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Al 	BORE CONSTRUCTION DETAILS 

Monitoring bores B3 and B4 (Figure Al) were constructed on Loc. 2170 as 
part of the hydrogeological investigations undertaken for the project. The 

bores were constructed in November 1990 by mud-rotary drilling using a 
biodegradable biopolymer drilling mud. Both bores were constructed with 
80 mm Class 9 Pvc casing slotted and gravel packed over the total depth. 
The bores were completed with a lockable protective steel surface casing 
held in place by a cement block at the ground surface. Bore B3 had a total 
depth of 28.5 m, with a lithological profile as follows: 

0- 10 m Yellow, slightly clayey fine to medium grained sand 
10- 13 m Yellow/brown cemented clayey sand 
13 - 19 m Yellow, fine to medium grained sand 
19 - 25 m White, medium to coarse grained sand 
25 -28 m Semi-consolidated limestone. 

Bore B4 had a total depth of 28 m, with a lithological profile as follows: 

0-25 m 	Yellow medium to coarse grained sand 

25 - 28 m 	Semi-consolidated limestone. 

Construction details for the off-site production bores (Bi, B2, B5, 136) located 

on private properties are not known. 



A2 	BOREWATER SAMPLE COLLECTION 

For bores B2, B4, and B7, the borewater samples were collected using an all-
Teflon, bottom-filling bailer. Prior to borewater sample collection, at least 
one bore volume was removed by either bailing (bore 114) or pumping with 
an electric-submersible pump (bore 133). Bore B7 was sampled after 

minimum bore purging by bailing. For the off-site production bores (Bi, B2, 
B5, B6), the borewater samples were collected directly from existing taps 
located as close as possible to the bores. The taps were run for at least 10 
minutes prior to collecting the borewater samples. 

At the time of borewater sample collection, on-site determinations of pH, 
electrical conductivity and redox potential were undertaken. The results of 
these on-site determinations were in accord with those obtained from the 
laboratoiy analyses. 

A3 	BOREWATER SAMPLE PRESERVATION 

The borewater samples were packaged and preserved in accordance with 
recognized procedures for determinations of specific analytes (APHA, 1985; 

SAA, 1986). Packaging and preservation details are summarized in 
Table Al. 

A4 	BOREWATER SAMPLE ANALYSIS 

The water quality determinations were undertaken by Analabs of Welshpool. 
Analabs is NATA-registered for the water quality determinations carried out 
for the project. The radiological determinations were undertaken by ANSTO 

of Lucas Heights, New South Wales. 
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TABLE Al 

BORE WATER SAMPLE PACKAGING AND PRESERVATION 
DETAILS 

Analyte 	 Packaging Details 	 Preservation Details 

Major Water Quality and 
Radiological Parameters 

Heavy Metals 

Total Organic Carbon 

Nitrate - Nitrogen, 
Ammonia - Nitrogen 

1 L polyethylene bottles 

250 mL polyethylene bottles 

1 L brown glass bottles 

250 mL polyethylene bottles 

Samples stored on ice 

Field-filtered (0.45 
micron membrane filter) 
5 mL 35% nitric acid 
Samples stored on ice 

20 mL 10% sulphuric 
acid 
Samples stored on ice 

Field-filtered (0.45 
micron membrane filter) 
S mL 10% sulphuric 
acid 
Samples stored on ice 

AS 	REFERENCES 

American Public Health Association, 1985, "Standard Methods for the 

Examination of Water and Wastewater" (Sixteen Edition). 

SAA, 1986, "Selection of Containers and Preseivation of Water Samples for 

Chemical and Microbiological Analysis. Part I - Chemical", 

Standards Association of Australia AS 2031.1. 
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Ri 	INTRODUcTION 

Cockburn Sound Location 2170 Millar Road Baldivis (Loc. 2170) is situated 
within the Spearwood Soil Association, which supports vegetation collectively 
described as the Spearwood System. The plant communities of the area have 
been studied on a regional scale by several authors including Seddon (1972), 
Beard (1979) and Heddle et al. (1980). 

The main vegetation complexes within Loc. 2170 are those occurring on the 
Spearwood and Karrakatta Dune Systems. Both these dune systems form 
part of the Spearwood Soil Association. The Spearwood Dune System covers 
the western half of the site and sands of the Karrakatta Dune System cover 
the remainder of the site. 

Approximately one third of Loc. 2170 has been cleared for sand and 
limestone excavations. 

The presence of tuarts (Eucalyptus gomphocephala) over much of the site is 
indicative of limestone soils (Erickson R., George A.S., Marchant N.G. and 
Morcombe M.K., 1986). Within the western portion of Loc. 2170, the 
Spearwood Dune sands overlie a base of Tamala limestone. Tuarts become 
less common on the eastern portion of the site, where the dominant 
vegetation formation is a mixed banksia woodland. 

Land adjoining the eastern and southern boundaries of Loc. 2170 is zoned 
rural and much of the vegetation has been cleared from these areas. A dense 
stand of tuarts is growing on Lot. 291, directly south of the site, and these 
trees separate the Millar Road quarry from the Kerosene Lane quarry site. 
Loc. 2209, immediately west of the landfill site, contains Western Mining 
Corporation's (WMC) tailings disposal pond, whilst the northern perimeter 
of the site is bordered by Millar Road. North of Millar Road and the 
adjoining Kwinana to Jarrahdale railway line, there is the wedge of land 
encompassed by System 6 Red Book Recommendation M104. The 
vegetation within parts of this wedge is similar in quality and composition to 
the vegetation within Loc. 2170. 

The vegetation within Loc. 2170 site was recorded by a survey in September 
1990. This report documents the results of the survey undertaken, and 
concludes with a review of the implications for on-site flora and fauna of the 
proposal to establish a landfill within Loc. 2170. 



B2 	SITE DESCRIPTION 

The vegetation of Loc. 2170 can be separated into three communities, these 
being a tall closed mixed shrubland along the western margin of the site, tall 
open tuart-jarrah-marri forest and tuart forest in the central portion of the 
site and mixed banksia open woodland throughout the eastern portion of the 
site. Each of these communities is described below, and their distribution 
within the study area shown on Figure Bi. 

B2.1 	I Tall Closed Mixed Shrubland 

On the higher ground of the western portion of the site, dense thickets of 
wattles, growing to a maximum height of 3-5 m, occur in pockets throughout a 
mixed banksia-eucalypt-acacia shrubland. The principal species of wattle is 
Acacia saligna. 	Emergent tree species include E. gomphocephala, 
E. maçinata, E. calophylla, Casuarina fraseriana, Jacksonia furcellata and 
Hakea prostrata are also common within this association and Macrozamia 
riedlei specimens are scattered throughout the shrubland. 

A wide firebreak and access track have been cleared around the western 
perimeter of the shrubland and the vegetation directly adjoining the cleared 
areas is somewhat degraded as a result of invasion by weed species. Many of 
the eucalypts, mainly tuarts, show signs of stress as indicated by dead branch 
tips protruding from the tree crowns. 

B2.2 	Tall Open Tuart-Jarrah-Marri Forest 

The tall open tuart-jarrah-marri forest is interspersed with stands of pure 
tuart, many of which exceed 20 m in height. The main entrance to the quarry 
cuts through one of these pure tuarts stands. 

The tuart (E. gomphocephala), and marri (E. calophylla) form a mixed 
dominant upperstorey that grows in association with an understorey of 
smaller trees and shrubs between 3 and 5 m in height, including Banksia 
grandic, B. attenuata, B. menziesii, A. saligna, C. fraseriana, J. furcellata, and 
Dyandra sessilis. 

The lack of native ground cover suggests that much of the mixed eucalypt 
forest may have been subject to grazing in the past. Fires and current 
quarrying activities have also added to the degradation of the lower storey 
plant species. As a result, a larger than usual proportion of the ground cover 
species comprises grasses. However, many natives still survive including M. 
rzedlei, Hibbertia hypericoides, Anigozanthos manglesil, D,yandra nivea, 
Sowerbaea laxzlora, Hakea licsocarpha, Kennedia coccinea and numerous 
other species. 



B2.3 	Mixed Banksia Open Woodland 

The open banksia woodland is dominated by three species, namely 
B. attenuata, B. menziesii and B. randi. The middle and understorey species 
are the same as those occurring in the tuart-jarrah-marri forest in the central 
portion of the site. More ground cover species appear to be present in the 
banksia woodland than in the tuart-jarrah-marn forest, probably because 
more light is able to penetrate to ground level. Apart from those species 
listed above, others such as Conostylis setigera, Patersonia occidentalis, 
Oxylobium sp., Petrophile sp., and Deosera sp. are common. Native species of 
daisy from the family Asteraceae were also more common within the banksia 
woodland than the mixed eucalypt forest, because of the more open nature of 
the upperstorey canopy. 

Im 



B3 	VEGETATION QUALITY 

In general, the vegetation remaining within Loc. 2170 is in good condition. 
As previously mentioned, some areas of the site, particularly around-  its-
perimeter, and where 9uarrying is taking place, show signs of stress, as 
evidenced by dead or dying branch tips. Further physical disturbance such as 
fire, clearing, quarrying activities, damage by vehicles and rubbish dumping 
have also affected the condition of the vegetation complexes. 

Vegetation quality is not, however, necessarily an index of value as wildlife 
habitat, because a degraded vegetation formation can contain a number of 
ecological niches supporting a more diverse fauna than a single-species 
vegetation formation in excellent condition. Previous surveys have confirmed 
that the tall tuart-jarrah-marri forests of this area support a very diverse 
fauna, particularly passerine birds (Tingay, A. & S.R., 1977). 

Sam 



B4 	RELATIVE IMPORTANCE OF VEGETATION 
FORMATIONS TO FAUNA 

An assessment of the importance of the vegetation within Loc. 2170 to native 
fauna can be made on the basis of a available eco1oical information. The 
diversity of fauna and of species breeding in the area is directly related to the 
diversity between and within the vegetative formations on the site and 
adjacent to it. 

In general, the tall tuart-jarrah-marri forest would be important to fauna, 
mainly because it is part of a particular ecosystem that is rapidly diminishing 
as clearing for urbamzation encroaches. 

Previous surveys and local knowledge of the area confirm the presence of 
grey kangaroos (Macropus fuliginosus), the brush wallaby (Macropus irma) 
and residents have reported sightings of brush tail possums (Tricholswus 
vulpercula). 

The shrubland, forest and open woodland also support numerous species of 
birds including parrots and the kookaburra. Reptiles such as bobtailed 
lizards and dugites would also inhabit these areas. 

There was evidence of introduced species, such as rabbit scratchings in the 
firebreak areas, and mice and foxes could also be expected to be present. 

Based on previous surveys within the nearby Rockingham Lakes open space 
(Mattiske, 1989 and 1990, and Tingay A & SR, 1977), fauna species likely to 
occur within Loc. 2170 (prior to disturbance by quarrying) would include 
those listed in Table Bi. 



TABLE Bi 

LIST OF FAUNA SPECIES 

(1) 	Reptiles 

Dugite 	 - PSEUDONAJA 	affinis affinis 

Bluetongue Lizard 	 - 	TILOUA 	 scincoipes 

Garden Skink 	 - CRYPTOBLEPHARYS lineocellatus amonalus 

(ii) 	Marsupials 

Western Grey Kangaroo 	- MACROPUS 	 fuliginosus 

Western Brush Wallaby 	- MACROPUS 	 itrn 
Brush Tailed Possum 	- TRICHOSURUS 	vulpecula (not observed) 

(lii) 	Birds 

Ring-Necked Parrot - 	PLATYCERCUS zonarius 

Splendid Fairy-Wren - 	MALURUS splendens 

Willie Wagtail - 	RHIPIDURA leucophrvs 

Grey Fantail - 	RHIPIDURA fuliginosa 

Welcome Swallow - 	HIRUNDO neoxeng 

Grey Butcherbird - 	CRACTICUS torcivatus 

Australian Raven - 	CORVUS coronoides 

Australian Magpie Lark - 	GRAVLLINA cyanoleuca 

Australian Magpie - 	GYMNORHINA tibicen 

Black-Faced Cuckoo-Shrike - 	CORACINA novaehollandiae 

Red Wattle Bird - 	ANTHOCHAERA carunculata 

Spotted Dove - 	STREPTOPELIA senegalensis 

Laughing Kookaburra - 	DACELO novaeguineae 

Regent Parrot - 	POLYTELIS anthopeplus 



B5 	IMPACT OF POTENTIAL DEVELOPMENTS ON FLORA 
AND FAUNA 

The proposed use of Loc. 2170 as a landfill site will not affect the existing 
flora and fauna because landfill operations will not require further clearing to 
be undertaken. It is the quarry operations that will have the greatest impact 
on the site. 

Current plans for the quarry operations indicate that almost the entire site is 
to be progressively cleared and excavated. This will entail the removal of 
virtually all remaining vegetation from the site. 

In summary, because the proposed landfill operations will be making use of 
previously cleared and disturbed land, there will be no adverse biophysical 
impacts within the site. Further, assuming effective management of the 
landfilling operation, biophysical impacts beyond the site are unlikely. 
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1.0 INTRODUCTION 

1.1 Background 

This report, which is based on a period of field research carried out in January, 

1991, was commissioned by AGC Woodward—Clyde. The aim of the research 

was to consult with Aboriginal people who retain traditional and current links with 

the Baldivis region, to ensure that proposed landfill operations at Lot 2170, Millar 

Road, do not impact any areas of Aboriginal significance (see Figure One for 

location of survey are). At the same time, and in recognition of the possible 

archaeological significance of the areas to be impacted by the proposed 

development, an archaeological survey, which has been reported separately, was 

conducted by Gary Quartermaine. 

1.2 Acknowledgements 

The research was conducted by R.O'Connor, who gratefully acknowledges the 

assistance and advice given by Ms S. Todd and Mr R. Henry of Medina 

Aboriginal Cultural Group; by Mr P. Bennell of Gnullar Boojar Corporation; and 

by Mr J. Walley, Mr S. Walley and Mr J. Coomer. 

13 	Research Brief 

The research brief required the researchers to ascertain whether any areas of 

Aboriginal significance, within the meaning of Section 5 of the W.A. Aboriginal 

Heritage Act, 1972-1980, are located within the area of the proposed 

development. If such exist, they are to be reported in sufficient detail and in a 

format suitable for submission to the Western Australian Museum?s  Department 

of Aboriginal Sites, together with recommendations for their protection and 

management. 
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2.0 	ABORIGINAL SITES IN SOUTH - WESTERN AUSTRALIA 

2.1 	Anthropological Considerations 

The Aboriginal political geography of South—Western Australia has been 

described in O'Connor (1984 and 1985) and O'Connor and Quartermaine (1986 

and 1987). The following summarised points are relevant to the present 

exercise. 

2.1.1 South—Western Aborigines were a distinct sociocultural group in 

pre—contact times. 

2.1.2 Dialectal 	variation occurred within a 	single 	South—Western 

language family. 

2.1.3 A regional system of land tenure, based on either kinship or 

dialectal units existed. 

2.1.4 As 	contemporary 	accounts 	of these 	systems 	are 	internally 

inconsistent and sometimes contradictory, it is now impossible to 

reconstruct the pre—contact political geography of the region. 

2.1.5 Territorial 	separateness 	disappeared 	soon 	after 	European 

settlement, 	due 	to 	population 	movements, 	deaths 	and 	the 

development of the fringe camps (and later settlements and 

"missions"). 

2.1.6 The development of a widely—scattered population of mixed - 
ethnic background, who live in the South—West of this State, see 

themselves as sharing a common identity and refer to themselves 

as "Nyungars" occurred during the nineteenth century. 

2.1.7 Continuity with the traditional past, 	knowledge of regional 

mythology and knowledge of areas of religious significance were 

passed to the present senior adult generation of Nyungars by a 

pivotal generation of culture transmitters. 	Among these, in the 

Metropolitan Region were Maitland Sandy, Chitty Hedland, 

Daglish Granny, Sam Broomhall, Herbert Dyson, Bulyil, Wandi, 

2 



Nyinda Bropho, Lottie Harris and 011ie Worrell; and in the 

Murray River region were George Windjan, who settled in 

Mandurah, and Kitty, who settled in Pinjarra. The two last-

named were survivors of the Battle of Pinjarra. 

2.1.8 

	

	There is now a determination among the present senior adult 

generation to protect remaining areas of significance from 

development. 

2.2 	"Significance" 

"Significance", in the survey area is attributed by Aboriginal people on the 

basis of former or current domestic usage, or on the basis of relevance to 

traditional ritual or mythology. Broadly speaking, this distinction can be 

viewed as a series of dichotomies between historical and mythological, human 

and supernatural, or mundane and sacred areas. Thus, one area may be viewed 

as significant from a historical/human/mundane viewpoint, and another from a 

mythological/supernatural/sacred viewpoint. 

As noted by O'Connor and Quartermaine (1989) in a recent report to the Water 

Authority of Western Australia (Aboriginal Site Survey of Proposed Jandakot 

Mound Borefield), a substantial number of Aboriginal sites are mentioned in 

Hammond (1933), Moore (1885), Bates (numerous dates) and other historical 

sources. Any sites not known to contemporary Aborigines cannot reasonably 

be classified as "sites of significance to living Aborigines." 	However, 

rediscovery or realization of the existence of such sites, could lead to an 

attribution of significance. The history of Western Australian Museum 

(archaeological) site number S0999 is a clear example of this: in that case, a 

40,000 year old archaeological site, which was discovered by chance, has 

become an area of importance and significance to Aboriginal people from the 

Swan Valley (see Pearce and Barbetti [1981] for a description of this site). 

Therefore, the neat compartmentalization resulting from European academic 

disciplines may not fit absolutely the Aboriginal models; any archaeological or 

3 



historical site in the survey region could also be potentially significant to 

Aboriginal people. 

23 	Regional Framework 

Waugal (also Wagal, Wagyl or Uocol) is the Dreaming Ancestor who, 

according to local tradition, created the Swan, Canning, Murray and Serpentine 

River systems, and retains a presence in some of the deep pools in the area. 

Waugal beliefs, widespread throughout the south—west, refer to a water—

creative spiritual force with a serpentine physical manifestation. In some cases, 

the Waugal is seen as ubiquitous (described by one person as "a bit like God", 

i.e. the Christian Deity) or, at least, multi locational; in others, as purely local 

and associated with a particular creek or spring. This religious philosophy is 

not unique to the south—west; Maddock (1982:114-115) describes a similar 

system in Arnhem Land. 

Apart from Waugal beliefs, however, a number of other myths, fragments of 

which have continued to the present day, are associated with the coastal plain 

and its hinterland (see, for example, O'Connor, et a!, 1985). Under the 

mythological/supernatural/sacred rubric could also be grouped rainmaking sites, 

which generally occurred in relationship with Waugal sites, and ritual grounds 

(colloquially known as "corroboree grounds"), generally located in proximity to 

large camping areas. 

4 



3.0 	THE SURVEY 

:3.1 	Methodology 

Four separate phases were involved in the survey; 

(i) 	examination of the existing ethnographic data base; 

consultation and discussions with relevant Aboriginal persons, 

as listed in 1.2 above; 

site visit in company of Aboriginal spokespersons (Mr P. Bennell 

and Mr S. Walley viewed the site on separate days); 

report preparation. 

3.2 	Previously Recorded Sites 

No sites of significance to living Aboriginal people have been recorded 

previously within the area to be impacted by the proposed development. 

33 	Newly Recorded Sites 

The conclusion reached as a result of the survey is that no sites of significance 

to Aboriginal people will be affected by the proposed development. 
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4.0 RECOMMENDATIONS 

Human interference with Aboriginal sites in Western Australia is an offence under the 

Aboriginal Heritage Act, unless authorised as outlined in Section 17 of that Act. 

As no Aboriginal sites were recorded in the course of the survey, no recommendations 

are incorporated into this report. 
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APPENDIX 1 

OBLIGATIONS RELATING TO SITES UNDER THE ABORIGINAL HERITAGE ACT, 
1972-1980 

Report of Findings 

Any person who has knowledge of the existance of anything 
in the nature of Aboriginal burial grounds, symbols or objects 
of sacred, ritual of ceremonial significance, cave or rock 
paintings or engravings, stone structures or arranged stones, 
carved trees, or of any other place or thing to which this Act 
applies or to which this Act might reasonably be suspected to 
apply shall report its existance to the Trustees, or to a police 
officer, unless he has reasonable cause to believe the existance 
of the thing or place in question to be already known to the 
Trustees." 

Excavation of Aboriginal Sites 

(1) Subject to Section 18, the right to excavate or to 
remove any thing from an Aboriginal site is reserved to the 
Trustees. 

(2) 	The Trustees may authorise the entry upon and 
excavating of an Aboriginal site and the and the examination or 
removal of any thing on or under the site in such manner and 
subject to such conditions as they may direct." 

Offences Relating to Aboriginal Sites 

A person who- 

Excavates, destroys, damages, conceals or in any way 
alters any Aboriginal site; or 

In any way alters, damages, removes, destroys, conceals, 
or who deals with in a manner not sanctioned by relevant custom, 
or assumes the possession, custody or control of, any object on 
or under an Aboriginal site, commits an offence unless he is 
acting with the authorisation of the Trustees under Section 16 
or the consent of the Minister under Section 18." 

Consent to Certain Uses 

1118. (1) For the purposes of this section, the expression "the 
owner of any land" includes a lessee from the Crown, and the 
holder of any mining tenement or mining privilege, or of any 
right or privilege under the Petroleum Act, 1967, in relation to 
the land. 

(2) 	Where the owner of any land gives to the Trustees 
notice in writing that he requires to use the land for a purpose 
which, unless the Minister gives his consent in this Section, 
would be likely to result in a breach of Section 17 in respect 
of any Aboriginal site that might be on the land, the Trustees 
shall, as soon as they are reasonably able, form an opinion as 
to whether there is any Aboriginal site on the land, evaluate 
the importance and significance of any such site, and submit the 
notice to the Minister together with their recommendations in 
writing as to whether or not the Minister should consent to the 
use of the land for that purpose, and, where applicable, the 
extent to which and the conditions upon which his consent should 
be given. 



(3) When the Trustees submit a notice to the Minister under 
subsection (2) of this section he shall consider their 
recommendation and having regard to the general interest of the 
community shall either - 

(a) 	Consent to the use of the land the subject of the 
notice, or a specified part of the land, for the purpose 
required, subject to such conditions, if any, as he may specify 

or 

(b) Wholly decline to consent to the use of the land the 
subject of the notice for the purpose required, 

and shall forthwith inform the owner in writing of his decision. 

(4) Where the owner of any land has given to the Trustees 
notice pursuant to the subsection (2) of this section and the 
Trustees have not submitted it with their recommendation to the 
Minister in accordance with that subsection the Minister may 
require the Trustees to do so within a specified time, or may 
require the Trustees to take such other action as the Minister 
considers necessary in order to expedite the matter, and the 
Trustees shall comply with any such requirement. 

Where the owner of any land is aggrieved by a decision 
of the Minister made under subsection (3) of this section he 
may, within the time and in the manner prescribed by the rules 
of court, appeal from the decision of the Minister to the 
Supreme Court which may hear and determine an appeal. 

In determining an appeal under subsection (5) of this 
section the Judge hearing the appeal may confirm or vary the 
decision of the Minister against which the appeal has been made 
or quash the decision of the Minister, and may make such order 
as to the costs of the appeal as he sees fit. 

Where the owner of the any land gives notice to the 
Trustees under subsection (2) of this section, the Trustees may 
if they are satisfied that it is practicable to do so, direct 
the removal of any object to which this Act applies from the 
land to a place of sate custody. 

Where consent has been given under this section to a 
person to use any land for a particular purpose nothing done by 
or on behalf of that person pursuant to, and in accordance with 
any conditions attached to, the consent constitute an offence 
against the Act. 



APPENDIX 2 

Notes on the Recognition of Aboriginal Sites 

There are various types of Aboriginal Sites, and these notes 
have been prepared as a guide to the recognition of those types 
likely to be located in the survey area. 

An Aboriginal Site is defined in the Aboriginal Heritage Act, 
1972-1980, in Section 5 as: 

"(a) 	Any place of importance and significance where persons 
of Aboriginal descent have, or appear to have, left any object, 
natural or artificial, used for, or made for or adapted for use 
for, any purpose connected with the traditional cultural life of 
the Aboriginal people, past or present; 

(b) Any sacred, ritual or ceremonial site, which is of 
importance and special significance to persons of Aboriginal 
descent; 

(c) Any place which, in the opinion of the Trustees is or 
was 	associated with the Aboriginal people and which is of 
historical, anthropological, archaeological or ethnographical 
interest and should be preserved because of its importance and 
significance to the cultural heritage of the state; 

(d) 	Any place where objects to this Act applies are 
traditionally stored, or to which, under the provisions of this 
Act, such objects have been taken or removed." 

Habitation Sites 

These are commonly found throughout Western Australia and 
usually contain evidence of tool-making, seed grinding and other 
food processing, cooking, painting, engraving or numerous other 
activities. The archaeological evidence for some of these 
activities is discussed in details under the appropriate heading 
below. 

Habitation sites are usually found near an existing or former 
water source such as a gnamma hole, rock pool, spring or soak. 
They are generally in the open, but they sometimes occur in 
shallow rock shelters or caves. It is particularly important 
that none of these sites be disturbed as the stratified deposits 
which may be found at such sites can yield valuable information 
about the inhabitants when excavated by archaeologists. 

Seed Grinding 

Polished or smoothed areas are sometimes noticed on/near 
horizontal rock surfaces. The smooth areas are usually 25cm wide 
and 40 or 50cm long. They are the result of seed grinding by the 
Aboriginal women and indicate aspects of past economy. 



Habitation Structures 

Aboriginal people sheltered in simple ephemeral structures, 
generally made of branches and sometimes of grass. These sites 
are rarely preserved for more than one occupation period. 
Occasionally rocks were pushed aside or used to stabilise other 
building materials. When these rocks patterns are located they 
provide evidence for former habitation sites. 

Middens 

When a localised source of shellfish and other foods has been 
exploited from a favoured camping place, the accumulated ashes, 
hearth stones, shells, bones and other refuse can form mounds at 
times several metres high and many metres in diameter. 
Occasionally these refuse mounds or middens contain stone, shell 
or bone tools. These are most common near the coast, but 
examples on inland lake and river banks are not unknown. 

Stone Artefact Factory Sites 

Pieces of rock from which artefacts could be made were often 
carried to camp sites or other places for final production. Such 
sites are usually easily recognisable because the manufacturing 
process produces quantities of flakes and waste material which 
are clearly out of context when compared with the surrounding 
rocks. All rocks found on the sandy coastal plain , for example, 
must have been transported by human agencies. These sites are 
widely distributed throughout the State. 

Quarries 

When outcrops of rock suitable for the manufacture of stone 
tools were quarried by the Aborigines, evidence of the flaking 
and chipping of the source material can usually be seen in situ 
and nearby. Ochre and other mineral pigments used in painting 
rock surfaces, artefacts and in body decoration are mined from 
naturally occurring seams, bands and other deposits. This 
activity can sometimes be recognised by the presence of wooden 
digging sticks or the marks made by these implements. 

Marked Trees 

Occasionally trees are located that have designs in the bark 
which have been incised by Aborigines. Toeholds, to assist the 
climber, were sometimes cut into the bark and sapwood of trees 
in the hollow limbs of which possums and other arboreal animals 
sheltered. Some tree trunks bear scars where section of bark or 
wood have been removed and which would have been used to make 
dishes, shield, spearthrowers and other wooden artefacts. In 
some parts of the state wooden platforms were built in trees to 
accommodate a corpse during complex rituals following death. 

Burials 

In the north of the state it was formerly the custom to place 
the bones of the dead on a ledge in a cave after certain rituals 
were completed. The bones were wrapped in sheets of bark and the 
skull placed beside this. In other parts of Western Australia 
the dead were buried, the burial position varying according to 
the customs of the particular area and time. Natural erosion, or 
mechanical earthmoving equipment occasionally exposes these 
burial sites. 



Stone Structures 

If one or more stone are found partly buried or wedged into a 
position which is not likely to be the result of natural forces, 
then it is probable that the place is an Aboriginal site and 
that possibly there are other important sites nearby. There are 
several different types of stone arrangements ranging simple 
cairns or piles of stones to more elaborate designs. Low weirs 
which detain fish when tides fall are found in coastal ares. 
Some rivers contain similar structures that trap fish against 
the current. It seems likely that low stone slab structures in 
the south west jarrah forests were built to provide suitable 
environments in which to trap some small animals. Low walls or 
pits were sometimes made to provide a hide or shelter for a 
hunter. 

Elongated rock fragments are occasionally erected as a sign or 
warning that a special area is being approached. Heaps or 
alignments of stones may be naturalistic or symbolic 
representations of animals, people or mythological figures. 

Paintings 

These usually occur in rock shelters, caves or other sheltered 
situations which offer a certain degree of protection from the 
weather. The best known examples in Western Australia occur in 
the Kimberley region but paintings are also found through most 
of the states. One of several coloured ochres as well as other 
coloured pigments may have been used at a site. Stencilling was 
a common painting technique used throughout the state. The 
negative image of an object was created by spraying pigment over 
the object which was held against the wall. 

Engravings 

This term described designs which have been carved, pecked or 
pounded into a rock surface. They form the predominant art form 
of the Pilbara region but are known to occur in the Kimberleys 
in the north to about Toodyay in the south. Most engravings 
occur in the open, but some are situated in rock shelters. 

Caches 

It was the custom to hide ceremonial objects in niches and other 
secluded places. The removal of objects from these places, or 
photography of the places or objects or any other interference 
with these places is not permitted. 

Ceremonial Grounds 

At some sites the ground has been modified in some way by the 
removal of surface pebbles, or the modeling of the soil, or the 
digging of pits and trenches. In other places there is not 
noticeable alteration of the ground surface and Aborigines 
familiar with the site must be consulted concerning its 
location 



Mythological Sites 

Most sites already described have a place in Aboriginal 
mythology. In addition there are many Aboriginal sites with no 
man—made features which enable them to be recognised. They are 
often natural features in the landscape linked to the Aboriginal 
Account of the formation of the world during the creative 
IsDreamingII period in the distant past. Many such sites are 

located at focal points in the creative journeys of mythological 
spirit beings of the Dreaming. Such sites can only be identified 
by the Aboriginal people who are familiar with the associated 
traditions. 
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1.0 INTRODUCTION 

1.1 Background to Survey 

The archaeological component of an Aboriginal site survey of a 
proposed City of Rockingham landfill site at Baldivis, was 
commissioned by AGC Woodward-Clyde and executed in February 1991. 
Gary Quarter-maine conducted the archaeological survey with 
Caroline Fleine as research assistant and Emma Quartermaine as 
field assistant. Rory OConnor  will conduct an ethnographic 
survey which is reported upon separately. 

The objectives of the archaeological survey were as follows: 

The assembly of data from previous work in the region, 
including information from W.A. Museum Aboriginal site files, 
previous survey reports, maps and environmental data. 

A sample survey of the project area. 

The location and recording of archaeological sites within 
the designated survey area. 

1.2 Location 

The proposed landfill site is situated to the east of Rockingham 
and involves an area of approximately one square kilometre. It is 
bounded by Millar Road in the north, by the WMC Tailings Dam site 
in the west, and by private property in the south and east (see 
Figure 1 for location). It has dimensions of 1.2 km east-west and 
1.2 km north-south on the east boundary and 480 metres on the 
west boundary. The site is presently being quarried for limestone 
and sand which has currently resulted in disturbance to about 50% 
of the area. 



1.3 Environment 

The climate of the project area is dry Mediterranean 
characterised by winter rainfall and a dry summer. The average 
annual rainfall in Perth is 883 mm (Beard, 1979:25). Mean monthly 
temperatures range from 13 degrees Celsius in June to 26 degrees 
Celsius in February (Beard, 1979:26). 

The project area is part of the Perth Basin geological unit. 
This is-a deep trough filled with Phanerozoic sedimentary rocks 
with a surface mantle of Quaternary deposits (Playford, et al, 
1975) 

The proposed development lies on the Spearwood Dune landform, an 
aeolian deposit on the Swan Coastal Plain seven kilometres east 
of Rockingham. The SpearwoodDunes are characterised by dunes 
lithified to limestone and without any recognisable trend 
patterns. The chain of lakes, including Bibra lake, form a 
boundary with the Bassendean Dune landform. This is characterised 
by highly leached siliceous sands and interdunal swamps. The lake 
system came into existence when the coastline reached its present 
formation as a result of rising sea levels. This is estimated to 
have been about 8,000 years ago W. Semeniuk, pers. comm.; 
O'Connor and Quartermaine, 1987a). Chief soils are siliceous 
sands, brown sands and leached sands in the sandhills all 
underlain with calcarenite at depth. In the swamps, the peats are 
more generally many to neutral (Beard, 1979; and Seddon, 1972). 

The vegetation of this part of the Swan Coastal Plain is 
described in the Drummond Subdivision. In this area, the 
vegetation consists of open stands of stout, spreading Tuart 
trees (Eucalyptus gomphocephala), 20-25 metres tall. A lower 
level of smaller trees, under 10 metres, comprises Agonis 
flexuosa. Banksia attenuata, B. menziesii. Casaurina fr-aserana, 
Nuytsia floribunda, Macrozamia riedlei and Xanthorrhoea preissii. 
Shrubs include species of Acacia, Hakea, Grevillea, and 
Jacksonia. The vegetation of the lakes and swamps includes 
eighteen sedges (Cyperaceae) and eight reeds belonging to other 
families. The paperbark. Melaleuca rhaphiophylla, occurs in 
stands of dense low trees between the sedge and the Eucalyptus 
woodland. In some places, stands of Banksia verticillata with 
Xanthorrhoea preissii replace the Melaleuca (Beard, 1979:24-26). 



1.4 Previous Archaeological Research 

The earliest evidence for prehistoric occupation of the South- 
West of Australia is dated at 38.000 years ago, for a stratified 
site at Upper Swan, located 25 km northeast of Perth (Pearce and 
Barbetti, 1981). A number of Holocene sequences have yielded data 
on possible cultural/environmental changes during, and after, the 
recent transgression of the sea, for the metropolitan region (see 
Clarke and Dortch, 1977; Hallam, 1974; and Pearce, 1978). This 
work postulates increased populations on the Coastal Plain, 
rising to a peak just before European contact. 

As part of a regional survey of the Metropolitan area, Hallam 
(1986:5) concludes that the majority of sites lie around the 
lakes and swamps of the Swan Coastal Plain, and that site numbers 
double in the last few hundred years. Four phases of occupation 
are suggested for the Coastal Plain. These are: 

Early - low number of sites centred towards the coast. 
Artefacts include steep scrapers on flakes and scrapers made from 
an Eocene fossiliferous chert. This phase was up to 5000 years 
ago. 

Middle - from 5000 - 500 years ago. Showed a contraction of 
occupation to sites near permanent water. Artefacts were made on 
quartz and green chert and included backed blades, adzes, 
scrapers and flakes. 

C. Late - from 500 years ago. Concentration of sites on the 
Coastal Plain. Fabricators (bipolar cores) were introduced and a 
large percentage of assemblages were made up of quartz flakes, 
chips and debitage (Hallam, 1973,1974 and 1986). 

d. A recent historic phase, which was characterised by the use of 
European introduced material, such as glass and pottery, for the 
manufacture of artefacts, encompasses the last 150 years. 

Prehistoric stone tool industries in the South-West have been 
classified into earlier and later. phases (Dortch, 1977). The 
early phase industries have only been documented from a few well-
dated sites. They include small thick flake scrapers, bipolar 
cores, notched-denticulated pieces, flakes from discoidal cores, 
and single and multi-platform cores. These artefacts have been 
manufactured from a range of lithic materials, including a 
distinctive Eocene fossiliferous chert. It appears that access to 
this chert was lost after the last marine transgression (Dortch, 
1977; Glover, 1975). However, some of this chert may have been 
subject to curation over a period of time and loss of access to 
the source does not necessarily indicate a complete halt in its 
use in archaeological assemblages. 

Later phase stone industries, generally found in archaeological 
contexts dating from 4,000 years ago, include the addition of 
geometric microliths, backed blades, and a variety of adze 
flakes, which are part of the Australian "small tool tradition" 
(Dortch, 1977; Mulvaney, 1975). 
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Anderson (1984) has proposed a land-use model for prehistoric 
exploitation of the Swan Coastal Plain, and its hinterland, based 
on regional research into the relative proportions of variously 
sized surface artefact scatters and their associated artefact 
densities. This model suggests that, due to the variation in 
resources available in the three different environmental zones 
investigated, there was more intensive use of the coastal plain 
than either the adjacent forest or open woodland plateau. 

As a result of previous surveys and independent research, ten 
archaeological sites have been recorded and registered with the 
W.A. Museum in the vicinity of the research area (Hallam, 1986; 
O'Connor and Quartermaine, 1987b; O'Connor, Quartermaine & 
Bodney, 1989; Pickering, 1982; and Quartermaine, 1987). These 
sites are mostly small artefact scatters. They are listed in 
Table 1. 

TABLE 1 : Archaeological Sites in the Vicinity of the Proposed 
Development. 

SI 50-2 1:250,000 Mapsheet 

WA Museum Grid Ref. 	Site type 	Site name 
Site No. 

52546 379.011 	Artefacts Sloan's Reserve Swamp 
S1266 378.015 	Artefacts Natgas 127 
S0757 381.009 	Artefacts 68 Road, Baldivis 
S2443 382.003 	Artefacts Folly Pool 
S0758 382.007 	Artefacts Baldivis Road North 
S0759 382.007 	Artefacts Baldivis Road South 
S0760 382.010 	Artefacts Wellard/Bertram Roads 
S2327 383.012 	Artefacts Beliway Sand Quarry 
S2438 384.015 	Artefacts Treeby Road Lake 
S2437 385.010 	Artefacts Woolcoot Road Swamp 
S2306 385.011 	Artefacts Mortimer/Woolcoot Roads 

The nearest archaeological sites to the survey area are 60758 and 
S0759. Both are immediately west of Baldivis Road, to the east of 
the 	project area. 	Both 	sites are 	quartz dominated 	artefact 
scatters located in disturbed 	areas. 60758 also 	contains three 
fossiliferous chert artefacts. 	Artefacts are 	mostly 	chips and 
flakes but two blades were also recorded at 50759. 

From 	the existing 	information, 	it is possible 	to 	make 	the 
following observations 

1. 	Small, low 	density surface 	artefact scatters are 	the most 
numerous recorded archaeological sites; 

Quartz is 	the 	dominant 	lithic material 	used 	for 	the 
manufacture of artefacts; 

Flakes and 	chips form the major class of artefact types in 
the recorded artefact assemblages; and 

River margins, 	swamp 	and 	lake margins, 	and 	areas 	of 
devegetated sand are the main site locations. 



2.0 METHODS 

	

2.1 	Obligations under the Act 

The. Western Australian Aboriginal Heritage Act, 1972-1980, makes 
provision for the recording and preservation of places and 
objects customarily used by, or traditional to, the original 
settlers of Australia. The Act defines the obligations of the 
community relating to sites (Sections 15-18). 

The archaeological survey should identify the effects of the 
proposed disturbance of the physical environment on any 
Aboriginal archaeological sites. In recognition of the 
significance of this area to living Aboriginal people, an 
investigation of Aboriginal interests will be conducted by Rory 
O'Connor. 

The consultant is obliged to submit site documentation for any 
newly recorded sites on appropriate forms for registration with 
the W.A. Museum. 

	

2.2 	Survey Design 

The survey design involved the following stages of operation. 

Background research - this involved familiarisation with 
W.A. Museum site files, survey reports, plus maps and 
environmental information for the area to be surveyed. 
Previously recorded Aboriginal sites, registered with the W.A. 
Museum, are listed in Table 1. 

Survey strategy - this consisted of a systematic survey of 
the proposed development area. 

The field survey was completed using a 1:25,000 topographic map 
of the area plus site plans. 

A vehicle was used to gain access to the survey area. Inspections 
were made on foot to give a reasonable coverage. This involved 
regularly spaced north-south transects conducted from the 
southern boundary track which was used as a baseline (see Figure 
1). The transects were spaced at fifty metre (SOm) intervals and 
any possible site locations away from these transects were 
inspected. 

Access was possible to all sections of the survey area by foot. 
VisibilIty was not good because of surface vegetation and 
disturbance. The best visibility was on firebreaks and cleared 
ground around the quarry. 

Disturbance, apart from tracks and firebreaks, was in the form of 
rubbish dumping, and a quarry for limestone and sand. The quarry 
covers about 50% of the site area. 
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2.3 	Site Definitions 

Aboriginal material culture is based, to a large extent, on non—
durable materials, such as wood, bark, fibre and skins, that have 
a limited life in the archaeological record. Stone tools, 
conversely, remain as often the only evidence of prehistoric 
activity. Bone, either as a tool, as refuse, or as a burial, 
falls somewhere between these extremes. Lofgren (1975:7) 
describes spears, spear—throwers and clubs for men, and digging 
sticks, wooden carrying dishes and grindstones for women, as the 
basic implements of Aboriginal life. 

Therefore, stone artefact sites reflect only one aspect of 
Aboriginal material culture which utilised a wide range of 
materials from the natural environment. 

For the purpose of this survey, a site was defined as any 
material evidence of prehistoric Aboriginal activity. This is 
manifested in a number of different site components which may 
occur singularly or with one or more of the others to form an 
archaeological site. The most common of these are surface 
artefact scatters, quarries, art sites, stone arrangements, 
rockshelters with evidence of occupation, grinding patches, 
burials, and marked trees. An artefact scatter was recorded as a 
site if it contained three or more artefacts in association. 
Solitary artefacts were recorded as Isolated Finds but not 
registered as sites. 



ws—i*isj; 
No archaeological sites were located as a result of the field 
survey. None have been previously recorded in the survey area. It 
is considered that any major archaeological sites would have been 
discovered by the survey strategy employed, given the size of the 
survey area and the local environment plus the amount of 
disturbance. 
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4.0 CONCLUSIONS 

4.1 	Discussion 

The proposed development involves an area of about one square 
kilometre ofland situated to the south of Millar Road, Baldivis, 
which will be utilised for landfill when the current quarrying 
activities are completed. 

The archaeological survey involved an investigation of previous 
research in the area, a systematic field survey of the project 
area, and the recording of any archaeological material located. 

No previously recorded archaeological sites are within the survey 
area. As a result of the field survey, no archaeological material 
was located. 

Access was possible to all parts of the survey area. Visibility 
was not good in the bushland because of vegetation and leaf 
litter on the surface. The best visibility was on firebreaks and 
cleared ground around an existing operating quarry. The quarry 
encompasses approximately 5096 of the survey area. 

Site potential is considered to be low—moderate. The most likely 
site locations, swamps, were not present in the survey area. 
However, the lack of water and previous disturbance from 
quarrying are considered to be the main factors for the lack of 
archaeological material in the survey area. 

4.2 Recommendations 

The recommendations which follow are based on field observations 
and investigations of previously recorded ites in the area. 

In the light of the present investigation, given the results 
of the present survey in an area of low archaeological site 
potential, it is considered that no further archaeological work 
is warranted. It is recommended that development proceed. 

It is pointed out that human intereference to Aboriginal sites 
is an offence, unless authorised under the Act, as outlined in 
Section 17 of the WA Aboriginal Heritage Act 1972-80. Therefore, 
it is recommended that the Developers take adequate measures to 
inform any project personnel of this requirement. 
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APPENDIX 1 

OBLIGATIONS RELATING TO SITES UNDER THE ABORIGINAL HERITAGE ACT, 
1972-1980 

Report of Findings 

Any person who has knowledge of the existance of anything 
in the nature of Aboriginal burial grounds, symbols or objects 
of sacred, ritual of ceremonial significance, cave or rock 
paintings or engravings, stone structures or arranged stones, 
carved trees, or of any other place or thing to which this Act 
applies or to which this Act might reasonably be suspected to 
apply shall report its existance to the Trustees, or to a police 
officer, unless he has reasonable cause to believe the existance 
of the thing or place in question to be already known to the 
Trustees." 

Excavation of Aboriginal Sites 

(1) Subject to Section 18, the right to excavate or to 
remove any thing from an Aboriginal site is reserved to the 
Trustees. 

(2) 	The Trustees may authorise the entry upon and 
excavating of an Aboriginal site and the and the examination or 
removal of any thing on or under the site in such manner and 
subject to such conditions as they may direct." 

Of fences Relating to Aboriginal Sites 

A person who- 

Excavates, destroys, damages, conceals or in any way 
alters any Aboriginal site; or 

In any way alters, damages, removes, destroys, conceals, 
or who deals with in a manner not sanctioned by relevant custom, 
or assumes the possession, custody or control of, any object on 
or under an Aboriginal site, commits an offence unless he is 
acting with the authorisation of the Trustees under Section 16 
or the consent of the Minister under Section 18." 

Consent to Certain Uses 

1118. (1) For the purposes of this section, the expression "the 
owner of any land" includes a lessee from the Crown, and the 
holder of any mining tenement or mining privilege, or of any 
right or privilege under the Petroleum Act, 1967, in relation to 
the land. 

(2) 	Where the owner of any land gives to the Trustees 
notice in writing that he requires to use the land for a purpose 
which, unless the Minister gives his consent in this Section, 
would be likely to result in a breach of Section 17 in respect 
of any Aboriginal site that might be on the land, the Trustees 
shall, as soon as they are reasonably able, form an opinion as 
to whether there is any Aboriginal site on the land, evaluate 
the importance and significance of any such site, and submit the 
notice to the Minister together with their recommendations in 
writing as to whether or not the Minister should consent to the 
use of the land for that purpose, and, where applicable, the 
extent to which and the conditions upon which his consent should 
be given. 



(3) When the Trustees submit a notice to the Minister under 
subsection (2) of this section he shall consider their 
recommendation and having regard to the general interest of the 
community shall either - 

(a) 	Consent to the use of the land the subject of the 
notice, or a specified part of the land, for the purpose 
required, subject to such conditions, if any, as he may specify; 

(b) Wholly decline to consent to the use of the land the 
subject of the notice for the purpose required, 

and shall forthwith inform the owner in writing of his decision. 

(4) Where the owner of any land has given to the Trustees 
notice pursuant to the subsection (2) of this section and the 
Trustees have not submitted it with their recommendation to the 
Minister in accordance with that subsection the Minister may 
require the Trustees to do so within a specified time, or may 
require the Trustees to take such other action as the Minister 
considers necessary in order to expedite the matter, and the 
Trustees shall comply with any such requirement. 

Where the owner of any land is aggrieved by a decision 
of the Minister made under subsection (3) of this section he 
may, within the time and in the manner prescribed by the rules 
of court, appeal from the decision of the Minister to the 
Supreme Court which may hear and determine an appeal. 

In determining an appeal under subsection (5) of this 
section the Judge hearing the appeal may confirm or vary the 
decision of the Minister against which the appeal has been made 
or quash the decision of the Minister, and may make such order 
as to the costs of the appeal as he sees fit. 

Where the owner of the any land gives notice to the 
Trustees under subsection (2) of this section, the Trustees may 
if they are satisfied that it is practicable to do so, direct 
the removal of any object to which this Act applies from the 
land to a place of sate custody. 

Where consent has been given under this section to a 
person to use any land for a particular purpose nothing done by 
or on behalf of that person pursuant to, and in accordance with 
any conditions attached to, the consent constitute an offence 
against the Act." 



APPENDIX 2 

Notes on the Recognition of Aboriginal Sites 

There are various types of Aboriginal Sites, and these notes 
have been prepared as a guide to the recognition of those types 
likely to be located in the survey area. 

An Aboriginal Site is defined in the Aboriginal Heritage Act, 
1972-1980, in Section 5 as: 

"(a) 	Any place of importance and significance where persons 
of Aboriginal descent have, or appear to have, left any object, 
natural or artificial, used for, or made for or adapted for use 
for, any purpose connected with the traditional cultural life of 
the Aboriginal people, past or present; 

(b) Any sacred, ritual or ceremonial site, which is of 
importance and special significance to persons of Aboriginal 
descent; 

(C) Any place which, in the opinion of the Trustees is or 
was associated with the Aboriginal people and which is of 
historical, anthropological, archaeological or ethnographical 
interest and should be preserved because of its importance and 
significance to the cultural heritage of thestate; 

(d) 	Any place where objects to this Act applies are 
traditionally stored, or to which, under the provisions of this 
Act, such objects have been taken or removed." 

Habitation Sites 

These are commonly found throughout Western Australia and 
usually contain evidence of tool-making, seed grinding and other 
food processing, cooking, painting, engraving or numerous other 
activities. The archaeological evidence for some of these 
activities is discussed in details under the appropriate heading 
below. 

Habitation sites are usually found near an existing or former 
water source such as a gnamma hole, rock pool, spring or soak. 
They are generally in the open, but they sometimes occur in 
shallow rock shelters or caves. It is particularly important 
that none of these sites be disturbed as the stratified deposits 
which may be found at such sites can yield valuable information 
about the inhabitants when excavated by archaeologists. 

Seed Grinding 

Polished or smoothed areas are sometimes noticed on/near 
horizontal rock surfaces. The smooth areas are usually 25cm wide 
and 40 or 50cm long. They are the result of seed grinding by the 
Aboriginal women and indicate aspects of past economy. 



Habitation Structures 

Aboriginal people sheltered in simple ephemeral structures, 
generally made of branches and sometimes of grass. These sites 
are rarely preserved for more than one occupation period. 
Occasionally rocks were pushed aside or used to stabilise other 
building materials. When these rocks patterns are located they 
provide evidence for former habitation sites. 

Middens 

When a localised source of shellfish and other foods has been 
exploited from a favoured camping place, the accumulated ashes, 
hearth stones, shells, bones and other refuse can form mounds at 
times several metres high and many metres in diameter. 
Occasionally these refuse mounds or middens contain stone, shell 
or bone tools. These are most common near the coast, but 
examples on inland lake and river banks are not unknown. 

Stone Artefact Factory Sites 

Pieces of rock from which artefacts could be made were often 
carried to camp sites or other places for final production. Such 
sites are usually easily recognisable because the manufacturing 
process produces quantities of flakes and waste material which 
are clearly out of-  context when compared with the surrounding 
rocks. All rocks found on the sandy coastal plain , for example, 
must have been transported by human agencies. These sites are 
widely distributed throughout the State. 

Quarries 

When outcrops of rock suitable for the manufacture of stone 
tools were quarried by the Aborigines, evidence of the flaking 
and chipping of the source material can usually be seen in situ 
and nearby. Ochre and other mineral pigments used in painting 
rock surfaces, artefacts and in body decoration are mined from 
naturally occurring seams, bands and other deposits. This 
activity can sometimes be recognised by the presence of wooden 
digging sticks or the marks made by these implements. 

Marked Trees 

Occasionally trees are located that have designs in the bark 
which have been incised by Aborigines. Toeholds, to assist the 
climber, were sometimes cut into the bark and sapwood of trees 
in the hollow limbs of which possums and other arboreal animals 
sheltered. Some tree trunks bear scars where section of bark or 
wood have been removed and which would have been used to make 
dishes, shield, spearthrowers and other wooden artefacts. In 
some parts of the state wooden platforms were built in trees to 
accommodate a corpse during complex rituals following death. 

Burials 

In the north of the state it was formerly the custom to place 
the bones of the dead on a ledge in a cave after certain rituals 
were completed. The bones were wrapped in sheets of bark and the 
skull placed beside this. In other parts of Western Australia 
the dead were buried, the burial position varying according to 
the customs of the particular area and time. Natural erosion, or 
mechanical earthmoving equipment occasionally exposes these 
burial sites. 



Stone Structures 

If one or more stone are found partly buried or wedged into a 
position which is not likely to be the result of natural forces, 
then it is probable that the place is an Aboriginal site and 
that possibly there are other important sites nearby. There are 
several different types of stone arrangements ranging simple 
cairns or piles of stones to more elaborate designs. Low weirs 
which detain fish when tides fall are found in coastal ares. 
Some rivers contain similar structures that trap fish against 
the current. It seems likely that low stone slab structures in 
the south west jarrah forests were built to provide suitable 
environments in which to trap some small animals. Low walls or 
pits were sometimes made to provide a hide or shelter for a 
hunter. 

Elongated rock fragments are occasionally erected as a sign or 
warning that a special area is being approached. Heaps or 
alignments of stones may be naturalistic or symbolic 
representations of animals, people or mythological figures. 

Paintings 

These usually occur in rock shelters, caves or other sheltered 
situations which offer a certain degree of protection from the 
weather. The best known examples in Western Australia occur in 
the Kimberley region but paintings are also found through most 
of the states. One of several coloured ochres as well as other 
coloured pigments may have been used at a site. Stencilling was 
a common painting technique used throughout the state. The 
negative image of an object was created by spraying pigment over 
the object which was held against the wall. 

Engravings 

This term described designs which have been carved, pecked or 
pounded into a rock surface. They form the predominant art form 
of the Pilbara region but are known to occur in the Kimberleys 
in the north to about Toodyay in the south. Most engravings 
occur in the open, but some are situated in rock shelters. 

Caches 

It was the custom to hide ceremonial objects in niches and other 
secluded places. The removal of objects from these places, or 
photography of the places or objects or any other interference 
with these places is not permitted. 

Ceremon i a 1 Grounds 

At some sites the ground has been modified in some way by the 
removal of surface pebbles, or the modeling of the soil, or the 
digging of pits and trenches. In other places there is not 
noticeable alteration of the ground surface and Aborigines 
familiar with the site must be consulted concerning its 
location. 



Mythological Sites 

Most sites already described have a place in Aboriginal 
mythology. In addition there are many Aboriginal sites with no 
man—made features which enable them to be recognised. They are 
often natural features in the landscape linked to the Aboriginal 
Account of the formation of the world during the creative 
"Dreaming" period in the distant past. Many such sites are 
located at focal points in the creative journeys of mythological 
spirit beings of the Dreaming. Such sites can only be identified 
by the Aboriginal people who are familiar with the associated 
traditions. 
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Dl 	 INTRODUCTION 

This document examines the generation, management and environmental 
chemistry of leachate for the proposed landfill at Cockburn Sound Location 
2170 Millar Road, Baldivis (Loc. 2170). Potential impacts on the 
groundwater resource at, and down-gradient from Loc. 2170, arising from the 
proposed landfill, are also examined. 

Section D2 contains an overview of the quality and environmental chemistry 
of leachate generated within municipal landfills. Relevant aspects of 
leachate generation, collection and treatment at Loc. 2170 are described in 
Section D3. An assessment of potential environmental impacts arising from 
landfill leachate at Loc. 2170 is presented in Section D4. 

-D.1- 



D2 	LEACHATE QUALITY AND ENVIRONMENTAL 
CHEMISTRY - AN OVERVIEW 

D2.1 	General Aspects of Landfill Leachate 

Landfill leachate comprises a mixture of inorganic and organic constituents 
which may occur in either soluble or suspended forms. The quality 
(i.e. chemical composition) of leachate is determined by complex biological 
and physicochemical processes accompanying the degradation of putrescible 
refuse. The final degradation products comprise mainly salts, nutrients and 
stable organic compounds; 

During both the active and rehabilitation phases of a landfill cell, the quality 
of leachate varies in accord with different 'stages' of degradation. These 
stages reflect changes in the nature of the active microbiological populations 
within the cell. Following the initial placement of refuse, the metabolism of 
degradation becomes increasingly anaerobic. 

The chemistiy and microbiology of landfills have been studied extensively 
both within Australia and overseas (EPA Victoria, 1989; Baccini, 1985; 
Senior, 1990). These studies indicate that the degradation of putrescible 
refuse proceeds in three sequential stages, viz: 

Aerobic-Stage 
Acetogenic (Fermentative)-Stage 
Methanogenic-Stage. 

The aerobic-stage corresponds essentially to controlled composting in which 
the supply of air is kept up to the oxygen demand of refuse through regular 
turning. For landfill cells which are regularly compacted and covered during 
filling, the aerobic-stage of degradation is short lived. In managed landfills, 
leachate quality is thus mainly determined by the acetogenic and 
methanogenic stages of degradation. 

In addition to its dependence on the stage of degradation, the quality of 
leachate is closely linked to site-specific factors, e.g. nature of refuse, rainfall 
and landfill management practices. The chemical composition of leachate 
therefore defies accurate prediction. Experience has shown, however, that 
the quality of leachate at each stage of degradation is characterized by typical 
ranges of key 'gross' chemical parameters. 

The 'typical' quality of acetogenic-stage and methanogenic-stage leachates is 
summarized below. The cited leachate composition data are applicable to 
dedicated municipal refuse landfills, i.e. landfills which do not receive 
industrial solid and liquid hazardous wastes. While some hazardous 
materials (e.g. paints, cleaning solvents) are present in municipal refuse, 
these materials comprise a minor fraction of the total refuse mass. 



D2.2 	AcetogenicStage Leachate 

Typical characteristics of an acetogenic-stage leachate include: 

a low pH within the range 3 to 5; 

variable strengths (or salinities) up to several thousand mg/L 
(as total dissolved solids, TDS); 

a moderately reducing redox potential (Eh); 

high levels of heavy metals (especially iron) in excess of several 
mg/L; 

high total organic carbon (TOC) levels up to several thousand 
mg/L; 

high five-day biochemical oxygen demand (BOD5) levels up to 
several thousand mg/L; 

moderate to high levels of ammonia-nitrogen up to several 
hundred mg/L; and 

foul odours. 

The high levels of heavy, metals reflect the acidic nature of leachate. The 
moderately reducing condition of leachate is also conducive to elevated levels 
of soluble iron since the Eh value is generally consistent with the ferrous-
iron/ferric-iron redox couple (Willett, 1983). The suite of major ions in 
leachate is characterized by a low sodium:potassium ratio which reflects 
significant inputs of soluble potassium from the degradation of biological 
materials. 	The TOC in leachate comprises largely fermentative 
decomposition products (e.g. volatile fatty acids) which account for the high 
BOD5  levels and foul odours (Harmsen, 1983). 

The key gross parameters for acetogenic-stage leachates are thus: 

pH 
salinity 
iron 
TOC 
BOD5. 

D2.3 	 Methanogenic-Stage Leachate 

Typical characteristics of methanogenic-stage leachate include: 

a near-neutral pH within the range 6 to 9; 

variable strengths (as TDS) up to several thousand mg/L; 

a strongly reducing Eh value; 
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low levels of heavy metals within the sub-mg/L range; 

moderate TOC levels up to a few hundred mg/L; 

low to moderate BOD5  levels; 

moderate to high ammonia-nitrogen levels up to a few hundred 
mg/L; 

high total-alkalinities up to a thousand or so mg/L (expressed 
as bicarbonate); and 

low odours. 

The low soluble levels of heavy metals reflect the near-neutral pH of leachate 
which promotes immobilization of heavy metals through sorption 
(i.e. adsorption and precipitation) reactions with soil minerals within both 
refuse and soil cover materials (McBride, 1989). The strongly reducing 
condition of leachate is also conducive to low soluble levels of heavy metals 
since the Eh value is generally consistent with the suiphide/suiphate redox 
couple (Willett, 1983). Under these conditions, ferrous sulphide precipitates 
are formed which are excellent scavengers for heavy metals. The TOC in 
leachate comprises largely recalcitrant natural organic materials (e.g. humic 
acids) which accounts for the low BOD5  level (Harmsen, 1983). 

The key gross parameters for methanogenic-stage leachates are thus: 

pH 
salinity 
ammonia-nitrogen 
total alkalinity. 

When compared with acetogenic-stage leachates, both the nature and level of 
constituents in methanogenic-stage leachates should pose a lower risk of 
groundwater contamination. Theprime objective in the design and 
management of municipal landfills is consequently to attain the 
methanogenic stage of degradation as soon as possible. 

D2.4 	 Leachate Environmental Chemistry 

The following discussion assumes that a compacted clay seal is installed 
within the proposed landfill. However, even if a barrier membrane seal was 
used, it would need to be installed on a clay foundation. Comments 
concerning the environmental chemistry of leachate as it moves through a 
clay medium therefore apply irrespective of the sealing system used. 

For leachate constituents to reach downstream groundwaters and wetlands, 
leachate has to seep through the clay liner of the landfill cell, pass through 
the soil layer between the clay liner and the water table, and migrate with the 
moving groundwater. During these transport steps, both soluble and 
suspended leachate constituents make contact with a range of soil materials, 
e.g. clay minerals within the cell liner, and minerals (viz. oxides, silicates, 
carbonates) within the unsaturated soil layer and the aquifer. 

- D.4 - 



The levels of soluble and suspended constituents in 'raw' leachate within the 
landfill cell can be decreased (or 'attenuated') following seepage of leachate. 
This decrease results from a combination of physicochemical and biological 
mechanisms. Decreases in soluble constituent levels are mainly due to 
chemical interactions between the constituent and the clay liner and/or soil 
materials (see below). Suspended leachate constituents (e.g. humic acids of 
high molecular weight) can be filtered-out by clay liners. Partially 
decomposed organic compounds can undergo further biological degradation 
within the underlying soil and aquifer. 

The chemical interactions between soluble leachate constituents (e.g. major 
salts, nutrients, heavy metals) and soil minerals correspond mainly to 
'sorption' reactions and cation-exchange reactions (Sposito, 1984). Sorption 
reactions include both theprecipitation of distinct minerals (e.g. heavy metal 
carbonates) and specific-adsorption reactions with soil minerals (e.g. oxides, 
silicates). When significant amounts of soil organic matter are present, 
complexation reactions can also be important (Sposito, 1985). 

Both pH and redox potential (Eh) are key variables in determining the 
capacity of soil and aquifer materials to immobilize leachate constituents 
through sorption reactions. Given the high total alkalinity typical of 
methanoemc-stage leachates, neutral-to-alkaline conditions generally apply 
to the soil and aquifer materials contacted by such leachates, although this 
may not always apply where the native soils and groundwaters are strongly 
acidic. 	Thus, for landfill cells located over near-neutral soils and 
groundwaters, residual levels of heavy metals in methanogenic-leachates 
should be decreased further through sorption reactions with soil and aquifer 
materials. In the case of iron and manganese, however, metal levels may be 
increased through the reductive-dissolution of native iron and manganese 
oxides due to the reducing condition of leachate (Kehew and Passero, 1990). 

Through cation-exchange reactions with aluminosilicate clay minerals, the 
composition of the major cation suite of leachate can change. This applies 
particularly to potassium and ammonium ions which are4r

uang,
eferentially 

exchanged onto common soil clays, e.. illites (Sparks and 	1985). 
Thus, a low sodium:potassium ratio in raw leachate can increase to a 
moderate to high ratio following contact of leachate with soil materials. The 
salinity (as TDS) of raw leachate, however, is essentially unaffected by cation-
exchange reactions. 

In the case of nutrients (viz, phosphorus, nitrogen) contained in leachate, 
both sorption and biological transformation reactions are important. The 
generally low levels of phosphorus in raw leachate are decreased further 
through sorption reactions, especially in clay-rich and calcareous soils. In 
well-aerated soils and groundwaters, the ammonia-nitrogen in leachate can 
be transformed to nitrate-nitrogen by nitrifying microbes. 

Summarizing, the levels of a number of soluble and suspended constituents in 
raw leachate can be decreased through a combination of physicochemical 
and biological mechanisms as leachate traverses the clay liner and soil layer 
beneath the landfill cell. 

-D.5- 



D3 	LEACHATE GENERATION AND MANAGEMENT 

D3.1 	General 

AGC Woodward-Clyde has developed a computer programme which 
simulates field conditions and provides an indicative prediction of the 
following landfill parameters: 

volume of leachate generated; 
volume of leachate lost through the cell liner; 
volume of leachate requiring disposal; and 
typical leachate quality parameters (e.g. salinity). 

The programme is necessarily indicative since landfills are complex reactors 
which are difficult to accurately define. The programme predictions have, 
however, been verified by monitoring at a number of landfill sites in Victoria. 

D3.2 	Leachate Generation 

Leachate generated within a landfill is a function of the type and ae of waste 
deposited, the prevailing physicochemical conditions, the microbiology and 
the water balance of the landfill. 

The major factors which contribute to the water balance in a landfill are: 

water input i.e. effective rainfall, surface and groundwater 
infiltration and liquid waste disposal; 

surface area; 

nature of wastes including its field capacity and initial moisture 
content; 

site geology; 

leachate storage ponds. 

The landfill proposed for Loc. 2170 has been designed on the following basis: 

average annual rainfall and pan evaporation figures for the 
Perth area (see Table Dl). 

capacity of refuse to store water before reaching field capacity 
is 10% of volume (Department of Environment, 1986). 

infiltration rates of 5% after rehabilitation of the active cell 
area (it is proposed to use a barrier membrane as the capping 
layer). 
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TABLE Dl 

ANNUAL 90% RAINFALL AND EVAPORATION 

Month 	 900k Rainfall 	Pan Evaporation 
(mm) 	 (mm) 

January 21 338 
February 31 266 
March 48 239 
April 88 144 
May 202 99 
June 287 75 
July 267 74 
August 218 81 
September 135 102 
October 93 158 
November 46 201 
December 32 262 

1468 2039 

Water input to the proposed landfill consists of rainfall infiltration into the 
cells both during operation and following rehabilitation. Rainfall infiltration 
will not cause the refuse to reach field capacity until approximately 10 years 
after the initial placement of refuse. Upon reaching field capacity leachate 
will no longer be retained within the landfill and leachate generation will 
commence. 

The estimated volumes of leachate generated from the initial phase of the 
landfluing operation (i.e. to the year 2003/4) over a 45 year period are shown 
on Figure Dl. The leachate which cannot be retained in the landfill will be 
collected by the underdrainage system installed or lost to the environment 
through the clay liner. Figure Dl quantifies the volume, of leachate that is 
expected to be collected by the underdrainage system and therefore requires 
disposal, and the volume of leachate expected to be lost to the environment 
through the clay liner. 

The leachate collection drains proposed at the Baldivis site will ensure the 
landfill remains free draining even in the event of an unexpected increase in 
the quantity of leachate generated. There should not be an increase in the 
volume of leachate lost to the environment if leachate generation exceeded 
anticipated levels, as the volume of leachate collected by the underdrainage 
system would simply increase. 
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D3.3 	Leachate Collection 

A leachate collection system consisting of graded rockfihl drains with slotted 
drainage pipe will be installed into the liner of each refuse cell. The 
underdrainage system will collect leachate from each cell and transport it 
outside the active tipping area. The clay liner will be graded to facilitate the 
movement of leachate into the drains. After leaving the active area, leachate 
will discharge into a small sump constructed from a precast concrete pipe. A 
submersible pump will be installed in this sump which will be used to irrigate 
leachate over the active refuse area. Leachate overflowing from the sump 
will be piped into a temporary leachate collection pond. The typical layout of 
the leachate collection system is shown on Figure D2. 

To facilitate staged construction of the system it will be necessary to develop 
temporary leachate collection ponds adjacent to the active tipping catchment 
areas as shown on Figure D2. These collection ponds are predominantly 
designed to accept a 1 in 100 year rainfall event during the early stases of 
refuse placement rather than a significant flow of leachate which is not 
expected for approximately ten years after the commencement of refuse 
placement. The collection ponds will be lined with PVC to prevent the 
seepage of leachate into groundwater. 

D3.4 	Leachate Disposal 

The landfill design at Baldivis ensures that field capacity of refuse in the cells 
will not be reached for approximately ten years after imtial refuse placement. 
Significant volumes of leachate should therefore not be generated until a 
number of years following cessation of refuse emplacement. 

During the active life at the landfill, leachate collected by the underdrainage 
system and stored in the temporary leachate collection ponds will be disposed 
of by irrigation over the active cell. It is estimated that 12.5% of the volume 
irrigated will be lost by evaporation with the remainder being absorbed into 
the refuse volume. 

Leachate generated following the cessation of active landfilling and which 
will, therefore, require disposal, should total approximately 6 m3/d as shown 
on Figure Dl. It is proposed to construct a membrane lined evaporation 
pond to dispose of this leachate. Based on annual evaporation and a ninety 
percentile wet year, nett losses from an evaporation pond will total 
approxiV tely 160 mm. This means that an area of approximately 14 000 m2  
would 	required to dispose of the leachate. The proposed leachate 
storage/evaporation pond will have a surface area of 14 000 m2  with a depth 
of two metres, thereby ensuring sufficient capacity and freeboard to 
safeguard against overtopping. 

It is proposed, with approval from the regualtory authorities, to install a test 
plot over the rehabilitated site to establish the capacity of the system to 
dispose of leachate via irrigation. The details of this test plot would be 
examined in conjunction with the regulatory authorities to determine the 
possibility of significantly reducing the size of evaporation storage. 



Residue within the evaporation pond would need to be disposed of to prevent 
the build up of solids within the pond. The solids would be highly saline and 
would require disposal into a dedicated site. The volume of solids requiring 
disposal is expected to be small. 
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D4 	ASSESSMENT OF POTENTIAL ENVIRONMENTAL 
IMPACI'S FROM LEACHATE SEEPAGE AT BALD IVIS 

D4.1 	Leachate Dilution by Groundwater 

Leachate Seepage 

Refuse within landfills has the capacity to retain moisture by two main 
mechanisms, viz: 

retention of absorbed liquid within the micro structure of the 
waste particles; and 

storage of free water within voids between the waste particles. 

Landfill sites with waste densities of approximately 850 kg/rn3  (assumed for 
Loc. 2170) can typically receive between 10% and 20% by volume of water 
before significant leachate generation commences (Department- of 
Environment, 1986). 

The depth of refuse and cover materials in the Baldivis landfill cells will be 
about 10 to 15 metres. Each cell will be decommissioned and capped within 
twelve months of active cell life. Water balance calculations indicate that, for 
each cell, rainfall infiltration will take approximately ten years to add the 
10% of moisture required before significant leachate generation commences. 

Subsequent to significant leachate generation, several years will elapse before 
leachate has passed through the clay liner. Since the Baldivis landfill will be 
designed to be free-draimng, the time for leachate to pass through the clay 
liner will be determined by its permeability and thickness. The minimum 
permeability and (compacted) thickness of the clay liner proposed at Baldivis 
are 10-  cm/sec (8.6 x 10-5  m/d) and 1.0 m respectively. These liner 
parameters correspond to a travel time of at least several years. 

Subsequent to passing through the clay liner, leachate will also need to 
traverse a minimum distance of 2.0 m through limestone prior to reaching the 
groundwater. Given the expected high permeability of the limestone, the 
transport of leachate through the limestone layer is likely to be rapid. 

The volume of leachate seepage for the Baldivis site overall will depend on 
both the seepage characteristics of the individual landfill cells and the 
number of cells contributing to the total site seepage at any given time. 
Calculations indicate that during the first 10 to 15 years of the landfill, 
essentially no leachate will pass through the clay liner of any cell. Beyond 
this time, the volume of leachate seepage for the site will increase to about 
10 m3/d some 30 or so years following commencement of the landfill. 
Leachate seepage for the site will thereafter remain at about 10 m3/d until 
modifications to the cells' capping layers result in either an increased or 
decreased rainfall infiltration rate. The time-dependence of the average 
leachate seepage for the site is shown on Figure Dl. 
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Groundwater Through/low 

Groundwater throughflow below the landfill site is a product of the aquifer 
transmissivity and the groundwater gradient across the site. 

Hydrogeoloical investigations on the adjacent Western Mining 
Corporation s (WMC) tailings pond site (Loc. 2209) indicate high aquifer 
transmissivities, in the order of 7000 to 8 000 m2/d. 	Water-level 
measurements indicate that the site's water-table gradient fluctuates 
seasonally with the greatest gradient observed in November and lowest 
around March each year. The average groundwater gradient based on 
measurements through the whole year is 1.4 x 10-5  

Based on an average groundwater gradient of 1.4 x 10- , and an aquifer 
transmissivity of 7000 m2/d, the average aquifer throughflow is calculated to 
be 1 m3/d per metre width of aquifer. The width of aquifer overlain by the 
landfill may be taken as 250 in when all cells have been established. In this 
case, the average groundwater throughflow beneath the landfill site will be 
about 250 kL/d. 

It is noted that, following the establishment of the first landfill cell, it will 
take about 15 years before all cells have been established. Consequently, 
prior to this stage, the width of the aquifer overlain by the landfill will be less 
than the 250 m assumed above. However, in terms of estimating dilution 
factors for the mixing of leachate with groundwater, it can be shown that the 
leachate seepage and groundwater throughflow estimates employed below 
correspond to "minimum" dilution factors. 

Leachate Dilution 

Following seepage through the clay liner of each cell, leachate will*
vertically through the limestone layer to the upper saturated section of the 
aquifer where a diluted leachate plume will form. The leachate reaching the 
groundwater will undergo dilution by the processes of convection and 
hydrodynamic dispersion. 

The leachate plume will migrate to the west, north-west and south-west from 
the landfill site in the direction of the general groundwater gradient. Within 
the immediate vicinity of the landfill the leachate plume will be mainly 
confined to the upper section of the aquifer. However, downstream of the 
landfillthe plume will probably mix with water from deeper within the 
aquifer. This will result in further dilution of the plume under the effects of 
agradation of water at the water table and further dispersion. 

It is difficult to accurately quantify the extent of leachate dilution that may 
occur between the western edge of the landfill and the western boundaiy of 
Lix. 2710. The average groundwater throughflow below the site has been 
estimated to be 250 kL/d. Leachate seepage has been estimated to be about 
10 kL/d. If dilution of the leachate was to occur across the entire aquifer 
section, a dilution factor up to 1 in 25 could be achieved. Far greater dilution 
would occur downstream from the site. 
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D4.2 	Quality of Leachate-AlTected Groundwater 

General Aspects 

The quality of leachate reaching the groundwater through seepage from the 
landfill cells will depend on: 

the quality of raw leachate within the cells; 

attenuation mechanisms as leachate seeps through the clay 
liner; and 

attenuation mechanisms as leachate passes through the 
limestone layer between the clay liner and the water table. 

In the following, estimates are made of the likely quality of leachate within 
the landfill cells and following seepage through the clay liner. These 
estimates are based on experience with other landfill sites, predictions of 
leachate strength (as TDS) from the landfill management programme, and 
basic soil chemical mechanisms governing the fate of leachate constituents. 
With respect to potential groundwater contamination, the specified leachate 
constituent levels are considered to be "worst-case" values. Nevertheless, the 
assumed quality of raw leachate will require confirmation through the 
monitoring of leachate collected by the landfill underdrainage system. 

Data on the existing quality of groundwater beneath Loc. 2710 is based on 
the hydrogeological investigations undertaken for the present study. 

Raw Leachate 

The estimated quality of the raw landfill leachate is indicated in Table D2. 

In view of the management practises intended within the proposed landfill 
cells (e.g. compaction and covering of refuse several times daily), the 
leachate within the cells should correspond to a methanogenic-stage leachate. 
The leachate strength up to about 3000 mg/L (as TDS) would mainly 
comprise chloride and bicarbonate salts of sodium, potassium and 
ammonium. 

Leachate Reaching the Groundwater 

The estimated quality of leachate reaching the groundwater is indicated in 
Table D2. 

When compared with raw leachate, the TOC levels are decreased by the 
seepage of leachate through the clay liner of the cells. This arises largely 
from the filtering-out of organic compounds of high molecular weight (e.g. 
humic materials) which comprise the majority of TOC in raw leachate. 
While cation-exchange reactions with aluminosilicates (especially illites) in 
the clay liner would decrease the soluble levels of potassium and ammonium 
ions, this would only be significant in the short term due to the equilibration 
between soluble cations and the clay exchange complex. Leachate salinity (as 
TDS) is essentially unchanged by cation-exchange reactions. 
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TABLE D2 

ESTIMATED QUALITY OF LEACHATE, EXISTING 
GROUNDWATER AND LEACHATE-AFFECTED GROUNDWATER 

AT LOC. 2170 

Chemical 	 Raw 	Leachate Existing 	Leachate- 
Parameter 	 Leachate 	Reaching Groundwater 	Affected 

Groundwater Groundwater 

pH 	 7to9 	7to9 6to7 	7to8 

Salinity (as total 

dissolved solids, TDS) 	3000 	3000 	300 	 500 

Total Organic Carbon 
(TOC) 	 300 	100 	 10 	 20 

Ammonia-Nitrogen 	300 	300 	 0.1 	30 

Note: With the exception of pH, values for all parameters in mg/L. 

Comments 

Leachate TDS, TOC and ammonia-nitrogen levels are anticipated maximum values 
for a methanogenic-stage leachate; 

Existing groundwater quality data are based on the groundwater quality 
determinations carried out for the present study, and 

The TDS, TOC and ammonium-nitrogen levels in the leachate-affected groundwater 
are based on a minimum dilution factor of 1 in 10 for the mixing of leachate with 
groundwater. 

Following seepage through the clay liner, further changes in leachate quality 
(as leachate passes through the limestone layer) would be minimal. An 
important exception could be the nitrification of ammonia-nitroen which has 
been shown to occur readily in calcareous soils beneath septic tank/leach 
drain systems on the Swan Coastal Plain (Whelan, 1988). However, such 
nitrification may be limited by the reducing condition of leachate. 

ExLting Site Groundwater 

Data on the existing quality of groundwater beneath Loc. 2710 are presented 
in Table D2. 
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The existing surficialgroundwater is characterized by a near-neutral pH and 
a low salimty (as TDS) of a few hundred mg/L. The groundwater is of the 
"mixed" sodium chloride-calcium bicarbonate water type (Hem, 1986). 
Levels of TOC and ammonia-nitrogen are low. However, the groundwater is 
mildly reducing such that levels of soluble iron are within the mg/L range. 

Leachate-Affected Groundwater 

The estimated quality of leachate-affected groundwater beneath the landfill 
site is indicated in Table D2. 

The leachate-affected groundwater would have a neutral to alkaline pH and 
a moderate salinity (as TDS) near 500 mg/L The suite of major ions would 
be similar to that for the existing groundwater beneath Loc. 2170, except that 
potassium and ammonium ions would be more significant in leachate-
affected groundwater. The sodium:potassium ratio in leachate-affected 
groundwater would consequently be lower than the existing groundwater 
ratio of 10 to 20. Leachate-affected groundwater would also be characterized 
by a low TOC level and moderate level of ammonia-nitrogen. 

D4.3 	Assessment of Potential Environmental Impacts 

Quality of Down-Gradient Ground waters 

Down-gradient groundwaters lie to the west, south-west and north-west of the 
proposed landfill site in the direction of the general groundwater gradient. 
WMC's tailings pond in Loc. 2209 and Lake Cooloongup (or White Lake) are 
located some 200 in and 1.4 km respectively to the west of Loc. 2170. The 
area to the south-west of the landfill site comprises domestic dwellings and 
market gardens. The area to the north-west of the landfill site consists of 
currently vacant land which will become a combination of residential 
development and open space in the future. 

Groundwater beneath WMC's tailings pond has elevated salinites (as TDS) 
p to 10 000 or so mg/L due to the leakage of tailings liquor from the pond. 

The tailings liquor comprises mainly soluble ammonium sulphate. Whilst the 
highest salinities are located within the deeper sections of the aquifer, 
surficial groundwaters within the immediate vicinity of the dam may have 
salinities up to a few thousand mg/L Levels of ammonia-nitrogen in such 
groundwaters may amount to several hundred mg/L. 

Lake Cooloongup water is naturally saline and is typically characterized by an 
alkaline pH within the range 8 to 10 arising from high photosynthetic 
production rates. Lake Cooloongup water is also characterized by ammonia-
nitrogen and nitrate-nitrogen levels up to several mg/L (Dames and Moore, 
1985). 

The area of market gardens to the south-west of the landfill site is 
characterized by surficial groundwaters with salinities (as TDS) of 1 000 or so 
mg/L The groundwaters are also characterized by nitrate-nitrogen levels 
between 20 and 30 mg/L, and TOC levels up to several mg/L. 
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Assessment of Potential Contwnination of Down-Gradient Groundwaters 

Elevated levels of salinity (as TDS), TOC and inorganic nitrogen (ammonia-
nitrogen and/or nitrate-nitrogen) are the major concerns in the 
contamination of groundwater by an methanogenic-stage leachate. Although 
the estimated salinity and TOC levels of leachate-affected groundwater are 
increased, they are still comparable with present levels of these parameters 
within groundwaters in the immediate environs of Loc. 2170 (Table D2). For 
down-gradient groundwaters more distant from Loc. 2170, minimal increase 
in the concentration of these parameters is anticipated. The level of 
ammonia-nitrogen in the leachate-affected groundwater is estimated to be 
higher than the existing groundwater level within the immediate environs at 
Loc. 2170. However, as indicated above, groundwaters further down-gradient 
from Loc. 2170 are characterized by inorganic nitrogen levels arising from 
the leakage of tailings liquor from WMC's tailings dam and/or the intensive 
use of nitrogenous fertilizers by market gardeners. On this basis, minimal 
impact on down-gradient groundwaters more distant from Loc. 2170 is 
anticipated. 

The implications of the anticipated leachate loss to groundwater in the 
immediate vicinity of Loc. 2170 are as follows: 

TOC - as part of its ammonium sulphate plume recovery 
strategy, WMC abstracts contaminated groundwater from a 
series of bores within, and down-gradient from, Loc. 2209 
(WMC's tailings storage site). This water is then passed 
through a reverse osmosis (RO) plant and used as process 
water in WMC's nickel refinery. Excessive TOC levels in 
source water would significantly impair performance of the RO 
plant. 

Inorganic Nitrogen - as a contingency against damage to 
vegetation fringing Lake Cooloongup from 	nitrogen toxicity, 
WMC has proposed a freshwater injection scheme (WMC, 
1990). If needed, this scheme may draw groundwater form the 
south-eastern extremity of Loc. 2209. Clearly, greatly elevated 
inorganic nitrogen levels in groundwaters within that area 
would jeopardise this option. 

Upgrading of WMC's RO plant is part of the improved programme for 
managing ammonium sulphate contamination from the Baldivis tailings pond 
(WMC, 1990). Should experience indicate that the anticipated groundwater 
TOC level does pose a problem for the RO plant, the matter will need to be 
addressed in conjunction with WMC. 

Groundwater ammonium sulphate levels of about 2 500 mg/L occur beneath 
the south-eastern extremity of Loc. 2209 (albeit at the base of the aquifer) as 
a result of tailings pond leakage (WMC, 1990). Ammonium-nitrogen levels 
of 30 m/L could occur in this area as a result of the proposed landfill. The 
possibility of leachate-sourced nitrogen posing a problem in the event that 
the freshwater injection scheme was implemented, is clearly remote. Again, 
however, should experience indicate that a problem was being posed, the 
matter would need to be addressed in conjunction with WMC. 
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For down-gradient groundwaters more distant from Loc. 2170, contaminants 
associated with WMC's ammonium sulphate plume will dominate 
groundwater quality even upon successful completion of the plume recovery 
programme. Ammonium sulphate levels in the gram per litre range will 
persist upon completion of the recovery programme, while the level of 
contaminants originating from leachate lost from the proposed landfill would 
be much lower (in the mg/L range). Elevated groundwater inorganic 
nitrogen levels would alsopersist as a result of market gardening. 
Accordingly, irrespective of the proposed landfill, down-radient 
groundwaters more removed from Loc. 2170 will be charactenzed by 
elevated levels of inorganic nitrogen. 
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El 	INTRODUCTION 

This handbook constitutes the operations manual for the City of 
Rockingham's proposed landfill which is to be developed in accordance with 
the strategies detailed in the Public Environmental Review document 
entitled "City of Rockinham Proposed Landfill Cockburn Sound Location 
2170 Millar Road Baldivis". 

The handbook consolidates operational and management practices to be 
implemented following establishment of the landfill facility. It is, essentially, 
a consolidation of material extracted from the Public Environmental Review 
document. 



E2 	OPERATIONAL AND MANAGEMENT PRACTICES 

The proposed landfill is intended as a secure facility for the disposal of 
municipal and inert industrial waste utilising strictly controlled sanitary 
landfill practices. The landfill has not been designed to receive hazardous or 
other forms of intractable wastes and it is therefore essential that such 
materials be excluded from the site. The exclusion of hazardous and other 
intractable wastes therefore constitutes an over-riding operational objective. 

The proposed landfill incorporates a number of design features directed 
towards minimizing the potential for adverse environmental effects often 
associated with waste disposal sites. Stringent operational and management 
practices are, nevertheless, essential if the objective of minimizing potential 
adverse impacts associated with the proposed site is to be realised. 

The specific operational and management practices to be implemented to 
ensure that this objective is achieved are detailed below under the following 
categories: 

over-riding operational objectives; 
progressive development of landfill cells; 
ongoing environmental/operational management; 
environmental monitoring; 
performance reporting; 
contingency planning; and 
management following closure. 

E2.1 	Over-riding Operational Objectives 

At all times, the landfill facility is to be operated strictly in 
accordance with the following practices to minimize the 
potential for any adverse influences to extend from the site into 
the surrounding environment. 

As the site has been designed for the secure disposal of 
municipal refuse and inert industrial wastes only, hazardous or 
other forms of intractable wastes are not to be accepted at the 
landfill. 



E2.2 	Progressive Development of Landfill Cells 

E2.2.1 	Site Preparation 

Prior to construction of landfill cells, the final excavated quariy 
surface is to be graded to allow gravity drainage across each 
cell (in accordance with Drawing number 2381-13), while 
maintaining a minimum two (2) metre vertical separation 
between the final graded surface and the water table. 

E2.2.2 	Cell Sealing (refer to Drawing number 2316-16) 

The basal seal of landfill cells is to comprise a one (1) metre 
thick compacted clay liner, constructed and compacted in thin 
layers of no more than 150mm loose thickness. The density 
and moisture content of the clay is to be controlled by 
continuous compaction testing to ensure that the clay liner has 
an in situ permeability of 1 x 10-7  cm/second or less. The clay 
liner is to be graded to ensure gravity flow of leachate to 
collection drains, in accordance with Drawing number 2381-13. 

The semi-quantitative mineralogy of both the "whole material" 
and the "clay fraction" of the clay material to be used in liner 
construction is to be determined, and the gypsum content of 
this material must be less than 1%. 

A two (2) metre clay starter embankment is to be constructed 
around the perimeter of the landfill cell basal liner, using the 
same construction techniques and controls as for the liner. 

An underdrainage blanket, minimum depth of 300 mm of 
permeable material (e.g. crushed rock, inert rubble, gravel) 
with a permeability rating of not less than 1 x 10 cm/sec is to 
be installed on the upper surface of the landfill cell basal clay 
liner (refer to Drawing number 2381-15). 

On completion of construction of the landfill cell basal clay 
liner and overlying drainage blanket, and/or of the peripheral 
clay lifter embankments, a 300 mm sand or soil cover, 
compacted and wetted, is to be placed to protect the underlying 
clay from desiccation and cracking. Following installation of 
the protective sand/soil cover, water is to be applied as 
required to maintain moisture content within the underlying 
clay. The frequency of water application required will vary 
depending on seasonal conditions and the nature of the cover 
material. However, as a guide, during summer, porous sandy 
cover material would probably require thorough wetting at 
about weekly intervals. 



E2.2.3 	Leachate Collection (refer to Drawing number 2381-15) 

Leachate collection drains, comprising high strength slotted 
drain coil/pipe encased in aggreate filled, filter fabric lined 
trenches, are to be installed within the landfill cell basal clay 
liner and overlying drainage blanket. Leachate collection 
drains are to gravity feed to a temporary orpermanent disposal 
sump/pond as outlined in Drawing number 238 1-13. 

Leachate disposal sumps/ponds are to be constructed in 
conjunction with installation of the landfill cell basal clay liner 
and starter embankments. The design storage volume of the 
sumps/ponds is to be a one in 100 year storm event of 24 hours' 
duration and a one in 10 year event of one hour's duration. 
Sumps/ponds are to be lined with PVC covered with a 200 mm 
protective layer of sand. 

On decommissioning of a completed landfill cell, the 
temporary leachate sump/pond serving the cell is to be drained 
and backfilled, and the leachate drains connected with the 
drains in the adjacent newly opened cell allowing continued 
collection of leachate produced from finished cells. 

At the earliest opportunity as determined by the progress of the 
extractive industry operation, a permanent leachate 
disposal/evaporation pond is to be constructed to service all 
landfill cells. The permanent pond will be of similar 
construction to temporary sumps/ponds (i.e. PVC sealed and 
covered with a protective layer of sand). On construction of 
this pond, leachate collection drains from all completed landfill 
cells are to be connected to the pond. Leachate collection 
drains from all cells developed subsequent to construction of 
the permanent pond are to be connected to the pond from the 
outset. The permanent leachate disposal/evaporation pond is 
to be sized on the basis of a water balance including incident 
rainfall during a 90 percentile wet year combined with 
anticipated rates of leachate generation and evaporation. 

E2.2.4 	Peripheral Embankment Construction (refer to Drawing 
number 2381-16) 

As the initial refuse storage capacity within an active landfill 
cell (provided by the clay starter embankments) is progressively 
utilised, lifter embankments and (where relevant) the bund 
parallel to the quarry wall, are to be progressively constructed. 
The lifter embankments and bund are to be constructed by the 
placement of thin layers of earthfill, suitably moisture 
conditioned and compacted. As each lifter embankment is 
completed, drainage paths are to be constructed, and the outer 
face vegetated to prevent erosion. A PVC liner is to be 
incorporated into lifter embankments to limit rainfall 
infiltration into the landfill during the period in which the outer 
face is exposed prior to construction of the adjacent cell. The 
PVC liner is to be near horizontal but graded to the outside of 
the cell to allow drainage of infiltrating water away from the 
emplaced refuse. 



E2.2.5 	Placement and Compaction of Refuse 

Within the active landfill cell, the extent of the active tipping 
face is to be limited to that area necessary for safe operation of 
the machinery in use. Refuse is to be dumped directly onto the 
active tipping face only by Local Government Council and 
commercial operators. Casual tippers are to use the transfer 
station. 

Refuse is to be progressively placed and compacted into thin 
layers of approximately 500 mm compacted thickness, using a 
dedicated refuse compacting machine. Compacted refuse is to 
be covered with 200 mm of clean material (e.g. on-site 
overburden, crushed limestone or sand) to provide an effective 
cover of at least 100 mm, at 3-4 hourly intervals. 

E2.2.6 	Cell Completion 

When filled to capacity, the refuse surface within landfill cells 
is to be covered as follows: 

- 	500 mm minimum layer of selected granular material or 
solid inert waste; 

- 	150 mm minimum layer of sand; 
- 	composite barrier membrane; 
- 	150 mm minimum layer of sand; 
- 	800 mm layer of compacted granular soil; 
- 	150 mm minimum layer of topsoil. 

The fmal contours of the completed landfill cell are to achieve 
a predetermined crossfall (to enhance surface drainage and 
safeguard against erosion), and are not to constrain future use 
of the site for light industry. 

Upon completion and covering of each landfill cell: 

landfill gas monitoring bores are to be established at 
each extremity and in the centre of the cell; and 
shallow rooted vegetation is to be established and 
maintained, in accordance with advice from the 
Department of Conservation and Land Management, on 
the finished surface of the cell. 

E23 	Ongoing Environmental/Operational Management 

E2.3.1 	Water Resource Protection/Leachate Management 

During the active operation of a landfill cell, all surface water 
runoff from within the active cell is to be treated as leachate 
and collected and disposed of through the leachate 
drainage/disposal system. Leachate collected is to be disposed 



of by recycling through the refuse by pumping through an 
irrigation system onto the active landfill cell (when wind 
conditions will not cause excessive dispersion of the leachate) 
and evaporation from the collection pond. 

Following construction of the permanent leachate - 
disposal evaporation pond, sediments are to be removed from 
the evaporation pond as required for disposal within the active 
landfill cell. The removal of sediments from the pond, and 
their disposal, will be a continuing requirement following 
closure of the site. Following closure of the site, disposal of the 
sediments is to occur in a manner satisfactory to the EPA and 
Health Department. 

A site drainage system which will direct runoff water from the 
outer slopes of active landfill cell embankments, and from the 
surface of completed landfill cells, away from active tipping 
areas (for disposal by ground infiltration) is to be progressively 
installed as the site is developed. 

	

E2.3.2 	Odours 

Any particularly odorous refuse is to be accepted at the landfill 
only by prior arrangement and any such material received is to 
be covered immediately. 

	

E2.3.3 	Utter 

As an adjunct to establishment and operation of the landfill, a 
programme to educate the public of obligations under the 
Utter Act is to be initiated and maintained, and in the event 
that littering along access routes to the landfill site becomes a 
problem, prosecution of offenders under the provisions of the 
Utter Act must be rigorously pursued. 

As part of normal operational practices at the landfill: 

portable litter control screens are to be placed in the 
vicinity of the active tipping face to intercept any 
matenal blown from the tipping face; 
any litter blown from the tipping face and intercepted by 
the portable screens, the site security fence or perimeter 
vegetation is to be routinely collected and returned to 
the tipping face; and 
any landfill related litter along the site access routes is 
to be regularly removed. 

	

E2.3.4 	Noise 

The landfill site is to be open to the public between the hours 
of 0800 and 1700 daily, and operations at the site are to be 
limited to between 0700 and 1900 hours daily. 

All vehicles and machines operating at the landfill site and 
which are under the control of the City of Rockingham, are to 
be fitted with effective exhaust system silencers. 
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E2.3.5 	Dust 

As part of normal operational practices: 

- 	any areas disturbed during progressive development of 
the site but not immediately needed for landfilling or 
associated activities are to be stabilized with vegetation 
or other means; 

- 	any unsealed trafficked areas are to be watered as 
necessary to lay dust; 

- 	the active tipping area is to be dampened (either by 
leachate irrigation or water application) as necessary to 
control dust; 

- 	overburden and cover material stockpiles are to be 
stabilized with temporary cover vegetation, mulching, 
watering or other techniques to suppress dust 
generation; and 

- 	if a clay lined landfill cell has to be constructed 
substantially ahead of use and a cover layer has been 
placed to protect the liner from desiccation, the cover 
material is to be stabilized with a temporary cover crop, 
watering or some other technique. 

	

E2.3.6 	Pest Species 

Any large appliances, crates etc. placed in the active tipping 
area are to be specifically crushed before covering with refuse 
and cover material, and any tyres dumped are to be spread out 
and carefully covered. 

Supplementary control measures directed towards specific pest 
species are to be implemented on an as-required basis in 
consultation with, and to the satisfaction of the EPA, Health 
Department, Water Authority, Department of Conservation 
and Land Measurement or other relevant regulatory authority. 

	

E2.3.7 	Landfill Gas 

When gas flow monitoring results indicate that action to 
manage landfill gas emissions is warranted, appropriate action 
should be determined through consultation with the EPA and 
other relevant authorities. It is envisaged that, initially, gas will 
be disposed of by flaring. Liaison with the relevant authorities 
regarding the beneficial use of landfill gas is to occur on a 
routine basis. There is to be co-operation with Government 
agencies wishing to undertake investigations into the 
stimulation of methane generation at landfills. 

E23.8 	Fire 

From the outset of the landfill operation: 

site operational and management practices are not to 
include utilization of fire except for the controlled 
flaring of landfill gas; and 



adequate manpower and machinery resources to combat 
any fires which may occur within the landfill site are to 
be maintained on-site during operating hours. 

E2.3.9 	Social Impacts 

Any environmental impacts stemming from the landfill 
operation will have the potential to produce adverse effects 
within the human environment. In terms of minimising the 
potential for adverse social impacts, it is therefore essential 
that all operational and management procedures applying to 
the landfill be implemented thoroughly and effectively. 

Any en9uiries from the public concerning the landfill are to be 
dealt with promptly and objectively, and there is to be follow 
up contact with the enquirers, as appropriate, to ascertain the 
adequacy of the response to the enquiry. 

E2.4 	Environmental Monitoring 

E2.4.1 	Water Resources 

A series of dedicated groundwater monitoring bores (to 
specifications acceptable to the EPA and Water Authority) is 
to be progressively constructed along sections of the site 
boundary down hydraulic gradient from areas used for 
landfilling. 

On commissioning of each monitor bore, groundwater is to be 
sampled and analysed for a range of potential contaminants to 
provide background information on groundwater quality. 
Parameters determined are to include pH, salinity (as TDS), 
redox potential, major ions, nutrients, total organic carbon, and 
heavy metals. 

A continuing programme of regular sampling from the monitor 
bores is to be implemented. This programme will be 
determined by the site hydrogeological conditions althouh 
initially, sampling is to be undertaken on a three monthly basis. 
Water samples collected are to be analysed for a select range 
of parameters, including pH, salinity (as TDS), iron, total 
organic carbon, five day biochemical oxygen demand, 
ammonia-nitrogen, and total alkalinity. 

Privately owned bores (reference numbers 131-137, and S1-S12 
on Drawing number 2381-6) on properties in the vicinity of 
Loc. 2170, are to be sampled, initially on an annual basis, and 
samples analyzed for a select range of parameters, including 
pH, salinity (as TDS), and ammonia-nitrogen. 

Groundwater samples are to be collected and analyzed in 
accordance with recognized standard procedures, and to the 
satisfaction of the EPA and Water Authority. 



Should groundwater analyses indicate contamination by landfill 
leachate, further sampling and analysis for a more extensive 
range of parameters in consultation with, and to the 
satisfaction of, the EPA, Health Department and Water 
Authority, is to be initiated immediately. 

Any complaint about a deterioration in groundwaterquality 
attributable to the landfill operation is to be immediately 
investigated in consultation with, and to the satisfaction of, the 
EPA, Health Department and Water Authority. 

As soon as leachate is detected in the temporary collection 
ponds and thereafter in conjunction with the groundwater 
monitoring programme, samples are to be collected and 
analyzed for comparison with anticipated leachate chemistry. 
Continuing sampling and analysis are to be co-ordinated with 
the groundwater monitoring programme and analytical results 
are to be included in the periodic performance reports. 

E2.4.2 	Other Environmental Monitoring 

From the outset of the landfill operation, a complaints register 
is to be maintained in which details of any complaints from 
local residents within the Rockingham and Kwinana 
municipalities about the landfill operation, are to be recorded. 

From the outset of the landfill operation, access routes to the 
landfill site are to be regularly inspected by City of 
Rockingham officers to determine whether landfill related 
littering is occurring along those routes. 

The activity of Silver Gulls at the landfill site is to be 
monitored from the outset of landfilling operations, in 
consultation with, and to the satisfaction of, the Department of 
Conservation and Land Management. 

Landfill gas flow rates are to be measured at six monthly 
intervals following the completion and capping of individual 
landfill cells. Results are to be forwarded directly to the EPA 
and are to also be incorporated into the periodic performance 
reports. 

E2.5 	Performance Reporting 

Annual performance reports are to be submitted to the EPA 
and Health Department within three months following each 
anniversary of the commencement of the landfilling operation. 
These reports are to address such matters as: 

the stage that has been reached in the various 
operational and management programmes being 
implemented; 
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results from monitoring programmes instituted, 
including the complaints register, and the response to 
any complaints received; 
modifications to the various programmes that have been 
implemented in response to monitoring results; and  
any unforeseen or extraordinary event associated with 
the landfill that adversely affected off-site 
environmental quality (and the response to that event) 
occurring during the preceding twelve months. 

The final report submitted during a reporting period is to 
provide a detailed review of performance over the entire 
period and of any modffications to operational and 
management programmes intended. 

At the same time theperiodic performance reports are 
submitted to the EPA and Health Department, the reports are 
to be made available to relevant community organizations 
within both the Rockingham and Kwinana mumcipal districts. 

Any unforeseen or extraordinary events associated with the 
landfill that adversely affect off-site environmental quality, and 
the response to any such event, are to be reported immediately 
to the EPA and Health Department, and included in the next 
annual performance report. 

	

E2.6 	Contingency Planning 

Any unforeseen contingency associated with the landfill and 
which is producing a demonstrable and unacceptable off-site 
impact is to be dealt with in consultation with the EPA and 
Health Department, and to the satisfaction of the Minister for 
the Environment as appropriate. 

	

E2.7 	Management Following Closure 

Certain management responsibilities will continue following 
closure of the landfill site and such responsibilities are to be 
discharged in consultation with the relevant regulatory 
authorities (presently the EPA and Health Department). 
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E3 	CONCLUSION 

Stringent management of the proposed landfilling operation is essential in 
terms of niinimising potential adverse environmental impacts. Additionally 
however, effective management of the landfilling operation is also important 
in another context. As owner of the landfill site, it is in the City of 
Rockingham's interest to ensure that the site will be available for its ultimate 
reuse (light industrial redevelopment) at the earliest opportunity following 
cessation of landfilling. This objective can be best facilitated through 
effective management of the site, both during the operational life of the 
landfill and following its closure. Implementation of the procedures 
consolidated within this handbook will ensure effective ongoing management 
of the site. Adherence with these procedures is, therefore, essential. 

This handbook will be progressively revised in response to operational 
experience, and will be formally updated in conjunction with preparation of 
the periodic performance reports. The responsibility for maintaining the 
currency of this handbook rests with the City of Rockingham's Waste Control 
Officer and all suggestions or enquiries relating to the handbook should be 
directed to that officer. 
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