











Analysis of site assessment results against the checklist determined that the relevé (RO7) sampled to define
vegetation unit CcBm, displays all characterising features of the Banksia woodland TEC, as summarised below in
Table 14. The physical appearance and other site-specific information relating to relevé R0O7, representative of
CcBm, is presented in Appendix F.

Table 14 - Banksia Woodland TEC Characterisation of Relevé R07

a) Swan Coastal Plain or Jarrah Forest location +

b) Soils and landform either deep Bassendean, Spearwood or occasionally Quindalup sands, sandy colluvium, b
Aeolian sands of the Ridge Hill Shelf or Whicher Scarp

c) Distinctive upper sclerophyllous layer dominated by Banksia attenuata, Banksia menziesii, Banksia ilicifolia or
Banksia prionotes b

d) With (although can be without) an emergent tree layer of Corymbia calophylla, Eucalyptus marginata or
Eucalyptus gomphocephala +

e)  With (although can be without) other trees including Eucalyptus todtiana, Nuytsia floribunda, Allocasuarina
fraseriana, Callitris arenaria, Callitris pyramidalis or Xylomelum occidentale

f)  Understorey/mid-ground sclerophyllous shrub layer including mostly Asteraceae, Dilleniaceae, Droseraceae,
Ericaceae, Fabaceae, Haemodoraceae, Iridaceae, Myrtaceae, Orchidaceae, Proteaceae, Restionaceae b

g) Herbaceous ground layer including mostly Apiaceae, Asteraceae, Cyperaceae, Haemodoraceae, Poaceae,
Restionaceae, Stylidiaceae b

Overall Result | Confirmed

Banksia Woodland Condition Thresholds

Another consideration of the Banksia woodland TEC is that the vegetation should also meet at least the ‘Good’
condition category (Threatened Species Scientific Committee 2016). Assessment of the vegetation condition of
the project area found that the location supporting CcBm is in ‘Degraded-Good’ condition. Therefore, this
occurrence of Banksia woodland (CcBm) does not meet the minimum condition threshold and is not eligible for
inclusion as the Commonwealth-listed Banksia woodland TEC, in accordance with the Conservation Advice
(Threatened Species Scientific Committee 2016).

Regardless of condition, this vegetation (all areas mapped as CcBm, totalling 0.079 ha within the project area) is
representative of a State-listed Priority 3 PEC, Banksia dominated woodlands of the Swan Coastal Plain IBRA
region.

5.2.3 Riparian Vegetation

Within the project area, there are some areas of riparian vegetation, which are represented within vegetation unit
ErMr, which is described as:

Eucalyptus rudis and Casuarina obesa Low Woodland, over Melaleuca rhaphiophylla Tall Sparse Shrubland,
over Juncus kraussii subsp. australiensis Tall sedgeland (in better condition areas) and weedy Grassland,
dominated by *Lolium rigidum, * Ehrharta longiflora, *Ehrharta calycina and *Lagurus ovatus.

Vegetation unit ErMr is growing in association with the Swan River, and in its location on the northern banks,
represented the best quality vegetation of all of the project area. Vegetation unit ErMr was sampled by relevé
RO3 and quadrat Q04, which were documented to be in ‘Degraded’ and 'Good to Very Good' condition,
respectively (Appendix F). In particular, the areas on the immediate Swan River foreshore represent the best
condition vegetation in the project area (Figure 11).
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5.2.4 Vegetation Representation

The Office of the EPA’s (OEPA's) interim strategic advice for WAPC's Perth and Peel @ 3.5 million report (WAPC
2015) continues to enforce the EPA objective of vegetation retention for biodiversity conservation, as reflected
in the now superseded EPA (2000) Position Statement No. 2 (OEPA 2015). This objective is to protect at least
30% of the original extent of vegetation complexes in unconstrained areas and 10% in constrained areas (i.e.
urban regions). All documented remaining pre-European vegetation extents (Beard 1990) of the study area are
below the minimum 30% threshold level for unconstrained areas. Vegetation association 1001 falls below the
10% threshold within the City of Bayswater and Belmont, whilst vegetation association 1009 falls below the 10%
threshold within only the City of Bayswater. These two association therefore do not meet the 10% retention
target for constrained areas

Vegetation associations 1001 and 1009, as well as the Bassendean Complex — Central and South and the Southern
River Complex all fall below the 30% threshold at the state and IBRA level (Tables 2 and 3). However, none of
the regional vegetation associations or complexes fall below the 10% retention target which applies to
constrained areas, including the study area.

5.3.1 Fauna Habitats

The project area was found to support four fauna habitat types, broadly consisting of Eucalypt and Banksia
woodlands with predominantly grassland (including weedy grasses) understorey, open areas, parklands, gardens
and immature rehabilitation. The fauna habitat types vary in quality and value in terms of providing for native
fauna, which includes species of conservation significance (Black-cockatoos and Quenda/Western Brown
Bandicoot).

Areas of remnant vegetation of better quality would be more likely to support fauna species. This is because the
cleared or partly cleared areas where the understory is sparser and dominated by introduced weed and grass
species such as *Briza maxima, *Ehrharta calycina, *Eragrostis curvula and *Lagurus ovatus would provide very
little value (food source and refuge/cover) for native fauna, and would have a lower capacity to support most
fauna species (Harewood 2017).

The EBW habitat (Eucalypt and Banksia woodland with moderately dense understorey) provides the best fauna
habitat throughout the entire project area, suitable for Black-cockatoos and Quenda/Western Brown Bandicoot,
although its extent is very limited. The suitability of each of the habitats in providing foraging, roosting and
breeding habitat for Black-cockatoos is discussed further in the following section.

5.3.2 Black-Cockatoo Tree Assessment
5.3.2.1 Foraging Habitat

The project area is considered to represent mostly low to moderate (moderate at best) value foraging habitat for
Black-cockatoo species. The foraging habitat quality score ranges from 1-4, with the majority of the site rated a
3 (low to moderate foraging value), as summarised in Table 12.

Significant areas within the project area, north of Guildford Road do not support any foraging habitat, largely
due the cleared roads and verges present. Suitable foraging habitat occurs south of Guildford Road throughout
all of the mapped fauna habitats, but predominantly within the EBW and EW habitat types. Although, no evidence
of Black-cockatoos utilising any of these areas for foraging, such as chewed Marri nuts, were noted. The project
area is generally considered to represent low to moderate (mostly; 22.80 ha) value foraging habitat for Black-
cockatoo species. Where mature Eucalyptus species are present (throughout all of the fauna habitats besides the
rehabilitation areas and grassed areas of parklands), the foraging habitat quality score ranges from 3 to 4, with
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areas supporting Marri rated with a foraging quality score of 4 (6.16 ha). Lower foraging value of 2 was given to
areas where the tree species are less mature, and/or with a sparser understorey layer, as such vegetation would
be less likely to be used by Black-cockatoos for foraging.

5.3.2.2 Roosting Habitat

Areas of potentially suitable roosting habitat were determined predominantly based on the proximity of the
habitat to known waterbodies (within 2 km). Additional factors such as the maturity and height of trees (trees at
least 10 m tall, but noting a preference for trees over 15 m) were also considered. The majority of the project
area, across all of the mapped habitat types south of Guildford road is considered to be potentially suitable
roosting habitat due to the proximity to the Swan River, however no known roost sites occur within the vicinity
of the project area. The nearest confirmed roost site is located 6 km east south-east of the project area, in Maida
Vale, with a potential (but not confirmed) roost site occurring approximately 150 m south-east of the southern
terminus of the project area (BirdLife Australia 2017). There was no evidence of roosting observed within the
project area during the field assessment.

5.3.2.3 Breeding Habitat

A total of 124 trees that are recognised breeding species were found to be of adequate DBH. Only four of the
124 trees were confirmed to provide hollows suitable for Black-cockatoo breeding, in terms of the size of the
hollow openings and the depth and angle of the hollows (rank 3). None of the trees with hollows were found to
exhibit any signs of breeding evidence (chew marks around hollow openings) and none were confirmed to
support active nests. Active breeding is best observed during spring, since Forest Red-tailed Black-cockatoos'
nesting activity peaks during autumn and spring, and Carnaby’s Black-cockatoos are known to nest between July
and December, therefore, spring represents a period during which nesting activity of the two species overlaps.
Breeding and nesting activity of Baudin’s Black-cockatoo on the Swan Coastal Plain is considered extremely
unlikely, even though their presence has recently been observed within a few hundred metres of the southern
terminus of the project area, on the Perth Airport estate (Mike Bamford, pers. comm.).

A total of seven trees were recorded at rank 4 (hollows present, but unsuitable for Black-cockatoo breeding).

A summary of the suitability of each of the habitats of the project area in providing potential foraging, roosting
and breeding habitat for Black-cockatoos is provided in Table 15.

Table 15 - Black-cockatoo Habitats of the Project Area

Eucalypt and Banksia woodland with | Good quality (score of 4) foraging habitat.

EBW . . . . . :
moderately dense understorey. Provides potentially suitable night-roosting habitat.
_ Foraging habitat ranging from 2-4 in quality (score of mostly 3).
EW Eucalypt woodland with moderately Provides potentially suitable night-roosting habitat.

dense understorey.
y Provides potential breeding habitat.

Foraging habitat ranging from 2-4 in quality (score of mostly 3).
MEW Modified Eucalypt woodlands with

Provides potentially suitable night-roosting habitat.
sparse understorey.

Provides potential breeding habitat.

Limited foraging habitat where trees are located (score of mostly 2 or 3).
OPEN Open areas, parklands, gardens and | Where trees are located, provides potentially suitable night-roosting habitat.

immature rehabilitation. Where trees are located, provides potentially suitable breeding habitat and
isolated (one tree) suitable breeding habitat.
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6.

CONCLUSIONS

The key findings and conclusions arising from the assessment within the project area are as follows:

No Threatened flora under the BC Act or under the EPBC Act were recorded.

Two Priority flora were introduced into the area through revegetation. Acacia /lanceolata (P3, from the
Geraldton Sandplains) and Calothamnus graniticus subsp. leptophyllus (P4, from the Jarrah Forest and
Swan Coastal Plain) were both recorded from vegetation unit R1, which represents an historically
rehabilitated site.

Two intact vegetation units were mapped and recorded within the project area.

o CcBm: Corymbia calophylla, Eucalyptus marginata and Banksia menziesii Low Open Woodland,
over degraded understorey, dominated by *£hArharta calycina Grassland and Alexgeorgea nitens
Open Low Sedgeland.

o ErMr: Eucalyptus rudis and Casuarina obesa Low Woodland, over Melaleuca rhaphiophylla Tall
Sparse Shrubland, over Juncus kraussii subsp. australiensis Tall sedgeland (in better condition
areas) and weedy Grassland, dominated by *lolium rigidum, *Ehrharta longiflora, *Ehrharta
calycina and * Lagurus ovatus.

It is confirmed that there are no areas representative of the Banksia Woodland TEC within the project
area. Banksia woodland that meets some diagnostic criteria for representation of the Commonwealth-
listed TEC and State-listed PEC is represented as vegetation unit CcBm, although where present in the
project area (0.08 ha), this vegetation does not meet the minimum condition threshold to be eligible as
the TEC, in accordance with the Conservation Advice (Threatened Species Scientific Committee 2016).
The condition of the vegetation of the project area ranges from ‘Degraded-Good’ to ‘Completely
Degraded’, with most areas in ‘Degraded- Completely Degraded’ condition.

The project area supports four fauna habitats which vary in quality and value in terms of providing for
native fauna, which includes species of conservation significance (Black-cockatoos and Quenda/Western
Brown Bandicoot).

Most of the fauna habitats provide some foraging habitat for Black-cockatoos, although the quality is
mostly low to moderate and moderate at best.

All areas supporting mature, tall (over 10 m tall, but mostly where over 15 m tall) trees provide potentially
suitable roosting habitat for Black-cockatoos, due to the proximity of the project area to the Swan River,
however, no documented roost sites occur in the vicinity.

A total of 124 trees that are a recognised breeding species and considered potential current or future
breeding trees for Black-cockatoos were recorded within the project area, with most (113) found to be of
suitable DBH but without hollows (rank 5), some (seven trees) with hollows, but unsuitable for Black-
cockatoo breeding (rank 4) and few (four trees) with suitable hollows, but no evidence of Black-cockatoo
use (rank 3). No trees were found with sufficient DBH that also provide suitable hollows and show
evidence of Black-cockatoo use (e.g. chew marks (rank 2)) and no trees with confirmed active nests (rank
1) were recorded.
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7. LIST OF PARTICIPANTS

The personnel who contributed to the project are summarised in Table 16.

Table 16 - Project Team

Kellie Bauer-Simpson

Project manager, flora and vegetation field
assessment, report technical and authorisation

Technician/Advisor

BSc. (Biological Science) 20 .
Principal Ecologist/Botanist review
(Flora Collection Licence No. FB62000018)
Lisa Chappell Flora and vegetation field assessment, data
BEnvSc. (Hons) . . .
Senior Botanist/Environmental (Environmental Science) 14 analysis, GIS mapping, report preparation
Scientist (Flora Collection Licence No. SL012501)
Patricia Alymore
Senior Environmental BSc (Hons) Soil Physics 25 Report preparation
Consultant
Michelle Carey
Senior Environmental BSc (Hons) PhD (Env Sc) 15 Report preparation
Consultant
Katherine Chuck
BSc (Zoology) 8 Fauna field assessment
Senior Zoologist
Kristen Bleby
BSc (Hons) (Natural . .
Senior Environmental Resource Management) 8 Report technical review
Consultant
Shibi Chandran BSc. (Zoology)
Masters (Fisheries & 9 Flora identifications
Biologist/Taxonomist Aquaculture)
Sam Hall
BSc. (Hons) (Botany) 1 Data entry
Graduate Botanist
Will Bauer-Simpson Fauna field assessment, field safety and
Cert IV (Health and Safety) 8 logistics planning, GIS mapping, spatial

analysis/data management
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Acanthiza apicalis (Broad-tailed Thornbill, Inland Thornbill)
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Acanthiza inornata (Western Thornbill)

Accipiter cirrocephalus (Collared Sparrowhawk)
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Actitis hypoleucos (Common Sandpiper)

Aname mainae

Anas castanea (Chestnut Teal)

Anas gracilis (Grey Teal)

Anas platyrhynchos (Mallard)

Anas platyrhynchos subsp. domesticus
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Badumna insignis

Barnardius zonarius

Biziura lobata (Musk Duck)

Bostockia porosa

Brachyurophis semifasciatus (Southern Shovel-nosed Snake)
Cacatua pastinator (Western Long-billed Corella)

Cacatua sanguinea (Little Corella)

Cacomantis pallidus (Pallid Cuckoo)

Calyptorhynchus banksii (Red-tailed Black-Cockatoo)
Calyptorhynchus latirostris (Carnaby's Cockatoo, White-tailed Short-billed Black
Cockatoo)

Calyptorhynchus sp. (white-tailed black cockatoo)
Carassius auratus

Carduelis carduelis subsp. britannica (Goldfinch) Y
Charadrius ruficapillus (Red-capped Plover)

Chelodina colliei (South-western Snake-necked Turtle)
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Chenonetta jubata (Australian Wood Duck, Wood Duck)
Christinus marmoratus (Marbled Gecko)
Chroicocephalus novaehollandiae

Circus approximans (Swamp Harrier)

Cladorhynchus leucocephalus (Banded Stilt)
Colluricincla harmonica (Grey Shrike-thrush)

Columba livia (Domestic Pigeon)

Coracina novaehollandiae (Black-faced Cuckoo-shrike)
Corvus coronoides (Australian Raven)

Cracticus tibicen (Australian Magpie)

Cracticus torquatus (Grey Butcherbird)

Crinia glauerti (Clicking Frog)

Crinia insignifera (Squelching Froglet)

Cryptoblepharus buchananii

Cryptoblepharus plagiocephalus

Ctenotus australis

Ctenotus fallens

Ctenotus impar

Cyclosa trilobata

Cygnus atratus (Black Swan)

Dacelo novaeguineae (Laughing Kookaburra)
Dasyurus geoffroii (Chuditch, Western Quoll)

Delma fraseri (Fraser's Legless Lizard)

Dicaeum hirundinaceum (Mistletoebird)

Echiopsis curta (Bardick)

Egretta garzetta

Egretta novaehollandiae

Elanus axillaris

Elapognathus coronatus (Crowned Snake)

Elseyornis melanops (Black-fronted Dotterel)

Eolophus roseicapillus

Falco cenchroides (Australian Kestrel, Nankeen Kestrel)
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Fulica atra (Eurasian Coot)
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Hirundo neoxena (Welcome Swallow)

Hydromys chrysogaster (Water-rat, Rakali)
Hydroprogne caspia (Caspian Tern)

Idiosoma sigillatum (Swan Coastal Plain shield-backed trapdoor spider)
Isoodon fusciventer (Quenda, southwestern brown bandicoot)
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Lichmera indistincta (Brown Honeyeater)
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Malacorhynchus membranaceus (Pink-eared Duck)
Malurus splendens (Splendid Fairy-wren)

Maratus pavonis

Megalurus gramineus (Little Grassbird)

Melithreptus brevirostris (Brown-headed Honeyeater)
Melithreptus brevirostris subsp. leucogenys (Brown-headed Honeyeater)
Menetia greyii

Merops ornatus (Rainbow Bee-eater)

Microcarbo melanoleucos
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113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
1565.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.

170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.

Name ID

25248
25249

25252
25564
24407
24328
25680
48591

25253
25681
25682

24648
48060
48061
24659
25697
25698
24667
25699
24409

24596
24841
24747
24679
25510
24907
24681
25731
24767
24769
25732
24771
25511
25259

25008
24245
48096
25614

25266
30948
24645
24329
25597
25589
25590
24259
25705
24682

24207
24331
24167
48597
24845
25203
25519
25204
25549
25723
24158

Species Name

Missulena granulosa

Missulena occatoria

Nannoperca vittata

Neelaps bimaculatus (Black-naped Snake)

Neelaps calonotos (Black-striped Snake, black-striped burrowing snake)
Nicodamus mainae

Notechis scutatus (Tiger Snake)

Nycticorax caledonicus (Rufous Night Heron)
Ocyphaps lophotes (Crested Pigeon)

Oxyura australis (Blue-billed Duck)

Pachycephala rufiventris (Rufous Whistler)

Pandion cristatus (Osprey, Eastern Osprey)
Papillogobius punctatus

Parasuta gouldii

Pardalotus punctatus (Spotted Pardalote)
Pardalotus striatus (Striated Pardalote)

Pediana occidentalis

Pelecanus conspicillatus (Australian Pelican)
Petrochelidon ariel (Fairy Martin)

Petrochelidon nigricans (Tree Martin)

Petroica goodenovii (Red-capped Robin)
Phalacrocorax carbo (Great Cormorant)
Phalacrocorax melanoleucos (Little Pied Cormorant)
Phalacrocorax sulcirostris (Little Black Cormorant)
Phalacrocorax varius (Pied Cormorant)

Phaps chalcoptera (Common Bronzewing)
Phryganoporus candidus

Phylidonyris novaehollandiae (New Holland Honeyeater)
Platalea flavipes (Yellow-billed Spoonbill)
Platycercus spurius (Red-capped Parrot)

Podargus strigoides subsp. brachypterus (Tawny Frogmouth)
Pogona minor (Dwarf Bearded Dragon)

Pogona minor subsp. minor (Dwarf Bearded Dragon)
Poliocephalus poliocephalus (Hoary-headed Grebe)
Porphyrio porphyrio (Purple Swamphen)

Porphyrio porphyrio subsp. bellus (Purple Swamphen)
Porzana fluminea (Australian Spotted Crake)
Porzana pusilla (Baillon's Crake)

Porzana tabuensis (Spotless Crake)

Pseudonaja affinis (Dugite)

Pseudonaja affinis subsp. affinis (Dugite)
Purpureicephalus spurius

Pygopus lepidopodus (Common Scaly Foot)

Rattus rattus (Black Rat)

Rhipidura albiscapa (Grey Fantail)

Rhipidura leucophrys (Willie Wagtail)

Serinus canarius

Simoselaps bertholdi (Jan's Banded Snake)
Smicrornis brevirostris (Weebill)

Stagonopleura oculata (Red-eared Firetail)
Stictonetta naevosa (Freckled Duck)

Strepera versicolor (Grey Currawong)

Streptopelia chinensis (Spotted Turtle-Dove)
Streptopelia senegalensis (Laughing Turtle-Dove)
Sus scrofa (Pig)

Tachybaptus novaehollandiae (Australasian Grebe, Black-throated Grebe)
Tachybaptus novaehollandiae subsp. novaehollandiae (Australasian Grebe, Black-

throated Grebe)

Tachyglossus aculeatus (Short-beaked Echidna)

Tadorna tadornoides (Australian Shelduck, Mountain Duck)
Tarsipes rostratus (Honey Possum, Noolbenger)
Thalasseus bergii (Crested Tern)

Threskiornis spinicollis (Straw-necked Ibis)

Tiliqua occipitalis (Western Bluetongue)

Tiliqua rugosa

Tiliqua rugosa subsp. aspera

Todiramphus sanctus (Sacred Kingfisher)

Trichoglossus haematodus (Rainbow Lorikeet)

Trichosurus vulpecula subsp. vulpecula (Common Brushtail Possum)
Urodacus novaehollandiae

NatureMap is a collaborative project of the Department of Parks and Wildlife and the Western Australian Museum.
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Name ID Species Name Naturalised Conservation Code 1EndemAc To Query
rea

182. 24386 Vanellus tricolor (Banded Lapwing)
183. 25218 Varanus gouldii (Bungarra or Sand Monitor)
184. Venator immansueta
185. 24206 Vespadelus regulus (Southern Forest Bat)
186. 25765 Zosterops lateralis (Grey-breasted White-eye, Silvereye)

Fungi
187. 38787 Geastrum triplex
188. Phytophthora cinnamomi

Plantae
189. 1056 Alexgeorgea nitens
190. 17659 Alocasia brisbanensis Y
191. 190 Alopecurus myosuroides (Slender Foxtail) Y
192. 2648 Alternanthera denticulata (Lesser Joyweed)
193. 13267 Amyema linophylla subsp. linophylla
194. 12040 Apium prostratum var. prostratum (Sea Celery)
195. 20283 Astartea scoparia (Common Astartea)
196. 2471 Atriplex prostrata (Hastate Orache) Y
197. 44679 Auranticarpa rhombifolia Y Y
198. 1823 Banksia incana
199. 1834 Banksia menziesii (Firewood Banksia)
200. 25788 Billardiera fraseri (Elegant Pronaya)
201. 749 Bolboschoenus caldwellii (Marsh Club-rush)
202. 1276 Caesia micrantha (Pale Grass Lily)
203. 4717 Callitriche stagnalis (Common Starwort) Y
204. 5415 Calothamnus lateralis
205. 19713 Campsis radicans Y
206. 44535 Campsis x tagliabuana Y
207. 18321 Casuarina glauca Y
208. 1742 Casuarina obesa (Swamp Sheoak, Kuli)
209. 259 Cenchrus echinatus (Burrgrass) Y
210. 276 Coix lacryma-jobi (Job's Tears) Y Y
211. 32999 Colocasia esculenta var. esculenta Y
212. 4564 Comesperma virgatum (Milkwort)
213. 13999 Conospermum undulatum T
214. 6347 Conostephium minus (Pink-tipped Pearl flower)
215. 283 Cynodon dactylon (Couch) Y
216. 806 Cyperus polystachyos (Bunchy Sedge)
217. 816 Cyperus tenuiflorus (Scaly Sedge) Y
218. 3833 Daviesia podophylla
219. 17838 Dielsia stenostachya
220. 5187 Elatine gratioloides (Waterwort)
221. 14289 Epilobium tetragonum subsp. tetragonum Y
222. 18085 Eucalyptus utilis
223. 20216 Ficinia nodosa (Knotted Club Rush)
224. 19195 Gamochaeta pensylvanica Y
225. 6587 Gomphocarpus fruticosus (Narrowleaf Cottonbush) Y
226. 11051 Gomphocarpus physocarpus Y
227. 19286 Goodenia pulchella subsp. Coastal Plain A (M. Hislop 634)
228. 2212 Hakea sulcata (Furrowed Hakea)
229. 4926 Hibiscus diversifolius Y Y
230. 4010 Jacksonia floribunda (Holly Pea)
231. 1185 Juncus kraussii (Sea Rush)
232. 1188 Juncus pallidus (Pale Rush)
233. 4044 Kennedia prostrata (Scarlet Runner)
234. 11911 Laxmannia ramosa subsp. ramosa
235. 4067 Lupinus luteus (Yellow Lupin) Y
236. 2396 Lysiana casuarinae
237. 85 Macrozamia riedlei (Zamia, Dijiridji)
238. 13280 Melaleuca viminea subsp. viminea
239. 20774 Musa acuminata Y
240. 7289 Myoporum caprarioides (Slender Myoporum)
241. 6185 Myriophyllum aquaticum (Brazilian Water Milfoil) Y
242, 3618 Paraserianthes lophantha (Albizia)
243. 16478 Pericalymma ellipticum var. floridum
244, 13911 Persicaria decipiens
245, 16983 Persicaria maculosa Y
246. 10931 Rosa chinensis x moschata Y
247. 48430 Salicornia quinqueflora
248. 20063 Salix babylonica Y

NatureMap is a collaborative project of the Department of Parks and Wildlife and the Western Australian Museum.
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249.
250.
251.
252.
253.
254
255,
256.
257.
258.
259.
260.

Conservation Codes

Name ID

44534
6988
45036
35236
44492
2639
20135
33319
17763
17868
5106
1049

Species Name

Salix humboldtiana

Solanum americanum (Glossy Nightshade)
Solidago chilensis

Sorghum x drummondii (Sudan Grass)
Stuckenia pectinata

Suaeda australis (Seablite)

Taxandria linearifolia

Tecticornia indica subsp. bidens

Trifolium campestre var. campestre (Hop Clover)
Vallisneria nana

Waltheria indica

Zantedeschia aethiopica (Arum Lily)

T - Rare or likely to become extinct

X - Presumed extinct

IA - Protected under international agreement
S - Other specially protected fauna

1 - Priority 1
2 - Priority 2
3 - Priority 3
4 - Priority 4
5 - Priority 5

Naturalised

< < < <

Conservation Code ‘Endemic To Query
Area

* For NatureMap's purposes, species flagged as endemic are those whose records are wholely contained within the search area. Note that only those records complying with the search criterion are included in the
calculation. For example, if you limit records to those from a specific datasource, only records from that datasource are used to determine if a species is restricted to the query area.

NatureMap is a collaborative project of the Department of Parks and Wildlife and the Western Australian Museum.
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Appendix B - EPBC Protected Matters Search Report

BIOLOGICAL SURVEY REPORT
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EPBC Act Protected Matters Report

This report provides general guidance on matters of national environmental significance and other matters
protected by the EPBC Act in the area you have selected.

Information on the coverage of this report and qualifications on data supporting this report are contained in the
caveat at the end of the report.

Information is available about Environment Assessments and the EPBC Act including significance guidelines,
forms and application process details.

Report created: 25/01/19 15:42:21

Summary

Details
Matters of NES
Other Matters Protected by the EPBC Act
Extra Information

Caveat

Acknowledgements

This map may contain data which are
©Commonwealth of Australia
(Geoscience Australia), ©PSMA 2010

Coordinates
Buffer: 1.0Km


http://www.environment.gov.au/protection/environment-assessments

Summary

Matters of National Environmental Significance

This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

World Heritage Properties: None
National Heritage Places: None
Wetlands of International Importance: None
Great Barrier Reef Marine Park: None
Commonwealth Marine Area: None
Listed Threatened Ecological Communities: 1
Listed Threatened Species: 42
Listed Migratory Species: 25

Other Matters Protected by the EPBC Act

This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the environment anywhere.

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the 'environment’, these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
http://www.environment.gov.au/heritage

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.

Commonwealth Land: 1
Commonwealth Heritage Places: None
Listed Marine Species: 31
Whales and Other Cetaceans: None
Critical Habitats: None

Commonwealth Reserves Terrestrial: None

Australian Marine Parks: None

Extra Information

This part of the report provides information that may also be relevant to the area you have nominated.

State and Territory Reserves: None
Regional Forest Agreements: None
Invasive Species: 41
Nationally Important Wetlands: 1

Key Ecological Features (Marine) None


http://www.environment.gov.au/protection/environment-assessments
http://www.environment.gov.au/epbc/permits-and-application-forms

Detalls

Matters of National Environmental Significance

Listed Threatened Ecological Communities

[ Resource Information |

For threatened ecological communities where the distribution is well known, maps are derived from recovery
plans, State vegetation maps, remote sensing imagery and other sources. Where threatened ecological
community distributions are less well known, existing vegetation maps and point location data are used to

produce indicative distribution maps.

Name

Banksia Woodlands of the Swan Coastal Plain
ecological community

Listed Threatened Species

Name

Birds

Anous tenuirostris melanops
Australian Lesser Noddy [26000]

Calidris ferruginea
Curlew Sandpiper [856]

Calyptorhynchus banksii naso
Forest Red-tailed Black-Cockatoo, Karrak [67034]

Calyptorhynchus baudinii
Baudin's Cockatoo, Long-billed Black-Cockatoo [769]

Calyptorhynchus latirostris

Carnaby's Cockatoo, Short-billed Black-Cockatoo
[59523]

Diomedea amsterdamensis

Amsterdam Albatross [64405]

Diomedea epomophora
Southern Royal Albatross [89221]

Diomedea exulans
Wandering Albatross [89223]

Diomedea sanfordi
Northern Royal Albatross [64456]

Leipoa ocellata
Malleefowl [934]

Macronectes giganteus
Southern Giant-Petrel, Southern Giant Petrel [1060]

Status
Endangered

Status

Vulnerable

Critically Endangered

Vulnerable

Endangered

Endangered

Endangered

Vulnerable

Vulnerable

Endangered

Vulnerable

Endangered

Type of Presence

Community likely to occur
within area

[ Resource Information |
Type of Presence

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within



Name

Macronectes halli
Northern Giant Petrel [1061]

Numenius madagascariensis
Eastern Curlew, Far Eastern Curlew [847]

Pachyptila turtur subantarctica
Fairy Prion (southern) [64445]

Rostratula australis

Australian Painted-snipe, Australian Painted Snipe
[77037]

Thalassarche cauta cauta
Shy Albatross, Tasmanian Shy Albatross [82345]

Thalassarche cauta steadi
White-capped Albatross [82344]

Thalassarche impavida

Campbell Albatross, Campbell Black-browed Albatross

[64459]

Thalassarche melanophris
Black-browed Albatross [66472]

Mammals
Bettongia penicillata ogilbyi
Woylie [66844]

Dasyurus geoffroi
Chuditch, Western Quoll [330]

Neophoca cinerea
Australian Sea-lion, Australian Sea Lion [22]

Pseudocheirus occidentalis

Western Ringtail Possum, Ngwayir, Womp, Woder,
Ngoor, Ngoolangit [25911]

Plants
Andersonia gracilis
Slender Andersonia [14470]

Anigozanthos viridis subsp. terraspectans
Dwarf Green Kangaroo Paw [3435]

Caladenia huegelii
King Spider-orchid, Grand Spider-orchid, Rusty
Spider-orchid [7309]

Calytrix breviseta subsp. breviseta

Swamp Starflower [23879]

Conospermum undulatum
Wavy-leaved Smokebush [24435]

Diuris micrantha
Dwarf Bee-orchid [55082]

Status

Vulnerable

Critically Endangered

Vulnerable

Endangered

Vulnerable

Vulnerable

Vulnerable

Vulnerable

Endangered

Vulnerable

Vulnerable

Critically Endangered

Endangered

Vulnerable

Endangered

Endangered

Vulnerable

Vulnerable

Type of Presence
area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species



Name

Diuris purdiei
Purdie's Donkey-orchid [12950]

Drakaea elastica

Glossy-leafed Hammer Orchid, Glossy-leaved
Hammer Orchid, Warty Hammer Orchid [16753]

Drakaea micrantha

Dwarf Hammer-orchid [56755]

Eleocharis keigheryi
Keighery's Eleocharis [64893]

Grevillea curviloba subsp. incurva
Narrow curved-leaf Grevillea [64909]

Lepidosperma rostratum
Beaked Lepidosperma [14152]

Synaphea sp. Fairbridge Farm (D. Papenfus 696)
Selena's Synaphea [82881]

Thelymitra dedmaniarum
Cinnamon Sun Orchid [65105]

Thelymitra stellata
Star Sun-orchid [7060]

Reptiles
Caretta caretta
Loggerhead Turtle [1763]

Chelonia mydas
Green Turtle [1765]

Dermochelys coriacea
Leatherback Turtle, Leathery Turtle, Luth [1768]

Natator depressus
Flatback Turtle [59257]

Listed Migratory Species

Status

Endangered

Endangered

Vulnerable

Vulnerable

Endangered

Endangered

Critically Endangered

Endangered

Endangered

Endangered

Vulnerable

Endangered

Vulnerable

Type of Presence

habitat may occur within
area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

[ Resource Information |

* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.

Name

Migratory Marine Birds
Apus pacificus
Fork-tailed Swift [678]

Diomedea amsterdamensis
Amsterdam Albatross [64405]

Diomedea epomophora
Southern Royal Albatross [89221]

Threatened

Endangered

Vulnerable

Type of Presence

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area



Name
Diomedea exulans
Wandering Albatross [89223]

Diomedea sanfordi
Northern Royal Albatross [64456]

Macronectes giganteus
Southern Giant-Petrel, Southern Giant Petrel [1060]

Macronectes halli
Northern Giant Petrel [1061]

Thalassarche cauta
Tasmanian Shy Albatross [89224]

Thalassarche impavida

Campbell Albatross, Campbell Black-browed Albatross
[64459]

Thalassarche melanophris
Black-browed Albatross [66472]

Thalassarche steadi
White-capped Albatross [64462]

Migratory Marine Species
Caretta caretta
Loggerhead Turtle [1763]

Chelonia mydas
Green Turtle [1765]

Dermochelys coriacea
Leatherback Turtle, Leathery Turtle, Luth [1768]

Manta alfredi

Reef Manta Ray, Coastal Manta Ray, Inshore Manta
Ray, Prince Alfred's Ray, Resident Manta Ray [84994]

Manta birostris

Giant Manta Ray, Chevron Manta Ray, Pacific Manta
Ray, Pelagic Manta Ray, Oceanic Manta Ray [84995]

Natator depressus
Flatback Turtle [59257]

Migratory Terrestrial Species
Motacilla cinerea
Grey Wagtail [642]

Migratory Wetlands Species
Actitis hypoleucos
Common Sandpiper [59309]

Calidris acuminata
Sharp-tailed Sandpiper [874]

Calidris ferruginea
Curlew Sandpiper [856]

Threatened

Vulnerable

Endangered

Endangered

Vulnerable

Vulnerable*

Vulnerable

Vulnerable

Vulnerable*

Endangered

Vulnerable

Endangered

Vulnerable

Critically Endangered

Type of Presence

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
known to occur within area

Species or species



Name

Calidris melanotos
Pectoral Sandpiper [858]

Numenius madagascariensis
Eastern Curlew, Far Eastern Curlew [847]

Pandion haliaetus
Osprey [952]

Tringa nebularia
Common Greenshank, Greenshank [832]

Other Matters Protected by the EPBC Act

Commonwealth Land

Threatened

Critically Endangered

Type of Presence

habitat may occur within
area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Breeding known to occur
within area

Species or species habitat
likely to occur within area

[ Resource Information |

The Commonwealth area listed below may indicate the presence of Commonwealth land in this vicinity. Due to
the unreliability of the data source, all proposals should be checked as to whether it impacts on a
Commonwealth area, before making a definitive decision. Contact the State or Territory government land

department for further information.

Name
Commonwealth Land -

Listed Marine Species

[ Resource Information ]

* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.

Name

Birds

Actitis hypoleucos

Common Sandpiper [59309]

Anous tenuirostris melanops
Australian Lesser Noddy [26000]

Apus pacificus
Fork-tailed Swift [678]

Ardea alba
Great Egret, White Egret [59541]

Ardea ibis
Cattle Egret [59542]

Calidris acuminata
Sharp-tailed Sandpiper [874]

Calidris ferruginea
Curlew Sandpiper [856]

Calidris melanotos
Pectoral Sandpiper [858]

Diomedea amsterdamensis
Amsterdam Albatross [64405]

Threatened

Vulnerable

Critically Endangered

Endangered

Type of Presence

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Breeding known to occur
within area

Species or species habitat
may occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area



Name
Diomedea epomophora
Southern Royal Albatross [89221]

Diomedea exulans
Wandering Albatross [89223]

Diomedea sanfordi
Northern Royal Albatross [64456]

Haliaeetus leucogaster
White-bellied Sea-Eagle [943]

Macronectes giganteus
Southern Giant-Petrel, Southern Giant Petrel [1060]

Macronectes halli
Northern Giant Petrel [1061]

Merops ornatus
Rainbow Bee-eater [670]

Motacilla cinerea
Grey Wagtail [642]

Numenius madagascariensis
Eastern Curlew, Far Eastern Curlew [847]

Pachyptila turtur
Fairy Prion [1066]

Pandion haliaetus

Osprey [952]

Rostratula benghalensis (sensu lato)
Painted Snipe [889]

Thalassarche cauta
Tasmanian Shy Albatross [89224]

Thalassarche impavida

Threatened

Vulnerable

Vulnerable

Endangered

Endangered

Vulnerable

Critically Endangered

Endangered*

Vulnerable*

Campbell Albatross, Campbell Black-browed Albatross Vulnerable

[64459]
Thalassarche melanophris

Black-browed Albatross [66472]

Thalassarche steadi
White-capped Albatross [64462]

Tringa nebularia
Common Greenshank, Greenshank [832]

Mammals
Neophoca cinerea
Australian Sea-lion, Australian Sea Lion [22]

Reptiles

Vulnerable

Vulnerable*

Vulnerable

Type of Presence

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Breeding known to occur
within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
known to occur within area



Name Threatened Type of Presence
Caretta caretta

Loggerhead Turtle [1763] Endangered Species or species habitat
known to occur within area

Chelonia mydas

Green Turtle [1765] Vulnerable Species or species habitat
known to occur within area

Dermochelys coriacea

Leatherback Turtle, Leathery Turtle, Luth [1768] Endangered Species or species habitat
known to occur within area

Natator depressus

Flatback Turtle [59257] Vulnerable Species or species habitat
known to occur within area

Extra Information

Invasive Species [ Resource Information ]

Weeds reported here are the 20 species of national significance (WoNS), along with other introduced plants
that are considered by the States and Territories to pose a particularly significant threat to biodiversity. The
following feral animals are reported: Goat, Red Fox, Cat, Rabbit, Pig, Water Buffalo and Cane Toad. Maps from
Landscape Health Project, National Land and Water Resouces Audit, 2001.

Name Status Type of Presence

Birds

Acridotheres tristis

Common Myna, Indian Myna [387] Species or species habitat

likely to occur within area

Anas platyrhynchos

Mallard [974] Species or species habitat
likely to occur within area

Carduelis carduelis

European Goldfinch [403] Species or species habitat
likely to occur within area

Columba livia

Rock Pigeon, Rock Dove, Domestic Pigeon [803] Species or species habitat
likely to occur within area

Passer domesticus

House Sparrow [405] Species or species habitat
likely to occur within area

Passer montanus

Eurasian Tree Sparrow [406] Species or species habitat
likely to occur within area

Streptopelia chinensis

Spotted Turtle-Dove [780] Species or species habitat
likely to occur within area

Streptopelia senegalensis

Laughing Turtle-dove, Laughing Dove [781] Species or species habitat
likely to occur within area



Name
Sturnus vulgaris
Common Starling [389]

Mammals
Bos taurus
Domestic Cattle [16]

Canis lupus familiaris
Domestic Dog [82654]

Felis catus
Cat, House Cat, Domestic Cat [19]

Funambulus pennantii

Northern Palm Squirrel, Five-striped Palm Squirrel
[129]

Mus musculus
House Mouse [120]

Oryctolagus cuniculus
Rabbit, European Rabbit [128]

Rattus norvegicus
Brown Rat, Norway Rat [83]

Rattus rattus
Black Rat, Ship Rat [84]

Vulpes vulpes
Red Fox, Fox [18]

Plants
Anredera cordifolia

Madeira Vine, Jalap, Lamb's-tail, Mignonette Vine,
Anredera, Gulf Madeiravine, Heartleaf Madeiravine,
Potato Vine [2643]

Asparagus aethiopicus

Asparagus Fern, Ground Asparagus, Basket Fern,
Sprengi's Fern, Bushy Asparagus, Emerald Asparagus
[62425]

Asparagus asparagoides

Bridal Creeper, Bridal Veil Creeper, Smilax, Florist's
Smilax, Smilax Asparagus [22473]

Asparagus declinatus

Bridal Veil, Bridal Veil Creeper, Pale Berry Asparagus
Fern, Asparagus Fern, South African Creeper [66908]

Asparagus plumosus

Climbing Asparagus-fern [48993]

Brachiaria mutica
Para Grass [5879]

Cenchrus ciliaris
Buffel-grass, Black Buffel-grass [20213]

Chrysanthemoides monilifera
Bitou Bush, Boneseed [18983]

Status

Type of Presence

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within area

Species or species habitat
may occur within



Name

Chrysanthemoides monilifera subsp. monilifera
Boneseed [16905]

Eichhornia crassipes
Water Hyacinth, Water Orchid, Nile Lily [13466]

Genista linifolia

Flax-leaved Broom, Mediterranean Broom, Flax Broom
[2800]

Genista sp. X Genista monspessulana
Broom [67538]

Lantana camara

Lantana, Common Lantana, Kamara Lantana, Large-
leaf Lantana, Pink Flowered Lantana, Red Flowered
Lantana, Red-Flowered Sage, White Sage, Wild Sage
[10892]

Lycium ferocissimum

African Boxthorn, Boxthorn [19235]

Olea europaea
Olive, Common Olive [9160]

Opuntia spp.
Prickly Pears [82753]

Pinus radiata

Radiata Pine Monterey Pine, Insignis Pine, Wilding
Pine [20780]

Rubus fruticosus aggregate
Blackberry, European Blackberry [68406]

Sagittaria platyphylla
Delta Arrowhead, Arrowhead, Slender Arrowhead
[68483]

Salix spp. except S.babylonica, S.x calodendron & S.x reichardtii

Willows except Weeping Willow, Pussy Willow and
Sterile Pussy Willow [68497]

Salvinia molesta

Salvinia, Giant Salvinia, Aquarium Watermoss, Kariba
Weed [13665]

Tamarix aphylla

Athel Pine, Athel Tree, Tamarisk, Athel Tamarisk,
Athel Tamarix, Desert Tamarisk, Flowering Cypress,
Salt Cedar [16018]

Reptiles

Hemidactylus frenatus
Asian House Gecko [1708]

Nationally Important Wetlands

Name
Swan-Canning Estuary

Type of Presence
area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
may occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

Species or species habitat
likely to occur within area

[ Resource Information |

State
WA



Caveat

The information presented in this report has been provided by a range of data sources as acknowledged at the end of the report.

This report is designed to assist in identifying the locations of places which may be relevant in determining obligations under the Environment
Protection and Biodiversity Conservation Act 1999. It holds mapped locations of World and National Heritage properties, Wetlands of International
and National Importance, Commonwealth and State/Territory reserves, listed threatened, migratory and marine species and listed threatened
ecological communities. Mapping of Commonwealth land is not complete at this stage. Maps have been collated from a range of sources at various
resolutions.

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is a general guide only. Where available data
supports mapping, the type of presence that can be determined from the data is indicated in general terms. People using this information in making
a referral may need to consider the qualifications below and may need to seek and consider other information sources.

For threatened ecological communities where the distribution is well known, maps are derived from recovery plans, State vegetation maps, remote
sensing imagery and other sources. Where threatened ecological community distributions are less well known, existing vegetation maps and point
location data are used to produce indicative distribution maps.

Threatened, migratory and marine species distributions have been derived through a variety of methods. Where distributions are well known and if
time permits, maps are derived using either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc) together with point
locations and described habitat; or environmental modelling (MAXENT or BIOCLIM habitat modelling) using point locations and environmental data
layers.

Where very little information is available for species or large number of maps are required in a short time-frame, maps are derived either from 0.04
or 0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull);
or captured manually or by using topographic features (national park boundaries, islands, etc). In the early stages of the distribution mapping
process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to rapidly create distribution maps. More reliable
distribution mapping methods are used to update these distributions as time permits.

Only selected species covered by the following provisions of the EPBC Act have been mapped:
- migratory and
- marine

The following species and ecological communities have not been mapped and do not appear in reports produced from this database:

- threatened species listed as extinct or considered as vagrants
- some species and ecological communities that have only recently been listed
- some terrestrial species that overfly the Commonwealth marine area
- migratory species that are very widespread, vagrant, or only occur in small numbers
The following groups have been mapped, but may not cover the complete distribution of the species:
- non-threatened seabirds which have only been mapped for recorded breeding sites
- seals which have only been mapped for breeding sites near the Australian continent

Such breeding sites may be important for the protection of the Commonwealth Marine environment.

Coordinates

-31.91901 115.921288,-31.920904 115.926266,-31.934963 115.942402,-31.934963 115.942402
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Appendix C - Structural Vegetation Classifications (Muir 1977)

Trees >30m

Trees 15-30m
Trees 5-15m
Trees <5m

Mallee Tree Form
Mallee Shrub form

Shrubs >2m
Shrubs 1.5-2m
Shrubs 1-1.5m
Shrubs 0.5-1m
Shrubs <0.5m

Mat plants
Hummock grass
Bunch grass >0.5m
Bunch grass <0.5m
Herbaceous spp.

Sedges >0.5m
Sedges <0.5m

Ferns
Mosses, Liverwort

BIOLOGICAL SURVEY REPORT

Dense tall forest
Dense forest
Dense low forest A
Dense low forest B

Dense tree mallee
Dense shrub mallee

Dense thicket

Dense heath A

Dense heath B
Dense low heath C
Dense low heath D

Dense mat plants

Dense hummock grass

Dense tall grass
Dense low grass
Dense herbs

Dense tall sedges
Dense low sedges

Dense ferns
Dense mosses

Tall forest
Forest
Low forest A
Low forest B

Tree mallee
Shrub mallee

Thicket

Heath A

Heath B
Low heath C
Low heath D

Mat plants
Mid-dense hummock grass
Tall grass
Low grass
Herbs

Tall sedges
Low sedges

Ferns
Mosses

Tall woodland
Woodland
Low woodland A
Low woodland B

Open tree mallee
Open shrub mallee

Scrub
Low scrub A
Low scrub B

Dwarf scrub C
Dwarf scrub D

Open mat plants
Hummock grass
Open tall grass
Open low grass
Open herbs

Open tall sedges
Open low sedges

Open ferns
Open mosses

Open tall woodland
Open woodland
Open low woodland A
Open low woodland B

Very open tree mallee
Very open shrub mallee

Open scrub
Open low scrub A
Open low scrub B

Open dwarf scrub C
Open dwarf scrub D

Very open mat plants
Open hummock grass
Very open tall grass
Very open low grass
Very open herbs

Very open tall sedges
Very open low sedges

Very open ferns
Very open mosses

Cc1



Appendix D - BCE Black-cockatoo Breeding Tree
Assessment Protocol

Bamford Consulting Ecologists base Black-cockatoo breeding-tree assessments on Federal guidelines (DEE
2017; DotE 2018a, b, c) but also refer to the following when undertaking field surveys.

Measuring DBH

While Black-cockatoos generally nest towards the crown of a tree, the diameter of a tree at breast-height
(DBH) can be indicative of the likelihood of hollow-formation in the upper trunk and can be used in the
assessment of the ‘value’ of a tree to breeding Black-cockatoos. A DBH threshold of 500 mm (or 300 mm
for Wandoo, fucalyptus wandoo, and Salmon Gum, £ sa/lmonophloia) is commonly used to delineate
‘potential’ nest-trees (DotE 2018a, b, c), however the tree has to be functionally capable of supporting a
nest hollow and there are several exceptions where trees that meet a strict DBH threshold are excluded
(e.g. those with low-forking into narrow-diameter trunks, or those that have been hollowed-out and
‘opened’ by fire). Thus, some discretion needs to be used when assessing trees.

The international standard for ‘breast height’ is 1.3 m (James and Shugart Jr 1970).

Only occasionally are trees close to perfectly cylindrical. As such, wherever possible, DBH should be
‘representative’ of the tree. In cases where the tree is approximately oval in cross-section, BCE measures
the diameter of the shorter axis. Note that other methods such as circumference, or the quadratic average
of the long and short axes are used in some applications, but logistic constraints generally require a more
pragmatic approach. DBH should be reflective of the trunk above the breeding threshold (see below).
Where a tree spreads at the base along one axis, the axis that best represents the trunk above is chosen
for measurement.

Nest height minima

For Carnaby'’s Black-cockatoo, the minimum height of known nests is c. 3 m (Saunders 1979). For Forest
Red-tailed Black-cockatoo, the minimum height of a known nest is 6.5 m (Johnstone et a/ 2013a). Thus, a
3-4 m threshold seems a pragmatic “general” one to use for the purposes of field surveys where both
species are likely and multiple tree species are under consideration.

Tree forms

Quite obviously, trees have a range of forms and growth-habits. These can occasionally affect Black-
cockatoo breeding-tree surveys. As such, the following table has been developed (with reference to the
information above) to guide tree assessment.
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Appendix E - Flora Species by Quadrat

*denotes introduced (weed) species  #denotes non-endemic species

Anacardiaceae #|Schinus molle var. areira +

Anacardiaceae #|Schinus terebinthifolia

Apiaceae * |Daucus carota

Asteraceae * |Conyza bonariensis

Asteraceae * |Hypochaeris glabra

Asteraceae * |Sonchus oleraceus +

Asteraceae * \Ursinia anthemoides +
Bignoniaceae #|Jacaranda mimosifolia

Casuarinaceae Allocasuarina fraseriana

Casuarinaceae Allocasuarina humilis

Casuarinaceae Casuarina obesa +

Cyperaceae Baumea juncea +

Cyperaceae Bolboschoenus caldwellii +

Cyperaceae * |Carex divisa +

Cyperaceae Cyperus gymnocaulos +
Euphorbiaceae * |Euphorbia terracina +

Euphorbiaceae * |Ricinus communis +

Fabaceae Acacia lanceolata (P3) +

Fabaceae Acacia saligna +

Fabaceae * |Chamaecytisus palmensis +

Fabaceae Daviesia divaricata +
Fabaceae Gompholobium tomentosum +
Fabaceae Jacksonia floribunda +
Fabaceae Jacksonia furcellata + +
Fabaceae * |Lupinus luteus +

Fabaceae * |Trifolium arvense +

Geraniaceae * |Pelargonium capitatum +

Goodeniaceae Scaevola canescens

Haemodoraceae Conostylis aculeata

Hemerocallidaceae Johnsonia pubescens +
Hemerocallidaceae Tricoryne elatior +
Iridaceae * |\Gladliolus caryophyllaceus +
Iridaceae * |\Watsonia meriana +
Juncaceae Juncus kraussii subsp. australiensis +

Meliaceae #|Melia azedarach +

Moraceae # |Ficus elastica

Moraceae # |Ficus macrophylla

Myrtaceae Agonis flexuosa

Myrtaceae # |Callistemon phoeniceus

Myrtaceae #|Calothamnus graniticus subsp. leptophyllus (P4)

Myrtaceae Calothamnus sp.

Myrtaceae #|Chamelaucium uncinatum

Myrtaceae Corymbia calophylla +
Myrtaceae #|Corymbia citriodora

Myrtaceae #|Corymbia ficifolia
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Myrtaceae Corymbia maculata

Myrtaceae Eucalyptus camaldulensis

Myrtaceae Eucalyptus erythrocorys +

Myrtaceae Eucalyptus gomphocephala

Myrtaceae Eucalyptus marginata + +
Myrtaceae Eucalyptus platypus +

Myrtaceae Eucalyptus rudis +

Myrtaceae Eucalyptus rudjs subsp. rudis +

Myrtaceae Eucalyptus sp. +
Myrtaceae Kunzea glabrescens +

Myrtaceae Leptospermum laevigatum +

Myrtaceae Melaleuca argentea +

Myrtaceae Melaleuca cardiophylla +

Myrtaceae Melaleuca incana subsp. incana

Myrtaceae Melaleuca nesophila +

Myrtaceae Melaleuca rhaphiophylla

Myrtaceae Verticordia sp.

Oleaceae Olea europaea +

Oleaceae Olea sp.

Oxalidaceae Oxalis pes-caprae +

Pinaceae Pinus pinaster +

Poaceae Arundo donax +

Poaceae Briza maxima + +
Poaceae Bromus arenarius

Poaceae Cynodon dactylon +

Poaceae Ehrharta calycina +

Poaceae Ehrharta longiflora +

Poaceae Eragrostis curvula +

Poaceae Hordeum leporinum

Poaceae Lagurus ovatus +

Poaceae Lolium rigidum

Portulacaceae Calandrinia quadrivalvis +

Proteaceae Adenanthos cygnorum +
Proteaceae Banksia grandis

Proteaceae Banksia menziesii +
Proteaceae Banksia sp.

Proteaceae Grevillea sp. +
Restionaceae Alexgeorgea nitens

Stylidiaceae Stylidium lateriticola

Thymelaeaceae Pimelea sp. +
Xanthorrhoeaceae Xanthorrhoea preissif

Zamiaceae Macrozamia riedlei

BIOLOGICAL SURVEY REPORT E2




Appendix F - Vegetation Site Data

* dentotes introduced (weed) species

Site RO1

Date

Botanist

Quadrat Size

NW Corner Coordinates
Vegetation Unit

# denotes non-endemic species + denotes present but not dominant

13/11/2018

Kellie Bauer-Simpson and Lisa Chappell

NA (relevé)

398606mE 6467859mN

R1: Historic rehabilitation areas consisting of various trees,

predominantly * Corymbia maculata, * Corymbia citriodora, Corymbia calophylla and Eucalyptus
rudis over mixed shrubs, predominantly * Melaleuca nesophila and * Callistemon phoeniceus

Slope

Landform

Soil Colour

Soil Type

Litter

Bare Ground

Fire Age

Vegetation Condition
Disturbances/Impacts

BIOLOGICAL SURVEY REPORT

Gentle

Mid slope

White

Sand

3%

4%

>10yrs

Degraded

Heavy weed infestation, adjacent to tonkin interchange
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Corymbia calophylla 10 15
Eucalyptus rudis 10 3
#Melaleuca nesophila 1.8 8
Callistemon phoeniceus 1.5 4
Agonis flexuosa 1.5 2
Acacia lanceolata (P3) 1.5 1

*Fragrostis curvula 1 20
*Ehrharta calycina 0.8 60
Acacia saligna +
Allocasuarina fraseriana +
Allocasuarina humilis +
*Arundo donax +
Banksia sp. +
*Briza maxima +
#Calandrinia quadrivalvis +
Calothamnus graniticus subsp. leptophyllus. (P4) +
#Corymbia citriodora +
*Chamaecytisus palmensis +
Chamelaucium uncinatum +
*Cynodon dactylon +
*Ehrharta longiflora +
#Fucalyptus erythrocorys +
Eucalyptus marginata +
#Eucalyptus platypus +
Eucalyptus rudis subsp. rudis. +
*EFuphorbia terracina +
Grevillea sp. +
Jacksonia furcellata +
#Kunzea glabrescens +
*Lagurus ovatus +
*Leptospermum laevigatum +
*Lupinus luteus +
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Macrozamia riedlei

#Melaleuca argentea

#Melaleuca cardiophylla

#Melia azedarach

*Olea europaea

*Oxalls pes-caprae

*Pelargonium capitatum

*Pinus pinaster

*Ricinus communis

#Schinus molle var. areira.

*Sonchus oleraceus

* Trifolium arvense

Xanthorrhoea preissii
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Site R02
Date
Botanist
Quadrat Size
NW Corner Coordinates
Vegetation Unit

13/11/2018

Kellie Bauer-Simpson and Lisa Chappell

NA (relevé)

398956mE 6467264mE

R2: Historic rehabilitation areas consisting of £ucalyptus

camaldulensis, Corymbia calophylla and Eucalyptus rudis, over Melaleuca rhaphiophylla,
Melaleuca nesophila and Acacia saligna.

Slope

Landform

Soil Colour

Soil Type

Litter

Bare Ground

Fire Age

Vegetation Condition
Disturbances/Impacts

BIOLOGICAL SURVEY REPORT

Flat

Lower slope

Pale Brown

Loamy sand

40%

5%

5-10yrs

Completely Degraded-Degraded
Weeds
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#Fucalyptus camaldulensis 20 20
Corymbia calophylla 10 10
Eucalyptus rudis 10

#Melaleuca nesophila 3 4
Acacia saligna 3

*Ehrharta longiflora 1 40
*Ehrharta calycina 1 20
*Conyza bonariensis 0.2 10
Agonis flexuosa +
#Ficus elastica +
*Hordeum leporinum +
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Site RO3

Date 13/11/2018

Botanist Kellie Bauer-Simpson and Lisa Chappell

Quadrat Size NA (relevé)

NW Corner Coordinates 399411 6467041TmN

Vegetation Unit R2: Historic rehabilitation areas consisting of Fucalyptus

camaldulensis, Corymbia calophylla and Eucalyptus rudis, over Melaleuca rhaphiophylla, Melaleuca
nesophila and Acacia saligna.

Slope Moderate
Landform Lower slope
Soil Colour Brown

Soil Type Clay loam
Litter 40%

Bare Ground 4%

Fire Age >10yrs
Vegetation Condition Degraded
Disturbances/Impacts Weeds
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Eucalyptus rudis 8 20
Allocasuarina fraseriana 5 4
Casuarina obesa 5 2
Melaleuca rhaphiophylla 3 3
*Ehrharta calycina 0.6 40
*Ehrharta longiflora 0.6 30
*Lagurus ovatus 0.5 20
Bromus arenarius +
#Daucus carota +
*Sonchus oleraceus +
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Site Q04

Date 13/11/2018

Botanist Kellie Bauer-Simpson and Lisa Chappell

Quadrat Size 10x10m

NW Corner Coordinates 399377mE 6466814mE

Vegetation Unit ErMr: Fucalyptus rudis and Casuarina obesa Low Woodland, over

Melaleuca rhaphiophylla Tall Sparse Shrubland, over Juncus kraussii subsp. australiensis Tall
sedgeland (in better condition areas) and weedy Grassland, dominated by *Lo/ium rigidum, * Ehrharta
longiflora, *Ehrharta calycina and *Lagurus ovatus.

Slope Flat

Landform Wetland

Soil Colour Brown

Soil Type Loamy sand
Litter 10%

Bare Ground 2%

Fire Age >10yrs
Vegetation Condition Good-Very Good
Disturbances/Impacts Weeds
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Casuarina obesa 7 40
Melaleuca rhaphiophylla 4 10
Melaleuca incana subsp. incana. 3 1

Juncus kraussii subsp. australiensis. 038 30
Baumea juncea 0.7 8
*Lolium rigidum 0.6 15
*Carex djvisa 0.3 30
Bolboschoenus caldwellii +
*Cynodon dactylon +
Gyperus gymnocaulos +
*Ehrharta calycina +

BIOLOGICAL SURVEY REPORT
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Site RO5

Date

Botanist

Quadrat Size

NW Corner Coordinates
Vegetation Unit

13/11/2018

Kellie Bauer-Simpson and Lisa Chappell

NA (relevé)

399753mE 6466417mN

PG: Parks and gardens, typically trees over parkland grass,

dominated by * Corymbia maculata, * Corymbia citriodora, * Jacaranda mimosifolia, Eucalyptus
gomphocephala and Corymbia calophylla.

Slope

Landform

Soil Colour

Soil Type

Litter

Bare Ground

Fire Age

Vegetation Condition
Disturbances/Impacts

BIOLOGICAL SURVEY REPORT

Flat

Mid slope

Brown

Sand

10%

30%

>10yrs

Degraded-Completely Degraded
Planted
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Acacia saligna

Agonis flexuosa

Corymbia calophylla

#Corymbia citriodora

#Corymbia ficifolia

#Corymbia maculata

Eucalyptus gomphocephala

#Eucalyptus sp.

#Ficus macrophylla

#Jacaranda mimosifolia

#Schinus terebinthifolia

BIOLOGICAL SURVEY REPORT
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Site R06

Date

Botanist

Quadrat Size

NW Corner Coordinates
Vegetation Unit

13/11/2018

Kellie Bauer-Simpson and Lisa Chappell

NA (relevé)

399753mE 6466417mN

R3: Recent rehabilitation areas consisting of Low Open

Woodland of Banksia menziesii and juvenile Eucalyptus spp., over mixed shrubs, predominantly

Adenanthos cygnorum var. cygnorum and * Grevillea spp. (cultivars).

Slope

Landform

Soil Colour

Soil Type

Litter

Bare Ground

Fire Age

Vegetation Condition
Disturbances/Impacts

BIOLOGICAL SURVEY REPORT

Flat

Mid slope

Grey

Sand

50%

30%

>10yrs

Degraded-Completely Degraded
Planted
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#Eucalyptus sp.

Banksia menziesii

Adenanthos cygnorum

*Briza maxima

Calothamnus sp.

#Chamelaucium uncinatum

Conostylis aculeata

Corymbia calophylla

*Ehrharta calycina

*Ehrharta longiflora

Eucalyptus marginata

Grevillea sp.

*Hypochaeris glabra

Jacksonia furcellata

*Olea europaea

*Olea sp.

Pimelea sp.

Scaevola canescens

*Ursinia anthemoides

Verticordia sp.
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Site RO7

Date

Botanist

Quadrat Size

NW Corner Coordinates
Vegetation Unit

menziesii Low Open Woodland, over degraded understorey, dominated by * £Arharta calycina
Grassland and Alexgeorgea nitens Open Low Sedgeland.

Slope

Landform

Soil Colour

Soil Type

Litter

Bare Ground

Fire Age

Vegetation Condition
Disturbances/Impacts

BIOLOGICAL SURVEY REPORT

13/11/2018

Kellie Bauer-Simpson and Lisa Chappell

NA (relevé)

400416mE 6466036mN

CcBm: Corymbia calophylla, Eucalyptus marginata and Banksia

Flat

Upper slope
Grey

Sand

25%

10%

5-10yrs
Degraded-Good
Weeds



Corymbia calophylla 12 2
Eucalyptus marginata 8 12
Banksia menziesii 4 2
*Ehrharta calycina 0.8 30
*Watsonia meriana 0.8 20
Alexgeorgea nitens 0.3 20
Banksia grandlis +
*Briza maxima +
Daviesia divaricata +
*Gladiolus caryophyllaceus +
Gompholobium tomentosum +
Jacksonia floribunda +

Jacksonia furcellata

Johnsonia pubescens

Macrozamia riedlei

Stylidium lateriticola

Tricoryne elatior

*Ursinia anthemoides

Xanthorrhoea preissii

BIOLOGICAL SURVEY REPORT
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Executive Summary

Executive Summary

Senversa Pty Ltd (Senversa) was engaged by Main Roads Western Australian (MRWA) to undertake
a contaminated sites data gap analysis (DGA) for several parcels of land located within the Tonkin
Highway road reserve (the “site”). The DGA forms part of broader MRWA planning for the Tonkin
Highway Gap Project (TGP), which involves upgrading the Tonkin Highway between Collier Road and
the Great Eastern Highway. The land parcels that comprise the site were previously classified by the
Department of Water and Environment Regulation (DWER) under the Contaminated Sites Act 2003
(CS Act) as “Contaminated — remediation required” primarily due to legacy contamination issues
associated with the adjacent former CSBP / Cresco fertiliser manufacturing site.

The MRWA project objective is to address relevant contamination classification requirements for the
site prior to proposed TGP construction tendering in late 2019. In this regard, MRWA have nominated
a target classification of “Remediated — restricted use” or “Contaminated - restricted use” permitting
use as a road reserve, with associated restriction detail to be refined.

Recognising that a range of historical investigations have been performed, the technical objective of
this DGA was to establish an updated understanding of contaminated site issues, identification of
conceptual site model (CSM) data gaps, and the recommended approach to resolving such data gaps
in line with the above MRWA project objective.

The scope of works undertaken as part of this DGA included the following:

e Consultation with MRWA to confirm and refine its TGP project objectives.

¢ Obtaining a Detailed Summary of Records (DSR) with DWER in relation to both the site and the
adjacent former CSBP / Cresco fertiliser manufacturing site.

e Review of background information (site identification, environmental setting, previous
environmental reports, site history, prevailing classification and associated reasons under the CS
Act).

e Obtaining historical aerial photographs to verify the current and historical land use of the site.

e Assessing the quality and validity of the existing data (including against prevailing standards and
guidelines).

e Site walkover to inspect the current condition of the site.

e Updating the CSM including both the existing site scenario and future site scenario (post TGP
project).

o Review of current data gaps in relation to human health and environmental risk, including under
the completed TGP CSM.

e Preparation of the DGA report.

A review of the available information indicates that the site has previously been investigated and found
to contain cinder deposits relating to former use by the adjacent Cresco/CSBP fertiliser site.
Senversa’s review has indicated that the cinder deposit material was unlikely to render the site
unsuitable for its use as a road reserve in its original distribution; however, the works since undertaken
on-site as part of the NorthLink project may have changed the distribution of cinder deposits and in
turn may have also altered the risk profile.

Regardless of the potential direct exposure risk, historical cinder deposits have resulted in low pH and
elevated concentrations of metals in groundwater both on- and off-site. As such, there is potential for
down-gradient sites to be considered to be affected sites under the CS Act and potential sites are
awaiting classification. Furthermore, Senversa understand that ongoing groundwater monitoring and
risk assessment is being performed on behalf of CSBP as part of reclassification commitments
associated with the adjacent former CSBP / Cresco fertiliser manufacturing site. Given the common

p17073_001_rpt_revl
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Executive Summary

cinder deposit historical source between the two sites it is likely that the monitoring will be directly
relevant to TGP; however, this has not been confirmed and the outcomes remain unknown.

In addition to the above (while minor) the potential also exists for soils to have been impacted by
surficial asbestos, fly tipping and uncontrolled filling as part of Tonkin Highway Construction. This is in
keeping with the inner metropolitan nature of the site and typically managed via a construction
environmental management plan rather than restriction under the CS Act.

A summary of the data gaps identified and the recommended actions to address them are presented
in Table E.1.

Table E.1: Summary of Data Gaps and Recommendations

Data Gap Details Recommended Action

1 Nature and extent of cinder deposits within site. Intrusive site investigation to assess the
current approximate extent of cinder
deposits and update assessment of human
health risk and associated management
requirements.

Senversa consider there is sufficient good quality data
available to characterise the bulk properties of the cinder
deposits, including relevant contaminants of potential
concern (CoPCs) and associated physiochemical
properties.

Historical documentation, including correspondence
including from DEC (now DWER), indicated that the cinder
deposits posed a low human health risk to users of the site
given the distribution and depth of the deposits at that time,
and were suitable to remain in-situ.

Recent earthworks undertaken at the site have the
potential to have changed the depth and distribution of
cinder deposits.

2 Nature and extent of groundwater impact both on-and e |Initiate discussions with CSBP to

off-site. understand the status of groundwater
monitoring and recent groundwater
results (including availability and
suitability to support TGP assessment
and reclassification).

Available information indicates that groundwater beneath
and down-hydraulic gradient of the site is impacted by
substances including ammonia, fluoride, aluminium,
arsenic, total iron and nickel.

Senversa understand that ongoing groundwater monitoring ® Dependant on above, initiate discussions
and risk assessment is being performed on behalf of CSBP ~ With DWER to confirm TGP groundwater
as part of reclassification commitments associated with the ~ @ssessment and management strategy
adjacent former CSBP / Cresco fertiliser manufacturing (including how potential requirements for
site. Given the common cinder deposit source between the & MAR will be interpreted for this site).
two sites it is likely that the monitoring will be directly

relevant to TGP; however, this has not been confirmed and

the outcomes remain unknown.

DWER has advised that numerous properties down-
hydraulic gradient of the site are awaiting classification
[understood to be pending the outcomes of the above
groundwater monitoring, including a supporting mandatory
auditor report (MAR)].

3 The composition of imported fill used for the Prepare a future CEMP to outline
construction of Tonkin Highway is unknown. procedures required during site works if

While this material was not directly inspected as part of site Potentially contaminated fill material is
investigation, the potential for contamination within mixed ~ €ncountered.
fill exists.

p17073_001_rpt_revl
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Data Gap

Details

The presence of ACM material in surface soils is
unknown.

The available information suggests that ACM may be
present in the road reserve at a frequency comparable to
other Perth Metropolitan roads.

Fly tipping practises may have introduced
contaminants to the site.

Evidence of small-scale fly tipping was observed at the
southern-most portion of the site (on Railway Parade,
under the Tonkin Highway Bridge).

Recommended Action

Prepare a future CEMP to outline
procedures required during site works if
ACM material is encountered.

Prepare a future CEMP to outline
procedures required during site works if
unexpected materials are encountered.

In summary, Senversa recommends that a SAQP should be prepared to further characterise the
distribution of cinder deposits on-site (Data Gap 1), and engagement with relevant stakeholders
including CSBP and DWER should be undertaken to further inform the resolution strategy for
groundwater related issues (Data Gap 2). Ideally the preparation of a SAQP for Data Gap 1 should
follow the outcome of stakeholder engagement such that groundwater investigation requirements (if
any) can also be incorporated; however this is not considered essential and it is possible to progress
resolution of Data Gap 1 and 2 in parallel should this be beneficial to MRWA and its TGP project

objectives.
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Introduction

1.0 Introduction

1.1 Background and Project Appreciation

Senversa Pty Ltd (Senversa) was engaged by Main Roads Western Australian (MRWA) to undertake
a contaminated sites data gap analysis (DGA) for several parcels of land located within the Tonkin
Highway road reserve (the “site”; Figure 1). The DGA forms part of broader MRWA planning for the
Tonkin Highway Gap Project (TGP). The TGP involves upgrading the Tonkin Highway between Collier
Road and the Great Eastern Highway (Figure 1), with a target construction commencement date of
early 2020. The numerous land parcels that comprise the site were previously classified by the
Department of Water and Environment Regulation (DWER) under the Contaminated Sites Act 2003
(CS Act) as “Contaminated — remediation required” (CRR) primarily due to legacy contamination
issues associated with the adjacent former CSBP Cresco fertiliser manufacturing site.

The MRWA project objective is to address relevant contamination classification requirements for the
site prior to proposed TGP construction tendering in late 2019. In this regard, MRWA have nominated
a target classification of “Remediated — restricted use” or “Contaminated - restricted use” permitting
use as a road reserve, with associated restriction detail to be refined.

According to the DWER'’s publicly available database, there are no other registered contaminated
sites located within the TGP footprint; however, it is understood that MRWA identified (through internal
searches) that there are additional sites within the Tonkin Highway that are currently listed as
“awaiting classification”. Addressing classification of these sites is not an objective of this DGA and
this is discussed further in Section 2.5.5 and 6.

1.2 Project Objective

Recognising that a range of historical investigations have been performed, the technical objective of
this DGA is to establish an updated understanding of contaminated site issues, identification of
conceptual site model (CSM) data gaps, and (where relevant) the recommended approach to
resolving such data gaps in line with the above MRWA project objective.

1.3 Scope of Work

The scope of works undertaken as part of this DGA included the following:

e Consultation with MRWA to confirm and refine its TGP project objectives.

e Obtaining a Detailed Summary of Records (DSR) with DWER for properties within the site and the
adjacent former CSBP Cresco fertiliser manufacturing site.

e Review of background information (site identification, environmental setting, previous
environmental reports, site history, prevailing classification and associated reasons under the CS
Act, proposed TGP).

e Obtaining historical aerial photographs to verify the current and historical land use of the site.

e Assessing the quality and validity of the existing data (including against prevailing standards and
guidelines).

e Site walkover to inspect the current condition of the site.

e Updating the CSM including both the existing site scenario and future site scenario (post TGP
project).

e Review of current data gaps in relation to human health and environmental risk, including under
the completed TGP CSM.

e Preparation of DGA report.

p17073_001_rpt_revl
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The preparation of a standalone DGA report does not form a routine reporting milestone under DWER
contaminated sites guidelines, specifically DWER (2014) Assessment and Management of
Contaminated Sites. The preparation of a DGA report in this case reflects the extensive contaminated
sites history of the site combined with the lapse in time since classification. A component of the DGA
therefore is to consider whether these historical reports satisfy reporting requirements (or otherwise).
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Site Information

2.0 Site Information

2.1 Site ldentification

The site comprises the 24 land parcels that are currently classified as CRR within the TGP alignment
(Figure 2). Individual parcels of land are listed in Table 2-1. It is understood that these parcels, and
potentially other parcels within TGP, will ultimately be amalgamated into one larger road reserve.

The area is zoned as ‘primary regional roads’ under the Metropolitan Regional Scheme (MRS) (DPLH,

2019a).
Table 2-1 Currently Classified Lots within TGP

Lot Number Certificate of Title

Lot 8 on Diagram 40328

Lot 301 on Plan 41002

Lot 300 on Plan 41002

Lot 300 on Plan 41002

Lot 300 on Plan 41002

Lot 300 on Plan 41002

Lot 301 on Plan 41002

Lot 15 on Plan 9542

Lot 311 on Plan 9542

Lot 312 on Plan 9542

Lot 313 on Plan 9542

Lot 310 on Plan 9542

Lot 17 on Plan 5389

Lot 18 on Plan 5389

Lot 19 on Plan 5389

Lot 20 on Plan 5389

Lot 23 on Plan 5389

Lot 26 on Plan 5389

Lot 27 on Plan 5389

Lot 28 on Plan 5389

1391/922

222/376

22271375

22271375

22271375

22271375

222/376

1264/406

LR3150/78

LR3150/79

LR3150/80

LR3150/77

LR3155/712

LR3155

LR3155/714

LR3155/715

LR3155/716

LR3155/717

LR3155/718

LR3155/719

11437

11439

11441

11442

11442

11443

11444

11445

26367

26368

26369

26371

26372

26373

26374

26375

26376

26377

26378

26379

Parcel ID
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Site Information

Lot Number Certificate of Title Parcel ID
Lot 29 on Plan 5359 LR3155/720 26380
Lot 30 on Plan 5389 LR3155/721 26381
Lot 50 on Plan 9542 LR3155/725 26363
Lot 300 on Plan 41002 Vol 2227/375

Additional information regarding the site is summarised in Table 2-2.

Table 2-2: Site Description

Iltem Details

Site Owner Main Roads WA

Site Occupier Main Roads WA

Classification CRR

Current Site Use Road Reserve, including principal shared pathway (PSP)
Site Area Approximately 79 010 m?

2.2 Surrounding Land Uses

Land use surrounding the site can be summarised as follows:

e North: Continuation of Tonkin Highway.

e East: The Tonkin Highway Industrial Estate (which is predominantly vacant but under
development), followed by more industrial land. This land was formerly occupied by a fertiliser
manufacturing plant (CSBP/Cresco), and has been subject to several stages of contaminated site
investigation and remediation.

e South: Railway Parade and Guildford Road reserves, and commercial/industrial zoned land and
residential properties.

e West: commercial/industrial zoned land, with the Bayswater Main Drain (BMD) being located
approximately 100 m west of the most southern portion of the site.
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2.3 Environmental Setting

Information from numerous sources, including a site inspection and public reports and databases on
regional information were reviewed to establish the environmental setting of the site. This information
aids in the understanding the potential contaminant migration pathways and the sensitivity of the
receiving environment (i.e. receptors). The environmental setting details are summarised in Table 2-3

below.

Table 2-3: Environmental Site Setting Information

Item

Topography

Geology

Hydrogeology

Detail

As shown on Figure 3, the DWER'’s Perth Groundwater Map (2019) indicates that the
topography of the site is slightly undulating from approximately 15 m above Australian Height
Datum (AHD) at the intersection of Guilford Road and Tonkin Highway to 35 m AHD in the
northern portion of the site at Collier Road.

During the site walkover, the site was observed to be mostly flat in the northern portion of the
site, with the exception of large drainage swales immediately adjacent the road. The site
slopes down to the industrial properties located to the east.

In the southern portion of the site, a steep embankment was present on both the western and
eastern boundaries of the road.

Geological information from the Geological Survey of Western Australia (GSWA) Perth
Region 1:50,000 Environmental Geology Series Maps (1986) indicate that the geology
comprises Quaternary Bassendean Sand underlain by the Guilford Formation. Bassendean
Sands are described as pale grey to white, fine to coarse but predominately medium grained
sand (Davidson, 1995).

An investigation undertaken within the vicinity of the site by Coffey (2015) identified the
surface geology comprised brown/white/yellow poorly graded sand underlain by mixed fill
material of approximately 2 m thickness, which comprised crushed cement, limestone and
building rubble. Brown/grey, poorly graded sand was present underlying the mixed fill material
from depths of approximately 0.5 — 3 metres below ground level (mbGL).

Groundwater Levels/Elevations

The site is underlain by the superficial Swan aquifer which is hosted within the Bassendean
Sand and Tamala Limestone.

A search of the DWER Information Water Information Register (WIR) database and Perth
Groundwater Atlas undertaken by Senversa indicated that groundwater beneath the TGP
project area is likely to be encountered between 6 mBGL and 17 mBGL. Regional
groundwater is inferred to generally flow to the south with varying flow to the south, south-
south west and south east towards the Swan River.

A site-specific investigation undertaken by Parsons Brinkerhoff (PB) (2004) reported that
groundwater flow direction and hydraulic gradients vary across the site. Groundwater flow
was interpreted to generally flow in a south westerly direction and a westerly direction along
the western boundary of the former CSBP/Cresco site.

Drinking Water

DWER Perth Groundwater Map (2019) indicated that the site is not located within a Public
Drinking Water Source Area (PWDSA).

Groundwater Quality

BoM (2018) indicates that groundwater salinity beneath the site is likely to range between 500
milligram per litre (mg/L) and 1,000 mg/L indicating fresh water suitable for drinking.
Groundwater in the area has a high risk of iron staining.

Registered Bores

A search for registered bores within 500 m of the site was undertaken by Senversa using the
DWER Water Information Reporting (WIR) database.

The DWER search identified 35 registered bores located within a 500 m radius of the site.
These bores are used for the following purposes:

e  Two bores located on the former Cresco site are used for water supply and one bore is
used for manufacturing and industrial purposes.

. Four bores located to the west of the site are used for monitoring purposes.
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Hydrology, Wetlands and
Sensitive Ecosystems

Acid Sulfate Soil

Vegetation

Aboriginal Heritage

European Heritage

Detail

e  Ten bores to the south are used for domestic garden purpose.
The use/purpose of the remaining bores is unknown.

It is noted that formal registration of domestic groundwater bores is currently not compulsory
in Western Australia and unregistered bores may exist that were not identified during the
completion of the search

Licensed Bores

The DWER Water Register (WR) online database indicated that there were no licenced
abstraction bores within the TGP area. The former Cresco site to the west of the site has a
licence (179286) under the Bayswater Industrial Estate Pty Ltd to abstract 80,000 kL of
groundwater per year until 22 February 2027.

A Groundwater Usage and Monitoring Closure report was prepared for the ‘NorthLink WA’
(NLWA) Project (Southern Section) (John Holland, 2018) and provides details of monitoring
and production bores located in the vicinity of the Tonkin Highway Road Reserve between
Guilford Road and Reid Highway. Four production bores are located west of Harvest Road
(PBO02), east of Wright Street (PB05) and west of Bassendean Road (PB04) (100 m east of
the northern portion of the TGP area). The groundwater abstraction licence [183292 (2)]
allowed the extraction of 560,000 kL. Abstraction of groundwater from the production bores
ceased between 2016 and 2018.

Locations of surrounding groundwater bores are presented in Figure 4.
Groundwater / Surface Water Interaction

360 Environmental (2014) reported that Bayswater Main Drain is located approximately 100
m west of the TGP area. The drain receives water from four surface water drainage systems
within the greater Bayswater area and discharges into the Swan River.

Several intermittent wetlands classified as ‘dampland multiple use” are located in the vicinity
of the TGP area although are not considered to be of high environmental significance (Figure
5).

360 (2014) reported that the closest wetland of environmental significance is the Gobba Lake,
located approximately 1.5 km south of the TGP area. The wetland is classified in the
Geomorphic Wetland Database as a resource enhancement area.

The Swan River is classified as a conservation wetland is located approximately 1.6 Km
south, south-west and south-east of the TGP area.

A review of the Perth Groundwater Map (2019) indicates that majority of the site has a
moderate to low risk (<3 m from surface) of acid sulfate soil (ASS) with two isolated pockets
in the northern and southern western portion which have a high to moderate risk of ASS
(Figure 5).

Vegetation including grass, small trees and shrubs are present within the site. Coffey (2015)
noted during the site inspection there was no evidence of stress to vegetation.

A search of the Aboriginal Heritage Inquiry System database (DPLH, 2019) undertaken on 25
January 2019 indicated that there are no registered Aboriginal Sites within the site. The
search did show the presence of two Aboriginal Heritage Places known as “Bayswater Camp
1" (Place ID 3749) and “Bayswater 1-3” (Place ID 3326) within the TGP area (Figure 5).

A search of the Heritage Council of Western Australia (2019) State Heritage Register
undertaken on 25 January 2019, indicated that no registered Sites are located within the site.

2.4  Aerial Photographs and Historical Site Use

Historical aerial photographs of the site and surrounds dating back to the early 1950’s were obtained
from Landgate and the 360 Environmental Preliminary Investigation report (2014). Review of these
photographs was undertaken to identify relevant site developments, features and changes over time
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Copies of a selection of these aerial photographs are provided in Appendix A and are summarised in
Table 2-4 below.

Table 2-4. Historical Aerial Photograph Summary

Photograph Source Observations
Site Surrounding Land

1953 360 (2014) The site appears to be covered by vegetation and Industrial activities are being undertaken on the
possibly farmland. land to the east of the site (CSBP Cresco Site).
The disturbed soil shows operations from the Numerous buildings and surface water sumps

adjacent site extent into the Site. can be observed

Land to the west of the site is cleared but no
infrastructure is evident.

1974 MRWA The disturbed ground from the adjacent site extends Additional buildings / covered storage areas
further onto the Site, and cinder disposal pits appear have been constructed on the CSBP site, and
to be visible. soils appear to be more disturbed compared to

the previous photographs. Two sumps are
easily visible also visible.

Land to the south and south-east of the former
CSBP site has been developed for industrial
purposes, while land to the south-west has
been used for residential purposes.

1985 MRWA Tonkin Highway has been constructed connecting to There are no significant changes over the
Guilford Road in the south and extending further former CSBP / Cresco site since the previous
north. It appears that construction of the highway photograph.
has involved substantial earthworks.

Stockpiles are also present in the south western
portion of the site, assumed to be for construction of
the bridge across the railway and Guildford Road

1995 360 (2014) Roadworks within the Tonkin Highway Road Site operations continue on the CSBP site to
reserve, with the bridge being completed, and the east; however, stockpiles, disturbed soil
vegetation being restored in the verge. and surface water basins are no longer visible.

2000 MRWA Vegetation is now present along the Tonkin Highway No significant change from the 1995 aerial.

road alignment.

2008 360 (2014) No major changes from the previous photograph. The former CSBP/Cresco site to the east is in
the process of being decommissioned, with the
majority of buildings removed.

2018 MRWA Swales/sumps are now present along the Tonkin The former CSBP/Creso site has been
Highway road alignment. decommissioned, remediated and subdivided.
Sealed roads are present between the
subdivisions. It appears some industrial
activities may be operating in the eastern
portion of the CSBP site.
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2.5 Contaminated Site Database Information

A review of the Contaminated Sites database indicates that the following sites surrounding the site
classified by the DWER, as shown in Table 2-5. Site locations are depicted in in Figure 2.

Table 2-5 Summary of Surrounding Contaminated Sites

Site Description Classification

The Site Tonkin Highway Road Reserve (the site). Contaminated — Remediation Required
Understood to be formerly part of the Cresco/CSBP
operations

Former Cresco/CSBP Immediately east of the site. Remediated for Restricted Use

Fertiliser Site

Lot 7 on Diagram 40329 Stormwater Compensation Basin located Contaminated — Remediation Required
immediately east of the site’s northern portion

Formerly part of the Cresco/CSBP site

Lot 100 on Diagram 55519 Vacant Land — formerly part of the CSBP/Cresco Contaminated — Remediation Required
(6 Railway Parade, site
Bayswater)

251 Tonkin Highway Road Reserve (On-site)

To better understand the rationale for the classification of the Site as CRR, Senversa undertook a
Detailed Search of Records (DSR) for Lot 300 on Plan 41002. While the site comprises 24 parcels of
land that are classified as CRR, a DSR was only undertaken for Lot 300, as the information regarding
classification is relevant to all 24 lots. The DSR indicates that the 24 land parcels were classified by
DWER on 1 December 2006 as CRR, with the nature and extent of contamination being described as
follows:

“Arsenic, cadmium, chromium, cobalt, copper, lead, manganese, nickel and zinc contamination is
present in soils within the area along the Tonkin Highway reserve from the intersection the Railway
Parade to Bassendean Road located approximately 600m to the north”.

Restrictions on use are as follows:

“Industrial / Commercial Landuse — Highway Reserve only, no pedestrian access”.

The classification was based on information submitted to the Department by March 2006. It was
understood that the land formed the western part of land that was historically used for the manufacture
fertiliser (i.e. the Cresco/CSBP fertiliser plant). The DSR indicates that a site investigation was
undertaken as part of a proposal to remediate the Tonkin Highway Road Reserve (PB, 2004). The
investigation indicated the presence of widespread metal contamination at concentrations exceeding
the Ecological Investigation Levels (EIL) from Assessment Levels for Soil, Sediments and
Groundwater (DoE, 2003). The DSR noted that an ecological and health risk assessment had been
carried out to derive appropriate remediation objectives, although the conclusions were not agreed
with by the Department of Environment and Conservation (DEC). On this basis, the DEC would not
comment on the suitability of the site for the existing or future land use.

The information used for DEC to reach these conclusions was as follows:

e PB (2004) Stage 1 Cinders Delineation- Tonkin Highway Reserve Bayswater (Report, 1 March
2004).

e PB (2005) Ecological and Human Health Risk Assessment, Tonkin Highway Road Reserve
(Railway Parade) Bayswater, 1 November 2005.
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e Main Roads WA (2006) MRWA response to DEC queries regarding Tonkin Highway Road
Reserve ecological and health risk assessment (letter report, 6 November 2006).

252 Former Cresco/CSBP Site (Off-site)

As the site was classified on the basis of the former CSBP / Cresco site to the east, Senversa
undertook a DSR for 5 Wicks Street, Bayswater (Lot 168 on Plan 412675). It is noted that this site
belongs to a site containing 20 parcels (representing a portion of land formerly known as Lot 10, which
occupied 36 ha at the intersection of Railway Parade and Tonkin Highway in Bayswater). The DSR
indicates that this land was classified as “Remediated for restricted use” on 26 June 2018, with the
nature and extent of contamination being described as follows:

¢ ‘“Incidental fragments of asbestos-containing material (ACM) may be encountered in soils across
the site.

e Cinder waste and soils impacted by metals such as arsenic, copper, nickel, manganese and lead
remain in isolated locations at depths greater than 2 metres below ground level. Phosphorus
impacted soils remain on the site which have been treated in-situ to limit the mobility and
leachability of phosphorus.

e Groundwater beneath the site has been contaminated by historical industrial activities, including
the burial of cinder waste. The groundwater contamination is characterised by high levels of
acidity, metals, (such as aluminium, arsenic, nickel, zinc and iron), fluoride, sulphate and nutrients
(such as ammonia and phosphorus)”.

The Cresco/CSBP site was originally reported to the Department prior to the commencement of the
CS Act, and was first classified in 2005, based on information submitted to the DWER by December
2005. The Cresco/CSBP site was classified again in 2018 to reflect additional information submitted
by April 2018.

Historically, Lot 10 was used for the manufacturing and storage of superphosphate fertiliser and small
volumes of associated chemicals between 1920 and 1993. By-products and residues produced at the
site (including iron oxide cinders) were disposed of and buried at the site. Following the cessation of
manufacturing operations, contaminated site investigations identified elevated heavy metal
concentrations in soil at the Cresco/CSBP site (particularly along the western boundary and north of
the former super bins) associated with the historical cinder burial. It is understood that historical cinder
burial extended off-site to the west beneath land which was re-developed for the construction of
Tonkin Highway in the 1960's (i.e. the site - which is managed separately under the CS Act).

Since the late 1980’s extensive soil remediation has been undertaken, which included the excavation
and off-site disposal of contaminated soil and buried waste. Remedial works extended to
approximately 3 mBGL - 4 mBGL. Remediation activities were successful across the majority of the
site; however, minor soil impacts remain in isolated areas of the site as depths greater than 2 mBGL.
The site is restricted for industrial/commercial use and is not suitable for more sensitive land uses.

Groundwater beneath the former Lot 10 is highly acidic and contains elevated concentrations of heavy
metals, fluoride, sulphate and nutrients. Groundwater remediation activities undertaken at the
Cresco/CSBP site included the removal of groundwater from the south western portion of Lot 10 in the
vicinity of the former sodium bisulphate pit and the installation of a groundwater recovery system.

Post operational groundwater monitoring indicated that the treatment system was effective in reducing
metal concentrations in groundwater; however, groundwater still remained acidic and contained metal
concentrations exceeding the non-potable use of groundwater guideline (DER, 2014). Due to the
presence of groundwater contamination, groundwater abstraction and stormwater disposal is not
permitted at the site.

The most recent groundwater data available at the time of classification (February 2017) found that

groundwater beneath former Lot 10 was still impacted by high levels of acidity, fluoride, ammonia and

metals such as iron, aluminium, arsenic and nickel. The concentrations of these contaminants

exceeded assessment levels for non-potable use of groundwater, as published in the 'Assessment

and management of contaminated sites' (DER, 2014). The groundwater impact is primarily in the

south-western portion of former Lot 10 and extends off-site to the south-west (i.e. beneath the site).
p17073_001_rpt_revl
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Ongoing groundwater monitoring is undertaken in accordance with the auditor-approved groundwater
monitoring plan.

A risk assessment has indicated that the contamination present on the site does not pose an
unacceptable risk to human health, the environment or environmental values under the proposed
commercial/industrial land use, provided certain restrictions are imposed. Given that impacted
groundwater extends off-site, it is understood that numerous sites were identified as potentially being
affected and were reported to the DWER. In the MAR dated 2013 (AEA, 2013), the auditor
recommended that the site (described as “numerous minor lots within the Tonkin Highway Road
Reserve west of the site”), which had previously been reported to the DWER, should be classified as
CRR.

The above information was summarised from numerous reports (too many to be reproduced herein,
refer to the DSRs in Appendix B). Rather than review these primary reports, Senversa has
undertaken review of the mandatory auditor’s reports (MARS) in the remainder of this DGA (noting that
the MARs are relatively recent and considered the quality and completeness of the corresponding
primary reports).

2.5.3 Stormwater Sump, Lot 7 on Diagram 40329 (Off-site)

This site is located adjacent the northwest portion of the site and was also part of the former CSBP
Cresco fertiliser manufacturing plant. This Lot was classified as “Contaminated — Remediation
Required” on 1 December 2007, with the nature and extent of contamination being described as
follows:

“Heavy metal contamination, including arsenic, lead, chromium, and copper, is present within soils in
the western and northern areas of the site. Groundwater beneath the site is contaminated with heavy
metals including arsenic, lead, chromium, copper and fluoride”.

It is understood that remedial works have not been undertaken on this site to the satisfaction of the CS
Auditor, and as such, the classification remains “Contaminated — Remediation Required”.

254 6 Railway Parade, Lot 100 on Diagram 55519 (Off-site)

This site is located immediately adjacent to the southeast portion of the TGP Study site and was also
part of the former CSBP Cresco fertiliser manufacturing plant. This site was classified as
“Contaminated — Remediation Required” on 1 December 2007, with the nature and extent of
contamination being described as follows:

“Heavy metal contamination, including arsenic, lead, chromium, and copper, is present within soils in
the western and northern areas of the site. Groundwater beneath the site is contaminated with heavy
metals including arsenic, lead, chromium, copper and fluoride”.

It is understood that this Lot was not subject to remedial works along with the remainder of the former
CSBP Cresco site, and as such, the classification remains “Contaminated — Remediation Required”.

255 Other Possibly Contaminated Sites

In addition to the above sites, MRWA made enquiries with DWER through internal mechanisms to
ascertain whether there were any additional sites within, or potentially relevant to, the TGP footprint
that may currently be classified, but not available on the publicly available Contaminated Sites
Database. Results of the enquiry indicated that portions of the TGP footprint immediately north and
south of the site, and several sites to the west/northwest of the TGP footprint are apparently “awaiting
classification”. Senversa understands that some or all of these sites are likely related to potentially
impacted groundwater emanating from the former Cresco/CSBP site. Whilst beyond the TGP footprint,
the sites to the west/north west may be relevant to this project were they to be classified as ‘affected
sites’ and related specifically to sites within the TGP footprint identified as ‘source sites’. Sites pending
classification are discussed further in Section 6.
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2.6 Proposed Changes to Site during TGP

It is understood that, within the site, the TGP will involve widening of the Tonkin highway, construction
of drainage swales, and widening of the existing bridge over Railway Parade and Guildford Road, and
an up-grade of the Guildford Road on- and off-ramps. It is anticipated that the project will involve a net

import of fill, and excavations will be limited to drainage swales and bridge footings.

2.7 Summary of Site History

The information relating to site history can be summarised as shown in Table 2.6.

Table 2.6: Summary of Site History

Date

C1928

1980-2016

1984

1993

2004-2005

2006

2016

2016

Detail

The adjacent Cresco/CSBP site operated from 1928 for the manufacture of single superphosphate,
sulphuric acids and small volumes of other chemicals.

Historical aerial photographs show that the site was used for the disposal of waste products in two disposal
pits.

Several phases of assessment and remedial works are undertaken at the former Cresco/CSBP site

Tonkin Highway is constructed

Manufacturing ceases at the former Cresco/CSBP site.

MRWA engages PB undertakes site specific characterisation (including delineation and risk assessment)
into the presence of cinders on-site. While PB concludes that there the site is suitable for its intended land
use, and remediation is not required, this recommendation is not endorsed by the DWER.

The site is re-classified by the DWER as “Contaminated — Remediation Required”

The former Cresco/CSBP site is reclassified as “Remediated — Restricted Use”

Roadworks are undertaken along Tonkin Highway as part of the NorthLink Project. Of particular relevance
to the site was the widening of lanes along the alignment and the excavation of soil for the construction of
drainage swales within the road reserve.
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3.0 Review of Previous Investigations

Numerous investigations have been undertaken on the site and also on the surrounding contaminated
sites. This section presents an evaluation of the quality and relevance of the available data and any
gaps in understanding of the site. Previous investigations generally comprised: (a) site-specific
investigation into the Tonkin Highway road reserve; (b) additional investigations or reports on works
undertaken as part of the NorthLink project and (c) assessments relating to the former Cresco/CSBP
fertiliser plant.

3.1 Tonkin Highway Road Reserve (On-site)

As noted in the DSR results (Section 2.5) numerous investigations have been undertaken within the
TGP study area site, as follows:

e PB (2004) Stage 1 Cinders Delineation- Tonkin Highway Reserve Bayswater (Report, 1 March
2004).

e PB (2005) Ecological and Human Health Risk Assessment, Tonkin Highway Road Reserve
(Railway Parade) Bayswater, 1 November 2005.

e Main Roads WA (2006) MRWA response to DEC queries regarding Tonkin Highway Road
Reserve ecological and health risk assessment (letter report, 6 November 2006).

In addition to the above, while it was not obtained during the DSR, the following document was also
provided by MRWA:

e Department of Environment and Conservation (2007) Tonkin Highway Road Reserve — In-Situ
Retention of Metals/arsenic impacted soils (Reference 04/36 DD6, 4 April 2007).

These reports contain useful information regarding the characteristics of the cinder deposits that are
located on-site and additional information regarding the classification process for the site. Review of
the information is provided in Table 3-1.

Review of the information includes comparison against the most recent guidance from the National
Environment Protection Measure (NEPM) Assessment of Site Contamination (ASC) ((National
Environmental Protection Council (NEPC), 2013)). For the purposes of this comparison, the most
relevant assessment criteria in the context of the current and ongoing uses as a road reserve and PSP
are considered to be as follows:

e Health Investigation Level (HIL-D) for road reserve workers.
e Health Investigation Level (HIL-C) for road reserve access (e.g. users of PSP).

e Ecological Investigation Levels (EILs) for urban, residential and open space (URPOS) and
Industrial/Commercial land uses.
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Table 3-1 Review of Site-Specific Environmental Investigations

Report Reference

Stage 1 Cinders
Delineation, Tonkin
Highway Road
Reserve, Bayswater
(PB, 2004)

Summary of Findings

PB undertook an investigation to determine the extent of pyritic cinder
deposits suspected to be buried in the portion of Tonkin Highway road
reserve, which was originally part of the Cresco/CSBP fertiliser site. The
scope of works involved a geophysical survey to identify areas at high risk
of containing cinders, supported by ground-truthing through drilling11 soil
bores to a maximum depth of 8 mBGL and analysis of 35 primary soil
samples.

Key findings of the investigation were as follows.

e  The distribution of cinders coincides with two disposal pits (north and
south), with cinders in the southern disposal pit interpreted to extend
west beneath the fill used to construct the Tonkin Highway.

e  Of the associated metals, only arsenic was present in soil at
concentrations exceeding the adopted human health assessment
criteria.

e  Arsenic, cobalt, chromium, cadmium, lead, manganese, nickel and
zinc were detected in soil at concentrations greater than the adopted
ecological assessment criteria.

Data Evaluation

The investigation was generally consistent with
current guidance and more generally provided an
appropriate characterisation of issues with respect to
the stated objectives. A review of QA/QC data
indicates that the data is generally of good quality.
Minor deficiencies noted include the lack of rinsate or
field blank samples.

The data is therefore considered to provide a reliable
indication of the quality of the cinders present on-site.

While relevant and appropriate at the time,
assessment criteria have been superseded by the
ASC NEPM (NEPC, 2013).

Updated evaluation of the soil analytical results
indicates that of the 35 primary samples, HIL-C and
HIL-D for metals were exceeded at one location
(SB11) at depths of 5.5-6 mBGL and 6.5 — 7 mBGL

Senversa also screened the soil analytical results
against the most conservative ElLs for Public Open
Space and Industrial/Commercial use. EILs were
exceeded in six soil samples collected from three
locations (SB1, SB5 and SB11) at depths ranging
from 1.0 to 7 mBGL; however, only two of the soil
samples were collected in the upper 2 m of the soil
profile.

Data Gaps

Potential for cinder material to have been
disturbed due to earthworks associated with the
NorthLink Project.

The acid generating potential of the material
was not determined.

Groundwater quality was not assessed.
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Report Reference

Ecological and
Human Health Risk
Assessment, Tonkin
Highway Road
Reserve (Railway
Parade), Bayswater
(PB, 2005)

Summary of Findings

PB assessed the immediate and potential risk posed by the cinder deposits
at the site to the environment and to human health. Key findings of the
investigation were as follows:

Surface soils at the site did not exceed the adopted screening criteria
for industrial / commercial land use and hence there was not
considered to be a risk to human health receptors under the existing
land use scenario.

Soils at depth (5.5 — 7.0 mBGL) contained arsenic at concentrations

that exceeded the adopted screening criteria for industrial / commercial

land use, and hence a site management plan (SMP) was
recommended for intrusive works at greater than 5 mBGL.

Arsenic, cobalt, chromium, cadmium, lead, manganese, nickel and
zinc were detected in soil at concentrations greater than the adopted
ecological assessment criteria.

Concentrations of fluoride, manganese, iron, and pH of groundwater
exceeded the adopted assessment criteria; however, concentrations
were considered to be representative of groundwater quality in the
area.

Ground disturbing activities on the site had the potential to expose
pyritic cinders, which could result in increased oxidation, chemical
solubility and contamination mobilisation, which could potentially
impact the Swan River ecosystem via the Bayswater Main Drain.

PB concluded that it was unnecessary to conduct soil remediation activities

on-site as the site met the standards set for its current land use, and the risk

to down-stream receiving environments was minimal.

Data Evaluation Data Gaps

The risk assessment was generally consistent with
guidance at the time of completion.

The assessment did not consider users of the PSP
who may access surface soils at the site. The
industrial assessment criteria, while relevant and
appropriate at the time, have been superseded by the
ASC NEPM (NEPC, 2013).

Updated evaluation of the soil analytical results
indicate that the arsenic concentrations exceeded HIL-
C (300 mg/Kg) and HIL-D (3,000 mg/Kg). The highest
concentration of arsenic detected in soil was 19,000
mg/Kg which exceeds both HIL-C and HIL-D by one
order of magnitude.

The risk assessment did not consider receptors
for users of the PSP.
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Report Reference

MRWA Response to
DEC Queries
regarding Tonkin
Highway Road
Reserve Ecological
and Health Risk
Assessment (MRWA
letter, 6 November
2006)

Summary of Findings

In response to queries from the Department of Environment and
Conservation (DEC) regarding the Ecological and health risk assessment
(PB, 2005), MRWA drafted a letter to DEC providing additional lines of
evidence regarding potential risk from the site. In particular, the DEC
queried whether the risk assessment was valid for exposure pathways
involving the bike path that passes along the eastern boundary of the road
reserve.

As part of the exercise, PB progressed an additional 8 soil bores to 1.5
mBGL in the areas of impact to more thoroughly characterise the human
health risk in the shallow soil profile.

Key findings of the assessment were as follows.

e  Arsenic concentration in soil in the northern cinders pit did not exceed
assessment criteria for public open space and were unlikely to pose a
risk to human health users of the bike path

e Arsenic concentrations in the southern cinders pit exceeded
assessment criteria at a shallow depth, but no over a distance of more
than 25 m along the path. Since the exposure was at a depth of 0.5 m
outside of a cyclone fence, it was not considered that a complete
exposure pathway existed in this area.

e  An evaluation of leachability data from the neighbouring former
Cresco/CSBP site indicated that arsenic and nickel were considered
leachable under acidic conditions.

e  Data from six groundwater monitoring sites that were present within
the Tonkin Highway road reserved indicated that groundwater
conditions were as follows:

= pH was acidic (pH between 2.1 and 3.1).

= Dissolved metals were present at concentrations that exceeded
marine water and irrigation trigger values.

= Fluoride, sulfate and nutrients were also elevated.

e  The potential risk of groundwater impacts to ecological receptors
(namely the Swan River) was considered to be effectively
characterised by works undertaken on the adjacent Cresco site. The
investigations indicated that although soil impacts had had an adverse
effect on groundwater quality, adverse impacts were not detected at
the identified receptors.

. MRA concluded that remediation was not required at the site; however,
an SMP was required to address potential risk that may arise due to
future disturbance of soils at the site.

Data Evaluation

Field and laboratory QA / QC procedures were
deficient with reference to current guidance.
Deficiencies include a lack of QA / QC samples and
laboratory analytical certificates.

On this basis, the information is considered useful to
provide information with regards to characterising
impact at the site; however, is not of a quality suitable
for the basis of risk assessment decisions.

While relevant and appropriate at the time,
assessment criteria have been superseded by the
ASC NEPM (NEPC, 2013).

Senversa screened the soil analytical results against
the updated NEPM assessment criteria which
indicated the following:

e  Arsenic concentrations in five soil samples
exceeded HIL-C (300 mg/Kg).

e  Concentrations of nickel in three soil samples
were above HIL-C (1,200 mg/Kg) and ACL for
public open space (30 mg/Kg).

ACL (commercial/industrial) value for nickel (55
mg/Kg) was exceeded in two soil samples.

Data Gaps

The original response from DEC was not
provided as part of the DSR results; hence
Senversa cannot comment on whether
comments appear to be appropriately

addressed.
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Report Reference

Tonkin Highway
Road Reserve — In-
Situ Retention of
Metals/arsenic
impacted soils (DEC,
2007)

Summary of Findings Data Evaluation

This response from the DEC indicated that they found MRWA's arguments  n/a
regarding the retention of the impacted cinder material within the site
acceptable. The following recommendations were made:

Wind, water and bicycle disturbance to exposed soil on either side of
the cycle strip should be prevented by covering with a 5 cm thickness
of mulch or similar.

Given the retained cinders are likely to continue to leach and
contribute to the contamination of the underlying groundwater, the
proposed approach was consistent with the soil remediation strategy
approved by the Environmental Protection Agency in relation to the
former Cresco/CSBP site.

MRWA should liaise closely with CSBP to determine the implications
of groundwater treatment and monitoring occurring at the CSBP site,
and the establishment of responsibility for groundwater remediation
should the future quality of groundwater discharging to the BMD
deteriorate.

DEC noted its intention to reclassify the site as “Remediated - restricted
use”, with restrictions to be as follows:

Use of the site for a highway reserve with cycle/footpath,
No groundwater abstraction without appropriate testing,

No disturbance of soil below 5.5 mBGL without further investigations
and risk assessment.

In order to complete the reclassification as noted above, DEC required that
MRWA submit a management plant that included the following:

Details for the management of future soil disturbance works.

A long-term commitment to undertake groundwater monitoring to
assess the continued effectiveness of contaminant attenuation.

Contingency/remediation plan to address any future non-compliance
or deterioration in groundwater quality.

Data Gaps

DEC [including inter-departmental advice via
Department of Health (DoH)] advice took into
account the distribution and depth of
contamination at that time. Nonetheless, the
distribution and depth may have since changed
due to the NorthLink Project.
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3.2

NorthLink Documentation (Off-site)

The NorthLink Project included the grade separations of the intersections of Tonkin Highway with
Collier Road, together with widening of the existing Tonkin Highway lanes. A large portion of the site
was subject to earthworks as part of the NorthLink project. Of particular relevance to the site was the
excavation of soil for the construction of drainage swales within the road reserve (Photographs 1 and
2; Appendix C).

The documents listed below were prepared as part of the scope of works for the NorthLink Project.

360 Environmental (2014) Tonkin Grade Separation Project — Preliminary Investigation on Site
Contamination (Reference 345 BA, client draft, April 2014).

Coffey (2015a) Detailed Site Investigation, Tonkin Grade Separations (Reference NLWA-01-EN-
RP-0027, Rev0, 12 May 2015).

Coffey (2015b) Asbestos-in-Soil Site Inspection, Tonkin Grade Separations (Reference NLWA-01-
EN-RP-0033, Rev 0, 20 July 2015).

Galt Environmental (2018) Installation of Groundwater Monitoring Bores, Northlink WA Southern
Section, Guildford Road to Reid Highway (technical memorandum, dated 18 May 2018).

John Holland (2018a) NorthLink WA Southern Section, Guildford Road to Reid Highway, Acid
Sulfate Soil Closure Report (3 May 2018).

John Holland (2018b) Groundwater Usage and Monitoring Closure Report 2016-2017,
Construction Water Supply GWL 183292(2) (8 August 2018).

While these documents were not prepared specifically for the purposes of defining contamination on-
site, they contain useful information and data regarding background conditions that can be
extrapolated to the TGP study site. Review of the information is provided in Table 3-2.
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Table 3-2 Review of Off-Site Information for NorthLink Project

Report Reference

Tonkin Grade
Separation
Project,
Preliminary
Investigation on
Contamination
(360, 2014)

Detailed Site
Investigation,
Tonkin Grade
Separations
(Coffey, 2015a)

Summary of Findings

A preliminary investigation on contamination was undertaken by 360 on
contaminated sites that may affect the Tonkin Grade Separation (TGS)
project which involved works at the separation of Tonkin Highway with
Collier Road, Morley Drive and Benara Road. Seven contaminated sites
were identified within 500 m of the project area. Of the seven contaminated
sites identified, the following two are relevant to the site.

e  The southern portion of the Tonkin Highway Reserve (north of Guilford
Road) which contains soil impacted by pyritic cinders and groundwater
containing elevated concentrations of iron, fluoride and manganese
(i.e. the site).

e  The former Cresco/CSBP site located adjacent east of the southern

portion of the project area where groundwater contains elevated
concentrations of heavy metals, chloride and ammonia.

The investigation concluded that a site management plan (SMP) be
prepared in order to appropriately manage soil and groundwater
contamination beneath the project area.

As part of the TGS Project, soil investigations were undertaken by Coffey to
determine the environmental, human health and financial risk associated
with potential contamination if identified within the TGS project area. A total
of 25 soil bores were progressed as part of the investigation. Key findings
were as follows.

e  Soil samples collected revealed minor concentrations of hydrocarbons
exceeding the limit of reporting near the Collier Road intersection.
Concentrations of hydrocarbons in soil samples did not exceed the
adopted assessment criteria.

. No asbestos was identified during field works.

Coffey concluded that it was unlikely that neighbouring contaminated sites
have impacted soil at either of the two study areas. However, the potential
to encounter discrete impacted hotspots including buried asbestos, fly
tipping and pyritic cinders) along the broader project alignment was
acknowledged.

Data Evaluation Data Gaps

An evaluation of the report indicates that is generally  No relevant data gaps identified.

complete and consistent with DWER guidance.

The report contains useful information regarding site
background and contaminating land activities.

Field measures used were accurate and in general No relevant data gaps identified.

accordance with the DWER Contaminated Sites
Guidelines and NEPC (2013).

A comparison of the sample locations to the
interpreted locations of the cinder deposits (Figure 6)
indicates that the cinder pits were not intersected
during site specific fieldwork. The lack of detection of
major chemicals of potential concern (COPC) may
give an indication of the degree of historical spreading
of cinder deposits up to this point.
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Report Reference

Coffey (2015b)
Asbestos-in-Soil
Site Inspection,
Tonkin Grade
Separations
(Reference NLWA-
01-EN-RP-0033,
Rev 0, 20 July
2015).

Acid Sulfate Soil
Closure Report
(John Holland,
2018a)

Groundwater
Usage and
Monitoring
Closure Report
(John Holland,
2018b)

Summary of Findings

Coffey was engaged to further investigate the presence of asbestos within
the road reserve based on the findings of the previous Detailed Site
Investigation (DSI) (Coffey, 2015a).

The investigation involved site walkovers and inspections at each major
intersection along the TGS alignment. Key findings were that asbestos
containing material (ACM) was identified in surface soil at all intersections
inspected.

Coffey concluded that, in general, the presence of ACM was consistent with
the likelihood of finding ACM along major arterial roads within the Perth
Metropolitan area.

This report details the measures that were undertaken to manage ASS and
groundwater during widening of Tonkin Highway (i.e. the NorthLink project).
The report concludes that as only localised dewatering works were
undertaken, no groundwater monitoring was undertaken. In addition, all
disturbed ASS was appropriately treated and verified.

John Holland prepared a Groundwater Usage and Monitoring Closure
report, which provides details of monitoring and production bores located in
area along the Tonkin Highway Road Reserve; west of Harvest Road
(PB02), east of Wright Street (PB05) and west of Bassendean Road
(PB04). Abstraction of groundwater from PB04 ceased on the 8 June 2018.

Following the completion of the NorthLink Southern Section, groundwater
monitoring was undertaken in July 2018. pH and iron in groundwater at
PB04 exceeded the Freshwater Ecosystems criteria and alkalinity of the
groundwater was above the adopted DWER trigger values. Groundwater
analytical exceedances were in the same order of magnitude as what was
reported in baseline studies.

Data Evaluation Data Gaps

The investigation was undertaken using simplified The presence of ACM within the site is
version of the data quality objective process from considered likely to be consistent with the
NEPC (2013) and methodologies applied are findings of this report.

appropriate for the investigation.

The quality of the ASS investigations and The location of the drainage swales observed
management measures was not reviewed for its on-site coincide with the excavations described
completeness and compliance with guidelines; as being excavated and treated for ASS. There

however, of particular relevance is the identification of is potential for cinder material to have been
AASS / PASS within the road reserve to the east and  disturbed.

west of Tonkin Highway, below approximately 11

mAHD, within the vicinity of the stormwater detention

basins.

Groundwater bores reported are outside of the TGP No relevant data gaps identified.
Study Area and are located up-gradient of the

impacted soil on-site.

The factual information in this report provides useful

background information on regional groundwater

quality in the area.
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Report Reference Summary of Findings Data Evaluation Data Gaps

Installation of As part of the Northlink project Galt Environmental (Galt) were engaged by = The memorandum is factual in nature and provides The purpose of the monitoring wells is not
Groundwater the contractor (John Holland) in May 2018 to install eight groundwater well construction information for the eight groundwater documented; however, they are understood to
Monitoring Bores  monitoring wells across the Tonkin Highway road reserve between Collier  wells. be for environmental monitoring.

(Galt Road and Guilford Road. Five of the groundwater wells installed by Galt The soil profile was logged consistent with USCS The exact location and operational status of
Environmental, appear to be located within the Tonkin Highway Gap Project area. terminology and wells appear appropriately GWO1 is currently unknown.

2018) constructed for environmental monitoring.

One of the eight wells (H017-C68.14-GW01) is
located within the site, within the road reserve to the
west of Tonkin Highway, and may provide a useful
groundwater sampling location.
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3.3 Former Cresco/CSBP Fertiliser Site Documentation (Off-site)

A large volume of documentation is available regarding the assessment and remediation of the former
Cresco/CSBP fertiliser site located immediately to the east of the Tonkin Highway Road Reserve. This
site is the principal reason that the land within the site is classified as CRR, as contaminating activities
extended onto the site prior to the construction of Tonkin Highway. Senversa has undertaken review of
the MARs available for this site, in addition to selected primary investigations and management plans,

to understand the risk presented by such contamination. The following reports were reviewed.

e Australian Environmental Auditors (2013) Interim Mandatory Auditor’'s Report, 2-4 (Lot 10) Railway
Parade and Lot 7 Mooney Street, Bayswater, Western Australia (Reference: EA0209, 29 August
2013). This MAR covers the historical reporting of the site (reports are too numerous to list
herein).

e Australian Environmental Auditors (2016) Mandatory Auditor’'s Report, 2-4 (Lot 10) Railway
Parade (Former Cresco Site) Bayswater, Western Australia (Reference EA0209, 18 May 2016).
Reports relevant to the TGP Study site reviewing within this MAR include the following:

= Parsons Brinckerhoff (2014a) CSBP Bayswater Annual Groundwater Monitoring Report
2014, for Groundwater Monitoring Events conducted on August 2013 and February/April
2014 (Reference 2204026A_PR2_25242 Rev C).

= Parsons Brinckerhoff (2014b), Groundwater Management Plan - CSBP Bayswater, WA. (Ref
erence 2162328B-DMS-LTR-001 RevB, 5 June 2014.

= AECOM (2015), CSBP Bayswater Biannual Groundwater Monitoring Report 2015 - August
2014 and February 2015 Groundwater Monitoring Events (Reference 60329741-ENV-PER-
RPT-001, 17 August 2005).

e Australian Environmental Auditors (2018) Mandatory Auditor’'s Report, 2-4 Railway Parade,
Bayswater, WA (Reference EA0548, 12 April 2018). Reports relevant to the TGP Study site
reviewing within this MAR include the following:

= Strategen Environmental (9 February 2017) Lot 10 Railway Parade Bayswater, Construction
Environmental Management Plan (Reference: LPR16285_01 R001 Rev C);

= Strategen Environmental (2017a) Precinct 3 — Cinder History, Characterisation, Risk
Assessment and proposed sampling and analysis program — Tonkin Highway Industrial
Estate (Reference: LPR16285.01 M023 Rev ¢,19 September 2017)

= Strategen Environmental (2017b) Precinct 3 — Cinder Characterisation and Risk Assessment
— Tonkin Highway Industrial Estate (Reference: LPR16285 01 _M027_Rev2, dated 12
December 2017).

= JDA Consultant Hydrogeologists (2017) Tonkin Highway Industrial Estate, Urban Water
Management Plan (Reference: J6238b, dated 17 May 2017)

= Strategen Environmental (2018c) Tonkin Highway Industrial Estate, Area 3, Site
Management Plan (Reference: LPR16285 01 R006 Rev 2, 24 January 2018).

In addition to the above documents, Senversa also reviewed the following document:

e Cardno (2017) Groundwater Monitoring Report, CSBP Bayswater — Railway Parade, Bayswater,
WA (Reference: V161162PReport01.4, 26 July 2016).

This document does not appear to have been reviewed by the Auditor when preparing any of the three
MARSs listed above. It is assumed that this information will be reviewed and included in the pending
MAR that will address classification of potentially impacted sites.

A summary of the reviewed information and its relevance to assessment of the site is presented in
Table 3-3.
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Table 3-3 Review of Off-Site Information (CSBP Cresco Site)

Report Reference Summary of Findings Data Evaluation Data Gaps

Interim Mandatory Charlie Barber, of Australian Environmental Auditors, was commissioned to audit ~Senversa did not review the primary documents The Auditor's recommendation regarding

Auditor’s Report the former Cresco/CSBP site in 2005, prior to the adoption of the CS Act, with the in detail; however, it is considered that the classification of potentially affected sites does

(AEA, 2013) dual purpose of ensuring that the Conditions of Ministerial Statement 691 were information contained in this MAR provides a not appear to have been enacted by DWER, as
met and assisting with future classification under the CS Act. The interim MAR robust description of the site conditions, these sites are not currently listed on DWER'’s
primarily provided comment on the appropriateness of the suitability of the particularly with respect to groundwater within contaminated sites database.
assessment/remediation works undertaken post-appointment; however, the vicinity of the TGP study site. As per MRAWA's internal inquiries with DWER,

information from investigations and remedial works undertaken prior to auditor

. . - . . all sites within Group B and some within Group
appointment were also reviewed to provide relevant background information.

A are currently listed as “awaiting classification”

The key COPCs comprised heavy metals in soil and groundwater, with low pH, (Section 2.5.5).

ammonia and fluoride also above adopted site assessment criteria. ACM was also It is understood that a MAR that addresses the
identified on-site as a result of demolition of site buildings. recommended classifications for these sites is
Remediation comprised excavation and removal of cinder material and associated currently pending.

impacted soil to landfill, between March 2006 to April 2007 and April 2008 to In addition. MRWA's internal DWER search also

November 2009. The soil removal strategy comprised removal of material to
depths of approximately 3 mBGL to meet the adopted site clean-up criteria (HIL- also being listed as “awaiting classification”.

F). This does not appear to be a result of the
With regards to the cinder deposits on the site area, the MAR notes: recommendations of this MAR.

identified the lot immediately north of the site as

e  The soil remediation program did not assess the material located within the
MRWA road reserve (the site), and as such, buried cinder deposits are still
present under Tonkin Highway Road Reserve on the western boundary of
the former CSBP/Cresco site.

e  These cinder deposits may serve as a source of continuing contamination for
groundwater (in particular, low pH and metals).

A review of groundwater remediation indicated the following:

. Monitored natural attenuation was undertaken in accordance with the
requirements in the Ministerial Conditions.

e  Statistical analysis demonstrated that there was an overall decrease in
COPC from the pre- to post-remediation period; however seasonal
fluctuations were still noted.

e  The presence of remnant cinder deposits along the western boundary of the
former Cresco/CSBP site resulted in low pH (1-3) in bores closest to the site.
Based on the groundwater data provided from 2003 to 2012, it appeared that
regardless of the residual soil impact remaining under the Tonkin Highway
road reserve, the groundwater contamination plume was stable. Migration of
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Mandatory
Auditor’s Report
(AEA, 2016)

the low pH and elevated COPCs appeared to have stopped, with attenuation
noted at the edges of the plume.

Surface water gauging undertaken on the BMD and the Swan River indicated that
flow-weighted mean concentrations of contaminants were below the background
conditions outlined in the Ministerial Conditions. In addition, a key finding was that
there was minimal measurable impact on the nutrient load emanating from the site
to the Swan River.

The Auditor recommended the former Cresco/CSBP site was suitable for
commercial/industrial use with the following restrictions:

e  Groundwater cannot be abstracted for any use.
e  The site is suitable for commercial/industrial use.
e  An auditor-endorsed groundwater monitoring plan must be implemented.

e  An auditor-endorsed long-term asbestos management plan must be
implemented.

With respect to impacted groundwater migrating from the CSBP/ Cresco site, the

MAR identified three groups of sites that had either previously been reported to

the DWER, or required reporting based on the findings of the MAR, as follows:

e  Group A: “low risk” based on aluminium and iron in groundwater at
concentrations greater than assessment criteria. The auditor recommended
that these sites either be classified as RRU or wait for additional monitoring
data for some sites.

e  Group B: “moderate risk” based on the presence of aluminium, arsenic, iron,
nickel, fluoride greater than assessment criteria. The auditor recommended
that these sites, located immediately west and southwest of the site
(Appendix D), be classified as “Remediated — Restricted Use”

e  Group C: “low risk” properties located to the south of Guildford Road. The
auditor recommended that these sites did not require classification.

In addition to these potentially affected sites, the MAR indicated that the site
(described as “numerous minor lots within the Tonkin Highway Road Reserve
west of the CSBP/Cresco site”), which had previously been reported to the
DWER, should be classified as CRR.

The auditor prepared an additional MAR for the former Cresco/CSBP site 2016 in
response to the requirement to remediate outstanding issues identified during the
previous MAR. The issues primarily related to asbestos impacts in surficial soil
and were not directly relevant to the site; however, the MAR included an
assessment of the groundwater monitoring plan prepared for the former
CSBP/Cresco site.

Groundwater monitoring indicated that highest concentrations of COPCs
(aluminium, arsenic and iron) were in the central-southwest portion of the site

Senversa did not review the primary documents
in detail; however, it is considered that the
information contained in this MAR provides a
robust description of the site conditions,
particularly with respect to groundwater within
the vicinity of the TGP study site.

This MAR provides no further update on the
status of potentially affected sites located down-
gradient of the site.
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Groundwater
Monitoring Report
(Cardno, 2017)

Mandatory
Auditor’s Report
(AEA, 2018)

adjacent to Tonkin Highway, indicating that the presence of the cinder deposits
continue to provide a source of metal contamination to groundwater.

The following restrictions relevant to the site include:
e  Groundwater cannot be abstracted for any use.

Cardno undertook surface and groundwater monitoring in accordance the former
Cresco/CSBP site’s Groundwater Monitoring Plan. Key findings were as follows:

. Numerous bores were decommissioned in 2016 and 2017 as part of the
North Link site works.

. Groundwater flow was to the south-west.

e  Groundwater impacts included ammonia, fluoride, aluminium, arsenic, total
iron and nickel, predominantly in the southern portion of the former
CSBP/Cresco site, where residual soil impacts are present.

. Increasing contaminant trends were observed in some bores.

e  Surface water samples from drains located west and south-west of the site
contained concentrations below the adopted criteria.

Cardno recommended that some bores be decommissioned, and additional bores
should be installed, and a new Groundwater Monitoring Plan be prepared to
incorporate recent changes to the monitoring network.

This MAR was prepared for the ongoing management of the former Cresco site
post-development, as the site was developed into smaller commercial/industrial
lots. The site was divided into three areas, which had slightly different on-going
management plans.

Of particular relevance to the site was Area 3, (in the south-western portion of the
former Cresco/CSBP site), and which was to subject to cutting operations during
site development. This area was investigated by the primary consultant to
establish if the top 2 m of the soil profile was suitably free of cinders.

The soils in Area 3 were assessed and found to contain no soil contamination
exceeding HIL-D criteria within the surface 2 m and were not determined to pose
a threat to human health or ecological receptors.

The MAR also outlined management measures to be undertaken in excavation
and handling of material. Amongst the recommendations for Area 3 was the
recommendation that dewatering to undertake earthworks should be avoided
where feasible, but where required, it should be undertaken in accordance with
the Acid Sulfate Soils Dewatering Management Plan (ASSDMP) prepared for the
site.

Data quality was not assessed in detail; None identified.
however, the groundwater monitoring event

appears to have been conducted a in

accordance with the GMP and relevant

guidance. The report included a detailed data

quality review, which indicated that the quality

was suitable for its intended purpose.

Given that the auditor has reviewed the quality ~ While this provides additional robust data to
of the data collected, it is considered that this characterise the in-situ cinders deposits, the

provides useful up-to date information on the current extent is not known.

likely composition of the cinder material present  This MAR provides no further update on the
beneath the TGP road reserve. status of potentially affected sites located down-
Senversa reviewed the data against HIL-C gradient of the site.

assessment criteria (to be protective of potential
road reserve users) and found:

e Concentrations of arsenic exceeded the
HIL-C (300 mg/kg) in soil samples
collected at two locations (TP17-1) at 1.92-
2.25 mBGL and TP26-1 at 1.35-1.60
mBGL) with concentrations of 870 mg/kg
and 350 mg/kg, respectively.

Concentrations of lead exceeded the
above HIL-C in soil collected from TP18-1
at 1.90-2.0 mBGL
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4.0 Current Site Conditions

The site was inspected by Senversa staff (Blaire Coleman and Justin Lumsden) on 5 March 2019. The
inspection comprised walking the boundary of the site using the principal shared pathway, with no
direct access to the road reserve itself. The walkover also involved discussion with John Braid and
David Goodram, both of MRWA, who provided input on conceptual plans for the TGP project.

The majority of the road reserve traversed has recently been subject to earthworks as part of the TGP,
where the highway was widened, and large drainage swales were installed. The exception to this is
the southern part of the alignment (approximately 350 m from the railway parade intersection) where
the highway is yet to be widened. Numerous monitoring wells were also observed on the walkover;
however, in the absence of detailed information from the DSR results, these were unable to reconciled
with a figure, or examined for their integrity and suitability for future sampling.

Current features observed and their potential implications for the contamination status of the site are
summarised in Table 4-1.

Table 4-1 Summary of Significant Features from Site Walkover

Feature Potentially COPC Comments Photo
Contamlnatlng (Appendix C)
Activity
Drainage Excavation of cinder  Arsenic, Drainage swales constructed along the 1,2
Swales deposits cadmium, majority of the site are up to approximately 2m
Oxidation of ASS chromium, depth.
cobalt, copper,  prainage swales appear to coincide with the
lead, location of the northern cinder pit. It is
manganese, understood that this material was treated as
nickeland zinc  per the ASSDMP (John Holland, 2018) and re-
ASS used within the Northlink project area.
Uncontrolled Importation of Various The level of the Tonkin Highway is raised from 3
Fill potentially the natural ground level. While a detailed
contaminated material observation could not be made due to the

access restrictions, material appears to
contain gravel and fragments of concrete and
construction waste

Fly tipping Dumping of Various Evidence of small-scale fly tipping was 5
contaminated material observed at the southern-most portion of the
site (on Railway Parade, under the Tonkin
Highway Bridge).
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5.0 Preliminary Conceptual Site Model

The preliminary conceptual site model (CSM) based on information summarised above is summarised
in the following sections.

51 Potential Sources of Contamination

Potential sources of contamination comprise the following:

e Cinder deposits.
e Asbestos containing material (ACM) in surface soils.
e Uncontrolled Fill.

e Fly Tipping.
5.2 Potential Migration Pathways

Potential migration pathways comprise the following.

e Dust.
e Vertical migration of contaminants from soil into underlying groundwater.

e Lateral migration of impacted groundwater to the west/southwest, beneath industrial and
residential areas, towards the BMD and the Swan River.

¢ Runoff of impacted surface water into on-site drainage system, and subsequent discharge to BMD
and drainage systems.

e Abstraction of impacted groundwater.
Potential exposure routes include the following.

e Dermal contact with impacted soil, surface water and groundwater (where abstracted).

e Incidental ingestion of impacted soil, surface water and groundwater (where abstracted).
e Ingestion of contaminated groundwater (where abstracted).

e |nhalation of impacted soils or dust.

5.3 Potential Receptors

e Current and future site visitors (including users of the PSP).

e Current and future construction and intrusive maintenance workers.

e Current and future off-site residents and property occupants in the vicinity of the site.
e On- and off-site groundwater users.

e On-site terrestrial ecology.

e The ecology of the down-gradient Swan River.

p17073_001_rpt_revl

s-nv_rsa 26



Preliminary Conceptual Site Model

5.4  Source-Pathway-Receptor Linkages

While ACM in surface soil, uncontrolled fill and fly tipping have all been identified as potential sources
of contamination on-site, the CSM presented below focusses only on cinder deposits since these are
the most significant impacts, represent the basis for the current classification and to aid presentation

clarity.

Further discussion on the potential presence of ACM, uncontrolled fill or fly tipping is presented in
Section 6.

Source-pathway-receptor linkages are presented in Table 5-1, and a schematic representation of the
site is presented in Figure 7.

p17073_001_rpt_revl

s nv._rsa 27



Preliminary Conceptual Site Model

Table 5-1 Source-Pathway-Receptor Linkages for Contamination Associated with Cinder Deposits

Source Pathway

) ) Inhalation
Airborne transport of particulates

Direct Contact

Dermal contact
Ingestion

Cinder Deposits

Dermal contact

Ingestion

Inhalation
Vertical migration to

groundwater, lateral migration of
impacted groundwater

Exposure Route

Receptor

Current and future on-site road reserve users

Current and future construction workers and
Intrusive Maintenance Workers

Terrestrial ecology

Swan River Ecology

Current and future on-site road reserve users

Current and future on-site construction
workers and intrusive maintenance workers

Pathway
Complete/Potentially
Complete

Yes

Yes

Yes

No

No

Yes

Comments

Available data indicates that exceedances of
relevant criteria occurred at depths greater than 5
mBGL and hence this pathway was unlikely to be
complete; however recent works undertaken as
part of the NorthLink project have likely changed
the soil profile and depth to impact.

Available data indicates that COPCs are not likely
to be present at concentrations greater than HIL-D
criteria; however recent works undertaken as part
of the NorthLink project have likely changed the soil
profile

Available data indicate that there were some
exceedances of ecological criteria (mostly at
depths greater than 2 mBGL); however recent
works undertaken as part of the NorthLink project
have likely changed the soil profile.

Pathway not relevant given distance from site.

No groundwater will be abstracted within the road
reserve.

Available data indicates that COPCs in
groundwater exceed non-potable use criteria.
Workers may be exposed via direct contact with
groundwater in deep excavations or abstraction of
groundwater for dewatering purposes.
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Source

Pathway

Vertical migration to
groundwater, lateral migration of
impacted groundwater

Discharge to BMD

Exposure Route

Dermal contact
Ingestion
Inhalation

Direct Contact

Receptor

Current and future off-site bore users

Terrestrial Ecology

Swan River Ecology

Pathway
Complete/Potentially
Complete

Yes

No

No

Comments

Available data indicates that COPCs in
groundwater exceed non-potable use criteria.

Terrestrial ecology is unlikely to have direct contact
with groundwater

While in-situ deposits have resulted in impacts to
groundwater, the MAR (AEA, 2013) notes no
impacts were observed at the Swan River
ecosystem.
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6.0 Conclusions and Recommendations

6.1 Conclusions

In conclusion, the site has previously been investigated and found to contain cinder deposits relating
to former use by the adjacent Cresco/CSBP fertiliser site. The information reviewed has indicated that
the cinder deposit material was unlikely to render the site unsuitable for its use as a road reserve in its
original distribution; however, the works since undertaken on-site as part of the NorthLink project may
have changed the distribution of cinder deposits and in turn may have also altered the risk profile.

Regardless of potential direct exposure risk, the presence of the cinder deposits has resulted in low
pH and elevated concentrations of metals in groundwater both on- and off-site. As such, there is
potential for down-gradient sites to be considered to be affected sites under the CS Act and potential
sites are awaiting classification. Furthermore, Senversa understand that ongoing groundwater
monitoring and risk assessment is being performed on behalf of CSBP as part of reclassification
commitments associated with the adjacent former CSBP / Cresco fertiliser manufacturing site. Given
the common cinder deposit historical source between the two sites it is likely that the monitoring will be
directly relevant to TGP; however, this has not been confirmed and the outcomes remain unknown.

In addition to the above (while minor) the potential also exists for soils to have been impacted by
surficial asbestos, fly tipping and uncontrolled filling as part of Tonkin Highway Construction. This is in
keeping with the inner metropolitan nature of the site and typically managed via a construction
environmental management plan rather than restriction under the CS Act.

While several site-specific investigations have been undertaken to characterise site, and there is a
significant volume of documentation regarding remediation and monitoring or the former Cresco/CSBP
site, the following gaps remain regarding characterisation of the site.

1. Current nature and extent of cinder deposits within the site.

2. Nature and extent of groundwater impact both on- and off-site. In particular, the relationship
between potentially affected sites and the site with respect to its current classification is currently
unknown.

3. The contamination status of imported fill used for the construction of Tonkin Highway is unknown.

The potential for ACM to be present in soils that may be disturbed by development works exists as
a detailed assessment of this issue has not been completed.

5. Fly tipping may have introduced contamination to the site.

These data gaps are expanded upon in Table 6-1, and the recommended action to address them are
also presented.
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Table 6-1 Data Gaps and Recommended Actions

Data Gap Details

1 Nature and extent of cinder deposits within site.

Senversa consider there is sufficient good quality data
available to characterise the bulk properties of the cinder
deposits, including relevant contaminants of potential
concern (CoPCs) and associated physiochemical
properties.

Historical documentation, including correspondence
including from DEC (now DWER), indicated that the cinder
deposits posed a low human health risk to users of the site
given the distribution and depth of the deposits at that time,
and were suitable to remain in-situ.

Recent earthworks undertaken at the site have the
potential to have changed the depth and distribution of
cinder deposits.

2 Nature and extent of groundwater impact both on- and
off-site.

Available information indicates that groundwater beneath
and down-hydraulic gradient of the site is impacted by
substances including ammonia, fluoride, aluminium,
arsenic, total iron and nickel.

Senversa understand that ongoing groundwater monitoring
and risk assessment is being performed on behalf of CSBP
as part of reclassification commitments associated with the
adjacent former CSBP / Cresco fertiliser manufacturing
site. Given the common cinder deposit source between the
two sites it is likely that the monitoring will be directly
relevant to TGP; however, this has not been confirmed and
the outcomes remain unknown.

DWER has advised that numerous properties down-
hydraulic gradient of the site are awaiting classification
[understood to be pending the outcomes of the above
groundwater monitoring, including a supporting mandatory
auditor report (MAR)].

3 The composition of imported fill used for the
construction of Tonkin Highway is unknown.

While this material was not directly inspected as part of site
investigation, the potential for contamination within mixed
fill exists.

4 The presence of ACM material in surface soils is
unknown.

The available information suggests that ACM may be
present in the road reserve at a frequency comparable to
other Perth Metropolitan roads.

5 Fly tipping practises may have introduced
contaminants to the site.

Evidence of small-scale fly tipping was observed at the
southern-most portion of the site (on Railway Parade,
under the Tonkin Highway Bridge).

Recommended Action

Intrusive site investigation to assess the
current approximate extent of cinder
deposits and update assessment of human
health risk and associated management
requirements.

¢ Initiate discussions with CSBP to
understand the status of groundwater
monitoring and recent groundwater
results (including availability and
suitability to support TGP assessment
and reclassification).

e Dependant on above, initiate discussions
with DWER to confirm TGP groundwater
assessment and management strategy
(including how potential requirements for
a MAR will be interpreted for this site).

Prepare a future CEMP to outline
procedures required during site works if
potentially contaminated fill material is
encountered.

Prepare a future CEMP to outline
procedures required during site works if
ACM material is encountered.

Prepare a future CEMP to outline
procedures required during site works if
unexpected materials are encountered.
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6.2 Recommendations

In summary, Senversa recommends that a SAQP should be prepared to further characterise the
distribution of cinder deposits on-site (Data Gap 1), and engagement with relevant stakeholders
including CSBP and DWER should be undertaken to further inform the resolution strategy for
groundwater related issues (Data Gap 2). Ideally the preparation of a SAQP for Data Gap 1 should
follow the outcome of stakeholder engagement such that groundwater investigation requirements (if
any) can also be incorporated; however this is not consider essential and it is possible to progress
resolution of Data Gap 1 and 2 in parallel should this be beneficial to MRWA and its TGP project
objectives.
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7.0 Principles and Limitations of Investigation

7.1 General Principles and Limitations of Investigation

The following principles are an integral part of site contamination assessment practices and are
intended to be referred to when resolving any ambiguity or exercising such discretion as is accorded
the user or site assessor.

Table 7-1 Principles and Limitations of this Report

Area

Elimination of
Uncertainty

Failure to Detect

Limitations of
Information

Chemical
Analysis Error

Level of
Assessment

Comparison with
Subsequent
Inquiry

Data
Useability

Nature of Advice

Principle and Limitation

Some uncertainty is inherent in all site investigations. Furthermore, any sample, either surface or
subsurface, taken for chemical testing may or may not be representative of a larger population or area.
Professional judgment and interpretation are inherent in the process, and even when exercised in
accordance with objective scientific principles, uncertainty is inevitable. Additional assessment beyond that
which was reasonably undertaken may reduce the uncertainty.

Even when site investigation work is executed competently and in accordance with the appropriate
Australian guidance, such as the National Environment Protection (Assessment of Site Contamination)
Amendment Measure (‘the NEPM’), it must be recognised that certain conditions present especially difficult
target analyte detection problems. Such conditions may include, but are not limited to, complex geological
settings, unusual or generally poorly understood behaviour and fate characteristics of certain substances,
complex, discontinuous, random, or heterogeneous distributions of existing target analytes, physical
impediments to investigation imposed by the location of services, structures and other man-made objects,
and the inherent limitations of assessment technologies.

The effectiveness of any site investigation may be compromised by limitations or defects in the information
used to define the objectives and scope of the investigation, including inability to obtain information
concerning historic site uses or prior site assessment activities despite the efforts of the user and assessor
to obtain such information.

Chemical testing methods have inherent uncertainties and limitations. Senversa routinely seeks to require
the laboratory to report any potential or actual problems experienced, or non-routine events which may have
occurred during the testing, so that such problems can be considered in evaluating the data.

The investigation herein should not be considered to be an exhaustive assessment of environmental
conditions on a property. There is a point at which the effort required to obtain information is outweighed by
the time required to obtain that information, and, in the context of private transactions and contractual
responsibilities, may become a material detriment to the orderly conduct of business. If the presence of
target analytes is confirmed on a property, the extent of further assessment is a function of the degree of
confidence required and the degree of uncertainty acceptable in relation to the objectives of the assessment.

The justification and adequacy of the findings of this investigation in light of the findings of a subsequent
inquiry should be evaluated based on the reasonableness of judgments made at the time and under the
circumstances in which they were made.

Investigation data generally only represent the site conditions at the time the data were generated.
Therefore, the usability of data collected as part of this investigation may have a finite lifetime depending on
the application and use being made of the data. In all respects, a future reader of this report should evaluate
whether previously generated data are appropriate for any subsequent use beyond the original purpose for
which they were collected or are otherwise subject to lifetime limits imposed by other laws, regulations or
regulatory policies.

The investigation works herein are intended to develop and present sound, scientifically valid data
concerning actual site conditions. Senversa does not seek or purport to provide legal or business advice.
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