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EXECUTIVE SUMMARY

Tiwest Joint Venture (Tiwest) is preparing a proposal to establish a mineral sands mining
operation approximately 24 km south-east of Dongara on the eastern side of the Swan
Coastal Plain.

The Dongara Minerals Sands Project (the project) is being assessed by the Environmental
Protection Authority (EPA) at the level of Public Environmental Review (PER). The
Environmental Impact Assessment (EIA) of the project required that subterranean fauna be
considered, as dewatering operations to enable mining to extend beneath the water table
will impact on groundwater levels in the vicinity of the planned mine. A desktop
subterranean fauna study was undertaken, followed by a program of stygofauna sampling.

Subterranean fauna includes stygofauna and troglofauna. These two groups of largely
invertebrate fauna are distinguished by the habitat they occupy; stygofauna are
groundwater inhabitants whereas troglofauna occupy voids in subterranean habitat above
the water table.

The sandy nature of the superficial formations in the project area suggests that they are
unlikely to provide suitable voids and cavities capable of supporting a troglofauna
community. An assessment of geological data for the Dongara Project concluded that there
are no obvious karst terrains which would indicate the presence of prospective habitat for
troglofauna.

Stygofauna sampling was undertaken using haul-net sampling and filtering pumped
groundwater samples from existing water bores in accordance with relevant EPA
guidelines (EPA 2003, 2007). Results of the stygofauna sampling indicate that the
superficial aquifer in the vicinity of the Dongara Project contains a low abundance and
diversity of stygofauna compared with higher yielding karstic habitats closer to the coast.

Sampling in the project area yielded six stygofauna species including oligochaete worms,
harpacticoid copepods, a syncarid (Hexabathynella sp.) and a rotifer. A total of fourteen
stygofauna species were recorded from regional sites, which included two bores screened
in the Tamala limestone.

None of the six stygofauna species recorded are likely to be restricted to the superficial
aquifer in the project area. Three species have been shown to occur either outside the
project area, or from the underlying Yarragadee aquifer. Of the remaining three species,
the phreodrilid worm and harpacticoid copepod are from stygofaunal groups that are
considered to be widespread (both generally and on the Swan Coastal Plain). The juvenile
syncarid specimen (Hexabathynella sp.) is likely to be the same as Hexabathynella sp. B2,
recorded from two regional sites.



Dongara Mineral Sands
Subterranean Fauna Sampling Programme Page 2



Rockwater Pty Ltd 143.13/11/1

Results of limited sampling of the Yarragadee aquifer in the project area suggest that,
where the superficial aquifer is in hydraulic connection with the underlying Yarragadee
aquifer, it is possible that the local stygofauna populations will be dispersed throughout
both aquifers (although not abundantly) where suitable habitat exists.

The modelled drawdown of the superficial aquifer within the project area is considered
unlikely to impact on local stygofauna values. The superficial formations in the vicinity of
the Dongara project are regionally widespread on the Swan Coastal Plain and suitable
habitat for stygofauna is likely to exist in surrounding areas of the Swan Coastal Plain
where the superficial formations are saturated.
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1 INTRODUCTION

1.1 GENERAL

Tiwest Joint Venture (Tiwest) is preparing a proposal to mine mineral sands within the
company’s Dongara Minerals Sands Project (the Project), located approximately 24 km
south-east of Dongara (Figure 1). The Dongara Project area occurs near the eastern margin
of the Swan Coastal Plain. It lies entirely within the Eneabba Plain; the eastern-most of
three principal physiographic subunits of the Swan Coastal Plain.

The proposed project will involve mining below the water table to extract up to 350,000
tonnes of concentrate per year. Four production bores are proposed to extract water from
both the superficial and Yarragadee aquifers for mine dewatering and processing purposes.

Stygofauna are groundwater-dependent interstitial fauna, largely consisting of crustaceans
but also including worms, snails, insects, several other invertebrate groups and blind fish.
The superficial aquifers of the project area may provide suitable habitat for stygofauna as
they have been recorded from superficial aquifers in other parts of the Swan Coastal Plain.
All fauna are protected under the Wildlife Conservation Act 1950. Consideration of
subterranean fauna is required during the Environmental Impact Assessment (EIA) of the
project as dewatering operations will impact on groundwater levels and may potentially
have an impact on water quality in the vicinity of the planned mine.

Subterranean fauna at the Dongara Mineral Sands Project was first considered in a pilot
study by Endemic (2008). Following a review of the pilot study, other previous stygofauna
studies in the area, and of available hydrogeological reports, maps and data, Tiwest
requested Rockwater design and undertake a subterranean fauna sampling programme in
the vicinity of the project. The aim of the study was to identify whether subterranean fauna
are a relevant environmental factor for the project and, if relevant, to identify any
conservation significant species within aquifers or formations likely to be impacted by the
implementation of Tiwest’s proposal.

1.1.1 Objectives

The objectives of the stygofauna sampling programme at Dongara were to:
1) increase the sampling intensity for stygofauna to a level acceptable to the EPA;
2) increase the spread of sampling sites across the project area;
3) collect samples from bores with a screen aperture greater than 0.5 mm where

possible; and
4) verify the presence of any stygobitic species recorded within the project area from

sites beyond any likely project-related drawdown in local superficial aquifers.
5) assess the likelihood of troglofauna in the project area
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1.2 TERMINOLOGY AND DEFINITIONS

Subterranean organisms comprise of two main groups; troglofauna and stygofauna.
Troglofauna inhabit air chambers in underground cavities and voids above the water table,
whereas stygofauna dwell in groundwater.

Stygofauna are groundwater-dependent interstitial fauna, largely consisting of crustaceans
but also including worms, snails, insects, several other invertebrate groups and blind fish.
Stygofauna occur in a range of geologies including, but not restricted to, karstic carbonate
rocks, fractured rock aquifers and porous unconsolidated sediments (eg. alluvium)
(Eberhard, 2007). Stygofauna have been found from most regions in Western Australia,
with hotspots in the Pilbara but also recorded in the Goldfields, Kimberley, Murchison and
the Yilgarn area (Biota, 2007).

Stygofauna are classified into three ecological-evolutionary categories:

(a) Animals which have the ability to spend part of their life cycles in subterranean
aquatic habitats ‘stygoxenes’,

(b) Animals which have the capacity to spend their entire life cycle in either
underground or epigean aquatic habitats, ‘stygophiles’

(c) Animals which have adapted and restricted exclusively to subterranean aquatic
environments, ‘stygobites’

Stygobites are distinguished from stygoxenes and stygophiles by completing their entire
life-cycles restricted to aquatic subterranean habitats. A species is generally considered
stygobitic if it displays stygomorphic character traits including loss or reduction of eyes,
elongated appendages, a slender body form and enhancement of non-optic sensory
structures (Eberhard, 2007).

Troglobites generally occur between the superficial soil layer and the vadose layer above
the water table, particularly in vuggy materials or those karstic in nature (including
calcretes). Suitable habitats are those which allow some form of air access, have adequate
sized voids, pits or cavities, and those areas which maintain a moist, constantly humid sub-
surface environment (Lawrance, 2009). Like stygofauna, troglofauna may be similarly
classified into three ecological-evolutionary categories, i.e. ‘trogloxenes’, ‘troglophiles’
and ‘troglobites’.
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1.3 CLIMATE

The region experiences a Mediterranean-type climate with hot dry summers and cool wet
winters. The nearest Bureau of Meteorology station to the project area is located at
Geraldton (station no. 8051) and has been in operation since 1941. The mean maximum
daily temperature is 25.8˚C and the mean minimum daily temperature is 13.6˚C. The
average annual rainfall is 448.0 mm, with most rainfall being received from late-autumn
(May) to late-winter (August), however occasional summer thunderstorms and remnant
tropical cyclones can cause localised heavy rain and flooding (BoM, 2008). Evaporation
exceeds average monthly rainfall for all months except June and July.

1.4 GEOLOGY AND HYDROGEOLOGY

The geology of the area has been described by Nidigal (1995). The superficial formations
(Allen, 1976) is an informal name for a group of Quaternary-Tertiary age sediments that
underlie the Swan Coastal Plain. The superficial formations in the area extend eastwards
from the coast and are truncated at the east by the Gingin Scarp. They extend to the north
and south of the Dongara Project area beneath the Swan Coastal Plain. They are between
about 20 and 40 m thick west of the scarp in the Dongara Project area, and rest
unconformably on the Yarragadee Formation (Nidigal, 1995). The superficial formations
comprise mainly limestone and sand (Tamala Limestone and Safety Bay Sand) in the west,
and sand with minor clay (Guildford Formation, Bassendean Sand and Yoganup
Formation), beneath the eastern part of the coastal plain where the Dongara Project occurs.

The Ascot Limestone, which occurs at the base of the superficial formations to the south
(Kern, 1993), has not been intersected in the Dongara Project area. Limestone, which is
reported to crop out in the project area, may be a thin lacustrine deposit similar to the
Muchea Limestone which occurs in the Gingin area (Moncrieff and Tuckson, 1989).

Within the project vicinity there are two aquifers, the unconfined to semi-confined
superficial aquifer and the semi-confined to confined Yarragadee aquifer (Nidagal, 1995).

Within the superficial aquifer, the Yoganup and Guildford Formations are variably
saturated whilst the Bassendean Sand tends to be unsaturated. In the eastern portion of the
project area the superficial formations are largely unsaturated (Nidagal, 1995). Recharge is
predominantly through infiltration of winter rainfall and stream runoff, and via upward
leakage from the underlying Yarragadee aquifer. The direction of groundwater flow is
predominantly to the west and groundwater in the superficial formations mainly discharges
to the ocean.
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The multilayered semi-confined to confined Yarragadee aquifer, which occurs beneath the
superficial aquifer on the Swan Coastal Plain, is exposed east of the Gingin Scarp and
extends to the Urella Fault (Irwin, 2007). Recharge is via rainfall in the exposed areas and
through downward leakage from the superficial aquifer.

Groundwater in the project area is within the Arrowsmith and Twin Hills Groundwater
Management Areas and is used extensively for agricultural, mining and domestic uses
(Rutherford et. al., 2005). The area is proclaimed under the Rights in Water Irrigation Act
1914, with the Eneabba Plains sub-area being allocated an extraction quota of 22.5
GL/annum from the Yarragadee aquifer and 14.6 GL/annum from the superficial aquifers
(Department of Water, 2009), the majority of which is used in mineral ore processing and
public water supply, with smaller users including irrigation and aquaculture.

Groundwater investigations within the project area have been conducted by Parsons
Brinckerhoff (PB) (2011) to determine the potential drawdown risk and impacts for three
different mining scenarios. The model-generated groundwater drawdown contours were
generated on a worst case scenario over 12 years; however, the life of the mine is likely to
be 5–7 years. The three mining scenarios that are being considered show that drawdown
impacts are relatively localised with a drawdown of more than 15m in the pit vicinity
(Figure 2). The contours are based on pumping at a combined pumping rate of 80 L/s (four
production bores at 20 L/s), with the 0.25 m drawdown contour extending to a maximum
of 3.0 km on the western side (Scenarios 2 and 3) and up to 4.5 km on the eastern side
(Scenario 3) (PB, 2011).

2 STYGOFAUNA DESKTOP STUDY

The occurrence of significant subterranean faunas in the South-West region of Western
Australia is likely to be associated with discrete geological features, particularly limestone
formations (EPA, 2007). Any karstic structures in the South-West region which form sub-
surface cave systems and receive surface runoff are ideal habitats and are subsequently
considered to have a high probability of containing rich subterranean faunal assemblages.

A pilot study for stygofauna was undertaken in 2007/08, consisting of a desktop study and
a short sampling programme (Endemic, 2008). The pilot study sampled six sites within the
project area using a low-flow sampling pump. Five of the sites were sampled on two
occasions, meaning a total of eleven samples were taken. No stygobitic taxa were
recorded; however, two oligochaete specimens and a symphylan were collected. The two
oligochaete specimens collected were pigmented and did not display morphological
characteristics consistent with other subterranean groups. The symphylan was reported as
potentially troglobitic and is addressed in more detail in section 3.
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The pilot study (Endemic, 2008) identified a small outcrop of limestone in the project area.
Discussions with Kevin Haselgrove of Hydrosearch (consulting hydrogeologists)
confirmed that the limestone outcrop was limited to surface areas, meaning that there is no
limestone beneath the water table within the Dongara tenements or within the extent of
groundwater-level drawdown in the surrounding area likely to be caused by mining.
Sampling was undertaken in the vicinity of the limestone, however, the construction details
(e.g. presence of slotted casing) and therefore suitability of the bores for stygofauna
sampling was unclear and may have been a limiting factor. Two piezometers, HPQ002 and
PZN05, in the vicinity of the limestone were sampled on one and two occasions
respectively; neither yielding stygofauna.

Regional sampling work was undertaken by the WA Museum in the Eneabba/Leeman area
in June 1998 (data published in De Laurentiis, et al 2001) comprising sampling at 13 sites.
Three bores yielded stygofauna (LS26C, LS26D and LS30A) including copepods,
oligochaetes and bathynellids. Stygofauna was recovered only from bores either associated
with, or underlying, the Tamala Limestone.

Rockwater (2008) undertook an extensive regional sampling programme in the Eneabba
area (~60 km south of the Dongara project area) for Aviva Corporation’s Central West
Coal Project. Ninety six samples were taken from bores screened within the superficial
aquifer and underlying Cattamarra Coal Measures over four seasons. The only recognised
stygobitic taxon (obligate groundwater inhabitant) recorded by the sampling programme
was the undescribed syncarid, Bathynellidae sp. 1. The bathynellid syncarid was recorded
from one bore on two of the four occasions it was sampled. A risk assessment to determine
potential impacts to the species was conducted in November 2008 (Bennelongia, 2008) and
concluded that the project posed a minimal risk on the distribution of Bathyellidae sp. 1.
Furthermore, the Eneabba specimen was considered likely to be the same as the species
recorded by the WA Museum at bore LS26D, some 50 km north-west. Investigation of the
bore construction details for LS26D (Nidagal, 1991) indicates that the bore is screened
within the nominally confined Cattamarra Coal Measures, beneath the Tamala Limestone.

The only records of troglofauna in the broader Dongara region are from coastal areas along
the western edge of the Swan Coastal Plain and relate to sampling undertaken in karstic
limestone formations. The nearest records within the WA Museum database are from
Arramall Cave and River Cave approximately eight kilometres south-west of the Dongara
Project area.

3 TROGLOFAUNA DESKTOP STUDY

Troglofauna are highly specialised subterranean fauna which occur between the superficial
soil layer and the vadose layer above the water table, particularly in vuggy materials or
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those karstic in nature (including calcretes). True troglobites display morphological
characteristics which restrict them to subterranean habitats including elongated appendages
and a slender body form and reduction or complete loss of eyes, pigmentation, wings and
circadian rhythm. Troglofauna prefer humid, dark areas and are most commonly recorded
in karst terrains in carbonate rocks such as limestone, dolomite and calcrete where caves
and meso-caverns are often well developed. The presence and extent of troglofauna
populations in Western Australia is poorly documented, however, they have been recorded
at Cape Range, Barrow Island, in the Kimberly, in pisolitic mesa formations in the Pilbara,
cave systems of Yanchep, Margaret River and across the Nullarbor.

Previous work by Endemic was reviewed as part of the desktop troglofauna study. A
symphylan, collected as by-catch during the stygofauna sampling, was reported as a
troglobitic form; however, Symphyla also inhabit surface soil and leaf litter habitats and
are able to mobilise to deeper subterranean habitats. The symphylan is unlikely to be
restricted to the project area and a single Symphyla specimen in the absence of prospective
geologies/habitats for troglofauna in the project area is unlikely to warrant further
consideration of troglofauna.

3.1 DATABASE SEARCH RESULTS

A search of the WA Museum’s Arachnology Database was conducted for troglofauna
records within approximately 20-25 km of the project area. The search coordinates used
were as follows:
north-west corner 296478 mE, 6766594 mN; and
south-east corner 330047 mE, 6724158 mN.

The search showed a total of 35 arachnid troglofauna records from two families of
Acariformes (mites), five families of Araneae (spiders) and one family of Pseudoscorpions
(Dr Mark S. Harvey, pers. comm.*). All records were from the Arramall and River Caves,
located approximately 8 km south-west of the project. These caves are within the Tamala
Limestone, west of Brand Highway. The Arramall Cave extends for 1.975 km while the
River Cave is approximately 500 m long.

Collections were made by J.W.J. Lowery (Western Australian Speleological Group, 2009)
from the Arramall and River Cave systems yielding twelve species including the blind
spider Baiami volucripes and Pseudoscorpion Protochelifera cavernarum. Three isopods
and two centipede species were found including the rare blind beetle Tripectenopus
occultatus. The frog Litoria mooreii was also found in Arramall Cave, however this is a
widespread species and is not limited to subterranean habitats; occurring throughout
Southwest Australia.

* Dr Mark S. Harvey, Senior Curator & Head, Dept. of Terrestrial Zoology, Western Australian Museum
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3.2 ASSESSMENT OF AVAILABLE GEOLOGICAL INFORMATION

The occurrence of significant troglofauna communities in the South-West is likely to be
associated with discrete geological features, particularly limestone formations (EPA,
2007). Assessment of available geological information on the Dongara Project suggests a
low likelihood of subterranean fauna habitat for troglofauna. A report on the soils of the
project area by D. C. Blandford & Associates (2008) reported small outcrops of limestone
in the central Project area. There are no geological data or lithological logs available for
this small expression of limestone. The Tamala Limestone Formation does not extend as
far west as the Dongara Project area (Nidagal, 1995) and the Ascot Limestone, which
occurs at the base of the superficial formations to the south (Kern, 1993), has not been
intersected in the Dongara Project area. It is thought that the limestone reported to crop out
in the project area may be a thin lacustrine deposit similar to the Muchea Limestone, which
occurs in the Gingin area (Moncrieff and Tuckson, 1989).

3.2.1 Inspection of Drill Logs

The three Leeman shallow bores within the project area were drilled in August 1990
(Nidagal, 1991). There are no obvious karst terrains within any of the inspected drill logs
which would indicate the presence of suitable habitat for troglofauna.

Bores LS31C and LS34B were both drilled to, and are slotted within, the Guildford
formation. Inspection of the lithological logs and bore completion data (Nidagal, 1991)
show that the surface strata comprise unsaturated Guildford formation and Bassendean
Sands. The Guildford formation underlies Bassendean Sands which occur to 10 m in
LS31C and to 3 m in LS34B. Both of these formations consist of fine white sands and
clayey sands.

Bore LS32B (directly east of LS31C, Figure 2) recorded a SWL level at 27 m, and is
slotted within clayey sands of the Yarragadee Formation. Above the saturated zone is the
Yoganup formation, of tertiary age. This formation consists of fine white sands and clayey
sands, with small traces of heavy minerals.

3.3 LIMITATIONS

The troglofauna risk assessment undertaken for the Dongara Project was limited by the
paucity of subterranean fauna data that are available for the area. Whilst much survey
effort has been applied to karstic and cavernous limestone formations on the western edge
of the Swan Coastal Plain, there are no data or published reports available for the eastern
portion where the Dongara Project is located. Assessment of the likelihood of significant
troglofauna values within the project area was therefore restricted to a review and
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interpretation of available geological and hydrogeological information as it relates to
subterranean fauna habitat. This level of assessment is considered adequate given the
nature of the superficial formations within the project area

4 STYGOFAUNA SAMPLING METHODOLOGY

The subterranean fauna sampling methodology outlined herein has been prepared in
accordance with the principles outlined in relevant EPA guidance statements 54 and 54a
(EPA 2003, EPA 2007). The investigation considers the requirements of the EPA for a
stygofauna study; it involves collecting sample sets that are representative of aquifers and
strata that may be suitable for subterranean fauna, from an appropriate spread of sampling
sites across the project area. In addition, several reference sites were sampled. The
sampling intensity employed either meets or exceeds that recommended by the EPA.

Given the lack of highly prospective geology (e.g. karstic limestone below the water table)
in the mine area that may indicate suitable stygofauna habitat, the superficial aquifers
present at the project site were considered unlikely to contain a rich subterranean fauna.
When the likelihood of significant stygofauna values in a project area is considered to be
low, an appropriate sampling effort should be employed to demonstrate the perceived low
risk to stygofauna during EIA and the investigation presented in this report was designed
and commenced accordingly.

A Regulation 17 Permit (No. SF 6859) was issued by the DEC for the purposes of
stygofauna sampling at Dongara. The sampling programme was planned to be carried out
in three rounds between March and September 2009, however, several extensions to the
programme were subsequently made following detection of stygofauna in the initial
sampling round. The March samples (round 1) were taken from three pre-existing Tiwest
production/observation bores and three Department of Water (Leeman Shallow)
monitoring bores (Figure 1). The six holes were selected for sampling based on depth and
aperture of their screened sections, local geological characteristics and spread across the
site.

For the June sampling round (round two), the scope was extended to include more regional
bores. Eleven regional bores were sampled including windmills, farm bores and six
additional Leeman Shallow bores. Regional bores were considered to be those beyond the
modelled 0.25 m drawdown contour (Figure 2).

Bores in the project area were sampled a further four times between June and September
2009. A total of 44 samples were taken between March and September 2009, with 31 from
the project area and 13 from regional sites.
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Each bore was sampled as summarised below:
 prior to biological sampling, measurements of water level and basic water quality

parameters (including salinity, conductivity, pH, dissolved oxygen and temperature);
 recordings of total depth, collar heights, diameters and other bore details where

available;
 collection of biological samples using stygofauna sampling nets and pump (where

used); and
 preservation of biological samples in 100 % ethanol.

Water quality was measured ‘down-hole’ using a Hydrolab Quanta G multiparameter
probe (round 1), and a Hydrolab minisonde multiparameter probe (rounds 2 to 6) on a
100 m cable. The probe was lowered down the bore casing to one metre below the water
level and was held until water quality readings stabilised before readings were recorded.

Sampling nets with a diameter of approximately two thirds of the bore diameter and filter
mesh sizes 50 µm and 150 µm were used to sample all bores. Each net consists of a steel
collar that supports a filter mesh, tapering to a hollow brass weight. A clear polycarbonate
vial with bottom removed and replaced with 50 µm filter mesh was screwed into the brass
weight to collect samples filtered by the sampling nets. Nets were suspended by a
carabiner and three trace wires attached to the steel collar.

Bores were subjected to both haul-net sampling using customised haul nets and pumped
sampling using a vehicle-mounted electric-submersible Grundfos MP1 pump. Net samples
were obtained by lowering sampling nets into bores using a reel of fishing braid until they
reached the bottom of the bore where they were agitated to disturb sediment and any
animals that may be present. Each biological sample was taken using three net-hauls of the
50 µm stygofauna sampling net and three net-hauls of the 150 µm sampling net, which
were combined and preserved. A sample was pumped from approximately one metre
above the bottom of each bore-hole using a submersible pump and filtered through a 50
µm net. The amount of water pumped was calculated to be at least three times the volume
of the bore where practical, or a minimum of 300 L to ensure an adequate volume of
aquifer water was filtered (Appendix I).

A number of bores were not able to be sampled by both pumping and netting techniques.
Bores DW01 and DW02 were windmill equipped hence only pumped samples were able to
be taken. DFB01 was a farm bore used for stock watering purposes and was therefore also
unable to be netted. DW03 is a windmill used by fisherman at a coastal village. After
conversations with local residents it was decided that pumped samples would not be taken
due to concerns over limited recharge into the shallow aquifer and the potential to draw
saline water into the well. Samples were taken by lowering nets into the well and sweeping
them through the water column. Due to the large volume and sedimentary nature of bore
DPB01, only net samples were taken in round 2. Bores LS19B and LS26D were sampled
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using nets only. The casing at bore LS19B was partly obstructed above the water level and
only small nets were able reach the water table. Bore LS26D was unable to be accessed by
vehicle, meaning pumps could not be transported to the site.

Samples were stored in 120 mL polycarbonate vials 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. All samples were
forwarded to specialist stygofauna biologists at the end of each sampling round for sorting
and identification.

5 RESULTS

The locations of sites sampled during the 2009 stygofauna sampling programme are shown
in Figure 1. Sorting of samples and identification of individual specimens was undertaken
by Bennelongia Environmental Consultants. Results of the sorting and identification of
specimens are shown in Table 1. Two bores (LS31C and DFB01) recorded no
invertebrates, and therefore are not included in Table 1. Bore DFB01 was only sampled on
one occasion whereas LS31C, which lies just outside the 0.25 m maximum groundwater
contour (Fig 2), was subjected to both pumping and haul-netting techniques on three
separate occasions.

Sampling in the project area yielded eleven taxa, six of which may be considered as
stygofauna for the purposes of EIA. The stygofauna species included oligochaete worms
(Enchytraeidae sp. nr. sp. WAM 2 and Insulodrilus nr nudus), harpacticoid copepods (two
undescribed forms of Parastenocaris), a syncarid (Hexabathynella sp.) and a rotifer
(Bdelloidea sp.).

A total of twenty six invertebrate taxa were identified from the regional sampling, fourteen
of which can be considered stygal taxa. The higher number of stygofauna from regional
sites is explained by the wider range of geology/aquifers sampled, which included two
bores screened in the Tamala limestone.

A single syncarid (Hexabathynella sp.) was recovered from bore DOB02 in March. Further
identification was not possible as the specimen was a juvenile. Subsequent sampling from
bore DOB02 on five occasions and regional sampling was undertaken in an effort to obtain
additional material for identification and comparison. No additional syncarid specimens
were recovered from DOB02, however, two regional bores yielded syncarids including
Hexabathynella sp. B2 (LS27B and LS30B) and Bathynella sp (LS27B).
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Table 1: List of taxa recorded from samples collected from six sampling trips (March, June, July, August and twice in September 2009), their ecological status and occurrence across sampling sites
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ANNELIDA
Oligochaeta
Enchytraeidae
Enchytraeidae sp (nr sp WAM 2) S1 X 1 1 150 15 34 20 11 Was previously (ex nr sp 3)
Phreodrilidae
Insulodrilus nr nudus S2 X 6 2
Tubificidae
Tubificidae sp. S3 X 2 Group B. Hair cheatae absent, anterior cheatrae with upper teeth as long as lower.

ARACHNIDA
Acarni
Acariformes
Acariformes N - 1 1 1 1 Terrestrial – Ticks and Mites
Oribatida N - 1 1 2 1 Mite
Araneae
Araneomorpha N 2 1 1 1 Terrestrial
CRUSTACEA
Amphipoda
Paramelitidae (n gen) Protocrangonyix S4 X 2 1 Stygofauna
Phreaochiltonia sp. B1 S5 X 1 2 Stygofauna Fragments
Copepoda
Cyclopidae
Dicyclops humpreysi humpreysi S6 X 10 7 Stygofauna
Fierscyclops sp B1 S7 X 2 10 Stygofauna
Harpacticoida
Harpacticoda sp. S8 X 1
Nitocra lacustra pacifica N W 12 Also found in surface habitats, widespread
nr Nitocrella sp. B1 S9 X 1 1 2 1 2 Stygofauna
Paramesochridae sp. B1 S10 X 6 1 Stygofauna**
Parastenocaris sp. B4 S11 X 1 2
Parastenocaris sp. B5 S12 X 14 25 10 1 1 3 Stygofauna
Parastenocaris sp. S13 X 1 2 3 3 New? Or same as B4 or 5?
Ostracoda
Candonopsis tenuis S14 X 50 Stygofauna – Seed Shrimp
Syncarida
Bathynellidae
Bathynella S15 X 1
Parabathynellidae
Hexabathynella sp. S16 X 1
Hexabathynella sp. B2 S17 X 3 8 1 Stygofauna
INSECTA
Collembolla
Collembolla sp. N - 13 10 1 3 3 1 4 1 1 Terrestrial – Springtail
Diptera
Chironomidae sp. N - 1 Non-biting midge
Culex globocoxitus N - 100 Terrestrial – Mosquito
Psycodidinae sp. 3 (SAP) N - 1 Moth Fly – DEC code
Hemiptera
Coccoidea N - 1 Terrestrial
Neuroptera
Neuroptera sp. N - 1 Lace Wing larvae
Pscoptera
Pscoptera N - 2 Terrestrial Booklice
Thysanoptera
Thysanoptera sp. N - 2
MYRIAPODA
Polyxenida N - 1 Terrestrial moult
NEMATODA
Nematoda sp. N - 1 1 30 52 2 10 2 13 10 Terrestrial – Round Worm
ROTIFERA
Bdelloidea sp. S18 W 6 2 Taxonomy is poor on this group, no teeth
Filinia sp. (?grandis) N - 1 1
TARDIGRADA
Tardigrada sp. N - 2 Water Bears#

TOTAL 0 1 0 0 0 29 35 14 10 2 1 1 6 0 0 2 1 4 0 180 70 42 30 17 1 1 173 14 2 16 13 20 16 3 23
Legend/Explanation of Codes
S Recognised stygobite (groundwater dependence confirmed)
N Taxon not confined to the groundwater environment (stygophile) / Non-stygal taxon (terrestrial or surface aquatic habitat)
W Taxon locally common and/or of widespread distribution
X Conservation status/distribution unknown
* Yellow shading denotes bores are located within the project area, number in parentheses denotes maximum drawdown at each site
# Commonly found in bores, may be subterranean
** Other members of this family in WA are found in marine/estuarine areas.
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Production bore DPB01 and monitoring bores LS32B and LS34B (Fig 1) contained two
different forms of oligochaete worms. Eight of the specimens collected from LS34B were
identified as belonging to the family Phreodrilidae, and are morphologically very similar to
the widespread species Insulodrilus nudus (awaiting a determination by Adrian Pinder at
the DEC). The remaining 232 specimens were identified as representatives from the family
Enchytraeidae; however identification to species level was not possible due to limitations
on the published taxonomy of this group. A third oligochaete species (Tubificidae sp.) was
retrieved from a regional bore (LS27B).

Bores DOB02, LS32B and LS34B recorded harpacticoid copepods from the genus
Parastenocaris (Table 1). DOB02 contained both Parastenocaris sp. B4 and
Parastenocaris sp. B5, as well as juvenile forms (Parastenocaris sp) which cannot be
identified further. Parastenocaris sp. B4 and Parastenocaris sp. B5 are taxonomically very
similar and at this stage it is unclear whether they are likely to be separated at species level
or be considered as different forms of the same species. Parastenocaris sp. B5 was
recorded from bore LS32B on two occasions and LS34B yielded two juvenile specimens in
June. Juvenile forms were also recorded from the regional monitoring bore LS27B, located
approximately 10 km south of the project area. DOB02 and LS34B are both screened in the
superficial formations (Guildford) while LS32B is screened within the Yarragadee
Formation.

Four additional harpacticoid copepod species were recorded by the regional sampling
including Harpacticoida sp., Nitocra lacustra pacifica (terrestrial), nr Nitocrella sp. B1,
and Paramesochridae sp. B1 (Table 1). None of these species were found within the project
area and so they are not considered further by this assessment. Two forms of cyclopoid
copepods, Dicyclops humpreysi humpreysi and Fierscyclops sp B1, were recovered from
regional bores DW03, LS26D and LS30B. All three of these bores are located outside the
project area and will not be impacted by project-related drawdown of groundwater levels.

DOB02 yielded specimens belonging to the sub-class Bdelloidea (rotifers). Six specimens
were recovered in one of six samples taken from the bore (August 2009). The same species
was recovered during the regional sampling from LS20B, some 35 km south of DOB02.

Terrestrial taxa collected during the sampling programme included Acarina (terrestrial
ticks and mites), Araneomorpha (spiders), insects, Coccinella (ladybirds), Collembolla
(springtails), Diptera (flies), Neuroptera sp., Pscoptera, Polyxenida (millipedes), Nematoda
(round worms), Thysanoptera (thrips). Surface aquatic species of Rotifera (rotifers),
Tardigrada (water bears) and Copepoda (copepods) were also collected. As all of these
groups are of terrestrial origin and are considered as accidentals in the bores sampled, they
are not considered further.
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The available details of all bores sampled during rounds 1 to 6 of the programme are
presented in Appendix I, together with the physico-chemical groundwater data collected at
each site. All bores within the project area recorded fresh to brackish salinities (in the
range of 600 to 2,100 mg/L TDS), with LS31C having the highest salinity of 2,100 mg/L
TDS. Dissolved oxygen readings (excluding regional bores) ranged from 0.31 to 7.28
mg/L (7.58 to 86.4 % saturation), with five of the bores recording values of less than 1.0
mg/L. Field pH values were slightly acidic, ranging from 5.55 to 6.88.

6 DISCUSSION

Stygofauna are highly specialised obligate aquatic subterranean fauna (Humphreys, 2000)
which are restricted spatially in distribution (Watts and Humphreys, 1999). The occurrence
of stygofauna can generally be dependent on four factors; the geographic position,
geology, biogeochemical processes and hydrological regimes (Hancock et. al, 2005).

The geological units that are generally regarded as providing suitable habitat for
subterranean fauna include limestone karst systems, alluvium, calcrete, fissured/fractured
rock, gravel, and pisolite (Marmonier et. al, 1993; Biota, 2008). The superficial formations
sampled at Dongara consist mainly of sand and clay. Given the absence of any highly
prospective geology in the project area, they were not considered likely to contain a rich
subterranean fauna.

Sampling for stygofauna within the superficial and Yarragadee aquifers in the vicinity of
the Dongara Project between March and September 2009 has recorded both a low
abundance and diversity of stygofauna. Thirty-one samples in total were collected from six
bores in the project area; three bores contained stygofauna. Bore DOB02 recorded the most
diverse stygofauna community within the project impact zone, containing four of the six
stygofauna species identified by the sampling programme.

From a conservation perspective, the syncarid Hexabathynella sp. (Family
Parabathynellidae) recorded at bore DOB02, is the most significant taxon identified in the
Dongara Project area. All syncarids are restricted to the groundwater environment and
many are known to have restricted distribution ranges. The taxonomy and distribution of
parabathynellids and other Syncarida from Western Australia are very poorly known and
the Dongara specimens do not match any of the published parabathynellids from the
Kimberley and Yilgarn regions. Both Bathynellidae and Parabathynellidae are small (up to
3 mm long) crustaceans with similar dispersal patterns and habitats. Currently, there is
only one described species of Bathynellidae in Australia (Serov, 2002), Bathynella
primaustraliensis from the Murray-Darling Basin. However, there have been undescribed
species collected from the Pilbara and Yilgarn regions, and the Swan Coastal Plain.



Dongara Mineral Sands
Subterranean Fauna Sampling Programme Page 16



Rockwater Pty Ltd
143.13/11/1

The order Bathynellacea is noted for local and regional endemism and, interestingly,
Hexabathynella is the only genus that occurs world-wide (Schram, 2008). Hexabathynella
is one of four genera of Parabathynellidae known from Australia, and has been previously
recorded mostly from the eastern states (Cho, 2005). The juvenile Hexabathynella
specimen from bore DOB02 in the project area could not be identified further; however, it
is considered likely that the specimen is the same taxon as the adult Hexabathynella sp. B2
recorded from two regional sites; bores LS27B and LS30B, which are 10.5 km and 8.5 km
from the project area respectively. Both of these regional sites occur beyond any likely
mining-related drawdown of water-levels in the superficial aquifer. Given the regional
extent of the superficial aquifer sampled by the programme and the known ranges for other
taxa within the family Parabathynellidae, it is reasonable to conclude that the
Hexabathynella species recorded within the project area and from two regional sites is
likely to occur within similar groundwater conditions in surrounding areas of the Swan
Coastal Plain.

Bore DOB02 is screened within the superficial aquifer from 13 to 22 m (below top of
casing) with a screen aperture of 0.5 mm (Appendix I). Drawdown of the superficial
aquifer in the vicinity of bore DOB02 has been modelled to be up to 5 m once pumping
commences to dewater the mine pit (Figs. 2-4). The saturated thickness of the superficial
aquifer in the vicinity of bore DOB02 is inferred to be approximately 10 m (Nidigal,
1995), meaning that at least five metres of the superficial aquifer will remain saturated at
DOB02 over the duration of the project. The degree of hydraulic connection between the
superficial aquifer and the underlying Yarragadee aquifer at this location is unknown;
however, the presence of similar species in both aquifers shows that there is flow between
the two aquifers in the project area.

Studies conducted by Aviva Corporation near Eneabba, approximately 60 km south of the
project area (Rockwater, 2008), recorded a bathynellid syncarid and demonstrated a range
of over 50 km for that species. Generally, most Bathynellidae species have been shown to
have very small ranges (less than 10 km); however, two european species (Hexabathynella
minuta and Iberobathynella (A.) imuniensis) have shown ranges greater than 100 km
(Camacho, 2005; Camacho et. al, 2006). A study by Camacho and Valdecasas (2008) on
the global distribution of syncarids demonstrated that many species once thought to be
restricted have much wider distribution ranges when subjected to more intensive sampling.
Furthermore, the distribution of Bathynellidae appears to not be limited by geological
faults (Bennelongia, 2008). Camacho et. al (2006) conducted a study aimed at determining
the limiting factors on the distribution of five bathynellid species within a 100 km2 area
and showed that, although groundwater flow may be reduced, species are able to cross
geological faults.

The oligochaete Enchytraeidae sp. (nr. sp. WAM 2) cannot be determined to species level;
however, it closely matches a specimen in the WA Museum that is known from the Perth
Basin. A second oligochaete is thought to be Insulodrilus nudus, which is known from
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Western Australia, Victoria and Tasmania and can be considered as a widespread species
(Pinder, 2001; ABRS, 2009). A tubificid worm (Tubificidae Group B) was recorded from a
regional bore. Previous studies have suggested that the risk of tubificid worms being
restricted to an area the size of the current study area is low (Biota, 2008).

Two forms of harpacticoid copepod were recorded in the project area. It is unclear at this
stage whether the forms represent separate species; however, they are closely related and at
least one species has been recorded outside the project area. Parastenocaris sp. B5 was
recorded both from the superficial aquifer and the deeper Yarragadee aquifer in the vicinity
of the Dongara project. Parastenocaris are one of the few copepod families which occur in
both freshwater and marine habitats. Parastenocaris is a cosmopolitan genus and several
species are known from Western Australia, usually having wide distribution ranges (Dr S
Halse, pers. comm.) †.

The presence of a harpacticoid copepod and an oligochaete from bores screened in the
Yarragadee aquifer (DPB01 and LS32B) is an interesting finding, as there are few records
of stygofauna from confined aquifers in Western Australia. This finding further
demonstrates the likely widespread occurrence of these groups. Nidigal (1995) reports that
significant discharge occurs by leakage from the superficial aquifer into the underlying
Yarragadee aquifer beneath the eastern part of the Swan Coastal Plain. This represents a
distribution pathway for fauna into the regionally-widespread Yarragadee aquifer.

Bdelloidea were recorded from DOB02 and the regional bore LS20B. Although taxonomy
on this group is poorly known, Bdelloidea are generally considered to be widespread. As
this taxon has been identified from a regional site beyond the project impact zone it does
not warrant further consideration in the context of EIA.

7 CONCLUSION

Extensive sampling for stygofauna between March and September 2009 has shown that the
superficial aquifer in the vicinity of the Dongara Project contains a low abundance and
diversity of stygofauna. Six stygofauna species were recorded in the project area and none
of these are considered to be restricted to the project area. Three species have been shown
to occur either outside the project area, or from the underlying Yarragadee aquifer. Of the
remaining three species, a phreodrilid worm and a harpacticoid copepod are from
stygofaunal groups that are generally considered to be widespread, and a syncarid
(Hexabathynella sp.) is considered likely to be the same as Hexabathynella sp. B2,
recorded from two regional sites. The syncarid Hexabathynella sp. was recorded as a
juvenile form in one of six samples taken from an observation bore in the project area and
hence the specimen could not be identified further.

† Dr Stuart Halse, Bennelongia Environmental Consultants
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Limited sampling of the underlying Yarragadee aquifer in the project area recorded an
oligochaete and a harpacticoid copepod that were also identified from the superficial
aquifer. This suggests that, where the superficial aquifer is in hydraulic connection with the
Yarragadee aquifer, it is possible that the local stygofauna populations will be dispersed
throughout both aquifers (although not abundantly) where suitable habitat exists.

There is no evidence to suggest that the lithology of the superficial formations in the
vicinity of the Dongara project is unique; implying that suitable habitat for stygofauna
within the superficial aquifer is likely to exist in surrounding areas of the Swan Coastal
Plain where the superficial formations are saturated.

A desktop troglofauna study concluded that there is a low likelihood of troglofauna in the
superficial formations of the project area.

Dated: 17 June 2011 Rockwater Pty Ltd

Nick Evelegh
Principal Environmental Scientist
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Appendix I: Bore details and water quality sampled by the 2009 Stygofauna Sampling Programme.

March 2009

Bore Date Time Bore
Depth Drilled Date Screened Interval Aquifer Diameter Easting Northing Water

Level
Pumped
Volume

Collar
Hgt Temp DO DO pH Redox SPCond TDS Comments

(m bgl) (mbtoc) (mm) m (btc) L m (agl) C mg/L % Units mV mS/cm
DPB01 31/03/2009 14:14/14:50 36 0.6 mm (21-36 m) Yarra 200 318157 6746304 10.4 810.0 0.23 22.30 1.97 5.69 1089 Netted first
DOB01 31/03/2009 + 1/04/09 15:30/08:08 35 0.5 mm (23-35 m) Super 100 318130 6746305 10.8 570.0 0.44 22.65 3.81 5.66 1182 Netted first
DOB02 1/04/2009 08:38/09:44 22 0.5 mm (13-22 m) Super 100 318107 6746301 11.1 264.0 0.67 21.92 2.14 6.31 1710 Netted first
LS31C 1/04/2009 14:27/15:00 21 30/08/1990 1 mm (15-21 m) Guildford 50 315944 6742169 5.8 99.0 0.795 22.38 1.10 6.49 3080 Pumped First
LS32B 1/04/2009 13:10/13:40 33 23/08/1990 1 mm (27-33 m) Yarra 50 321033 6742650 19.5 81.0 0.62 22.96 6.70 6.22 1322 Pumped First
LS34B 1/04/2009 11:10/11:40 20.5 10/08/1990 1 mm (13.9-19.9 m) Guildford 50 316600 6752403 1 97.5 0.64 22.08 4.03 5.78 991 Pumped First

Bore Date Time Bore
Depth

Drilled Date Screened Interval Aquifer Diameter Easting Northing Water
Level

Pumped
Volume

Collar
Hgt

Temp DO DO pH Redox SPCond TDS Comments

(m bgl) (mbtoc) (mm) m (btc) L m (agl) C mg/L % Units mV mS/cm ppt
DFB01 9/06/2009 13:05 ? 120 317948 6756014 ? 960.0 0.53 23.12 9.52 108.3 6.22 243 1302 0.8349 Pumped only
DL2W 100 320106 6752422 DRY - - - - - - - - - -
DOB01 8/06/2009 16:18 35.0 0.5 mm (23-35 m) 100 318107 6746301 10.11 594.0 0.44 22.31 5.14 60.7 5.55 254 1117 0.7128 Pumped First
DOB02 8&9/06/2009 16:37 22.0 0.5 mm (13-22 m) 100 318130 6746305 11.37 255.0 0.67 22.16 2.67 27.4 5.82 249 1569 1.003 net,net,pump,net
DPB01 9/06/2009 11:21 36.0 0.6 mm (21-36 m) 200 318157 6746304 10.89 0.0 0.23 22.17 3.62 41.7 5.8 246 1050 0.6736 Netted only
DW01 9/06/2009 16:45 ? ? 312543 6730850 ? ? ? 23.26 7.6 87.9 6.79 232 1424 0.9124 Pumped only
DW02 11/06/2009 12:42 ~25 ? ~15 ? ? 20.32 2.1 24.7 7.08 157 3060 1.958 Pumped only
DW03 10/06/2009 16:15 2.82 1200 305811 6731932 2.61 0.0 ? 18.83 4.02 44.4 6.79 135 7616 4.874 Netted only
GP1A 8/06/2009 14:06 9.4 ? ? 160 327187 6698329 7.73 105.0 0.75 23.07 1.62 19.0 6.57 237 3453 2.212 Netted first
LS19B 11/06/2009 9:50 30.5 Cl 8.5(24-30m) Super. Swan 50 317381 6711996 22.71 0.0 0.715 22.4 3.45 39.2 7.19 212 2317 1.478 Netted only
LS20B 11/06/2009 11:25 40.0 50 324691 6712152 12.42 165.0 0.00 21.84 0.65 7.4 5.98 94 181.3 0.1159 Pumped First
LS26D 10/06/2009 11:07 35.0 21/09/1990 Cl 8.5 (29-35 m) CCM 50 307005 6732923 21.07 0.0 0.8 20.77 6.52 72.6 7.17 217 2136 1.368 Netted only
LS27B 10/06/2009 12:44 30.0 2/07/1990 Cl 8.5 (24-30 m) T.Lime. 50 313672 6731407 20.76 60.0 0.73 22.55 0.58 7.0 7.02 216 3069 1.964 Pumped First
LS28B 10/06/2009 14:31 20.7 11/07/1990 Cl 8.5 (14.2-20.2m) Guildford 50 321253 6729270 8.17 189.0 0.665 21.89 5.21 59.5 6.69 211 980.7 0.6273 Pumped First
LS30B 10/06/2009 9:03 20.0 5/10/1990 Cl 8.5 (14-20 m) T.Lime. 50 307453 6742127 3.10 114.0 0.74 24.34 7.32 88.1 7.87 236 5410 3.467 Pumped First
LS31C 11/06/2009 13:46 24.0 30/08/1990 Cl 8.5 (15-21 m) Guildford 50 315944 6742169 7.45 102.0 0.8 22.48 0.77 10.0 6.75 -50 3005 1.92 Pumped First
LS32B 9/06/2009 15:30 33.0 23/08/1990 Cl 8.5 (27-33 m) Yarra 50 321033 6742650 26.51 54.0 0.62 22.82 3.82 44.3 6.11 244 1093 0.6995 Pumped First
LS34B 9/06/2009 14:06 30.0 10/08/1990 Cl 8.5 (13.9-19.9m) Guildford 50 316600 6752403 1.89 173.3 0.64 20.43 1.89 21.1 5.72 163 965.4 0.6177 Pumped First
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Appendix I: Continued.

July 2009

Bore Date Time Bore
Depth Drilled Date Screened Interval Aquifer Diameter Easting Northing Water

Level
Pumped
Volume

Collar
Hgt Temp DO DO pH Redox SPCond TDS Comments

(m bgl) (mbtoc) (mm) m (btc) L m (agl) C mg/L % Units mV mS/cm
DPB01* 29/07/2009 9:20 36 0.6 mm (21-36 m) Yarra 200 318157 6746304 10.985 0.0 0.23 21.85 3.01 30.00 6.13 217 1057.0 0.6788 Netted only
DOB01 28&29/07/2009 13:42/07:40 35 0.5 mm (23-35 m) Super 100 318130 6746305 11.195 576.0 0.44 22.37 3.92 47.50 5.55 271 1122.0 0.7173 Pumped First
DOB02 28&29/07/2009 14:10/07:28 22 0.5 mm (13-22 m) Super 100 318107 6746301 11.435 300.0 0.67 22.33 0.52 5.80 5.79 149 1580.0 1.0110 Netted first
LS27B 29/07/2009 13:32 30.0 2/07/1990 Cl 8.5 (24-30 m) T.Lime. 50 313672 6731407 20.93 0.0 0.73 22.83 0.85 10.0 6.88 -169 3267.0 2.0900 Netted only
LS32B 29/07/2009 10:14 33.0 23/08/1990 Cl 8.5 (27-33 m) Yarra 50 321033 6742650 26.73 0.0 0.62 22.74 7.28 86.40 6.03 235 1481.0 0.9410 Netted only
LS34B 29/07/2009 11:58 30.0 10/08/1990 Cl 8.5 (13.9-19.9m) Guildford 50 316600 6752403 1.44 0.0 0.64 18.6 3.01 33.40 5.70 220 934.4 0.6047 Netted only

September 2009

Bore Date Time Bore
Depth Drilled Date Screened Interval Aquifer Diameter Easting Northing Water

Level
Pumped
Volume

Collar
Hgt Temp DO DO pH Redox SPCond TDS Comments

(m bgl) (mbtoc) (mm) m (btc) L m (agl) C mg/L % Units mV mS/cm ppt
DPB01 12/09/2009 11:47/12:50 36 0.6 mm (21-36 m) Yarra 200 318157 6746304 10.94 396.0 0.23 22.26 0.65 7.80 6.31 95 1103.0 0.7071 Pumped First
DOB01 12/09/2009 10:40/11:40 35 0.5 mm (23-35 m) Super 100 318130 6746305 11.16 360.0 0.44 21.91 0.86 10.00 6.10 219 1184.0 0.7577 Pumped First
DOB02 12/09/2009 09:20/10:20 22 0.5 mm (13-22 m) Super 100 318107 6746301 11.395 261.0 0.67 22.3 0.69 8.10 6.43 -130 1676.0 1.0700 net/pump/net
LS31C 13/09/2009 09:24/9:50 21 30/08/1990 1 mm (15-21 m) Guildford 50 315944 6742169 7.66 90.0 0.795 20.97 2.99 33.90 6.52 120 3272.0 2.0930 Bailed/Pumped First
LS32B 12/09/2009 13:30 33 23/08/1990 1 mm (27-33 m) Yarra 50 321033 6742650 26.665 0.0 0.62 24.77 0.31 7.58 6.01 73.7 1706.0 1.0920 Bailed/netted only
LS34B 12/09/2009 16:08/16:40 20.5 10/08/1990 1 mm (13.9-19.9 m) Guildford 50 316600 6752403 1.44 125.4 0.64 17.69 0.87 8.70 5.58 165 975.4 0.6251 Pumped First
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