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1 INTRODUCTION

Grange Resources Ltd proposes to develop the Southdown Magnetite Project near Albany
in the south coast region of Western Australia. A sampling programme was designed in
late 2005 as part of the project’s environmental impact assessment to investigate whether
stygofauna are present in areas of the project footprint, and to address the hydrogeological
aspects of the project as they relate to the conservation of stygofauna.

In addition to mine development at Southdown, it was initially planned to establish a
borefield of up to 12 or more bores in a palacochannel in the Redmond — King River area
for the mine water supply. The borefield option is no longer being considered, and so the
impacts of the borefield on groundwater levels and stygofauna habitat as reported here are
no longer relevant to the project. The data are included herewith because stygofauna
identified from bores within the Redmond —King River area provide important
information on the regional distribution of certain taxa in the vicinity of the Southdown
project.

The stygofauna sampling programme commenced in September 2005 whilst groundwater
exploration for the mine water supply was in progress. Sampling was undertaken at 74
sites in total, across two general localities in three phases. Phase one included regional
farm and domestic bores in both the Wellstead/Southdown and Redmond to Green Valley
areas (Rockwater 2006a). Phase two focused on additional groundwater exploration areas
along the borefield alignment in December 2005 and is the subject of a separate report
(Rockwater 2006b). Phase three investigated in-pit areas at Southdown and regional areas
surrounding both the Southdown project and the earlier borefield option in July 2006.

The impact of mine dewatering on groundwater levels in the vicinity of the Southdown pit
was estimated using numerical modelling of the aquifer system (Golder Associates, 2005).
Predicted drawdown in the aquifer from pit dewatering at Southdown has been related to
stygofauna distribution, as sampled.

This report presents the results of the third stygofauna sampling phase, summarises
significant taxa recorded previously (Rockwater, 2006a, 2006b) and relates the results of
the modelling by Golder Associates to known stygofauna distributions. The objective is to:

1) delineate areas where impacts to stygofauna habitat may occur as a result of
groundwater level drawdown, and,

i) identify if any taxa of potential conservation significance occur in the vicinity
of the proposed Southdown mining operation.

g Rockwater Pty Ltd

216.2/06/03



Southdown Magnetite Project Regional Stygofauna Sampling Programme
Phase Three Results and Final Report Page 2

2 METHODOLOGY

2.1 REGIONAL BORE SAMPLING

The methodology employed for the first and second phase of the stygofauna sampling
programme was continued for phase three. The investigation was developed in accordance
with the Environmental Protection Authority’s Guidance No. 54 (EPA, 2003), after liaison
with scientists from the Department of Environment and Conservation (formerly CALM)
and their subsequent approval of the methods. Sampling techniques are described in
Rockwater (2006a).

Phase three saw an additional 48 samples collected from bores in and around the
Southdown project site and the Redmond area. Fifteen of the bores had been sampled
previously, in either September or December 2005. Bores of diameter 50 mm and 100 mm
were sampled using customised stygofauna haul nets. At three locations, pumped samples
were collected from bores where a volume of approximately 100 L per sample was
pumped from the bores through the nets. During phase three, both the Pallinup and the
underlying Werillup aquifers were sampled for stygofauna. Aquifer descriptions are given
in a previous report (Rockwater, 2006a).

Each sample was taken using two hauls of the 50 um and 150 um sampling nets from a
bore i.e. a total of four net-hauls per sample. These were combined in a 120 mL
polycarbonate vial and preserved using 100% (absolute) ethanol. To avoid contamination
between sites, the sampling nets were thoroughly washed with a decontaminant solution
and then rinsed with distilled water.

Samples were transported to stygofauna taxonomists for sorting and identification at the
end of the fieldwork.

2.2 WATER QUALITY ANALYSIS

Basic water quality data (i.e. temperature, salinity, pH and dissolved oxygen) were
measured at each sampled bore using a ‘Hydrolab Sonde’ water quality meter. The probe
was lowered one metre below static water level in each bore to enable measurements.
Pumped samples were obtained from equipped bores where it was not possible to remove
the pump.

2.3 ASSESSMENT OF DRAWDOWN IMPACTS

A numerical model was set up to simulate the palaeochannel aquifer and the adjoining
strata of the Werillup Formation and Pallinup Siltstone using data from the drilling and
testing programme in the Redmond — King River area (Rockwater, 2006¢). The impacts of
pumping from the borefield on groundwater levels and stygofauna habitat are no longer
relevant to the project.

Model-calculated groundwater level drawdowns for pit dewatering at Southdown (Golder
Associates, 2005) were plotted with results of stygofauna sampling to identify potential
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impacts to stygofauna habitat in the vicinity of the project, and to assess the significance of
those impacts on any stygofauna of high conservation value.

3 RESULTS

3.1 PHASE THREE STYGOFAUNA SAMPLING

The bores sampled at Redmond and Southdown in July 2006 included farm bores,
domestic bores, and bores constructed between 2005 and 2006 for groundwater
exploration, numerical modelling, and geotechnical investigations for the project. All the
new bores were allowed to settle for at least six months before sampling was undertaken,
so that any fauna in the aquifers had time to re-establish themselves in the bores. Site
environmental data and available bore details are presented in Appendix 1.

Approximately 200 specimens of stygofauna were collected from 21 (43%) of 48 sites
sampled (Eberhard, 2006b). The number of stygofauna recorded from any one site ranged
from one to six individuals. The major groups of invertebrates recorded included
Crustacea, Oligochaeta, Nematoda, Acariformes and Insecta (Table 1).

Stygofauna recorded by phase three sampling for the Southdown and Redmond — King
River areas are presented in Tables 2 and 3 respectively, together with data from previous
sampling (phases one and two). As with previous sampling for the project full
identification of certain taxa, and therefore assessment of their conservation status, was not
possible.

Identification to species level is generally required to understand an individual’s ecological
dependence on groundwater and to assess its conservation status (S Eberhard, pers.
comm.); an exception being the syncarids, which are all obligate groundwater taxa
(stygobites).

In line with previous reporting of the Southdown stygofauna (Rockwater, 2006a, 2006b),
taxa were grouped by their degree of groundwater dependence (where known or inferred
by morphological examination) and assigned to a broad ecological category as follows:

A - Recognised stygobite (groundwater dependence confirmed)

N - Taxon not confined to the groundwater environment

U - Uncertain dependence on groundwater (obligate groundwater taxa, facultative
groundwater taxa, or temporary groundwater inhabitants)

A broad code for conservation status was also assigned to each taxon based on known
distributions from the regional sampling programme and other available records (Tables
2 and 3). Stygofauna were categorized as either: known to be locally common and/or of
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widespread distribution (W); likely to have a restricted distribution range (X); or
conservation status unknown (U).

Table 1. List of sites and major taxonomic groups of invertebrates sampled (1) during
phase three (July 2006).

Site Code |Crustacea |OligochaetalNematoda |Acariformes|Insecta
DB13 1 1
DB16
DB17 1
DBS5A
DBSA 1
RED2 1 1
RED9 1 1
REDI11
REDI12
REDI3
REDI16
REDI18
RED22 1 1
RED26
RED27 1
RWBI3
RWB21
RWB38s
RWB40d 1 1
RWB40s
RWB45d 1
RWB45s
RWB46s
RWB47d
RWB47s
RWB48d
SMB5 1 1
SMB7
SMB9 1
SMB10 1
SMBI11 1
SMB12
SMB13 1
SMB14 1
SMB15 1 1
SMB16
SMB17 1
SMB19
SPWLI1
SPWL2 1
SPWL3 1 1
SWB2
SWB3
WSD1 1
WSD3
WSD6
WSD7
WST2 1 1 1 1
WST3 1 1 1
No. of 9 8 7 9 2

occurrences
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Figures 1 and 2 show the distribution of stygofauna recorded in samples from sites in the
vicinity of the Southdown project and from the Redmond — King River area respectively.
Figure 3 provides a locality plan for all sites in the Redmond — King River area.

Several of the taxa recorded had not been identified during the two previous sampling
episodes. These included three species of Copepoda, Turbellaria and Cladocera. As with
previous sampling for the project, most of the taxa identified were not obligate inhabitants
of groundwater (stygobites) and several are known to be common and widespread in
Western Australia (Eberhard 2005, 2006a, 2006b). The report detailing taxonomic
identification of specimens from Phase 3 (Eberhard, 2006b) is included as Appendix 2.

Confirmed groundwater dependent taxa (stygobites) were recorded from two Redmond
sites (DB13, RED22) and one Southdown site (WST2). The stygobites have a higher
conservation significance because they are restricted to the groundwater environment and
typically have restricted distribution ranges. They are, therefore, likely to be more
vulnerable to localised groundwater impacts as they cannot move to surrounding
unaffected areas.

All of the groundwater dependent taxa recorded in phase three were syncarids. The taxa
from RED22 and WST2 had been recorded during earlier sampling at these sites. Sampling
at DB13 in the Redmond area during phase three found an indeterminate Bathynellid
specimen for the first time. No additional obligate groundwater taxa were identified during
the third and final sampling phase for the project.

3.2  ASSESSMENT OF DRAWDOWN IMPACTS

The distributions of stygofauna sampled in the Southdown area are shown with drawdown
contours estimated for the 20 year life-of-mine period in Figure 1. Modelled groundwater
drawdown in the vicinity of the proposed pit (Golder Associates, 2005) shows that the
nearest site where stygofauna of potential conservation significance have been identified is
1.4 km to the north-west (WST2). Although not fully identified, the two Syncarida
recorded from WST2 are likely to be groundwater dependent and restricted in distribution.
All Syncarida are obligate inhabitants of groundwater (Eberhard, 2006a).

The predicted drawdown at this site over the modelled 20 year project life is less than one
metre (Figure 1) in an aquifer of at least 8.0 m saturated thickness. The water level in
WST2 was 17.10 m bgl (July 2006) and the depth of the bore was 25.43 m bgl. The impact
of such drawdown on stygofauna habitat and on the conservation of the two syncarids at
the site is unclear. However, given the fine-grained nature of the Pallinup Siltstone that
comprises the aquifer, the predicted decrease in water level of around 0.5 m is unlikely to
impact on the conservation of these taxa.
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Table 2. List of taxa, their groundwater dependence, conservation status and occurrence across sampling sites in the Southdown area.

= - Site Code
28|
$5|5g & &
- ARE o |3 COMMENTS
§ §. 2 a (- - N © =) o~ © < w © ~ o = i~
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TAXON z1E (2 1[5 15 [5 |2 (21212 [2 |8 |12153 1531213153 [21531[8 |5 (352> (28 [¢ |2 |2
Distance (km) from 1.0 m drawdown
Z ||« z|<«1]| 25 1.5 3 <1 | <1 1 4 35 z 2 A|l<«1|lz|z]|<«1]| z 1 15 z|lz |« 7 35 2 8.5
contour
CRUSTACEA
Copepoda
Harpacticoida: Canthocamptidae
Taxon known from the Murchison region and is widely distributed throughout
Australocamptus sp. 5 (CALM SAP) N - 1 1 WA wheatbelt.
Australocamptus cf. nr. sp. 5 (CALM SAP) N - 1 Taxon similar to Australocamptus sp. 5 (CALM SAP) from Pilbara region.
Australocamptus cf. sp. B (CALM SAP) N - 1 Taxon also known from surface waters in the WA wheatbelt.
Phyllognathopodidae
Phyllognathopus viguieri A1 W
Parastenocaridae
Parastenocaris sp. U8 U 1
Cyclopoida
Australocyclops australis A2 w 1 1 Widespread and common species over most of Australia.
Paracyclops chiltoni N W 1 1 1
Mesocyclops brooksi N W 1
Meridiecyclops sp. - juveniles
possibly M. baylii (Fiers 2001) N W
Calanoida
Calanoida sp. U1 U
Syncarida
Unidentified groundwater-dependent species. Site is 1 km NW of Southdown
Parabathynellidae sp. A4 X 1 deposit.
Unidentified groundwater-dependent species. Site is 1 km NW of Southdown
Bathynellidae sp. 1 A3 X 1 deposit. Taxonomy and distribution of Syncarida poorly known in WA.
Bathynellidae sp. 2 A6 X
Bathynellidae sp. indet. A7 X
Ostracoda
Candonidae sp. indet. A5 U
Darwinulidae sp. indet. N U
Cladocera
Chydoridae sp. Indet. N 9] 1
Cyprididae
(?) Sarscypridopsis sp. N -
OLIGOCHAETA
Enchytraeidae
Recorded from nine Southdown sites (locally common) and three sites in the
Enchytraeus sp. u2 W 1 1 1 1 1 1 1 1 Redmond-King River area.
Fredericia sp. U3 U
Oligochaeta sp. indet. N U 1 1
APHANONEURA
Specimen collected 4.5 km SW of Southdown deposit. Taxon also known
Aeolosoma sp. U4 W 1 from the Pilbara.
NEMATODA
Nematoda sp. 1 us w 1 Taxon recorded from Southdown and the Redmond-King River area.
Nematoda sp. 2 U6 U 1 1 1 1 Taxon recorded from one location, 2.8 km E of Southdown deposit.
Nematoda spp. indet. u7 u 1
PLATYHELMINTHES
Turbellaria sp. indet. N U
GASTROPODA
Planorbidae
(?) Pygmanisus sp. N - 1 Non-stygal taxon (i.e. Surface aquatic or terrestrial invertebrate)
ACARIFORMES
Oribatidae sp. indet. N - 1 Non-stygal taxon (i.e. Surface aquatic or terrestrial invertebrate)
Trombidioidea sp. indet. N - 1 1 1 Non-stygal taxon (i.e. Surface aquatic or terrestrial invertebrate)
Mesostigmata sp. indet. N U
Acariformes spp. indet. N u 1 1 1 1 1 1 1 Non-stygal taxon (i.e. Surface aquatic or terrestrial invertebrate)
INSECTA
Diptera: Chironomidae spp. indet. N ]
Diptera spp. indet. N U 1
TOTAL TAXA 012 |1 0] 0 6 2 5 91 4 2 0 1 1 1 01 1 21 0f1 0 2 01 0 1 1 0 0

Legend/Explanation of Codes

Southdown Project Site

A R ised stygobite (ground depend; confirmed)
N Taxon not confined to the groundwater environment
U Uncertain dependence on groundwater (obligate groundwater taxa, facultative groundwater taxa,

or temporary groundwater inhabitants)/ conservation status unknown

* Numerical identifier for Figure 1

W Taxon locally common and/or of widespread distribution
X Taxon likely to have a restricted distribution range

z Site within 20 year modelled 1 m drawdown contour
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Table 3. List of taxa, their groundwater dependence, conservation status and occurrence across sampling sites in the Redmond — King River area.

Site Code COMMENTS
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CRUSTACEA
Copepoda
Harpacticoida: Canthocamptidae
Taxon known from the Murchison region and is widely distributed throughout
Australocamptus sp. 5 (CALM SAP) N - WA wheatbelt.
Australocamptus cf. nr. sp. 5 (CALM SAP) N - Taxon similar to Australocamptus sp. 5 (CALM SAP) from Pilbara region.
Australocamptus cf. sp. B (CALM SAP) N - Taxon also known from surface waters in the WA wheatbelt.
Phyllognathopodidae
Phyllognathopus viguieri A1 W 1
Parastenocaridae
Parastenocaris sp. us U
Cyclopoida
Australocyclops australis A2 W Widespread and common species over most of Australia.
Paracyclops chiltoni N W
Mesocyclops brooksi N W
Incomplete identification. M. baylii is a widespread species known from 53 site
Meridiecyclops sp. - juveniles records, ranging from surface waters in the WA wheatbelt, to Eneabba
possibly M. baylii (Fiers 2001) N W Tumulus Springs and the Carnarvon Basin.
Calanoida
Calanoida sp. U1 U 1
Syncarida
Unidentified groundwater-dependent species. Site is 1 km NW of Southdown
Parabathynellidae sp. A4 X deposit.
Unidentified groundwater-dependent species. Site is 1 km NW of Southdown
Bathynellidae sp. 1 A3 X deposit. Taxonomy and distribution of Syncarida poorly known in WA.
Bathynellidae sp. 2 A6 X 1
Bathynellidae sp. indet. A7 X
Ostracoda
Candonidae sp. indet. A5 U 1
Darwinulidae sp. indet. N U 1
Cladocera
Chydoridae sp. Indet. N U
Cyprididae
(?) Sarscypridopsis sp. N - 1
OLIGOCHAETA
Enchytraeidae
Recorded from nine Southdown sites (locally common) and three sites in the
Enchytraeus sp. U2 W 1 1 1 1 Redmond-King River area.
Fredericia sp. U3 U 1
Oligochaeta sp. indet. N U 1
APHANONEURA
Specimen collected 4.5 km SW of Southdown deposit. Taxon also known from
Aeolosoma sp. U4 i the Pilbara.
NEMATODA
Nematoda sp. 1 Us W 1 1 Taxon recorded from Southdown and the Redmond-King River area.
Nematoda sp. 2 U6 U Taxon recorded from one location, 2.8 km E of Southdown deposit.
Nematoda spp. indet. U7 U
PLATYHELMINTHES
Turbellaria sp. indet. N U
GASTROPODA
Planorbidae
(?) Pygmanisus sp. N - Non-stygal taxon (i.e. Surface aquatic or terrestrial invertebrate)
ACARIFORMES
Oribatidae sp. indet. N - 1 1 1 1 Non-stygal taxon (i.e. Surface aquatic or terrestrial invertebrate)
Trombidioidea sp. indet. N - 1 1 Non-stygal taxon (i.e. Surface aquatic or terrestrial invertebrate)
Mesostigmata sp. indet. N U
Acariformes spp. indet. N U 1 1 Non-stygal taxon (i.e. Surface aquatic or terrestrial invertebrate)
INSECTA
Diptera: Chironomidae spp. indet. N U
Diptera spp. indet. N U 1
TOTAL TAXA 11411 21]0]2]J]0]J]0]5]1 212 0]31]0

Legend/Explanation of Codes

c z

N X =

Recognised stygobite (groundwater dependence confirmed)

Stygofauna present (taxon not confined to the groundwater environment)

4

d

Uncertain on gro (obligate
or temporary groundwater inhabitants)/ conservation status unknown
Numerical identifier for Figure 2

Taxon locally common and/or of widespread distribution

Taxon likely to have a restricted distribution range

Site within 20 year modelled 1 m drawdown contour

taxa, facultative groundwater taxa,
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4 CONCLUSIONS

A comprehensive sampling programme for stygofauna at the Southdown Magnetite
project, approximately 90 km east-north-east of Albany, was undertaken between
September 2005 and July 2006. The survey has shown that stygofauna are present in the
Southdown project area. Data presented from the stygofauna sampling programme
represent the first reported identification of stygofauna near Albany in Western Australia.
This probably reflects the lack of sampling undertaken to date, rather than a paucity of
stygofauna in the southcoast region (Eberhard, 2005).

In total, 89 samples were collected and analysed for stygofauna in three sampling phases.
Thirty two sites were sampled in the Southdown area. Seventeen of these were in the likely
‘groundwater level impact zone’ surrounding the project and 21 samples were taken at
these sites on two sampling occasions. An additional 50 samples were taken from 42 bores
in the Redmond — King River area, and a further 18 samples from bores between
Southdown and Wellstead, for regional comparison.

The survey has confirmed that there are no stygofauna of conservation significance in the
vicinity of the planned mine pit. The most significant taxa recorded by the survey are
understood to be the syncarids and a candonid ostracod, that are known to be obligate
groundwater taxa (stygobites). The stygobites have a higher conservation significance
because they are restricted to the groundwater environment and typically have restricted
distribution ranges. They have been recorded from at least four sites (WST2, RED22, and
DB13 - Syncarida, and RED2 - Candonidae).

The nearest site to the Southdown project with stygobite fauna is WST2, approximately
1.4 km north-west of the proposed mine pit. Based on numerical modelling, the drawdown
in the aquifer at this site would be about 0.5 m, in an aquifer of at least 8 m saturated
thickness. Given the fine-grained nature of the Pallinup Siltstone that comprises the
aquifer, a decrease in water level of around 0.5 m is unlikely to have an impact on the
conservation of these taxa. The remaining three sites where stygobites were recorded
(DB13, RED22 and RED2) are in the Redmond area. The two Syncarida recorded from
site. WST2 (Parabathynellidaec sp. and Bathynellidae sp. 2) were not recorded from
groundwater in the Redmond area by this study.

Given that the sampling undertaken by Grange Resources has resulted in the first reported
identification of stygofauna in the region and that several taxa are potentially new species,
an assessment of their conservation significance is constrained by the limited knowledge of
stygofauna in the region. It is important to note that the groundwater dependence of many
of the taxa, and therefore their inferred conservation significance, cannot be assigned until
they are identified to species level (S. Eberhard, pers. comm.).
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Dated: 20 October 2006 Rockwater Pty Ltd

N C P Evelegh
Senior Environmental Scientist
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