bottles were completely filled with water and sealed,
excluding air from the samples (following instructions provided by ALS). Samples collected for the
analysis of dissolved metals were field filtered through 45 um cellulose acetate membrane filter paper
using a Millipore portable filtering device. Samples were then couriered to ALS (Malaga) for analysis
(Table 3-3). Dissolved metals were analysed by ICP-MS (inductively coupled plasma mass spectrometry).
Holding times were met for most parameters, with the exception of pH, turbidity, NO2, PO4, S and Chl a,

and these results should be considered indicative only.

Water quality was compared to the Australian and New Zealand Conservation Council (ANZECC)
guideline trigger values for the protection of 80% of aquatic species in freshwaters (representative of
highly disturbed ecosystems) (ANZECC 2000b). These trigger values were applied in the absence of
comprehensive site-specific data, and should be considered reference values only. Basic water quality
parameters were also measured in situ with a TPS 90FLMV hand-held meter, and included pH, salinity,

electrical conductivity, dissolved oxygen, temperature and redox potential (Appendix C).

Table 3-3: Water quality parameters analysed from the surface waters of Jones Creek and the

claypans, during the 2011 aquatic baseline study.

Basic Parameters and NutrientsAnions and Cations Dissolved Metals and Trace Element

pH Chloride (CI) Aluminium (Al) Lead (Pb)
Total Dissolved Solids (TDS) | Sulphate (SD Arsenic (As) Mercury (Hg)
Electrical Conductivity (EC) Bicarbonate (HgO Barium (Ba) Nickel (Ni)
Turbidity Carbonate (GO Cadmium (Cd) Selenium (Se)
Total Nitrogen (TN) Sodium (Na) Chromium (Cr) Silicon (Si)
Nitrite (N and Nitrate (§O Calcium (Ca) Cobalt (Co) Sulphur (S)
Total Kjeldahl Nitrogen (TKN) | Magnesium (Mg) Copper (Cu) Zinc (Zn)

Total Phosphorous (TP) Potassium (K) Iron (Fe) Other
Chlorophydl Oil and Grease

3.2.3 Sediment Quality

At each site, the top two to three centimetres of shoreline sediments were collected to completely fill a
sterilised glass container, which was then sealed and sent to ALS for analysis (Table 3-4). Samples were
collected and stored using containers and instructions provided by ALS. The analysis of total metals in
sediments was by ICP-AES (inductively coupled plasma-atomic emission spectrometry). Holding times

were not met for pH, EC, Cl and SO4, and these results should be considered indicative only.
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Sediment quality data was compared to the ANZECC interim sediment quality guidelines (ISQG-High
values) (Simpson et al. 2005). However, it is acknowledged that developing site-specific trigger values
provides a more accurate indication of local conditions, instead of applying broad-scale guidelines
(ANZECC 2000b), particularly in relation to temporary environments.

Table 3-4: Sediment quality parameters analysed in the surface sediments of Jones Creek and

the claypans, during the 2011 aquatic baseline study.

Basic Parameters and Nutriedts Anions and Cations Total Metals and Trace Elements|

pH Chloride (Cl) Aluminium (Al)  Lead (Pb)
Moisture content (MC) Sulphate (SP Arsenic (As) Mercury (Hg)
Electrical Conductivity (EC) Sodium (Na) Barium (Ba) Nickel (Ni)
Total Suspended Salts (TSS) Calcium (Ca) Cadmium (Cd)  Selenium (Se)
Total Nitrogen (TN) Magnesium (Mg) Chromium (Cr)  Sulphur (S)
Nitrite (N and Nitrate (O Potassium (K) Cobalt (Co) Zinc (Zn)
Total Kjeldahl Nitrogen (TKN) Copper (Cu)

Total Phosphorous (TP) Iron (Fe)

Total Organic Carbon (TOC)

3.2.4 Algae
3.2.4.1 Phytoplankton

Phytoplankton was collected with a 25 um mesh net, with the sampling technique varying according to
habitat type. At the creekline sites, a 50 m transect was sampled within the main pool (or pools), whereas
in the claypan sites the net was towed in an L-shaped transect (25 + 25 m), 10 to 20 m from the shore.
The net was thoroughly rinsed between sites to prevent cross-contamination. Phytoplankton samples
were transferred into a 70 mL vial and two to three drops of Lugol& (potassium iodide) solution was added

to preserve algal structure.

On return to the laboratory, three slides were prepared from each sample, and examined under a
compound microscope (40X) to assess the abundance and diversity of taxa. Colonial forms were counted
per colony, while all remaining taxa were counted per cell. The habit (form) of each taxon was also noted
(including planktonic, periphytic, filamentous, or colonial). Taxa were identified to the level of genera by

Richard de Lange and Dr Fiona Taukulis, based on appropriate literature.

3.2.4.2 Diatoms

At each site periphyton was collected, which was found growing on macrophytes, twigs, sediments, rocks
or debris in shallow waters, or along the margins of the creek and claypans. The resulting samples were
placed into 70 mL vials and kept cool (no preservative was added). On return to the laboratory, periphyton
was treated in 70% nitric acid (to remove organic material) and permanent slides were prepared according

to John (1983). Three replicate slides were made for each sample and enumeration was carried out at
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1000X magnification under a compound microscope. A maximum of 100 diatoms were counted at each
site to provide a representation of community structure, and the abundance and diversity of taxa were

recorded. Taxa were identified to species level by Dr Fiona Taukulis, using relevant taxonomic guides.

3.2.5 Aquatic Invertebrates
Aquatic invertebrates, comprising of microinvertebrates and macroinvertebrates, were collected from Jones
Creek and the claypans using various sampling nets, appropriate for specimen size and habitat preferences.

Nets were vigorously rinsed between sites, to prevent cross-contamination.

3.2.5.1.1 Microinvertebrates

Microinvertebrates samples were collected with a 150 um mesh net, towed through the water column
(avoiding the benthos) of all pools in the creekline, or for the claypans an L-shaped transect was sampled
(50 + 50 m), 10 to 20 m from the shoreline. The resulting microinvertebrate sample was transferred into
a 250 mL polycarbonate vial and placed in 100% undenatured ethanol to preserve DNA for future analysis

if required.

In the laboratory, microinvertebrate samples were examined under a stereomicroscope (10X magnification)
and sorted into broad taxonomic groups. The abundance and diversity of taxa was recorded. Specimens
were identified to the lowest possible taxonomic rank by Dr Conor Wilson, Dr Erin Thomas and Dr Jason
Coughran using appropriate invertebrate keys. Further specialist identification was provided by Bennelongia
Environmental for the microcrustaceans including rotifers, copepods and ostracods, as well as for the
protozoans. The abundance of the rotifers and protozoans in the samples could only be estimated due to

their high densities.

3.2.5.1.2 Macroinvertebrates

Macroinvertebrate samples were collected with a 250 um mesh, D-frame, sweep net, targeting the benthic
environment. At creek sites, as many different habitat types as possible were sampled including sediments,
organic material and debris, macrophytes, and near rocks, submerged logs and branches. These habitats
were vigorously disturbed (using a kicking action) and the net was used to collect the dispersed material,
which was then transferred into a 1.5 L pail and preserved in 100 % undenatured ethanol. At claypan sites,
where there was less habitat diversity, macroinvertebrates were sampled in an L-shaped transect (50 + 50 m),
10 to 20 m from the shoreline. Where present in the claypans, habitats associated with inundated vegetation
was also sampled, and all material transferred into pails and preserved. The macroinvertebrate samples

were returned to the laboratory for further analysis.

In the laboratory, each sample was emptied into a wide plastic tray and all macroinvertebrate specimens
were removed and separated into microvials (containing ethanol) based on their broad taxonomic rank.
Each group was examined under the stereo microscope (10X magnification) and identified to the lowest
possible taxonomic level by Dr Conor Wilson, Dr Erin Thomas and Dr Jason Coughran, using relevant

keys. The abundance and diversity of taxa was recorded, and where specimens were found in high
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numbers an estimate of the total abundance was made. Additional identification was sought for some of

the dipteran larvae, and was provided by Bennelongia Environmental.

3.2.6 Resting Stages

Surface sediments were collected from each site during phase 2 of the study (allowing adequate time for
resident aquatic invertebrates to reproduce and deposit eggs into the sediments), to identify the presence
of algal spores and the dormant eggs of aquatic invertebrates (known as resting stages). From each site,
a 25 x 25 cm scraping of the surface sediments (approximately 1 to 2 cm deep) was collected and placed
into calico bags. The samples were oven dried at 40°C in the laboratory. From each sample, a 100 g
sub-sample was passed through 500 um and 106 pm stacked Endecott® brass sieves. A sample of
material (1 g) retained in the 106 pm sieve was examined using a stereo microscope, and abundances
were calculated per 100 g of sediment, to provide an indication of the density of propagules within the
sediments. Resting stages were counted and identified by Richard de Lange, with reference to

appropriate literature

3.2.7 Aquatic Vertebrate Fauna

There were no fish observed during the study. Frogs and tadpoles were opportunistically collected in both
phases of the study. This included specimens collected as by-catch in the macroinvertebrate D-frame sweep
net. Additional collection of frogs and tadpoles occurred when specimens were observed in the water column,
or in shoreline habitat in the creek and claypans. All captured specimens were photographed and released
where possible. The resulting photographs were used for identification to species level by Dr Blair Parsons

and Mr David Steane.

3.2.8 Macrophytes and Riparian Vegetation

A broad, qualitative assessment was undertaken for macrophytes and riparian vegetation during the study.
Where present, samples of macrophytes were collected from Jones Creek (none were present in the
claypans). Samples of dominant riparian plants were also collected from the creekline and claypans.
Identification of all specimens were completed in the laboratory by Dr Rick Davies, with verification sought
from the Western Australian Herbarium in some instances. The Waters and Rivers Commission (WARC;
now the Department of Water) riverine condition assessment was used to grade the health of the riparian
zone (Table 3-5). Macrophytes and dominant riparian vegetation identified from the Jones Creek and the

claypans were included in the detailed habitat characterisations for each site (Appendix A).
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Table 3-5: Summary of the WARC riverine grading system.

A Pristine to slightly disturb| relatively intact tree cover, emergent growth in appropriate
B Degraded reduced tree/emergent cover, erosion in marginal areas

C Erosion prone to eroded | remnant trees, grasses dominant, bank subsidence, chanr
D Ditch isolated trees, absence of emergents, widespread erosion

3.2.9 Statistical Analyses

3.2.9.1 Univariate Analysis

Univariate analysis is a statistical technique that is used for analysing a single parameter at a time, and
was performed on water and sediment data from Jones Creek and the claypans in MINITAB (Version 14)
(Minitab Incorporated 2013). Where values were below detection (the analytical reporting limit), a value
equal to half the limit of reporting was substituted. This only applied to parameters where less than half

of the values were below detection; otherwise parameters were removed from further analysis.

One-way analysis of variance (ANOVA) was used to compare the statistical means of water and sediment
parameters between sites, according to site classification (creek or claypan) and the study phase (phases
1 and 2). ANOVA testing was also conducted on the species diversity of biota, to determine differences
between sites and phases. A confidence level of 95% (p value of <0.05) was considered statistically

significant.

3.2.9.2 Multivariate Analysis

Multivariate analysis involves the statistical analyses of more than one parameter at a time. The
multivariate procedure principal components analysis (PCA) was used to assess abiotic parameters, and
hierarchical classification (which produces a dendrogram) was applied to biotic communities. These
techniques were performed in the statistical package PRIMER, Version 6.0.

PCA was applied to water and sediment data across both phases of the study. For values below detection,
a value equal to half the limit of reporting was substituted (parameters with values mostly below detection
were removed). Select parameters were transformed to reduce skewness (ensuring the data was normally
distributed) and collinear variables (those with a linear relationship) were removed during pre-treatment
of the data. The results of the PCA are shown in the form of a plot, on which sites that are similar are
located closer together. Vectors radiate from the centre of the plot, representing the influence of each
parameter. Higher concentrations tend to occur near the end point of the vector. The percentage variance
is used to explain the strength of the PCA; presented over the first two axes of the plot. A value of more

than 50% is considered a useful interpretation of the results (Clarke and Warwick 2001).
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Hierarchical classification was performed on the biological data (phytoplankton, diatoms and aquatic
invertebrates). This procedure calculates the similarity between sites using the Bray-Curtis coefficient
(Bray and Curtis 1957). Classification was based on the group-average linking algorithm, a process that
generates a dendrogram (link-tree), showing the similarity percentage between sites based on the
community structure of biological groups. Sites with the highest percentage similarity have the most

similar species composition.
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4 Resuamd Discussi on

4.1 Database Searches and Literature Review

There were no conservation significant communities or species in the vicinity of the MKSO Project that
were relevant to aquatic ecosystems. The closest Wetland of National Significance; Lake Carnegie, is

more than 200 km to the northeast of the MKSO Project (Department of the Environment 2016a).

In addition to the 2011 aquatic baseline study, there have been two previous aquatic studies undertaken
on Jones Creek; in 1992 (Streamtec Ecological Consultants 1992) and 2005 (Wetland Research and
Management 2005). An additional study in 2005 provided a sediment characterisation of Jones Creek
and the claypans (Sinclair Knight Mertz 2005). The key attributes and findings of these studies have been
summarised in Table 4-1. The aquatic studies generally comprised similar methodology, albeit with a
primary focus on aquatic invertebrates. A greater number of sites were sampled in 2005, including one
of the southwest claypans. There was also improved taxonomic resolution in the 2005 study, particularly

for microinvertebrate groups (Figure 4-1).

The earlier aquatic studies provided useful baseline data on surface water and sediment quality, as well
as aquatic biota. More than 120 aquatic invertebrate taxa were found to inhabit the creek and claypans,
while several frog species were also common. No fish were identified from Jones Creek or the claypans
(Table 4-1). The previous studies did not characterise algal flora (phytoplankton and periphytic diatoms).
An additional difference with the most recent study by Outback Ecology (2012), was that a two-phase
sampling regime was implemented, with greater downstream coverage of the claypans (Figure 4-1), to

provide a more comprehensive understanding of the aquatic ecosystem (Table 4-1).

The 2005 study recorded one verified new rotifer species (Cephalodella sp. nov.) (Wetland Research and
Management 2005) (Table 4-1), which while new to science, was deemed unlikely to be restricted in
distribution, due to the highly connected habitat of Jones Creek. During the 2011 aquatic baseline study
(Outback Ecology 2012), a new clam shrimp was identified; Eocyzicus sp. OES1 from the claypans, which
also has a likely distribution range that extends beyond the claypans (Table 4-1). The findings of this

study are presented in more detail in the following sections.
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Table 4-1: Summary of the 2011 aquatic baseline study and previous studies on Jones Creek and the claypans, within the vicinity of the MKSO Project.

Reference

Outback Ecology (20

Survey NameQompany

ProjectNSD1 Mine and Corridor
Project. Aquatic baseline study ¢
Jones Creek and the southwest
claypans

CompanyBHP Billiton Nickel We

Survey Sited
Waterbodies

10 site

(6 creekline and 4 claypa

Survey Compomés / Methods

Waterif sittand chemical analysis)
and sediment quality (chemical
analysis). Phytoplanktonu(@&weep
net) and diatoms (periphyton colle
Aquatic invertebrates (micro and
macroinvertebrates usingrband
250pummesh nets, respectively) an
resting stages (sediment collectior,
Aquatic vertebrate fauna (direct
observation and nethtch).
Macrophytes (direct observation) ¢
riparian habitat condition (based ol
WRC assessment grading).

Survey Timing

March and Apri
2011
wet conditions

Key Findings

Freshwaters throughout, clear wate
creek and turbid claypans. Circumn
to alkaline pH. Varying ionic compo
Claypans had higher nutrients and s
metals. A total of 33 phytoplankton,
dominated by green algae and diatc
recordedA total of 35 diatom taxa
recorded iperiphyton, dominated by
freshwater genera. A total of 132 ag
invertebrate taxa, with the creek
dominated by insects and the clayp
dominated by crustaceans. Three fr
species recorded. No fishaedor
Degraded riparian habitat throughot
The creek and claypans provide
important freshwater refugia for aqu
biota.

Conservation Significant /
Restricted Fauna

1 new clam shrimp;

Eocyzicusp.OES1

Wetland Research ar
Management (2005)

ProjectYakabindie Nickel Projec
Baseline study ohés Creek,
including the southwest claypan

CompanyBHP Billiton Nickel We

8 sites

(7 creekline and 1 claype

Water qualigin sittand chemical
analysishquatic invertebrates (mic
and macroinvertebrates usipgnb3
and 25Qum mesh nets, respively),
aguatic vertebrate fauna (direct
observation, netdatch and baited
box traps), riparian habitat conditic
(based on WRC assessment gradi

May 2006
wet conditions

Creek channel highly modified (eros
Freshwaters throughout qieelar
water) and claypan (turbid), althoug
ionic composition varied. Slightly ac
circumneutral pH. High nutrients an
some metals elevated (particularly i
claypan). A totall@4 aquatic
invertebrate tasecordeddominated b
insects, rééirs and crustaceans.
Difference invertebrate assemblage
creek and claypan. Mogtrtebrate
taxa widespreddvo frog species
recorded. No fish recorBedraded
riparian habitdtroughout, remaining
large eucalypts of importance

1 new rotife€ephalodelkp. nov

Sinclair Knight Merz

Projectyakabindie Jones Creek
stream sediment characterisatio

6 sites

Characterisatian gitudescriptions),
surveyingr( situevel measuremeénts

December 2004

During high flow, coarse sand and ¢
are mobilised within the channel as
bedload. Finer silt and sand transpg
into the system from catchment,

deposited at chahmargins and inm

Streamtec (1992)

aguatic fauna and water quality

Companyominion Mining Ltd

(6 creekline)

and macroinvertebrates usingrh20
and 25@um meshets, respectively)
and aquatic vertebrate fauna (diret
observation and nethych).

January 1992
wet conditions

located further downstream support
higher invertebrate diversity. Three
species recorded. No fish recorded.
creek provides a refuge for aquatic
invertebrate and vertebrate fauna.

(2005) (4 creekline and 2 claypa Sediment sampling (grain size and  dry conditions | channel bars. Finer suspended sed NA
Company??/MC Resources chemical analyses). also deposited in claypans. Limited
changes in chemical characteristics
creek, some elevated metals due to
greenstone parent rock in catchmer
Freshwater creekline, high tannin
Water qualifin sitand chemical content, some elevated metals. A tc
ProjectYakabindie Mgl Project. analysispquatic invertebrates (mic 38 aquatic invertebrate taxa recorde
Jones Creek baseline survey of 6 sites dominated by insectsgeapools Unknown;

final taxonomic verification unavaila
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Figure 4-1: Jones Creek sites, sampled during the 1992, 2005 and 2011 aquatic ecology studies,
in relation to the MKSO Project.
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4.2 Baseline Study Findings

42.1 Habitat Characterisation
4.2.1.1 Jones Creek

During the 2011 aquatic baseline study, Jones Creek exhibited consistent characteristics along its length
(Plate 4-1A-F; Plate 4-2A-F), although channel dimensions and pool sizes varied. The channel width of
the creek ranged from 7.2 m to 15.5 m, gradually increasing downstream. Pools ranged in size and were
up to 80 m long and 0.7 m deep at the time of sampling during phase 1 (Appendix A). All pools were
substantially smaller in phase 2 sampling, three weeks later, with two of the creek sites completely dry.
Given this rapid loss of surface water, it appears that the residence time of water in Jones Creek may be

approximately two months following a major flood event.

Surface waters in the pools were mostly clear, and in some cases tannin-stained. Biological productivity
was high, with filamentous green algae, aquatic invertebrates, and tadpoles or frogs noted at most sites.
There was a high abundance of organic material throughout the creek, with high velocity flows transporting
debris and vegetation from the catchment into the channel. Sediments comprised coarse sand, pebbles,
and fine silt material, with a base of coffee rock exposed in some areas. There was also evidence of
substantial mobilisation of sands along the creek bed. The banks were highly eroded, leading to active

channel widening and terracing in parts of the creek.

The riparian vegetation had been heavily influenced by grazing, with a limited understorey of mostly native
grasses and sedges, and an overstorey of Eucalyptus camaldulensis trees. A number of common native,
macrophytes were found throughout the creek including the emergent sedges Cyperus centralis and
Schoenoplectus lateriflorus, along with the aquatic plant Marsilea hirsuta, which can grow over land and
water. A number of bryophytes were also observed along the banks. Based on the WARC riverine grading
system, the creek habit at aseanosedar pcoaett®egosionywittbf@btreescal a s s i

dominance of grasses and evidence of channel subsidence and filling.
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Plate 4-1: Jones Creek sites; JC1 (A) phase 1, (B) phase 2; JC2 (C) phase 1 (D) phase 2; JC3 (E)

phase 1, (F) phase 2.
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Plate 4-2: Jones Creek sites; JC4 (A) phase 1, (B) phase 2; JC5 (C) phase 1 (D) phase 2; JC6 (E)
phase 1, (F) phase 2.
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