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HOW TO MAKE PUBLIC SUBMISSIONS: 

The Environmental Protection Authority (EPA) invites people to make a submission on this 
proposal. 

Comet Resources NL is proposing to establish a nickel mine and processing operation 35 km 
east of Ravensthorpe, in the South Coast Region of Western Australia. In accordance with 
the Environmental Protection Act, 1986 a Consultative Environmental Review (CER) report 
has been prepared which describes this proposal and its possible effects on the environment. 
The CER report is available for public review for a period of 4 weeks from Monday 3 August 
1998, closing on Monday 31 August 1998. 

Comments from Government agencies and the public will assist the EPA to prepare an 
assessment report in which it will make recommendations to Government. 

Copies of the document may be obtained for the sum of $5.00 each from: 

Kaiser Engineers Pty Ltd 	Kaiser Engineers Pty Ltd 	Office of Shire of Ravensthorpe 
Locked Bag No. 9 	 61h Floor 	 Morgans Street 
Cloisters Square Post Office 	QV1 Building 	 Ravensthorpe WA 6346 
Perth WA 6850 	 250 St George's Terrace 	Tel 9838 1001 
Tel. 9366 5678 	 Perth WA 6000 

Why write a submission? 

A submission is a way to provide information, express your opinion and put forward your 
suggested course of action, including any alternative approach. It is useful if you indicate any 
suggestions you have to improve the proposal. 

All submissions received by the EPA will be acknowledged. Submissions will be treated as 
public documents unless provided and received in confidence subject to the requirements of 
the Freedom of Information Act, and may be quoted in full or in part in each report. 

Why not join a group? 

If you prefer not to write your own comments, it may be worthwhile joining a group or other 
groups interested in making a submission on similar issues. Joint submissions may help to 
reduce the workload for an individual or group, as well as increase the pool of ideas and 
information. If you form a small group (up to 10 people) please indicate all the names of the 
participants. If your group is larger, please indicate how many people your submission 
represents. 

Developing a submission 

You may agree or disagree with, or comment on, the general issues discussed in the CER or 
the specific proposals. It helps if you give reasons for your conclusions, supported by relevant 
data. You may make an important contribution by suggesting ways to make the proposal 
more environmentally acceptable. 

When making comments on specific elements of the CER: 
clearly state your point of view; 
indicate the source of your information or argument if this is applicable; and 
suggest recommendations, safeguards or alternatives. 



Points to keep in mind 

By keeping the following points in mind, you will make it easier for your submission to be 
analysed. 

Attempt to list points so that the issues raised are clear. A summary of your submission 
is helpful. 
Refer each point to the appropriate section, chapter or recommendation in the CER. 
If you discuss different sections of the CER, keep them distinct and separate, so there 
is no confusion as to which section you are considering. 
Attach any factual information you may wish to provide and give details of the source. 
Make sure your information is accurate. 

Remember to include: 

your name; 
address; 
date; and 
whether you want your submission to be confidential. 

The closing date for submissions is Monday 31 August 1998. 

Submissions should be addressed to: 

Environmental Protection Authority 
Westralia Square 
141 St Georges Terrace 
PERTH WA 6000 

Attention: Mr Murray Hogarth 
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EXECUTIVE SUMMARY 

Comet Resources (Comet) intends to develop the Ravensthorpe Nickel Project in the South 
East Coast Region of Western Australia. This will involve open-cut mining of up to 4,000,000 
tpa (tonnes per annum) of ore to produce up to 30,000 tpa of nickel metal and 2,200 tpa of 
cobalt suiphide over a period of 20 years 

The purpose of this CER (Consultative Environmental Review) report is to describe the project 
and existing environment, to identify potential environmental impacts associated with the 
project, and to describe the management of the potential impacts to ensure that they conform to 
acceptable levels. This report also presents the commitments undertaken by Comet to ensure 
that the proposed environmental management will be successful. 

Comet believes that the CER report does not identify any significant environmental factors that 
will be adversely affected by the project, either in the short term or long term. 

Project Components 

The major features of the project are: 

mining at Bandalup Hill, approximately 35 km east of Ravensthorpe and 155 km west of 
Esperance 

a processing plant comprising facilities for ore beneficiation, pressure acid leaching, 
neutralisation precipitation, solvent extraction and electrowinning 

a sulphuric acid manufacturing plant 

a power station and steam generation facility 

a water supply scheme using seawater pumped from the coast, about 40 km south of the 
project site, to a water treatment facility producing potable and demineralised water 

a pipeline returning brine to the ocean 

a new, all-weather, project site access road from the South Coast Highway, about 4 km 
north of the project site 

a village to accommodate a construction workforce of around 900 and, thereafter, an 
operational workforce of up to 250 

tailings storage facility 

waste rock stockpile 

offices, workshops, laboratory and other ancillary buildings 

haul roads and access roads within the project site 
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Raw Materials 

The primary raw materials to be used in the process, and their expected average consumption 
rates, are tabulated below. 

Material Source Primary. Use Quantity 

nickel-cobalt ore mined on-site processed to metal 4,000,000 tpa 

limestone Rawlinna, WA acid neutralisation 
in process  

300,000 tpa 

sulphur imported and trucked 
from Esperance 

sulphuric acid 
manufacture 

220,000 tpa 

magnesium 
oxide 

imported and trucked 
from Perth 

nickel precipitation 32,000 tpa 

water Southern Ocean process, potable 13,000 kL/d 

diesel trucked from Albany or 
Esperance 

power station, ore 
haulage vehicles 

59,000 tpa 

Note: tpa = tonnes per annum, kL./d = kilolitres per day 

Project Benefits 

Geological exploration of the site and laboratory testwork of ore samples have both been very 
promising and have generated a high level of confidence in the potential profitability and 
longevity of the Ravensthorpe Nickel Project, encouraged by the following additional benefits: 

the project is conveniently located to existing transport infrastructure, namely the nearby 
South Coast Highway and the deepwater port at Esperance, 155 km away. 

the project will bring direct and indirect long-term employment opportunities to a region 
which has experienced a steady population decline, or a growth rate less than the state 
average, for all age groups below 64 years age. 

the project will introduce large capacity power supply and water supply schemes to an area 
which suffers from an acute deficiency in both 

consultation with the public, local government, regional development and state development 
organisations has indicated widespread support and enthusiasm for the project. 

Existing Environment 

The region features a flat to generally undulating sandplain, falling gradually to the coast some 
40 km south of the project site. Natural vegetation is low scrub interspersed with woodlands of 
small eucalypts, typically up to 4 m high, however much of the vegetation has been cleared for 
agricultural use such as wheat cropping and occasional sheep-farming. 

The ore body lies within Bandalup Hill, located 35 km east of Ravensthorpe, to the south of the 
South Coast Highway. The process plant will be located on a relatively flat plain to the south 
west of Bandalup Hill. The site has a gentle fall to the south west and is vegetated with open 
mallee and low heath up to 3 m. 
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The Ravensthorpe-Esperance region is semi-arid and has a Mediterranean climate with cool, 
wet winters and hot dry summers. The average monthly temperatures for Ravensthorpe range 
from 14°C to 29°C during the summer months and 7°C to 16°C during the winter months. The 
average annual rainfall and evaporation at Ravensthorpe are approximately 425 mm and 1860 
mm respectively. 

All surface drainage is away from the project site, either northward into Bandalup Creek or 
southward into an ill-defined, ephemeral drainage channel referred to as Burbalup Creek. Both 
creek systems eventually join the Jerdacuttup River which drains into the saline Jerdacuttup 
Lakes, located on the coastline south of the project site. 

There is no known use of surface water and the only identified use of groundwater is for stock 
watering from wells in isolated, seasonally-replenished, perched aquifers. Records indicate that 
surface water and any permanent groundwater resources are always too saline for stock 
watering. 

The only towns in the area are Ravensthorpe (population 392), which provides local 
administration and support services for agriculture, and Hopetoun (population 250), which 
attracts some tourists in the summer. There is no other industry in the region. 

Environmental Factors 

This proposal is subject to formal assessment at the level of Consultative Environmental Review 
(CER), in accordance with the requirements of Part IV of the Environmental Protection Act, 
1986. 

The CER report presents an assessment of the potential impact of the project upon various 
environmental factors, nominated in guidelines produced by the DEP (Department of 
Environmental Protection), and states how the project will be managed in order to eliminate or 
contain the impacts within acceptable levels or guidelines. 

The following environmental factors emerged as those of principal interest during the course of 
the CER and consultation with the public and with government stakeholders: 

. 	terrestrial flora and fauna 

. 	marine flora and fauna 

surface water drainage and surface water quality 

groundwater quantity and quality 

tailings (ie. process residue) storage facility 

dust and noise 

gases, including greenhouse gases 

road traffic 

rehabilitation 
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Relevant aspects of these factors of interest are discussed briefly below. All the environmental 
factors are summarised in Table ES-i, along with the potential impacts, proposed management 
and predicted outcome for each factor, and are addressed in detail in the CER report. 

Terrestrial Flora and Fauna 

The project is expected to have little short term effect and no long term effect on the local flora 
and fauna. 

Thirteen vegetation communities were identified by the flora survey. The communities that will 
be disturbed by the project also exist in other areas that will remain undisturbed. 

The flora survey identified priority species where mining will occur, and disturbance will 
therefore be unavoidable. All but one of the species occur elsewhere, in areas that will remain 
undisturbed. The exception is believed to exist in similar communities outside the survey area 
and a second survey, currently underway, is expected to confirm this. 

The potential for introduction or spread of disease, such as dieback, was recognised. A 
management plan incorporating suitable inspection and hygiene procedures will therefore be 
developed in conjunction with CALM. 

The fauna survey identified no vulnerable species in the sites which are proposed for 
development. The project is not expected to disrupt the migratory function of the vegetation 
corridor which lies to the west of the project site. 

Marine Flora and Fauna 

Desalination of the seawater pumped to site will produce a stream of brine, which will have a 
salinity about 70% higher than seawater but in other respects will be the same as seawater. 
This will be returned by pipeline to the ocean. A modelling exercise undertaken to simulate the 
dispersion and dilution of the brine in the ocean has indicated that it would be diluted to 
seawater salinity within less than 1.5 m of its discharge point. 

The modelling assumed that the receiving water would have relatively low dispersion 
characteristics, however the outlet will be exposed to the vigorous mixing and dispersion 
capacity of the Southern Ocean. Consequently, neither the flora nor fauna will be disturbed by 
the returned brine. 

Surface Water Drainage and Quality 

The effect of the project upon the existing drainage regime will be insignificant. Interception 
facilities will be installed to ensure that run-off from areas such as the process plant can be 
contained for treatment or off-site removal in the event of contamination by spillage etc. The 
project is not expected to exacerbate surface erosion. 

Groundwater Quantity and Quality 

Groundwater investigation is currently underway to establish a temporary water supply for the 
construction phase. There is no known abstraction from the deeper aquifer being targeted, 
since the salinity of the water renders it useless for stock watering or for any other agricultural 
purpose. Before any abstraction commences, extensive testing will be undertaken to establish 
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confidence in the yield and sustainability of the source, and to demonstrate that there will be no 
impacts on abstraction from isolated, perched aquifers (these are few, and are remote from the 
project site). 

Tailings Storage Facility 

The facility will comprise an impoundment designed to receive the residue slurry from the 
process plant, similar to those used throughout the Goldfields by the mining industry. 
Comprehensive guidelines control the design, construction and operation of the facility to 
minimise the potential for lateral or vertical seepage. The guidelines require the facility to be 
registered with the DME (Department of Minerals and Energy) and ensure supervision at critical 
stages of construction and regular inspection throughout its operation. 

The proposed site for the facility is underlain by clay and sandy clay up to 8.5 m deep, which will 
minimise seepage, and additional security will be provided in the form of seepage detection and 
control and groundwater monitoring bores. 

The slurry pH (indicator of acidity or alkalinity) will be approximately neutral. 

Dust and Noise 

The nearest residences are 5 km and 8 km away and neither dust nor noise are expected to 
cause concern. Nevertheless, both dust and noise levels will be monitored continually to ensure 
that they do not exceed acceptable limits. If they do, or if they disturb to any local residents, 
appropriate equipment will be installed or practices adopted to suppress them. 

Gases 

Gases emitted by the process plant and the diesel-fuelled power station include sulphur dioxide, 
nitrogen dioxide, and the principal greenhouse gas, carbon dioxide. 

Emissions will comply with acceptable emission levels, in terms of total annual outputs and 
ground-level concentrations at the project site boundary. Estimations of total emissions show 
them to be negligible in comparison with those accepted at Kwinana and Kalgoorlie, for 
example. 

Monitoring instruments will be installed to measure gaseous concentrations and a weather 
recording station and data recording system will be established on site, in order to ascertain the 
dispersion characteristics of the site and permit more accurate prediction of emission levels 
under all likely weather conditions. 

Road Traffic 

The major delivery items, in terms of quantity, will be limestone and sulphur. Regulations exist 
to stipulate the manner of transport and storage of substances such as sulphur, which is already 
transported through the state in larger quantities than those envisaged for the Ravensthorpe 
project. 

Limestone will be sourced from Rawlinna, about 400 km east of Kalgoorlie, and transported by 
rail for off-loading at Grass Patch, about 100 km north of Esperance. From there it will be 
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trucked by direct route to the South Coast Highway, about 60 km west of Esperance, and 
thence to site. 

Sulphur will be imported from North America via Esperance and then trucked to site. It will be 
purchased as pelletised 'prill', a form that was developed specifically to eliminate the dust that 
was associated with sulphur powder. Additional reassurance will be provided by transporting 
the sulphur in covered trucks. 

It is expected that the number of vehicle movements on the South Coast Highway will increase 
by about 26%, up to around 530 per day. This is far below the design capacity of the highway 
(advice by Main Roads WA) and represents a very light traffic load compared with many other 
highways. 	(The Kalgoorlie-Menzies road experienced an average 12,000 daily vehicle 
movements during 1995, for example). 

Rehabilitation 

Mining at Bandalup Hill and construction of the tailings storage facility, stockpiles of waste 
excavated material, access roads and other infrastructure etc. will introduce permanent changes 
to the landform. A rehabilitation plan and programme will therefore be developed before site 
works commence, to ensure that mining, stockpiling, grading etc. is all undertaken in a manner 
that is compatible with the surrounding natural environment. Native plants and seedstOck will 
be collected at the outset of the project for replanting to endeavour to restore the pre-mining 
vegetation. 

Short-term rehabilitation will be undertaken if it is required to reduce dust or to stabilise mine 
slopes. Revegetation of redundant areas and haul roads and disposal of waste excavated 
material will be ongoing throughout the project and will be completed after site 
decommissioning. The success of the rehabilitation programme will be ascertained by 
monitoring the progress of the revegetation and land stabilisation during the post-
decommissioning period. 

Conclusion 

Annual production of up to 30,000 tonnes of nickel and 2,200 tonnes of cobalt sulphide will bring 
substantial benefit to the economy of Western Australia. In addition, the .Ravensthorpe Nickel 
Project will introduce significant local and regional benefits, in the form of immediate 
employment of up to 900 people for the construction work, followed by long-term direct 
employment of over 250 people. All of the long-term workforce is expected to assimilate into 
the community and establish permanent accommodation there. 	There will be similar 
opportunities for indirect employment, both locally and through to Esperance, with industries 
serving the mine and plant and with commercial establishments serving the needs of the project 
staff and workforce. 

A thorough assessment of the existing environment has been undertaken. All potential impacts 
have been acknowledged and assessed for susceptibility and, where appropriate, have been 
allowed for in the project design. The process has identified no environmental impediments to 
the development of the project. After the eventual decommissioning of the project, landforms 
will be graded and topsoiled and the revegetation completed to ensure that the site is restored 
to a natural, stable and self-sustaining environment. 
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The following tables summarise the environmental factors and the proposed management of 
each (Table ES-i) and the commitments undertaken by Comet Resources to ensure that the 
environmental management is successful (Table ES-2). 
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TABLE ES-i 

SUMMARY OF ENVIRONMENTAL FACTORS AND PROPOSED MANAGEMENT FOR THE RAVENSTHORPE NICKEL PROJECT 

Environmental EPA Objective Existing Environment Potenti 
1. 
 al Impact Proposed Environmental Management Predicted Outcome 

Factor  
Terrestrial Flora Maintain the abundance, species • All project site is in new growth vegetation or farmland. Mallee Introduction or spread of disease, e.g. Develop and implement disease management programme in consultation Exclusion of disease from, or 

diversity, geographic distribution shrub and proteaceous thicket dominates slopes of Bandalup dieback. with CALM, inc. vehicle inspection and washing procedures, explanation of containment of disease on, 
and productivity of vegetation Hill, with acacia, grevillea, melaleuca, generally less than 2.5 disease origin and propagation mechanism to all staff as part of induction project area; no disease has 
communities. m tall. Area contains some species that are susceptible to procedure yet been identified 

dieback. 

Protect Declared Rare and Priority Survey found one possible rare species (to be confirmed), two Possible rare species will remain Interested parties will be invited to collect seedstock before any vegetation Protection of any rare species 
Flora, consistent with the provisions Priority One, one Priority Two, nine Priority Three species of undisturbed. Priority Flora exist in area to be is cleared; identity of possible rare species will be established and, if that are confirmed to be 
of the Wildlife Conservation Act flora. Old growth vegetation occurs west of project. mined so disturbance will be unavoidable, confirmed, location will be excluded from construction work; on-site present; minimal disturbance 
1950. environmental staff will be acquainted with classified species in order to to classified species where 

identify and protect them during operational phase practicable 

Terrestrial Fauna Maintain the abundance, species Survey found various native rats, mice, possum, kangaroos, Area to be cleared is about 17% of width of Rehabilitate cleared areas when no longer in use; restrict vegetation Disturbance to native fauna 
diversity and geographical also foxes, many house mice, assorted birds and reptiles. Site vegetation corridor at its narrowest section clearance to essential areas; seal off drill holes; prohibit keeping of firearms will be temporary; fauna are 
distribution of terrestrial fauna. 	.. is in vegetation corridor which affords migration of fauna Proposed access road from SC Highway will and pets; restrict vehicles to designated routes and speed limits; sponsor expected to adjust to 

between FRNP and Goldfields. pass through corridor. (Note: corridor CALM's Western Shield programme to eradicate non-native feral predators changes in environment, eg. 
function is already impaired by rabbit-proof Incorporate features in new access road to facilitate fauna migration (eg. noise 
fence). culverts on identified migration routes, fences to exclude fauna from road). 

Protect Specially Protected 	. Survey found two birds and three mammals classified None of species is dependent on habitats Restrict all development, construction and operational activities to areas of No disturbance to old-growth 
(Threatened) Fauna, consistent with vulnerable. Old growth vegetation serves as base for rare that will be disturbed. Old growth vegetation new-growth (ie. post-fire) vegetation, leaving old-growth vegetation intact habitat of identified 
the provisions of the Wildlife fauna recolonisation of new growth vegetation will remain intact, vulnerable species; this will 
Conservation Act 1950. encourage recolonisation of 

existing and rehabilitated 
new-growth areas 

Marine Flora Maintain the ecological function, Westernmost, less-frequented and less-sheltered of the two No potential impacts identified. Seabed at proposed intake and brine outlet pipes will be inspected in detail No impact is foreseen. 
abundance, species diversity and bays that comprise Mason Bay. The bay is exposed to the to establish flora baseline' 	no flora are anticipated). Water samples will be 
geographical distribution of marine vigorous wave action of the Southern Ocean. taken at diffuser of brine outlet pipe during early operation to confirm rapid 
flora. Preliminary inspection revealed no marine flora, mixing and confirm dilution of salinity to that of seawater, within immediate 

vicinity of diffuser. Maintain the abundance, species 
diversity and geographic distribution 
of marine fauna. 

Watercourses Maintain the integrity, functions and. Project site is at head of shallow, ephemeral surface drainage Interruption to surface drainage will be Run-off from areas at risk of contamination will be contained before release Negligible change to surface 
environmental values of system, discontinuous in places, draining eventually into negligible. 	Potential impacts are lateral to natural watercourses, with monitoring of suspended solids, pH, and water regime; no impact on 
watercourses. Bandalup, Creek, then Jerdacuttup Creek, finally to saline seepage from TSF, or rupture of seawater hydrocarbon analysis, if suspected or evident. Pipelines and TSF will be existing surface water quality; 

(addressed along with the ' 	. jeracuttup Lakes. supply pipe or brine return pipeline, built to best engineering practice, with auto shut-down of pumps if pipeline compliance with WRC 
factor Surface Water 1. fails (v. unlikely), and seepage detection/recovery system for TSF. Refer to policies and WA Water 
Quality' in the CER) DME regulation of TSF, under 'Groundwater Quality', below. Quality Guidelines 

Wetlands Maintain the integrity, functions and Saltwater lakes (salinity sometimes greater than that of This topic was included because the original None required 	 . Not applicable 
environmental values of lakes, seawater) have developed as closed coastal lagoons behind plan to obtain seawater via coastal borefield 

shoreline dunes at Southern Ocean, 35km south of project. posed potential impact of draining wetlands, 
but borefield plan is now abandoned 

Landform Establish stable, sustainable Mine site is Bandalup Hill, a prominent feature rising to about Pit created by mining Bandalup Hill; TSF and No unnecessary landform changes or vegetation disturbance. Some project features will be 
landform consistent with 	 " 40 to 60 m above general surrounding, undulating ground waste rock/ore stockpiles will be large, Rehabilitation plan will be prepared at outset, to ensure final backfill and visible from SC Highway 
surroundings. level. 	Hill is approx. 2.5km long (n-s), 1.5km wide above-ground features; tall vent stacks will grading of pit, grading of TSF, progressive revegetation, etc. are all during operations; final 

including visual amenity ' be visible from SC Highway, water supply consistent with surrounding landform. Pipeline will be buried for entire rehabilitation will restore 
and rehabilitation). V . pipeline along Mason Bay Road. length from Mason Bay to site, only visible features will be pump stations. natural appearance and self- 

DME Rehabilitation Guidelines will be observed. sustaining ecosystem to all 
disturbed areas 

Groundwater quantity Maintain the quantity of Scant information available re groundwater quantity. Only Groundwater abstraction for construction Groundwater abstraction will be permitted by WPC only after No impact on other users or 
groundwater so that existing and 	. abstraction is from isolated wells in shallow, brackish perched phase will be from deeper aquifer, so will not comprehensive testing demonstrates no impacts. Surrounding water levels ecosystem. May be long- 
potential uses, including ecosystem aquifers, in low quantities for stock watering. Nearest down- impact present shallow aquifer users. (in purpose-installed observation wells), water quality, abstraction volumes term drawdown of deeper 
maintenance, are protected. 	.' hydraulic-gradient well is some 20 km south of project site. etc. will be monitored monthly and reported annuilIy to WRC to provide aquifer over project life, 

ongoing reassurance of no impact. followed by recovery after 
decommissioning. 
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TABLE ES-i (continued) 

Environmental EPA Objective Existing Environment Potential Impact PrOposed: Environmental Management Predicted Outcome 
Factor  

Odour Odours emanating from the There is no industry in the region. The only landuse is Odours could arise from malfunction of During normal operations, hydrogen sulphide is fully contained within the No significant impacts 
proposed development should not agricultural, south of project, so no odours exist. hydrogen sulphide plant, although odour process facilities. 	Plant design ensures that, in cases of possible escape, foreseen. Any odour levels 
adversely affect the welfare and intensity would ensure immediate detection eg. plant start-up and shutdown, gas is directed to permanent flare and will comply with criteria 
amenity of other land users. on site and immediate rectification, long combusted. adopted by DEP (it is 

before odour disturbs residents (over 5 km We will seek out world's best practice in detection and control of hydrogen assumed that Queensland 
away) or SC Highway users. (Process plant sulphide, and prepare and implement an emergency response plan to criteria is temporarily 
designers have extensive experience in address any possibility of malfunction that could result in the release of applicable) 
design and operation of similar plants hydrogen sulphide to the atmosphere. 
elsewhere) 

Adherence to Worksafe requirements re workforce environment will ensure 
minimal odour impacts. 

Particulates/Dust Ensure that the dust levels Late summer burnoft after harvesting (to kill weeds) creates Some dust generation will be inevitable, from Most dust will be from crustal sources and from abrasion, so too coarse to Some dust coating of on-site 
generated by the proposal do not particulates in smoke. Post-burnoff soil is very dry and loose blasting, crushing, loading, unloading etc. represent health problem. Dust emissions will be controlled by equipping vegetation. No significant off- 
adversely impact upon welfare and and prone to blowing by wind into quite dense duststorms Dust has potential to impact on workforce facilities with dust suppression systems where required, by water tanker to site impacts foreseen. 
amenity or cause health problems health, sensitive vegetation, and residents haul roads etc. 	enforcment of speed restrictions, vegetation of topsoil Dust levels will comply with 
by meeting statutory requirements (but there are none nearby). stockpiles, appropriate design of stockpiles. A dust monitoring program will ambient air quality 
and acceptable standards. be established to confirm that off-site dust levels comply with criteria, requirements of NEPC 

(below) and EPA (Kwinana) 
Policy. 

Gases Ensure that SO2 emissions meet the None present. SO2  will be emitted by the acid plant, Acid Plant specifications stipulate <1.8 kg SO2  emission per tonne of SO2  mass emissions and 
air quality standards and limits NOTE: Air dispersion modelling was undertaken to predict hydrogen sulphide plant, power station (if manufactured acid, which ensures compliance with emission level criteria, ground-level concentrations 
stated in the Kwinana EPP and SO2  and NOx emissions. Relatively scant meteorological data diesel). 	It can contribute to acid rain in very Recording of acid manufacture rate will be ongoing and SO2  ground-level will comply with NEPC 
requirements of Section 51 of the (esp. wind) meant that (improbable) worst-case conditions had dense urban environments. Estimated concentrations will be monitored at least quarterly. Total mass emission requirements, in Draft NEPM 
Environmental Protection Act 1986 to be assumed. Comet will therefore establish a weather project emission is 0.5% of Kalgoorlie will be determined at least annually, and Impact Statement for Air 
(all reasonable and practicable station and data recording system compatible with DEP emissions. Air dispersion modelling for worst Quality, and with workforce 
measures are taken to minimise systems, to facilitate future predictions by air-dispersion case climatic conditions demonstrates health and safety regulations. 
SO2  discharge). modelling, acceptable concentrations at all downwind 

sites 

Ensure that NOx  emissions meet None present. - NO2  will be emitted by the power station and Power station specifications stipulate <1.8 kg NOx emission per kWh Prelim. modelling for worst- 
acceptable standards and 	: haulage vehicles. 	It is an irritant if inhaled. It energy generated. NOX emissions will be monitored, and estimated for case (improbable) climate 
requirements of Section 51 of the is mainly of concern near major cities where vehicles, to ensure compliance with t emission level criteria. Comet is conditions and assumed 
Environmental Protection Act 1986.' it is a major contributor to photochemical actively investigating other energy source options, such as Goldfields Gas power station emission and 
(all reasonable and practicable smog (NEPC, 1997). Estimated project pipeline, which represents potential major reduction in NOx emission, stack height indicated 
measures are taken to minimise emission s7% of Kwinana emission, possible exceedance of 
NO discharge). I NEPM criteria. This will be 

remedied by low-emission 
design power station and 
selection of appropriate stack 
height 

Greenhouse gases Ensure that greenhouse gas None present (vehicle emissions from light traffic on nearby Greenhouse gas emissions world-wide are Emissions will be minimised by incorporating energy-use and process No local impact foreseen. 
emissions meet acceptable South Coast Highway are negligible) believed to cuse global warming. efficiencies in plant design, construction, operation. Energy recovered from National impact is negligible. 
standards and requirements of Greenhouse gases (almost all CO2) will be heat generated by acid plant reduces power station demand (and CO2  
Section 51 of the Environmental emitted by the power station, limestone to emission) by 23%. Alternative energy source is being investigated (above), 
Protection Act 1986 (all reasonable neutralise acid (CaCO3 = CaO + CO2), and purchasing policy favours energy-efficient equipment, progressive 
and practicable measures are taken from diesel ued by haulage vehicles. revegetation and minimising de-vegetation will help restore CO2  sink 
to minimise greenhouse gas Estimated total emission is about 0.3% of capacity of vegetation. Comet will investigate opportunities for revegetating 
discharge). 	 - WA emission, previously cleared areas (eg. farmland) to boost this sink capacity. 

Groundwater quality Ensure that the beneficial uses of Refer to note re shallow groundwater abstraction under Main potential impact is vertical seepage TSF site selection dictated by geotechnical investigation to identify low- No impact foreseen. 
groundwater can be maintained, Groundwater Quantity, above. Deeper groundwater is saline, throughiloor of TSF, into the saline permeability ground conditions (up to 8m clay and sandy clay). TSF design Compliance with WA Water 
consistent with the draft WA recent samples indicated 16,000 to 28,000 mg/L TDS. (Max groundwater. This would not impact users of incorporates many construction and operational features to minimise Quality Guidelines is assured. 
Guidelines for Fresh and Marine recommended TDS for stock is 6,000 mg/L). perched shallow aquifers (isolated from seepage and to detect/control any seepage, including regular groundwater 
Waters (EPA 1993). deeper, saline aquifer). sampling and analysis from potential impact zone. TSF design and 

operation will be regulated by DME guidelines and regular inspection 
throughout project life. 

Surface water quality Maintain or improve the quality of Scant data available; WRC data indicates chloride ranging Main potential impact is lateral seepage Refer above re secure design, construction and operation of TSF. No impact foreseen. 
surface water to ensure that existing from 2,200 to 11,000 mg/L (cf. potable standard of 250 mg/L). through embankments of TSF. Other All runoff which has the potential to be contaminated will be separated from Compliance with WA Water 
and potential uses, including Recent samples from Jerdacuttup River exhibited salinity of potential impacts are: 'clean' runoff, for containment and assessment before release to natural Quality Guidelines is assured. 
ecosystem maintenance are 14,000 mg/L TDS in main stream and up to 48,000 mg/L TDS - spillage of reagents, fuels etc. causing environment. A surface water quality baseline study will be undertaken and 
protected, consistent with the draft in standing pools (cf. typical seawater salinity of 35,000 mg/L contamination of run-off a monitoring programme will be set up, with WRC advice, for routine 
WA Guidelines for Fresh and 
Marine Waters (EPA, 1993) [and 

TDS) 
- rupture of seawater or return brine pipeline sampling and analysis. 

the NHMRC/ARMCANZ Australian causing release of saline water into water All pipelines will be designed and constructed to best practice. Automatic 

Drinking Water Guidelines - courses (already saline, refer to 'Existing shutdown of pumps will occur in the event of any abnormality (eg. high or 

National Water Quality Environment') 	- low pipeline pressure, no flow etc.), with additional security provided by 

Management Strategy]. 	, telemetry system to report on status of major components of water supply 
scheme. 
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TABLE ES-i (continued) 

Environmental EPA.Objective Existing Environment Potential Impact Proposed Environmental Management Predicted Outcome 
Factor  

Solid waste Wastes should be contained and None present Potential impacts are groundwater Rock waste and soil will be stockpiled separately for eventual use as pit No impacts are foreseen 
isolated from groundwater and 	, contamination by leachate from solid waste infill and topsoil, respectively. Non-hazardous wastes will be disposed of to 
surface surrounds. dumps and TSF, risk to fauna if trapped in an on-site landfill designed and operated to DEP Code of Practice. Where 

TSF, attraction of vermin by putrescible practicable, recyclable packaging will be specified for material, equipment 
waste delivery Putrescible waste will be composted or buried promptly to 

discourage vermin. Oily or hazardous wastes will be stored in accordance 
• with regulations and removed for disposal by a licensed contractor. 

Burning of refuse will be avoided. Refer Groundwater quality' 
environmental factor re secure design, construction, and operation of TSF. 

Noise Protect the amenity of nearby None present (road traffic and agricultural machinery noise Project-generated noise will be continuous A noise monitoring programme will be established, to monitor workforce- Compliance with the 
residents from noise impacts levels are occasional and negligible) low-level (from trucks, machinery etc) and exposure and environmental noise levels. If necessary, the blasting Environmental Protection 
resulting from activities associated occasional higher-level (blasting). Nearest programme will be regulated to avoid exceedance of airblast levels at (Noise) Regulations and the 
with the proposal by ensuring that residences are 5 and 8km away. SC noise-sensitive times (night, public holidays etc.). Comet will repond to any Mines Safety and Inspection 
noise levels meet statutory 	. Highway is not classed as noise-sensitive concerns expressed over project-related noise levels and rectify them if Regulations is assured. 
requirements and acceptable site they are found to be unacceptable. 
standards. 

Public health and safety Ensure that risk is managed to meet Not applicable Potential impact to public by transporting DME has confirmed that none of the goods to be transported is unusual or The project will not introduce 
the EPA's criteria for individual hazardous goods in illegal manner; by especially hazardous. All potentially hazardous materials likely to be any unacceptable risk to 
fatality risk off-site and the DME's unsafe on-site work practices, potential required on site are covered by DME regulations for transport and storage, members of the public, nor to 
requirements in respect of public impact to workfôrce by unsafe storage and which will be strictly adhered to. A very detailed and comprehensive public or private property, in 
safety. handling on site HAZOPS (hazards and operability study) will be undertaken before the vicinity of the site or 

operations commence, to identify all possible hazards in order to eliminate associated transport routes 
or minimise the associated risks and to ensure implementation of 
contingency plans. 

Ensure that roads are maintained or. Nearby South Coast Highway will be delivery route to site. MRWA has advised that proposed loads and Roads likely to be affected by the project are the responsibility of MRWA No impacts are forseeen 
improved and road traffic managed Present road traffic is extremely light compared with design frequency of project-related transport do not regional offices in Albany or Kalgoorlie, or the Shires of Ravensthorpe or 
to meet an adequate standard of capacity and traffic use on many other WA highways. represent a significant burden on the state Esperance. All four organisations have been consulted and will continue to 
level of service and safety and 	•; roads likely to be used. The Shire of be consulted regarding proposals for significant increase or new utilisation 
MRWA requirements. Ravensthorpe is not concerned by the of roads under their respective jurisdiction. 

possible increased use of agzetted roads in 
the project area. 

Heritage Ensure that the proposal complies The site has no aboriginal or non-indigenous heritage No impacts foreseen, but EMP will Mandatory induction procedure for all project staff and contractors working No impact foreseen 
with the requirements of the 	-. significance. accommodate the possibility, at the site will include aboriginal cultural awareness, to enable identification 
Aboriginal Heritage Act 1972; 	,. of any sites or artefacts of possible archaeological significance, and to 

Ensure that changes to the instruct notification of such finding under Section 15 of the Aboriginal 

biological and physical environment Heritage Act (1972). 

resulting from the project do not 
adversely affect cultural 
associations with the area. 

Comply with statutory requirements 
in relation to areas of cultural or 
historical significance.  

Abbreviations: 	 CALM Department of Conservation and Land Management 
DEP Department of Environmental Protection 
DME Department of Minerals and Energy 
EMP Environmental Management Plan 
FRNP Fitzgerald River National Park 

MRWA Main Roads, Western Australia 
NEPC National Environment Protection Council 
SC. South Coast (Highway) 
TSF tailings storage facility 
WRC Water and Rivers Commission 
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TABLE ES-2 

SUMMARY OF PROPONENT'S COMMITMENTS 

Environmental Comet Resources Commitments Objectives(s) Timing (phase) Regulatory Compliance Criteria 

Factor (The No. refers to the Commitment No. stated in the main text of the report) Agencies 
Environmental Protection Act, 

1986, plus the following: 

No. Description 

Management Plan 1 Comet Resources will develop and implement an Environmental Implement and maintain an approved EMP in order to: Develop Construction EMP during Develop both EMPs in Iso 14000 series 
Management Plan (EMP) as part of an Environmental Management - comply with KSJV and Comet environmental policies design, implement before site consultation with DEP, 
System complying with the principles of the ISO 14000 series. The EMP - achieve the goals of protection of the environment, public and workforce. works commence (early to mid DME, CALM, WRC. 
will be developed in consultation with the DEP and DME and other 1999). Receive approval by DEP 
regulatory authorities, in the following two stages: Develop Operation EMP during and DME. 

Project Construction EMP; to be submitted for DEP endorsement construction, implement before 
before the start of construction . project commissioning (mid 2001). 

Project Operation EMP; to be submitted for DEP endorsement before Continuous review, improvement 

project commissioning will be key principle of Operation 

The EMP will be reviewed and continuously improved. 
EMP throughout project life. 

The EMP will incorporate procedures that will ensure 
fulfillment of the following Commitments, Nos. 2 to 15.  

Terrestrial Flora 2 Prohibit unauthorised clearance of terrestrial flora and vegetation, Maintain the abundance, species diversity, geographic distribution and Exploration, development, CALM Wildlife Conservation Act 1950 
particularly old growth vegetation and rare or priority classified flora, productivity of vegetation communities, construction, operation and DEP 

decommissioning of all project Develop and operate a dieback management plan in consultation with Protect Declared Rare and Priority Flora, consistent with the provisions of 
CALM and encourage the establishment of priority species in the Wildlife Conservation Act 1950. facilities and infrastructure 
rehabilitation areas, as appropriate. Avoid introduction or spread of disease. 

Terrestrial Fauna 3 Prohibit unauthorised activities that may impact upon terrestrial fauna and Maintain the abundance, species diversity and geographic distribution of 
their habitats. EMP procedures will address early revegetation of cleared terrestrial fauna. 
land, prohibition of pets and firearms, restricted vehicle access to bush Protect Specially Protected (Threatened) Fauna consistent with the 
areas, sponsorship of Western Shield program, prompt and correct provisions of the Wildlife Conservation Act 1950 
disposal of putrescible waste to discourage vermin.  

Marine Flora and 4 Develop and implement procedures within the EMP to avoid unnecessary Maintain the ecological function, abundance, species diversity and Construction and operation of DEP 
Fauna disturbance to marine flora and fauna, and to design facilities accordingly. geographic distribution of marine flora, seawater intake and return brine 

Maintain the abundance, species diversity and geographic distribution of pipeline 
marine fauna 

Watercourses, 5 Prohibit unauthorised activities that could impact on the hydraulic function Maintain the integrity, functions and environmental values of watercourses Exploration, development, Water and Rivers Draft WA Water Quality 
of the drainage system or the downstream water quality. Implement a Maintain or improve the quality of surface water to ensure that existing construction, operation and Commission Guidelines for Fresh and Marine 

including Surface drainage monitoring programme to assess any impacts on vegetation and potential uses, including ecosystem maintenance, are protected. decommissioning of all project DEP Waters (EPA, 1993) 
Water Quality arising from unavoidable changes to the drainage regime; development facilities and infrastructure NHMRC/ARMCANZ Australian 

and operation of the monitoring programme will be undertaken in Drinking Water Quality 
consultation with the DEP and WRC. Guidelines - National Water 
Incorporate holding basins within the site drainage system to arrest and Quality Management Strategy 
assess possibly contaminated run-off before release to the environment.  

Landform, 6 Prohibit unauthorised disturbance to landforms and introduction of visual Establish stable and sustainable landform consistent with surroundings. Development, construction, DME Guidelines for Mining in Arid 
impact to areas not required for mining, processing or infrastructure operation and decommissioning of CALM Areas, DME 

including Visual development, all project facilities and Shire of Ravensthorpe Environmental Management of 
Amenity and  infrastructure 

DEP Quarries: Development, 
Develop a rehabilitation programme designed to restore disturbed areas Rehabilitate impacted areas to an acceptable standard which will Programme will be developed Rehabilitation Operation and Rehabilitation 
to stable, self-sustaining conditions that are consistent with the defined integrate the post-mining landform with the surrounding environment during design stage; implemented Guidelines, DME 
post-mining land-use objectives before site works commence; 

maintained/reviewed/improved 
through all phases of project, up to 
and including decommissioning.  

Groundwater 7 Comply with all regulations pertaining to groundwater exploration, Maintain the quantity of groundwater so that existing and potential uses, Exploration, development, Water and Rivers Draft WA Water Quality 
Quantity, development and abstraction, including ecosystem maintenance, are protected construction, operation and Commission Guidelines for Fresh and Marine 

Involve the DME during the design, construction and operation of the Ensure that the beneficial uses of groundwater can be maintained, decommissioning of all project DEP Waters (EPA, 1993) 
including Groundwater tailings storage facility (TSF) to ensure its compliance with all relevant consistent with the draft WA Guidelines for Fresh and Marine Waters facilities and infrastructure Guidelines on the Safe Design 
Quality regulations. (EPA, 1993). and Operating Standards for 

Install and routinely sample and groundwater monitoring bores down- Tailings Storages, DME 
hydraulic-gradient of the TSF. 

Water and Rivers Commission Install and routinely sample and record water levels in groundwater 
Act, 1995 monitoring bores down-hydraulic-gradient of any groundwater abstraction 

bores; prepare annual monitoring report for WRC review and approval.  
Odour 8 Arrange for air-dispersion modelling to be undertaken following detailed Odours emanating from the proposed development should not adversely Operation of process facilities DEP Queensland Department of 

design of the hydrogen sulphide plant, to confirm that odour impacts are aftect the welfare and amenity of other land users. Environment and Heritage, 1994, 
below the draft Queensland criteria at odour-sensitive premises. Policy for Odours from New 
Seek worlds best practice in the detection and control of hydrogen Developments, in the absence of 
sulphide and prepare and implement an emergency response plan to equivalent WA Criteria. 
address any possibility of malfunction that could result in the release of (DGLC OU = 2.5) 
hydrogen sulphide to the atmosphere. QId. Criteria are referenced in 

Table 4 of draft DEP (WA) paper 
"Determination of Acceptable Air 
Discharges from Stationary 
Sources, 1997". 
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Environmental Comet Resources Commitments Objectives(s) Timing (phase) Regulatory Compliance Criteria 

Factor (The No refers to the Commitment No stated in the main text of the report) Agencies 
Environmental Protection Act 

1986 plus the following 

No. Description 

Dust and Particulates 9 Prepare and implement a dust management plan based on advice from To ensure that the dust levels generated by the project do not adversely Construction and operation, DEP Draft National Environment 
the DME and DEP. The plan will include ambient monitoring proposals to impact upon welfare and amenity or cause health problems, by meeting especially during blasting and Protection Measure and Impact 
verify that dust levels comply with the relevant standards or guidelines, statutory requirements and acceptable standards, mining Statement for Ambient Air Quality 

Ambient dust concentrations will be compared to those stated in the Draft (PM10 over 24 hours <50 pg/rn3) 
National Environment Protection Measure and Impact Statement for 
Ambient Air Quality (National Environment Protection Council, 1997).  

Gases 10 Establish an on-site meteorological station for the purpose of collecting To ensure that all reasonable and practicable measures are taken, in Operation of process facilities and DEP Air quality standards and limits 
data suitable for detailed air dispersion modelling at the plant site, for Accordance with the Environmental Protection Act 1986, to minimise the infrastructure stated in the Kwinana 
emission concentration predictions. discharge of SO2 (sulphur dioxide) and NOx (nitric oxide, nitrogen dioxide Environmental Protection 
To conduct detailed dispersion modelling of SO2, NOx and any other etc.) gases (Atmospheric) Policy 
significant emissions using collected meteorological data and final plant Draft National Environment 
design data. - Protection Measure and Impact 
The results from the modelling, demonstrating compliance with the Statement for Ambient Air Quality 
relevant standards or guidelines, will be submitted to the DEP when National guidelines for control of 
applying for a works approval under the Environmental Protection Act. emission of air pollutants from 

new stationary sources, 
Aust.Env.Council/NHMRC 

Greenhouse Gases 11 Ensure that equipment and processes used for the project are energy To ensure that greenhouse gas emissions meet acceptable standards Operation of process facilities and DEP Guidance for the Assessment of 
efficient. Measures that will be pursued include: and requirements of the Environmental Protection Act 1986, using all infrastructure Environmental Factors: 
- investigating natural gas as the principle energy source for the project; reasonable and practicable measures to minimise greenhouse gas - 	1 Minimising Greenhouse Gas 
- a purchasing policy which prefers energy-efficient equipment; discharge Emissions. No.12, Preliminary 
- minimising clearing of vegetation; guidance, EPA 1998 

- progressive revegetation; 
- investigating the use of alternative and renewable energy sources; 
- energy monitoring and information systems; 
- energy awareness and waste minimisation training. 
Prepare a Greenhouse Gas Emissions Management Plan prior to 
commissioning, consistent with the draft EPA policy, to include: 
- calculation of the greenhouse gas emissions 
- measures to limit greenhouse gas emissions - 
- comparison of greenhouse gas efficiency of the project against agreed 
performance indicators and other comparable projects.  

Solid Waste 12 Monitor all liquid waste streams and leachates from solid waste storages To ensure that wastes are contained and isolated from groundwater and Construction, operation and DME DEP Code of Practice for Country 
which have the potential to impact groundwater or surface water quality, surface surrounds. decommissioning of all project DEP Landfill Management 
Install systems and procedures to ensure containment of any facilities and infrastructure Guidelines on the Safe Design 
unacceptably contaminated waste stream before its release into the :- and Operating Standards for 
environment. Tailings Storages, DME 

Noise 13 Manage project-related noise levels within the acceptable limits stated by To protect the amenity of nearby residents from noise impacts resulting Construction and operation, DME Environmental Protection (Noise) 
the Environmental Protection (Noise) Regulations, 1997, and oblige all from activities associated with the proposal, by ensuring that noise levels especially during blasting and DEP Regulations, 1997 
contractors to comply with this undertaking. meet statutory requirements and acceptable standards. mining Part 7 of the Mines Safety and 
Respond to any complaints from the local community regarding project- The relevant statutory requirements and standards are understood to be Inspection Act 1995 
related noise levels, and rectify them if investigations show them to be those stated in the Environmental Protection (Noise) Regulations, 1997, 
unacceptable. published by the DEP, and the workforce safety requirements.  

Public Health and 14 Develop and implement a Hazardous Substances Management Ensure that risk is managed to meet the EPA's criteria for individual Construction and operation of all DME Explosives and Dangerous 
Safety Programme (HSMP) and a Hazard and Operability Study (HAZOPS). fatality risk off-site and the DME's requirements in respect of public safety project facilities and infrastructure Goods Act, 1961 

Ensure that roads are maintained or improved and road traffic managed Dangerous Goods Regulations, 
• to meet an adequate standard of level of service and safety and MRWA MRWA< Shires of 1992 

requirements 
Ravensthorpe and 
Esperance  

Heritage 15 Undertake awareness trainingof all the workforce in regard to the Ensure that the proposal complies with the requirements of the Aboriginal Construction and operation of all Aboriginal Affairs Aboriginal Heritage Act 1972 
significance of Aboriginal and non-indigenous heritage and the Heritage Act 1972 project facilities and infrastructure Department 	- 
identification and requirement to report any such indications. Ensure that changes to the biological and physical environment resulting Australian Heritage 

- from the project do not adversely affect cultural associations with the Commission 
area. 
Comply with statutory requirements in relation to areas of cultural or 
historical significance.  

Abbreviations: 	CALM Department of Conservation and Land Management MRWA Main Roads, Western Australia 
DEP Department of Environmental Protection NEPC National Environment Protection Council 
DGLC design ground level concentration OU odour unit 
DME Department of Minerals and Energy Sc South Coast (Highway) 
EMP Environmental Management Plan 	 , TSF tailings storage facility 
FRNP Fitzgerald River National Park WRC Water and Rivers Commission 
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1.0 	INTRODUCTION 

1.1 	OBJECTIVE 

Comet Resources NL (Comet) intend to develop the Ravensthorpe Nickel Project in the 
South East Coast Region of Western Australia and propose to commence work upon receipt 
of formal Government approval to proceed. Kaiser Engineers and H A Simons of Vancouver 
have formed the Kaiser Simons Joint Venture (KSJV), to undertake the feasibility study (FS) 
on behalf of Comet, and to manage the environmental approvals process for the project, 
including preparation of the environmental impact assessment in the form of this Consultative 
Environmental Review (CER). 

Completion of mining and decommissioning of the project site are expected to occur at least 
20 years after project commencement. At this stage of project planning, it is intended that 
the mine and process plant will have an initial capacity to receive and beneficiate 2.8 million 
tonnes per annum (tpa) of ore and to treat 1.2 million tonnes per year using the Pressure 
Acid Leach process and solvent extraction and electrowinning. The nickel refinery process is 
being designed accordingly, for annual production of between 20,000 and 30,000 tonnes of 
nickel metal and between 1,500 and 2,200 tonnes of cobalt sulphide. Economic factors will 
dictate the actual rate of production. 

Environmental approval is sought for a project with an annual nickel production rate of 
30,000 tonnes, which is the maximum foreseeable output, although production may be less, 
depending on prevailing economic circumstances. The CER report (referred to hereafter as 
the CER) has been written to address the potential environmental impacts associated with 
the project. The estimated quantities of process reagents, water and power requirements, 
land use, transport requirements etc. stated in the CER are those corresponding to annual 
production rates of 30,000 tonnes of nickel metal and 2,200 tonnes of cobalt sulphide. 
These represent the maximum requirement for any one reagent etc., based on testwork 
results. 

Key characteristics of the project are summarised in Section 2.1. 

1.2 	LOCATION AND TENURE 

The project site is at Bandalup Hill within the Shire of Ravensthorpe. Approximate distances 
of the site from local and major towns (refer Figures 1 and 2) are: 

35 km east of Ravensthorpe, 392 population 

40 km northeast of Hopetoun, 250 population 

155 km west of Esperance, 7070 population 

480 km east-south-east of Perth (590 km by road). 

The site appears on the following topographical sheets: 

1:250,000 	RAVENSTHORPE, Sheet No.S151 -5 

1:100,000 	RAVENSTHORPE, Sheet No.2930 

1:50,000 	BANDALUP, Sheet No.2930-1 

Site coordinates are 6 274 000N, 256 500E, and 1 20°24'E, 33039'S. 
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The mine and all process facilities will be located within mining leases ML74/1 14, ML74/1 15 
and ML74/1 16, which lie on freehold and Crown-owned land. Access will be via a gazetted 
road to the South Coast Highway, approximately 5 km north of Bandalup Hill. 

The nearest mining activity is mineral exploration currently being undertaken by Homestake 
and Tectonic, approximately 16 km and 23 km southwest of Bandalup Hill respectively, and 
Greenstone, approximately 14 km northwest of Bandalup Hill. 

The nearest Land Act Reserves to the mining leases are Reserve 26290 (1515 ha), for 
Mining Purposes, which abuts the northern boundary of the project site, and Reserve 27177 
(20.64 ha), for Conservation of Flora, which lies 1.5 km west of the western lease boundary. 

1.3 	PROPONENT 

The proponent of the Ravensthorpe Nickel Project is Comet Resources NL. The company's 
address is: 

Comet Resources NL 
ACN 060 628 202 
Level 1, 619 Murray Street 
West Perth WA 6005 

Tel. 	(08) 9322 5330 
Fax 	(08) 9322 5988 
email cometres@iinet.com.au  

1.4 	GOVERNMENT LEGISLATIVE REQUIREMENTS AND PROCEDURES 

This proposal is subject to assessment at the level of Consultative Environmental Review, 
pursuant to the provisions of Part IV of the Environmental Protection Act, 1986. No other 
decision making authority may issue an approval to allow the proposal to proceed until the 
Minister for the Environment issues a statement to that effect. Subsequent to the granting of 
Ministerial Approval, Works Approval and Licensing under part V of the Environmental 
Protection Act, 1986 are required. 

Mining Leases have been granted for the areas of initial mining and processing. A standard 
condition is attached to all Mining Leases which requires written approval to proceed with the 
development of Project to be obtained from the State Mining Engineer. This requires 
assessment of the proposal by Department of Minerals and Energy officers which may occur 
simultaneously with the EPA assessment. Following this assessment, and providing the 
Project is deemed environmentally acceptable, written approval to proceed is issued by the 
State Mining Engineer. 

In addition to obtaining statutory approvals from the Minister for the Environment and the 
State Mining Engineer, the Proponent will also comply with relevant legislation and 
regulations administered by other State and Federal Government agencies, including: 

. 	Environmental Protection Act, 1986; 

Wildlife Conservation Act, 1950; 

Conservation and Land Management Act, 1984; 

Agriculture and Related Resources Protection Act, 1976; 
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. 	Soil and Land Conservation Act, 1945; 

Rights in Water and Irrigation Act, 1914; 

Bush Fires Act, 1954; 

State Planning Commission Act, 1985; 

Land Act, 1933; 

Mines Safety and Inspection Act, 1995; 

Mining Act, 1978; 

Explosives and Dangerous Goods Act, 1961; 

Aboriginal Heritage Act, 1972-1 980; 

Australian Heritage Commission Act, 1975, and 

. 	Native Title Act, 1993. 

1.5 	PROJECT JUSTIFICATION 

The project will be responsible for the annual export of approximately 30,000 tonnes of nickel 
metal which will benefit the national balance of trade and will contribute royalties to the state 
of Western Australia. The commercial aims of the project are consistent with the aims of the 
1998-99 state budget which forsees major economic growth and forecasts a rise of 8.25% in 
business investment in 1998-99. 

The project is expected to provide direct employment for up to 900 people for over two years 
of construction and for approximately 250 people throughout the 20 years operation 
thereafter. In addition, it will ensure employment in the many, predominantly WA-based 
industries that will supply the project with infrastructure, plant, consumables, transport and 
servicing. 

Members of the local population will be encouraged to work for the project, although the 
small population means that the majority of the workforce will be recruited from outside the 
Shire. This will have the added benefits of introducing other skilled workers and redressing 
the apparent trend in the population profile, which has seen a significant diminution in the 
workforce-age population relative to the rest of the state (refer 3.10), and a relative increase 
only in the retirement age group. 

When compared with other lateritic nickel projects in Western Australia, the Ravensthorpe 
project displays the following advantages which together create confidence in the longevity 
and financial robustness of the project: 

tests undertaken on representative ore samples have shown that the ore beneficiates 
well 

the low clay content of the ore ensures rapid settling and corresponding reduction in the 
capacity of settling facilities required by the process 

the process will entail low acid consumption 
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the leaching process is characterised by a short residence time 

the project is conveniently located to existing infrastructure, namely the adjacent South 
Coast Highway and the deepwater port at Esperance, 155 km away. 

Comet Resources and KSJV have together given three presentations to describe the project, 
to solicit opinion and comments, and to endeavour to answer any questions that arose. 
These were given to the following groups: 

invited representatives of government departments, development organisations and 
public utilities 

residents from the Ravensthorpe area, and particularly from the vicinity of the project 

the financial and consulting community, investors, and other interested parties. 

All three formal presentations generated considerable interest and enthusiasm in the project. 
The local population, having witnessed several previous aborted investigations into the 
mining resources of the area, was particularly encouraged by the optimism and commitment 
demonstrated by Comet Resources. (The public consultation process is described in Section 
8.0). 
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eastern greenstone-granitoid contact and overlie metamorphosed ultramafic (Bandalup 
Ultramafics), mafic (Maydon Basalt) and sedimentary (Hatfield Formation) rocks. 

The Bandalup Ultramafic rocks predominate within the Project area and comprise a north-
northwest striking, serpentinised komatiite suite with rare interfiow sedimentary units. 
Metabasalt and metadolerite members of the Maydon Basalt bound the Bandalup 
Ultramafics to the east and west and are interleaved with the latter in an area between the 
Halley's (formerly Bandalup Central) and Hale-Bopp (formerly Bandalup South) nickel laterite 
deposits. Gneissic granitoids outcrop extensively on the eastern boundary of the Project. 

Weathering processes initiated in Cretaceous times have been instrumental in producing 
complex regolith geology within the Project area. The combined effects of prolonged deep 
lateritic weathering, erosion and chemical modification have seen the development and 
demise of thick lateritic profiles (+60metres). Bandalup Hill represents a residual laterite, 
derived from the Bandalup Ultramafics, that has largely survived the rigours of erosion. 
Nickel and cobalt, present in the ultramafic basement rocks, have been concentrated by 
weathering processes in the laterite profile. 

Residual laterite profiles at Bandalup Hill extend over an area 7 kilometres long by 1 
kilometre wide, reflecting the distribution of the underlying Bandalup Ultramafics. The focus 
of detailed resource drilling has been the Halley's deposit, which is centred on Bandalup Hill 
and is continuous over a 3 kilometre strike. 

Bandalup Hill rises some 80 metres above the surrounding landscape and hosts a 
comparable maximum thickness of laterite development. Recognised zones within the 
ultramafic derived laterite profile include saprolite, clay, goethite/limonite, leached siliceous 
pedolith, lateritic residuum and surficial cover (Figure 5). 	The majority of nickel 
mineralisation is hosted in the goethite/limonite zone, whilst the clay zone and upper levels of 
the saprolite zone are also commonly well mineralised. The complete lateritic profile is 
commonly preserved about the crest of Bandalup Hill. Downhill from the crest, progressive 
erosion of the laterite profile has resulted in the removal of barren overburden units and the 
exposure of goethite/limonite and saprolite mineralised units at the surface (Figure 5). 

Resource drilling on the Ravensthorpe Nickel Project totals in excess of 1,500 reverse 
circulation drillholes (+50,000 m), 13 diamond drillholes (700 m), and 15 large diameter 
drillholes (490 m). The bulk of this drilling has been centred on the Halley's deposit at 
Bandalup Hill, with broader spaced reconnaissance drilling being completed on the Hale-
Bopp and Shoemaker-Levy (formerly Bandalup North) deposits located to the south and 
north respectively. Resource evaluation of this drill data is summarised in Table 2 and 
indicates a global resource within the Ravensthorpe Nickel Project. 

Table 2: Resource Evaluation at 0.5 % Nickel Cut-Off Grade 

0 5% Nickel Cut-off Million Tonnes Nickel Grade (%) Cobalt Grade (%) 

Indicated 59 0.9 0.04 

Inferred 91 0.8 0.04 

Total 150 0.8 0.04 

Computer block modelling of the Halley's resource has been undertaken using Multiple 
Indicator Kriging for grade estimation. This has provided direct estimates of diluted 
recoverable resources for varying nickel cut-off grades, the results of which are presented in 
Table 3. This resource is currently classified as an Indicated Resource, pending completion 
of additional geostatistical studies. 
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2.0 	DESCRIPTION OF PROPOSAL 

2.1 	PROJECT CHARACTERISTICS 

Key characteristics of the project are summarised in Table 1. 

Table 1: Proposed Key Project Characteristics 

Project life approx. 20 years 

Size of deposit 	- total inferred 150 million tonnes 

Mining rate 	 - maximum 4.0 Mtpa 

Beneficiated concentrate production (average) 1.8 Mtpa 

Acid leach throughput 1.8 Mtpa 

Maximum depth of mining 50 m 

Tailings storage area 	- ground level footprint 144 ha 

-final surface area 115 ha 

Water Supply 	- source sea water 

- raw water (average) 13,000 kL/d 

(35,000 mg/L TDS) 

- process/potable water 6,000 kL/d 

(210 mg/LTDS) 

(The process/potable water stream is a component of the total 
requirement of 13,000 kL/d)  

Energy generation 	- installed capacity 60 MW 

- normal (power station) 40 MW 

- recovered (acid plant) 12 MW 

Major resource use 	- limestone 300,000 tpa 

- sulphur 220,000 tpa 

Workforce 	 - construction 900 

- operation 250 

Stockpile area (ore) 18 ha 

Overburden storage area 152.4 ha 

Nickel production 30,000 tpa 

Cobalt sulphide production 2,200 tpa 

Transport rate 	- to site 675,000 tpa 

- from site (product) 32,200 tpa 

Note: the units used in Table 1 are explained in Section 10.0: Abbreviations and Units 

2.2 	GEOLOGY AND MINERAL RESOURCES 

The Ravensthorpe Nickel Project is located close to the southern margin of the Archaean 
Yilgarn Craton, within the Ravensthorpe Greenstone Belt. The Project tenements abut the 
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Table 3: Estimates of Recoverable Resources 

Cut-off Grade (%Ni) Million Tonnes Nickel Grade (%) Cobalt Grade (%) 

0.5 59.4 0.90 0.04 

0.8 31.4 1.12 0.05 

1.0 1 16.9 1.31 0.05 

2.3 	MINING AND PROCESSING 

2.3.1 	Mining 

The Ravensthorpe project involves the mining of a lateritic deposit. Mining will be by 
conventional open cut methods using hydraulic excavators and trucks. 

The initial mining area is Halley's, formerly named Bandalup Central, (Figure 2). The mining 
of this area is the subject of the CER process. Future mining of other areas (refer 2.2) will be 
subject to separate environmental approvals processes. 

The Halley's pit is expected to be about 3,000 m by 1,000 m, with a maximum depth of 50 m. 
Waste rock and low grade ore will be separated and placed in dumps on the western side of 
the pit. Backfilling of the pit will commence once sufficient space has been created, using 
previously excavated waste material. (This will eventually be covered with top soil which will 
be harvested wherever possible from the development areas and stockpiled for such use). 
The ongoing placement of waste material will reduce external dump size and allow 
rehabilitation to begin earlier. 

Strip ratios of 0.8 to 1.5 tonnes of waste per tonne of ore are estimated at this stage of the 
planning process, which are very low relative to conventional mining projects. Geotechnical 
studies suggest that 50% of the material may require blasting. 

The run of mine (ROM) ore will be beneficiated to produce approximately 1.8 Mtpa of product 
which will then be fed to the pressure acid leaching plant for processing. The intended 
process flow is shown schematically in Figure 6. 

2.3.2 	Ore Handling 

Initial mining rate is expected to range from 2 to 3 Mtpa of ROM ore to be fed to the 
beneficiation plant, but would reach around 4.0 Mtpa if a nickel production rate of 30,000 tpa 
is achieved. Blending of ore from various parts of the pit will be carried out in order to 
provide relatively constant Ni, Mg and Al grades to the plant. The different ore types will be 
mined and stockpiled separately at the ROM pad. 

2.3.3 	Beneficiation 

The ROM ore will be reclaimed by front end loaders and fed into the feed hopper. The ore is 
reclaimed from the feed hopper, primary crushed and then placed in a covered, crushed ore 
stockpile, for later reclamation and feeding to a scrubber. The discharge from the scrubber 
will be screened with the rejection of coarse low grade material to the beneficiation plant 
waste stockpile, to be used eventually as infill to the pit. The remaining material will be 
screened to produce a coarse and fine fraction. The coarse fraction reports to attritioning 
cells while the fine particles are recovered to the product thickener. 
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The attritioning cells violently agitate the thick coarse slurry, and inter-particle collision 
ensures that fine nickel mineralisation will be abraded and concentrated in the very fine 
particle size ranges. 

The product from the attritioning cells will be sent to upcurrent classification. The fine stream 
reports to the product thickener, while the coarse stream will be sent to the reject stockpile. 

	

2.3.4 	Pressure Acid Leach (PAL) 

The slurry from the beneficiation circuit is stored in an agitated slurry receiving tank at 
approximately 40% solids (by weight). The slurry is then pumped through the first and 
second preheat towers to raise the slurry temperature in preparation for feeding into the 
autoclave circuit. 

The heated slurry is pumped by high pressure pumps to the Pressure Acid Leach (PAL) 
autoclave system with the addition of 96% pure sulphuric acid for leaching of the slurry. The 
acid leach solubilises the nickel and cobalt and the resulting slurry is let down via the high 
and low pressure flash tanks to the partial neutralisation circuit. 

The air and steam vents from the autoclave and the preheat towers are contacted with water 
in a 316 stainless steel vent gas scrubber to lower entrained acid to levels permitted for 
atmospheric venting. The acidic water from the scrubbers is recycled into the process and 
the scrubbed gases are vented through a vent stack at a suitable elevation. The stack height 
is estimated to be between 50 and 70 m above ground level. Atmospheric modeling will 
confirm this height. 

	

2.3.5 	Neutral isation/Cou nter-Cu rrent Decantation (CCD) 

In order to precipitate impurities in the PAL discharge slurry, the acid must be neutralised by 
raising the pH to 2.5. This is done by routing the slurry through a series of neutralisation 
tanks which are Continuous Stirred Tank Reactors (CSTR5). Here, it is reacted with a 30% 
limestone slurry. The resulting slurry flows by gravity to the CCD circuit. 

The CCD circuit progressively washes and separates the solid material from the nickel and 
cobalt bearing solution in a series of conventional thickeners operating counter currently to 
one another. The first wash thickener overflow containing the metal values becomes 
progressively enriched with nickel and cobalt. This stream is pumped to the sulphide 
precipitation section. 

The underflow residual slurry is combined with all of the other liquid process waste streams 
and neutralised in a series of cascaded tailings neutralisation tanks using limestone and milk 
of lime. The neutralised tails slurry, with a pH greater than 6, is then pumped to the tailings 
residue disposal facility. 

	

2.3.6 	Sulphide Precipitation and Leaching 

To purify and concentrate the nickel and cobalt in the PLS, the nickel and cobalt are first 
precipitated with hydrogen sulphide in the sulphide precipitation autoclave. Impurities such 
as manganese, magnesium, aluminum, and iron remain in solution. The resulting sulphide 
slurry from the autoclave is thickened to 75% solids content in a covered and vented 
thickener. The vent is routed to the flare to incinerate any residual hydrogen sulphide; the 
underflow is filtered in an enclosed filter and resulting cake discharged to a stockpile. The 
thickener overflow, containing the dissolved impurities eventually exit the plant in either the 
CCD underflow or the bleed stream. The overflow is mixed with hydrogen peroxide, to 
destroy any residual hydrogen sulphide, before being filtered and neutralised with lime prior 
to disposal in the tailings dam. 
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The resulting sulphide cake is repulped and leached in the sulphide leach autoclave with 
compressed air (as a source of oxygen) to re-solubilise the nickel and cobalt. The slurry is let 
down into a flash tank and the vents are routed to a stainless steel scrubber where any 
entrained acid is scrubbed out with water. The resulting Pregnant Leach Solution (PLS) is 
heated and filtered to remove any undissolved material, which is then recycled, before going 
on to further purification and then to the cobalt Solvent eXtraction (SX) circuit. 

2.3.7 	Cobalt Solvent Extraction (SX)/Precipitation 

2.3.7.1 	Solvent Extraction 

Cobalt SX is carried out at pH 5.5, using sodium hydroxide for pH adjustment. There are 
three mixbox/settler stages of extraction, two stages of scrubbing, and two stages of 
stripping. In addition to cobalt and zinc, both manganese and iron, which are present as 
minor impurities, are also extracted. The extraction is carried out using the reagent Cyanex 
272 dissolved in kerosene. 

The resulting aqueous stream (raffinate) from the extraction stage is pumped to the nickel 
precipitation circuit for nickel extraction after removal of any entrained organic phase using a 
column cell. 

The scrubbing stage is required to ensure full loading of the organic and to displace any 
nickel which loads in the early stages of extraction. The scrubbed, loaded organic is then 
stripped of cobalt using strip acid solution from a makeup tank. 

The spent strip solution (aqueous) is pumped through a column cell to remove any entrained 
organic. The resulting rich cobalt solution is then routed to cobalt sulphide precipitation. 

2.3.7.2 	Co Sulphide Precipitation 

Cobalt, extracted by the Cyanex 272, is precipitated as cobalt sulphide slurry in a series of 
steam-fed CSTRs. This slurry is thickened to 30% solids content in a covered thickener 
which is vented to the flare stack. The thickener underf low is filtered and the resulting cobalt 
sulphide cake is put into tote bags and sold to refiners as an impure cobalt product. 

A barren liquor overflow bleed stream from the thickener is mixed with flocculant before 
being recycled through the thickener. Any impurities eventually exit the plant in the final 
tailings which are neutralised prior to disposal. 

2.3.8 	Nickel Precipitation/Releach and Electrowinning 

2.3.8.1 	Precipitation/Releach 

Cobalt solvent extraction raffinate is first treated with magnesium oxide (magnesia slurry) in a 
series of three CSTRs to raise the pH and cause nickel hydroxide to precipitate. The 
precipitate is thickened and the thickener underflow filtered before having the nickel 
hydroxide leached in a series of primary leach CSTRs. The leach product is thickened, and 
the thickener overflow is strong electrolyte which is returned to nickel electrowinning. 

In the second stage, the residue from the first stage is leached in a secondary train of leach 
CSTRs. The leach residue contains little nickel, and after filtering and washing is returned to 
the nickel leach filter. 
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2.3.8.2 	Electrowinning 

The purified solution is filtered and preheated before being pumped to the cell house. Once 
there, nickel is recovered by electrowinning. 

Nickel plates onto the starter sheet mother blanks which are periodically removed and 
stripped to make starter sheets. The resulting starter sheets are placed in the commercial 
cells, which make up the bulk of the cells in the tankhouse. The nickel metal accumulates on 
the starter sheets to form solid nickel plates. These cathodes are then removed from the 
cells, washed, cut and packed in 250 kg drums for shipment. 

Since the anodes have bags around them, the acid mist generated is contained, resulting in 
a clean cell house environment. 

In addition, the bags provide containment for the small amounts of lead-bearing slime that 
slough from the anodes. These bags are periodically emptied and the slimes collected in 
drums and sent away for proper disposal. 

2.3.9 	Ancillaries 

There are a number of ancillary systems required to support the process. These are 
described below. 

2.3.9.1 	Acid Plant 

It is expected that the process will consume approximately 670,000 tpa of sulphuric acid. 
This will be generated in a sulphuric acid plant, using imported sulphur delivered to and 
stored on site (refer 7.1.2.2). Sulphur consumption is expected to be approximately 300 kg 
per tonne of acid produced, which equates to about 220,000 tpa of sulphur. 

The sulphur is melted, and the molten sulphur burned in air to form sulphur dioxide. The 
sulphur dioxide is catalytically converted to sulphur trioxide, which is then dissolved to 
produce concentrated sulphuric acid. The heat evolved in this process is used to generate 
steam. Some of it is used for the process and the balance is used to generate electrical 
power in addition to that produced by the power station, for use elsewhere on site. 

Waste gases from the acid plant are collected and sent to the Acid Gas Disposal System for 
treatment and vented to atmosphere through a stack. The stack will be designed to ensure 
that ground level concentrations of acid gases meet recognised standards. Liquid waste 
streams generated from wash down of spills are collected and recycled back into the 
process. Likely gas emissions are discussed in Section 6.3. 

Over 99.7% of the incoming SO2  is converted to S03  and then into sulphuric acid. This 
conversion is achieved through successive gas absorption and cooling steps designed to 
separate the acid from what ultimately ends up as tail gas. 

The S03  and H2SO4  mist content of the tail gas will not be higher than 30 mg/Nm3, calculated 
as S03. Various filters in the plant clean the gas. A candle-type mist filter is fitted to the 
outlet of the final gas absorption tower to scrub the gaseous effluent to within acceptable 
levels before it is finally exhausted to atmosphere through a stack. 

The SO2  emission rate will be in accordance with Australian regulations and not be more than 
1.8 kg/t of acid produced. 
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2.3.9.2 	Hydrogen Plant 

Hydrogen is required in order to produce hydrogen sulphide for the sulphide precipitation 
step. There are two options available: either electrolysis of water or the partial oxidation of 
LPG (liquid petroleum gas). The latter has been chosen as the most appropriate technique 
for this project. 

The plant specification requires production of 2,400 m3/h of hydrogen by the catalytic 
reforming of LPG and steam in a furnace. Impurities such as carbon dioxide, water and 
nitrogen are removed in a fixed-bed adsorption purification unit. 

2.3.9.3 	Hydrogen Suiphide Plant 

Hydrogen sulphide is required for the precipitation of the nickel and cobalt suiphides. 
Hydrogen and liquid sulphur are both produced on site (refer above) and reacted together in 
a packed vertical reaction vessel to produce the hydrogen sulphide gas. 

During normal operations, there will be no emissions from this plant. However, there may be 
minor emission of hydrogen sulphide during start-up and this will be piped from the plant to 
the hydrogen plant for combustion to sulphur dioxide. Possible gas emission during start-up 
is discussed in Section 6.3. 

2.3.9.4 	Limestone Source and Plant 

Approximately 300,000 tpa of limestone is required for acid neutralisation (refer 2.3.5). 
Investigations to identify a local limestone source are ongoing, with the primary proposal 
being to truck limestone from an existing, commercial quarry. The most probable source will 
be a quarry located at Rawlinna, about 400 km east of Kalgoorlie. It is proposed to transport 
the limestone by rail from Rawlinna to Grass Patch, about 100 km north of Esperance, where 
it will be unloaded and trucked to the South Coast Highway and thence to site. 

The limestone will be crushed and screened before delivery and then stockpiled on site, from 
which it will be reclaimed and then fed to a ball mill to be ground in the presence of water. 
The resulting slurry will be pumped to an agitated storage tank and thence pumped to the 
users via a recirculation loop. 

Tailings neutralisation will utilise about 10,000 tpa of lime, all of which will be delivered to 
site. 

2.3.10 	Tailings Storage Facility 

The tailings storage facility (also known as a tailings disposal facility) is described in 
Appendix D, which is summarised below. The facility will be designed and constructed in 
accordance with the following DME publications: 

. 	"Guidelines on the Safe Design and Operating Standards for Tailings Storages", 1996 

"Guidelines for Preparation of a Notice of Intent - Tailings Disposal Facility, Vat Leach, 
Heap Leach or Extensions to Existing Structures", 1993. 

The DME will be consulted on the facility design during the detailed design stage of the 
project. The facility will be constructed on cleared farmland located approximately 5 km 
south of Bandalup Hill (Figures 8,9). The preliminary design is illustrated in Figures 12 and 
13. 
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Tailings material samples collected from the testwork were analysed by the Toxic 
Characteristic Leachate Procedure (TCLP). This is a procedure developed by the US EPA to 
simulate the likely concentrations of leachate generated by a deposited residue. In Western 
Australia, the TCLP results for a particular material are used to determine what type of landfill 
facility must be used to contain the material. The TCLP results for the tailings are included in 
Appendix D. They indicate that the tailings material falls into the category of 'low hazard 
waste', suitable for containment in a landfill facility designed to contain inert waste, 
putrescible waste or low hazard waste. In this respect, the tailings material is deemed to 
present no risk to the underlying groundwater 

2.3.10.1 	Design Concept 

The mineral processing plant will generate benign tailings in the form of a slurry, which will 
be pumped to the storage facility via a contained pipeline (to prevent contamination of the 
surrounding environment in the event of pipe failure). 

The storage facility will consist of two equal storage cells with external dimensions of 812 m x 
890 m, confined by a compacted earthf ill starter embankment, and has been designed so as 
to minimise the seepage of process water into the surrounding environment. Tailings 
deposition will be alternated between the cells over a nominal 6-month cycle, allowing 6 
months of drying and consolidation of the tailings beaches within the dormant cell. 
Discharge of tailings into each cell will be modified as required to optimise drying and 
consolidation. 

The initial starter embankments will be progressively raised during the life of the project (by 
the "upstream" method of construction) as shown in Figure 13. 

The initial active tailings storage area will be approximately 144 ha. The active area will 
reduce with subsequent embankment lifts, resulting in a final surface area after 20 years of 
approximately 115 ha. 

The initial starter embankment forming the Cell 1 and Cell 2 impoundments will provide a 
minimum volume of 5.6 Mm3  for tailings deposition (ie. approximately 3 years of storage) and 
will be raised throughout the project life to a final expected maximum height of approximately 
24 m above the natural ground surface (approximately 20 years of storage at current rates). 
Additional storage capacity will be readily achieved by further upstream lifts as the final 
height could be extended to 30 m if required. 

The perimeter starter embankment will be constructed with a 31-1:1V downstream slope and a 
1.51-1:1V upstream slope. These slope angles will be retained for successive upstream lifts. 
The relatively flat downstream slope will facilitate progressive rehabilitation of the storage 
during operation. With these slopes stability is unlikely to be a problem, however 
comprehensive slope stability analyses will be conducted during detailed design to confirm 
stability under both static and seismic (earthquake) loading. 

Water must be recovered from the deposited slurry to ensure a stable tails storage facility, so 
it will be collected via a centrally located decant system in each tailings cell. Each decant will 
consist of slotted well liners on a reinforced concrete plinth, surrounded by clean graded filter 
rock. Water collected by the decants will be removed by submersible pumps installed within 
the decant structure, discharging to a clay-lined return water storage pond constructed 
adjacent to the tailings storage facility. An underdrainage and temporary decant system will 
be installed within the lowest corners of each cell to collect ponded water and assist in the 
consolidation of the tailings solids in these areas. The ponded water will also be directed to 
the adjacent return water storage pond. 
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2.3.10.2 	Decant Water Disposal 

Current indications are that the concentration of salts in the decant water from the tailings 
storage facility will allow it to be recycled within the process plant. The plant water balance 
indicates an excess of water, and part of the brine stream produced by the desalination plant 
will therefore be returned to the ocean (refer 2.5.4.3). 

Should future work show that it is impossible to recycle tailings water within the plant, the 
water would be disposed of using an evaporation pond. In this case, the decant water would 
be pumped from the return water pond to an evaporation pond of sufficient area to dispose of 
all the water (and incident rainfall). The pond floor and embankments would be sealed with a 
synthetic liner (eg. polyethylene or polypropylene). The design, construction and operation 
of the evaporation pond would comply with the same DME guidelines that apply to the 
tailings storage facility (refer Appendix D) and it would incorporate a similar seepage 
detection system. 

The need for an evaporation pond is considered to be very unlikely, and the required 
capacity of such a pond would not be known until a later stage of the process plant design. 
Consequently, it is not possible to reliably estimate the required area, which could range from 
that of a small dam to the 144 ha area required for the tailings storage facility (the maximum 
likely area). 

In either case, all pipelines will incorporate flow detection equipment to ensure prompt, 
automatic shut down of pumps in the event of a flow discrepancy, to prevent release of 
tailings return water to the environment. 

The CER addresses the environmental impacts associated with both possibilities, namely the 
proposed return brine disposal and the possible need for an evaporation pond. 

2.3.10.3 Seepage Control Measures 

The tailings storage facility (and evaporation pond, if required) will incorporate many design 
features and operational procedures to protect the environment against seepage. These are 
described in full in Appendix D. 

If leakage is detected which would adversely affect surrounding vegetation or water 
resources, remedial measures will be undertaken to rectify the problem, including: 

Excavation of seepage interception trenches and recovery of seepage water; 

Installation of seepage interceptor bores and recovery of seepage water; and 

Where appropriate, construction of additional containment cells over affected area. 

2.3.10.4 Rehabilitation 

The facility will be rehabilitated in the conventional manner. However, research may be 
undertaken during the project, to identify any opportunities for re-use of the consolidated 
residue contained in the facility, such as brick making or as a soil additive or conditioner for 
agricultural use. 

The perimeter embankment will be progressively rehabilitated during the project's operational 
life. 	Progressive rehabilitation will typically involve topsoiling of the downstream 
embankment slope, contour ripping and seeding with salt-tolerant and other local plant 
species. It is proposed to commence rehabilitation of the starter embankment immediately 
following construction. 

I:\Comet\81  1OO\Infra\EnvironCERCER - Rev Adoc 	 Page 13 



CONSULTATIVE ENVIRONMENTAL REVIEW 	 RAVENSTHORPE NICKEL PROJECT FEASIBILITY STUDY 

Final rehabilitation of the storage facility will be completed in accordance with DME and DEP 
recommendations and will include control of drainage from the surface and slopes of the 
structure, revegetation and landscaping to ultimately form a stable drained landform over the 
long term. 

If an evaporation pond is constructed, rehabilitation would entail removal of the synthetic liner 
and residual salts, to a landfill of classification appropriate to the nature and concentration of 
the salts, followed by grading of the site to natural contours, and revegetation (as above). 

2.4 	CONSTRUCTION 

The project will entail the construction of the following facilities and infrastructure: 

open pits and haul roads 

waste rock dumps 

topsoil stockpiles 

access road 

tailings storage facility 

possible tailings decant evaporation pond (refer 2.3.10.2) 

ore beneficiation plant 

nickel refinery plant 

accommodation camp 

power station 

administration buildings and workshops 

water supply intake, pipeline, power supply lines and storage ponds 

possible return brine pipeline (refer 2.3.10.2) 

water desalination plant and storage tank 

2.5 	ASSOCIATED INFRASTRUCTURE 

2.5.1 	Transport 

Bulk transport to and from the site will be via the adjacent South Coast Highway. At the time 
of reporting, it is expected that the average daily import and export tonnage will amount to 
approximately 2,040 tonnes, assuming operation for 24 hours per day and 330 days per 
year. The majority of this is expected to be transported by double units (ie. truck and trailer) 
with a combined capacity of about 60 tonnes, equating to around 34 daily truck deliveries 
(equivalent to 68 truck movements). Daily transport requirements are summarised in Table 
4. (These are the maximum likely transport rates, as transport may be spread over more 
than 330 days per year). 
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Esperance is the nearest port facility, approximately 155 km to the east via the South Coast 
Highway. However, until the commercial phase of the feasibility study is completed, it is not 
known which will be the main ports for import of plant items and, later, process chemicals, 
nor which port(s) will be used for export of final product. It is provisionally assumed that truck 
movements will be evenly shared between Perth and Esperance. 

Main Roads WA has agreed to allow Comet to reroute a gazetted road which presently skirts 
the western and northern boundaries of the project mining lease before joining the South 
Coast Highway. The new alignment road will join the South Coast Highway approximately 5 
km west of the present junction (refer 2.5.5). 

Table 4: Transportation Requirements 

- 	 Material Average Daily Transport 

tonnage No. of deliveries by 
double units1  

Sulphur 670 11.2 

Fuel 180 3.0 

Nickel, cobalt sulphide 95 1.5 

Limestone 900 15.0 

Lime 30 0.5 

Magnesium oxide 95 1.6 

LPG, other reagents etc2  42 0.7 

Total 2,042 3353 

One double unit comprises one truck and one trailer, each with about 30 tonnes capacity 
Other reagents are listed in Table 18 
33.5 deliveries equates to 67, say 70, truck movements (refer 7.1.2.4) 

2.5.2 	Airstrip 

Chartered light aircraft are able to land at the Ravensthorpe airstrip, about 5 km west of the 
town and 40 km west of the project site. The benefits of constructing a similar airstrip on 
former agricultural land east of the project site were assessed and construction was found to 
be unwarranted. An ambulance will be based at the site specifically to transport injured 
personnel to Ravensthorpe airstrip if emergency evacuation is required. The nearest airport 
for scheduled commercial flights is Esperance, 155 km to the east. 

2.5.3 	Power 

2.5.3.1 	Existing Facilities 

There is no power available from existing power supply systems in the project area. Western 
Power's southwest grid terminates on the South Coast Highway, about 15 km west of the 
project site, and Hopetoun has its own generation plant which distributes power as far as 
Jerdacuttup community centre about 12 km southeast of the project site. The capacities of 
both systems are limited to meeting the relatively low demands of the respective towns and 
the domestic needs of small rural establishments. 
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2.5.3.2 	Proposed Project Power Supply 

The process plant, accommodation camp, associated site buildings, workshops etc. and 
water supply scheme are estimated to have a total power requirement of about 52 MW for a 
nickel production rate of 30,000 tpa. Installed generation capacity will be about 60 MW. It is 
expected that approximately 12 MW energy will be recovered from waste steam generated 
by the sulphuric acid plant. The net power requirement to be met by the power station, under 
normal operating conditions, will therefore be about 40 MW. 

Negotiations are proceeding to ascertain the viability and comparative advantages and 
disadvantages of the following power supply options: 

Diesel-fuelled on-site generation in a power station either financed and operated by 
Comet, or supplied, operated and maintained by a power generation contractor which 
would sell energy to Comet; 

Construction of overhead power lines to extend Western Power's southwest grid from 
Kondinin, approximately 230 km northwest of the project site. (Kondinin is the 
nearest point where the grid has sufficient capacity to supply the project power 
requirements); 

Construction of a gas pipeline from the southern terminus of the Goldfield gas 
pipeline at Kambalda, approximately 300 km north-northeast of the project site. (A 
possible alternative, associated with this option, is construction of a gas pipeline from 
Esperance, 155 km away, if extension of the Goldfields gas pipeline to Esperance 
eventuates). 

Option 1 is the assumed mode of power generation for the purpose of the CER and feasibility 
study, because it is the only one that has been confirmed to be available at this stage. 
Nonetheless, it is possible that one of the other options may be proposed during project 
design, if their respective proponents prove them to be economically and environmentally 
viable. Provisional indications are that gas supplied via the Goldfields gas pipeline may 
eventually emerge as the preferred source. 

Power for the water supply scheme will be supplied from the project power station (refer 
2.5.4). 

2.5.4 	Water 

2.5.4.1 	Existing Facilities 

Potable water is a scarce commodity in the region. The Water Corporation supplies only the 
towns of Ravensthorpe and Hopetoun, and both schemes are believed to be inconsistent in 
quality and quantity of the groundwater supplied. The Ravensthorpe water supply had to be 
augmented by water trucked from Hopetoun in 1996, and it is understood that, during 
droughts, water for stock has been trucked to the area from as far away as Esperance. 

2.5.4.2 	Water Supply Investigation 

Generally, the rivers and streams in the area do not represent potential water resources 
because of poor water quality, subdued topography and ephemeral streamf low (5). Also, the 
Water and Rivers Commission's policy is that the diversion of surplus surface water for 
supply purposes will not be permitted where this would "have an unacceptably adverse 
impact on social or environmental consequences" (24). In the region, water suitable to 
sustain town water supplies and agriculture appears to be already allocated. Consequently, 
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the possibility of supplying the Ravensthorpe nickel project from a surface water source has 
been discounted. 

This report proposes abstraction of seawater from Mason Bay as a process water supply, 
described in Section 2.5.4.3. Seawater was selected in preference to groundwater at the 
outset of the project, because it is a confirmed source. 

Comet is currently undertaking groundwater investigation in the project area and has had 
some success in locating a suitable groundwater resource within about 15 km of the project 
site. It is intended to develop the resource for a temporary water supply for the construction 
phase of the project, as the seawater-based scheme would not be completed in sufficient 
time. 

If the groundwater investigation succeeds in identifying an adequate resource that will be 
sustainable for the life of the project, this will be adopted in preference to the seawater 
scheme. Depending on the groundwater yield, the seawater-based scheme will be used to 
supplement (with its capacity reduced accordingly), or will be abandoned entirely. 

The CER therefore assesses the impacts of a seawater-based scheme to supply process 
water, and a groundwater-based scheme to provide water for the construction phase. 

Management of the possible impacts of groundwater abstraction will be the same, whether it 
be for a short-term construction water supply or a long-term process water supply. However, 
it is recognised that the duration of abstraction will probably influence the nature or 
magnitude of the impacts. It is therefore the intention that the current groundwater 
investigation programme will gather all the information needed to predict any impacts 
associated with long-term abstraction. The investigation will conclude with a comprehensive 
report that will be used to support any application to the Water and Rivers Commission 
(WRC) for a groundwater abstraction licence. 

2.5.4.3 	Proposed Seawater-Based Project Water Supply 

Section 2.3.10.2 described the surplus water indicated by the water balance and the 
proposal to return to the ocean part of the brine stream from the desalination plant. This 
situation is indicated in the overall water quantity and quality requirements stated in Table 5. 

The total water requirement of approximately 13,000 kL/d will be obtained as seawater, 
pumped from an intake at the western, less-frequented bay of the two bays that together 
comprise Mason Bay (about 35 km due south of the project site). The intake will comprise a 
pipe extending to an inlet screen about 100 m into the sea. It would consist of 300 mm 
diameter ductile iron pipes, weighted to the sea-bed with concrete anchor blocks. The entire 
structure would be removed upon project completion 

The seawater will be conveyed to the project site via a 450/500 mm diameter polyethylene 
pipeline, laid along Mason Bay Road for the entire length from the coastal site to the project 
tenement boundary (Figure 14). The pipe and fittings selection and pipeline design and 
construction will be correctly engineered and, along with the hydraulic testing, will all be 
completed in accordance with AS 4130 and AS 2033 
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Table 5: Process Water Supply Streams 

Stream Application Salinity Volume 

(mg/L TDS)1  (kL/d) 

Raw water Slurry process streams, lime 35,000 170 
neutralisation, dust suppress., misc. use 

(seawater) 
(where practically & environmentally 
acceptable)  

Desalinated water3  Suiphide dissolution, cobalt recovery, 210 3,200 
nickel purification  

Demineralised water3  Acid pressure leach, steam generation 10 pS2  2,700 

Potable water3  Consumption, amenities, ablutions etc. 150 130 

Brine4  25% of reject brine stream from desal. 60,000 1,700 
plant will be used in the process plant  

75% of reject stream from desal. plant 60,000 5,100 
(seawater with increased 
salinity) will be returned to sea (at Mason Bay) 

by pipeline  

TOTAL 13,000 

Notes: 	1. 	TDS = total dissolved solids 
pS = microSiemens electroconductivity 
The desalination plant will also produce the demineralisation plant influent and the potable water disinfection 
plant influent; so total treated water output from the desalination plant is 6,030 kLid 
If tailings decant water is disposed of to an evaporation pond, 100% of brine output from the desalination 
plant (6,800 kL/d) will be used in the process. 

The pipeline will be buried in the cleared strip in the eastern reserve of Mason Bay Road, 
about 20 metres from the road itself, or in private property where no cleared strip exists. The 
pipeline will incorporate two booster pump stations between the coast and the project site, 
contained within a Colorbond®  shed about 6 m x 4 m x 3 m height 

Almost all of the 13,000 kLJd seawater conveyed to the site will be desalinated. The 
desalination plant is expected to be either vacuum distillation or reverse osmosis (RO) type 
and will produce 6,030 kL/d as desalinated water and 6,800 kLJd as brine. 

Under normal operating conditions, and assuming an evaporation pond will not be used, 
about 25% of the brine output will be used and the remaining 75% will be returned to the sea 
at Mason Bay. The brine will be pumped back to Mason Bay via a 315 mm diameter 
polyethylene pipeline laid alongside the 450/500 mm diameter raw water pipeline (described 
above). 

Potable water will be produced by disinfecting part of the desalinated product water, by 
chlorination or UV sterilisation. Demineralised water will be produced by further desalination 
of the desalinated product water, by RO, ion exchange or other commercially available 
technology, with the brine effluent stream used in the process plant. 

Power will be relayed to the seawater intake and intermediate booster pump stations via a 
33kV over head power line erected along Mason Bay Road, supported on timber poles with 
timber cross-pieces, similar to the existing Western Power installations in the area. 

2.5.4.4 	Proposed Groundwater-Based Construction Water Supply 

It is unlikely that the project water supply scheme (described above) will be constructed and 
commissioned before construction commences at the project site. An alternative, interim 
water source will therefore need to be developed to supply water for the concrete batch 
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plant, earthworks Compaction, dust suppression and for the workforce Consumption and 
ablution requirements. 

Groundwater resources may be insufficient to provide a sustainable process water supply for 
the project life, hence the proposed use of seawater for the project water supply scheme. 
However, hydrogeological investigation is being undertaken as part of the feasibility study to 
identify a groundwater resource to be developed for a temporary (2 to 3 years) construction 
water supply. If this resource is subsequently assessed to be sustainable for the project 
lifetime, it will be retained and the design capacity of the seawater abstraction scheme 
reduced accordingly. 

2.5.5 	Access Road 

The existing access road to the project site is Mason Bay Road, which leaves the South 
Coast Highway to the northwest of the project site, runs along the northern boundary of the 
tenement, and then turns 900  south and runs along the west of the tenement (Figure 2). The 
road is in poor condition and its junction with the South Coast Highway is poorly sited in 
terms of its visibility to motorists on the Highway. 

Three options for access into the site have been considered. The preferred option involves 
the construction of a new access road from the South Coast Highway. The new road Will 
effectively be a realignment of Mason Bay Road, leaving the Highway about 5 km west of the 
existing Mason Bay Road junction and running almost south for about 7 km to join Mason 
Bay Road at the above-mentioned 900  turn (Figure 14). 

It was considered that this alignment will provide the best safety features and, by being 
further removed from the mining operations, will lessen the susceptibility of road users to any 
impacts such as noise and visual intrusion. This road will involve a major intersection design 
on South Coast Highway and will allow a security checkpoint to be easily installed just after 
the turn off from the South Coast Highway to control the traffic movements to and from the 
project, should this be required. Final junction location and design will be agreed with the 
Shire of Ravensthorpe and Main Roads WA. 

It is intended that the access road will incorporate the following features: 

10 m wide sealed (with 50 mm 'hotmix') road pavement with 1 m wide shoulders, to allow 
access for any oversized loads into the site; and 

minimum curve radius of 30 metres, to accommodate over-length vehicles. 

2.5.6 	Workforce and Accommodation 

2.5.6.1 	Workforce Population 

Based on experience with similar nickel projects (including Cawse, Bulong and Mt Keith), it is 
expected that the construction workforce will peak at around 900 persons. This estimation is 
dependent on the time frame over which the project will be constructed and the construction 
techniques employed. 

The regional CES office advised that the total workforce in the Shire of Ravensthorpe 
numbers 810 persons, of which 38 were unemployed in March 1998, including people 
permanently unemployable due to disability. It is understood that some people who are 
normally resident in the area may be employed in the Goldfields and would return if there is 
an opportunity to work locally. However, this cannot be presumed so, for planning purposes, 
it has been assumed that accommodation and infrastructure facilities need to be provided for 
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the entire construction workforce and, subsequently, for the operational workforce of about 
250. 

2.5.6.2 	Accommodation 

There is no accommodation near the site and there is inadequate infrastructure and 
negligible accommodation availabte in the towns of Ravensthorpe (35 km from site, pop.392) 
and Hopetoun (40 km from site, pop.250). The sudden influx of a large working population 
into these towns may place a considerable strain on many of the resources (eg. medical 
facilities) and could have undesirable social impacts on the local community. To overcome 
these problems it is intended to build a camp near the project site to accommodate a 
construction workforce of up to 900. The Shire of Ravensthorpe supports this approach 
(pers.comm. B.Hulland). The camp will then be partially dismantled to accommodate an 
operational workforce of 250. 

Four sites have been considered, all of them being on private, previously cleared farmland 
straddling Mason Bay Road, between Jerdacuttup Road and the project site. The preferred 
site lies immediately west of Mason Bay Road, north of the junction with Jerdacuttup Road. 

In the longer term, the camp-based workforce is expected to assimilate into the local 
community, with the presence of the workforce prompting construction of housing in 
Ravensthorpe and Hopetoun and leading to progressive migration from the camp and its 
eventual closure, or substantial diminution. 
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3.0 	EXISTING ENVIRONMENT 

3.1 	OVERVIEW 

The location of the project site is described in Section 1.2. This section describes the 
environment of the surrounding region. 

The region features a flat to generally undulating sandplain, falling gradually to the coast, 
south of the project site. Prominent landmarks include the Ravensthorpe Ranges, 
commencing 27 km east-north-east of the site and rising to 404 mAHD, and the distinct 
peaks of the Barren Ranges. The latter occur within the Fitzgerald National Park, which 
occupies a large area west of Hopetoun (40 km southwest of the site), and include distinct 
peaks ranging from 270 to 510 mAHD. 

Exploration results indicate that mining activities will be generally confined to Bandalup Hill 
itself. The process plant and tailings dam will therefore be located on flatter land immediately 
west and south of the hill respectively. The hill forms a prominent rise to about 230 mAHD 
within the surrounding sandplain which varies from 160 to 180 mAHD around the base of the 
hill. 

Original vegetation is low scrub interspersed with woodlands of small eucalypts, typically up 
to 4 m high, however much of the vegetation has been cleared for agricultural use such as 
wheat cropping and occasional support of small flocks of sheep. (For example, the area 
between the South Coast Highway and the Southern Ocean coast, extending 5 km either 
side of the project site, appears on the 1:100,000 sheet to be 70 to 80% cleared of original 
vegetation). Not all the cleared land is in use, the soils tend to be very infertile for agricultural 
use, and there are indications that some former agricultural land has been abandoned (22). 

Several rivers, all of which are seasonal, flow south through the sandplain. The only 
significant river in the vicinity of the project site is the Jerdacuttup River, which passes about 
9 km southwest of the site and discharges into the saline Jerdacuttup Lakes near the coast. 
The project is located within the catchment of this river system, although the surface 
drainage route from the project site to the river meanders over approximately 30 km. 

The coast is characterised by rocky headlands separating fine sandy beaches that are 
popular with campers and with tourists staying at Hopetoun or passing through the area. 
Much of the coastal strip immediately behind the shoreline is occupied by saline lakes, 
separated from the beach by sand dunes. 

The latest editions of topographical maps show Jerdacuttup Lakes contained within a nature 
reserve which extends along the coast for about 12 km east of Hopetoun, and up to 4 km 
inland, and Lake Shaster nature reserve extending 12 km east of Starvation Bay. Although 
the maps indicate that the 23 km coastal strip between the Jerdacuttup Lakes and Lake 
Shaster nature reserves does not have reserve classification, it is understood that most of 
this area is now classified as reserve, with the area south of the coastal road (the Southern 
Ocean Road East) vested in the Shire of Ravensthorpe and the area to the north vested in 
CALM. The project site is about 35 km due north of this area. 

The town of Ravensthorpe (pop. 390) is the local administrative centre. It contains the Shire 
office, a tourist bureau, a museum of mining and agricultural memorabilia, a motel, a hotel 
and several small agricultural support businesses, general shops, three service stations, and 
residences. It is served by an airstrip some 5 km west of the town. 

The coastal town of Hopetoun (pop. 250) caters for tourists and recreational fishermen and 
supports up to 3,000 people during the height of the tourist season. It is a popular retirement 
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destination and comprises mainly residences and small commercial accommodation 
establishments, with a hotel and several general shops. It is served by road from 
Ravensthorpe, 40 km to the north. 

3.2 	CLIMATE 

3.2.1 	General Description 

The Ravensthorpe-Esperance region is semi-arid and has a Mediterranean climate with cool, 
wet winters and hot dry summers. The average monthly temperatures for Ravensthorpe 
range from 14°C to 29°C during the summer months and 7°C to 16°C during the winter 
months. The average annual rainfall at Ravensthorpe is 425 mm. 

Climate information collected at Ravensthorpe by the Bureau of Meteorology is summarised 
in the remainder of this section. 

3.2.2 	Temperature 

Table 6: Temperature Data 

Characteristic Range, °C 

From To 

Highest temperature 45.9 (Feb) 25.6 (June) 

Lowest maximum temperature 16.8 (Jan) 7.8 (July) 

Mean daily maximum temperature 29.3 (Jan) 16.2 (July) 

Mean number of days over 35°C 5.1 (Jan) Nil (May to Sept) 

Lowest temperature 5.9 (Jan) -1.0 (July) 

Highest minimum temperature 27.3 (Feb) 13.6 (July) 

Mean daily minimum temperature 14.6 (Feb) 6.6 (August) 

Mean number of days under 2°C Nil (Oct to April) 1.0 (August) 

Mean 0900 hours temperature 21.3 (Jan) 10.3 (July) 

Mean 1500 hours temperature 26.8 (Jan) 15.2 (July) 

3.2.3 	Rainfall and Evaporation 

The project site lies in the rain shadow of the Ravensthorpe and Mount Barren ranges and 
receives highly variable rainfall. The average annual rainfall at Ravensthorpe is 425 mm. 
Average monthly rainfall data provided by the Bureau of Meteorology is illustrated in Figure 
11. 

Rainfall is experienced throughout the year. Most of the rain occurs during the winter 
months, between May and October, from cold fronts associated with low pressure systems 
from the Southern Ocean, while periodic summer rainfall results from tropical rain 
depressions or thunderstorm activity. The wettest months tend to be May and July and the 
driest is generally January. 

The average annual evaporation measured at the Munglinup Melaleuca station, 
approximately 35 km east of Bandalup Hill, is 1860 mm. Evaporation is greatest during the 
summer months of December and January and lowest during the winter months of June and 
July. 
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The ratio of mean monthly evaporation to mean monthly rainfall ranges from approximately 
13 in January to 1.6 in June, indicating that evaporation exceeds rainfall throughout the year. 

3.2.4 	Wind 

The Bureau of Meteorology has recorded wind speed (in km/hr) and direction of origin (as 
one of eight directions - north, northeast, east etc.) in Ravensthorpe at 0900 and 1500 hours 
each day from 1962 to 1993. The prevailing wind directions, and percentage of observations 
indicating these directions, are summarised in Table 7 and illustrated as wind roses in 
Appendix E They indicate mainly south-easterly winds through summer and north-westerly 
winds through winter. 

Table 7: Prevailing Wind Directions 

Month 0900 hours 1500 hours 

Direction % direction % 

January* se 22 se 44 

February se 23 se 42 

March ne 18 se 33 

April nw 21 nw 21 

May nw 37 nw 31 

June nw 46 nw 41 

July nw 50 nw 42 

August nw 41 nw 38 

September nw 31 nw 33 

October sw 21 Sw, flW 21,21 

November Se, SW 16, 16 se 32 

December se 20 se 48 

For example, of all wind directions recorded at 0900 hours in January (irrespective of speed), 22% 
were from the southeast. The data also indicate that, in all cases, winds in excess of 20 km/hr 
occurred in the prevailing direction. 

3.2.5 	Climate Change 

The Bureau of Meteorology has three recording stations in the region, with records extending 
back to 1983, 1975 and 1972 at the respective stations. Records of such short length are 
insufficient to permit identification of any overall climate change. The station which 
commenced in 1972, for example, recorded maximum and minimum annual rainf ails only two 
years apart (1992 and 1994), with no trend evident over the preceding years. 

Comet is in the process of purchasing and installing a weather station and setting up a 
monitoring programme. 	 - 
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3.3 	GEOLOGY AND SOILS 

3.3.1 	Geology 

The following description was taken from reference (5). 

The Ravensthorpe-Esperance region comprises Precambrian basement which is overlain by 
Tertiary and Quaternary sediments along the coastal southern margin. Greenstones 
predominate around the Ravensthorpe area where they form a series of subdued parallel 
ridges and valleys. The north-west section of the area forms part of the Yilgarn Craton and 
has been juxtaposed against the Albany-Fraser Orogen to the south-east along the 
Jerdacuttup Fault. 

The Bandalup Hill ore body is located within an Archaean greenstone belt of the Yilgarn 
Craton. The greenstone is crosscut by dolerite dykes of the Widgiemooltha dyke swarm and 
is unconformably overlain by metasediments of the Proterozoic Mount Barren Group 
(Johnson, 1997). 

The south-eastern portion of the study area forms part of the Albany-Fraser Orogen and 
comprises Munglinup Gneiss of the Biranup Complex 

Cainozoic sediments form a discontinuous and highly dissected cover over the basement 
and include Tertiary sediments of the Plantagenet Group. Quaternary shelly sandstone and 
dune sand form a prominent range of hills parallel to the coast. 

3.3.2 	Soils 

The following description was taken from reference (17). 

The soils of the region fall into two distinct categories, namely the Sandplain, which 
characterises the project area, and, further inland, the Mallee. 

Most of the soils of the Sandplain are grey siliceous sands overlying gravel, gravelly clay, or 
subsoil. The depth of the sand is variable and pasture development is easier where the sand 
is less than 600 mm deep. Significant areas of sand deeper than 900 mm occur, making 
pasture establishment difficult. There are also large expanses where surface soils comprise 
either gravelly sand or clay. Where clay occurs on the surface, a gilgai microrelief is found 
on waterlogged areas. 

Where drainage channels or rivers have exposed the country rock, a gneissic granite is 
uncovered by erosion of 9 to 15 m of overlying material. The rock gives rise to brown sandy 
loams or loamy sands on which is found a woodland vegetation quite distinct from the heath 
association of the plain. 

Areas of deep sand occur throughout the Sandplain, particularly to the east of the Lort River. 
These soils have a surface sand layer of at least 910 mm, and up to 5m deep in places. 
The samples are usually a greyish-yellow fine sand over a pale yellow fine sand and become 
yellow at depth. 

The nitrogen and phosphorous content of these soils is extremely low. Nevertheless, 
supplies of available calcium and potassium on the better soils, or even in the clays of the 
deeper sands, are relatively good. Concurrently, while potassium reserves of the better plain 
soils are adequate, clover planted on the deep sand is seriously affected by potassium 
deficiency. 
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3.4 	HYDROLOGY 

3.4.1 	Rivers 

The following description is taken from reference (5). 

A major surface water divide separates the northward flowing internal drainage system of the 
Red Inland Sandplain from the southward draining system of the Esperance coastal plain. 

This region contains many ephemeral streams and rivers. Flow in most water courses is 
seasonal due to the sparse rainfall and absence of significant aquifers to sustain baseflow. 
The majority of rivers draining towards the coast are restricted to the Esperance Sandplain 
and extend only 50 to 70 km inland (Water and Rivers Commission, 1997). 

River courses and surface drainage systems are generally poorly developed except along 
the coast and it is reported that there has been no significant calcrete development along 
palaeodrainage channels (Johnson, pers.comm.). 

Major rivers which drain the Ravensthorpe-Esperance region (listed from east to west) are: 

Bandy Creek, draining into Esperance Bay; 

Dalyup River, draining into Lake Gore; 

Young River and Lort River, draining into Stokes Inlet; 

Oldfield River and Munglinup River, draining into the Oldfield Estuary; 

Jerdacuttup River, draining into Jerdacuttup Lakes; and 

West River, Phillips River and Steere River; draining into Culham Inlet, west of Hopetoun. 

Clearing in the upper reaches of catchments has resulted in increased salinity and flow rates 
in surface water courses (5). The Water & Rivers Commission estimate that 86% of all 
streams within the Esperance Coastal area are brackish to saline and note that fresh to 
marginal water only exists in streams which receive no contribution from groundwater (5). 

3.4.2 	Lakes 

The nearest freshwater lakes are around Esperance, over 150 km away. Several saltwater 
lakes have developed from the coast, which is 35 km south of the project site, extending up 
to 4 km inland. All are contained within the Jerdacuttup Lakes and the Lake Shaster nature 
reserves. 

Water chemistry analyses for the lakes are not available, however, during a site visit by 
KSJV in February 1998, they were observed to be drying out to form salt pans. 

3.4.3 	Water Quality 

The Water and,  Rivers Commission has scant information on surface water quality in the 
area. It was able to provide chloride analysis for a few samples collected in the 1970's from 
the upper Jerdacuttup River, about 20 km upstream of it's junction with Bandalup Creek, and 
from the Steere River, about 2 km upstream of it's discharge into the Culham Inlet (west of 
Hopetoun). 
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The Jerdacuttup River samples exhibited chloride concentrations ranging from 2,244 mg/L to 
10,945 mg/L (cf. recommended potable water guideline value of 400 mg/L recommended by 
Australian Water Quality Guidelines for Fresh and Marine waters). Even in July, which 
generally experiences the highest rainfall during the year, a chloride concentration of 6,551 
mg/L was recorded and the highest concentration of 10,945 mg/L was measured in October, 
which is typically the end of the 'rainfall' season. 

Other salinity measurements undertaken in April 1998 by Comet recorded 34,000 and 
48,000 mg/L TDS in standing pools in the Oldfield and Jerdacuttup Rivers respectively. A 
sample taken from a main channel within the Jerdacuttup River recorded 14,000 mg/L TDS. 

3.4.4 	Project Area Surface Drainage 

The project area lies within the overall catchment of the Jerdacuttup River which drains into 
the saline Jerdacuttup Lakes, located on the coastline approximately 35 km southwest of the 
project site. 

The surface drainage regime in the vicinity of the project area is typified by defined channel 
flow away from the project site. Bandalup Hill, on which the main ore body is located, acts as 
a drainage divide between the north and south (refer Figure 9). 

Surface water entering the northern drainage channels from Bandalup Hill flows northward 
and then westward prior to entering Bandalup Creek some 8 km downstream of, and to the 
west of, the project site. Surface water entering the southern drainage channels from 
Bandalup Hill flows southward and then westward prior to entering Bandalup Creek some 
11 km downstream of, and to the southwest of, the project site. The Bandalup Creek then 
discharges into the Jerdacuttup River about 3 km further downstream. 

The process plant and tailings dam will be sited immediately west and south of Bandalup Hill 
respectively. Surface water from this area flows either northward into Bandalup Creek or 
southward into an ill-defined, ephemeral drainage channel referred to as Burbalup Creek. 
The creek system is indicated on the topography maps as several discontinuous lines 
leading generally southwards then eastwards for some 30 km prior to entering the 
Jerdacuttup River. Conversations with local farmers indicate that flow in Burbalup Creek 
from the project area to Jerdacuttup River occurs only after very heavy rainfall and is not an 
annual occurrence. 

3.5 	HYDROGEOLOGY 

Studies have been undertaken by the Water and Rivers Commission (WRC) in the 
Ravensthorpe area over recent years and culminated in the publication of a 1:250,000 
hydrogeological sheet during 1996 (24). However, unlike the Goldfields, for example, there 
has been very little groundwater resource investigation and it is understood that the WRC 
was obliged to base its publication on relatively scant information. The following description 
of the hydrogeology of the region is taken from reference (5). 

The Ravensthorpe-Esperance region is characterised by an absence of major regional 
aquifers. Aquifers present within this region fall into the following categories: 

basement aquifers which have developed in association with zones of fracturing and 
deep weathering; and 

cainozoic sediments which are generally limited to the coastal region. 
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Johnson (1997) reports that the water table ranges between 20m and lOOm below surface 
and is a subdued reflection of the surface topography. The hydrogeological sheet indicates 
considerable variation in groundwater quality, from 14,000 mg/L TDS near the project site 
and near the coast, to as low as 1,000 mg/L on the intervening plain. However, the 
examples of low salinity are believed to be isolated, perched water tables that are 
replenished annually by rainfall. 

	

3.5.1 	Basement Aquifers 

The WRC has recently undertaken a programme of groundwater exploration in conjunction 
with the Water Corporation with the intention of developing a reliable water supply for the 
town of Ravensthorpe. A drilling programme was conducted during early 1997 to investigate 
the following geological targets: 

the Kundip Quartzite of the Mount Barren Group. Fold hinge zones in this formation were 
initially considered to be the most prospective groundwater targets in the Ravensthorpe 
region, although drilling subsequently indicated that the quartzite was not as fractured 
and jointed as had been expected; 

a banded iron formation (BIF) to the south-east of Ravensthorpe; and 

tonalite to the south-east of Ravensthorpe. 

Bores drilled during this programme recorded average yields of between 30 and 50 kL/d, and 
the encountered groundwater was generally highly saline. The only high yielding bore drilled 
during this programme is located in fractured diorite 500 m from the Cardingup Dam and 
yields 500 kL/day with a salinity of 6,000 mg/L TDS. It is planned that this bore will be used 
to supplement the Ravensthorpe town water supply. A second bore, drilled a few hundred 
metres upgradient of this bore, recorded a much lower yield and higher salinity, indicating the 
variability of the aquifer. 

Discussions with the WRC have indicated that aeromagnetic data is likely to be the most 
suitable geophysical technique for identifying potentially waterbearing structural features in 
this environment. It is reported that 1:100,000 aeromagnetic data coverage is currently 
available for much of the Ravensthorpe-Esperance area (Johnson, pers.comm.). 

Although the Jerdacuttup Fault is a major structural feature, it is a thrust fault which has been 
infilled with quartz and is therefore unlikely to contain open fractures capable of transmitting 
significant quantities of groundwater. 

The maximum depth of weathering in the basement gneiss is reported to be between 30 m 
and 35 m. Zones of deeper weathering are believed to be associated with underlying 
structural features. 

It is reported that a borefield has previously been established near Bandalup Hill by Central 
Norseman (Jones, pers.comm.). No information, is currently available on the yield from this 
borefield, although a recent salinity measurement by Comet indicated 28,000 mg/L TDS. 

	

3.5.2 	Cainozoic Aquifers 

Several aquifers have developed in Tertiary and Quaternary sediments of the Ravensthorpe-
Esperance region. These are discussed below. 
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Alluvial, Colluvial and Sandplain Deposits 

An interbedded sequence of Cainozoic alluvial, colluvial and sandplain deposits is present 
over parts of the Esperance Coastal plain. These sediments form an unconfined aquifer of 
variable thickness and permeability which may yield between 10 kLiday and 300 kL/day. 

These aquifers are characterised by variable salinity with groundwater quality ranging from 
fresh to marginal in the Oldfield Wellfield (which supplies Hopetoun) to hypersaline over the 
northern portions of the aquifer. 

Coastal Aeolian and Marine Sediments 

Fine to medium-grained sand and limestone containing some alluvial silt and clay are 
present beneath the coastal dunes, and bores in these formations may yield up to 800 
kL/day. Groundwater in these aquifers is of variable quality, and ranges from fresh to 
marginal, near Esperance and Hopetoun, to brackish or saline elsewhere. These aquifers 
provide Esperance and Hopetoun town water supplies and the WRC has identified that there 
is potential for further development of this resource between Stokes Inlet and Bannitup Lake, 
however these are too remote to benefit the project. 

Tertiary Sediments 

The Pallinup Siltstone and Werillup Formation form part of the Tertiary Plantagenet Group 
and represent the most prospective groundwater targets in the Ravensthorpe-Esperance 
region. 

The Pallinup Siltstone consists of a siltstone-sandstone facies which also contains shoreline 
deposits of fine sand and shallow marine spongolite. Siltstones and sandstone horizons are 
generally poor aquifers whereas the shoreline facies sands and spongolite are highly 
permeable (and may be locally karstified) and bores in this environment may yield up to 250 
kL/day. Salinity within aquifer zones of the Pallinup Siltstone is variable, with better quality 
groundwater being encountered close to the coast, beneath groundwater divides and on the 
margins of basement highs. 

The Werillup Formation is a medium-grained to coarse-grained sandstone of limited spatial 
extent and variable thickness. This aquifer may be confined where it is overlain by the 
Pallinup Siltstone and bores in this formation may yield up to 360 kL/day. Groundwater 
quality in the Werillup Formation is generally best where the Pallinup Siltstone is absent 
(which allows more direct recharge to the aquifer) and ranges from fresh to marginal along 
the coast to saline to hypersaline over the northern part of the region. 

3.5.3 	Project Area Hydrogeology 

The project area is underlain by fractured and weathered Archaean and Proterozoic granite, 
gneiss and greenstone rocks. The hydrogeology of the basement rocks is generally complex 
with groundwater occurrence restricted to joints, fractures and sandy sections of the 
weathering profile. The basement rocks are considered to host only minor localised aquifers. 

Recent hydrogeological investigations have confirmed the existence of two major 
paleochannel style aquifer systems comprising sandy alluvium, peat measures and 
marine/lacustrine sediments. These water resources are currently subject to ongoing 
investigations. 

Most of the groundwater encountered in the region is saline, ranging from 12,000 to 
20,000 mg/L TDS. Fresh groundwater is limited to a few coastal areas which includes the 
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town water supply for Hopetoun. Groundwater suitable for stock watering supplies is 
variously sourced from localised perched aquifer resources. 

The general direction of groundwater flow is southward towards the ocean. Groundwater 
discharges at the coast and along drainage courses. 

3.5.4 	Potential Groundwater Resources for Project Water Supply 

Two major groundwater resource areas have been identified during recent hydrogeological 
investigations, located respectively 7 km to the south-west and 15km to the north-east of the 
plant site. These groundwater areas are subject to further investigations and tenure must be 
secured over the area before they may be considered as suitable sources for the process 
water supply. 

Tenements held by Comet Resources in the vicinity of Bandalup Hill are located on 
basement outcrop which yields significant quantities of groundwater where associated with 
structural features and/or zones of deep weathering. These aquifer types are discrete in 
nature and may be limited in extent and thus represent a short term or construction water 
supply only. 

Coastal tenements held by Comet Resources extend from Mason Bay to Lake Shaster. This 
area is not considered to be a prospective target for groundwater resource development as 
the Quaternary cover in this area is only 1 to 2 metres thick and Tertiary sediments are 
absent (Johnson, pers.comm.). The quality of water abstracted from dune deposits in this 
area is generally poor, with salinities in excess of 10,000 mg/L TDS. 

3.6 	VEGETATION AND FLORA 

The Department of Conservation and Land Management (CALM) regional office in Albany 
was consulted regarding aspects of the project area which fall within the Department's 
responsibility. CALM advised that there had been insufficient research into the vegetation 
and flora of the area to enable them to comment on the possible impacts of the project and 
recommended that a botanist be engaged for this purpose. 

Dr Gillian Craig of Ravensthorpe was commissioned to undertake a vegetation and flora 
survey of the project area (26). For the purpose of the survey, this was defined as the whole 
of tenement EL74/72 (since converted to ML74/1 14 to 116), along with outlying areas that 
were identified as possibly being impacted throughout the life of the project. The survey also 
included an assessment of other areas of vegetation within about 10 km of the project site, to 
confirm the existence elsewhere of similar types of vegetation communities. Dr Craig's 
findings are summarised in Sections 3.6.1 and 3.6.2. The distribution of vegetation is 
illustrated in Figure 10. 

3.6.1 	Vegetation 

The natural vegetation of Ravensthorpe is predominantly scrubland heath with local 
woodlands of small eucalypts (Beard, 1979). Since the 1960's much of the native vegetation 
of the southern and eastern portion of Ravensthorpe has been cleared for agriculture. 

The project area lies on the boundary between the Ravensthorpe and Esperance Systems of 
the Eyre botanical district described by Beard (1979). Beard recognised the following two 
vegetation types within the Ravensthorpe System: 

'Barren Ranges thicket' found on the summit of the ridge; and 

. 	'mallee on greenstone' around the base and to the north and west of Bandalup Hill. 
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The 'Barren Ranges thicket' is considered to be similar to that of the Barren Ranges and 
Ravensthorpe Range, where proteaceous species such as Dryandra quercifolia and the 
mallee Eucalyptus lehmannii are typical. The low-lying areas surrounding the hill have been 
described as 'mallee on greenstone' by Beard (1979), who recognised that the two most 
consistent species were E. nutans (now E. cernua) and E. gardneri (now E. gardneri subsp. 
ravensthorpensis). 

The 'mallee-heath', within the Esperance System to the south, occupies the coastal 
sandplain and is characterised by Eucalyptus tetragona and a variety of shrubs and 
herbaceous plants forming the heath layer. 

Several plants have not yet produced seed, notwithstanding a wildfire in November 1980. 
Many individuals of Banksia lemmaniana displayed neither flowers nor fruit (which normally 
persist on the plant), and some bore only one or two seasons' flowers. This may indicate 
that very long post-fire periods are required for species to reach maturity. 

Vegetation communities were classified and mapped by Craig (1998) according to their 
dominant life form or structure following the Muir (1977) classification. 

Thirteen communities were identified which occupied characteristic places in the landscape 
according to landform and soil type. The majority of the communities are well represented in 
the region. The thicket community found on the ridgetop, referred to by Beard as the 'Barren 
Ranges thicket' is typical of quartzite outcrops in the Fitzgerald River National Park and the 
Ravensthorpe Range. The Eucalyptus clivicola community found on spongolite outcrops is 
represented on lateritic breakaways in the Ravensthorpe Range. The open low mallee and 
low heath communities typical of the sandplain are well represented along the south coast 
between Bremer Bay and Esperance, similarly the mallee communities comprising a diversity 
of Eucalyptus species. 

Vegetation communities of special interest are: 

Eucalyptus flocktoniae - Melaleuca coronicarpa 'gorse'which, although widespread on 
the slopes of Bandalup Hill, is not known to occur elsewhere in any quantity. There is 
only one other collection of M. coronicarpa 'gorse'in the Perth herbarium, and further 
research to determine the taxonomic status of this species has been recommended by 
Lepschi (pers.comm.). 

Acacia ophiolithica heath community which is associated with a dolerite dyke at Bandalup 
Hill. Previously this species has mainly been collected from rocky edges of creeklines 
associated with the Jerdacuttup River and Ravensthorpe Range (Robinson and Coates 
1996). 

Eucalyptus argyphea which grows in the magnesite-influenced soils on the low ridge 
extending south of Bandalup Hill. This species is more usually found around 
Jerramungup, so this locality represents a significant extension in its range. 

Eucalyptus gardneri subsp. ravensthorpensis - Spyridium glaucum is a discrete 
community found on a laterite ridge about 800 metres south-west of Bandalup Hill. Two 
of the understorey shrubs are on CALM's priority flora list, Spyridium glaucum (Priority 
One) and Dodonaea trifida (Priority Three). These two species have also been found 
growing in association in the Ravensthorpe Range. 

The communities which had the greatest species diversity were the thicket, mallee, mallee-
heath and very open mallee-low heath formations; each with about 50-55 species being 
recorded. The mallee community was particularly rich in Eucalyptus species. A total of 24 
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Eucalyptus taxa were recognised during the survey; the next most represented genus was 
Acacia with 16 species being found. 

3.6.2 	Flora 

The survey by Dr Craig identified 171 plant taxa. Fifty-four species were in the Myrtaceae 
family which included 24 Eucalyptus species; the Proteaceae family was represented by 29 
species. After the eucalypts, the next most represented genus was Acacia (16 species). 

3.6.2.1 	Declared Rare and Priority Flora 

The following databases of CALM were consulted to ascertain the existence in the region of 
pailicular flora: 

Threatened Flora database 

Priority Species List, which includes species that: 

are declared to be rare or threatened 

are presumed to be extinct 

are poorly known 

require monitoring 

WA Herbarium Specimen database 

The database search extended from 330  30' to 330  45' latitude and from 1200  17' to 1200  28' 
longitude, corresponding to approximately 16 km north, 11 km south, 8 km east and 10 km 
west of the project site. 

The subsequent flora survey by Dr Craig identified fourteen priority taxa and one species of 
special interest which are described in Appendix B. Those of particular significance are 
discussed below. 

One species of special interest, Coopernookia georgei, was located south of Bandalup Hill. 
The identity will be confirmed by collecting flowering material in July, although, since the 
species occurs in an area that will remain undisturbed, this is inconsequential. 

Of the two Priority One species identified, Spyridium glaucum occurs in a significant 
population on a lateritic knoll to the south-west of Bandalup Hill and Chorizema nervosum 
has been recommended for deletion from the list by Craig and Coates (1998) as it is 
widespread along the south coast. 

The Priority Two species, Dampiera deltoidea, is distributed in the mining pit area. It has 
been collected over a wide range in the Fitzgerald River National Park and from the 
Elverdton area (Robinson and Coates 1995). From the specimens found during the survey, 
it appears that D. deltoidea may be more widespread after disturbance, disappearing as the 
community matures. 

Five of the ten Priority Three species collected, ie. Acacia heterochroa, A. octonervia, A. 
ophiolithica, Melaleuca pomphostoma and Siegfriedia da,winioides, are widely distributed in 
the Ravensthorpe area and all except the latter species were found at a number of localities 
during the survey. Two species, Chorizema trigonum and Jacksonia elongata, may be 
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affected by development of the mining pit, however several populations were found across 
the survey area and are expected to remain undisturbed. 

Populations of the other three Priority Three species Boronia oxyantha var. brevicalyx were 
found on the ridgetop in the thicket community where the mining pit is proposed. Other 
populations may be present, in other areas of thicket, but will require further survey in the 
flowering season to confirm their presence. Dodonaea trifida grows in association with S. 
glaucum (mentioned above) in the area proposed for the plant site. Adenanthos glabrescens 
subsp. exasperatus was found in the mining pit area and beside Mason Bay Road. This 
species is considered by Robinson and Coates (1995) to be highly susceptible to dieback 
(refer below and to dieback management undertaking in Section 5.1.3). 

The Priority Four species Eucalyptus stoatei is a small tree which forms the characteristic 
component of a relatively large, unburnt community in the south-west sector of the survey 
area, adjacent to Mason Bay Road. The species Kunzea simills is not listed by CALM but - is 
considered to be of interest (Craig, 1998) and seedstock and samples will therefore be 
collected before site works commence. 

The survey was carried out during summer, and consequently annual species, such as 
orchids, could not be located. 

Interested parties will be invited to the project site to collect seedstock before the clearing of 
vegetation commences. 

3.6.2.2 	Plant disease 

Dieback is caused by Phytophthora species, a fungus which infects, rots and often kills the 
entire root systems and lower stems of susceptible plants. Populations of banksias, 
dryandras and some heath species are particularly vulnerable. 

Phytophthora cinnamomi and P.megasperma have both been found in the region and have 
seriously affected the vegetation in some areas, however no instances have been identified 
in the project area (Craig, 1998). The fungi are spread by the movement of spores in water 
and are thus particularly mobile in winter and in wet areas. They are also spread rapidly by 
people transporting soil from infected to uninfected areas. Summer rain provides warm, 
moist soil conditions which favour the survival and spread of these fungi. 

To date, most of the disease outbreaks have been found in the Fitzgerald River National 
Park. No disease has been identified in the Ravensthorpe Range or environs, although there 
is some visual evidence which suggests disease activity (22). 

Some dead Di'yandra and Banksia were observed on the margins of the internal firebreak, 
along the southern boundary of the vacant Crown land to the south of Bandalup Hill. The 
cause of death is unknown, although CALM has advised that there is limited occurrence of 
Phytophthora species near the project area and larger distributions of Phytophthora occur in 
the higher rainfall areas near the coast. 

Two of the plant communities identified in the survey area contain a high proportion of 
species in the families Proteaceae, Papilionaceae and Epacridaceae which are recognised to 
be highly susceptible to dieback (Wills in Craig 1995). The communities lower in the 
landscape in the Bandalup Hill area are particularly susceptible as they could be influenced 
by drainage from higher areas. 
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3.7 	FAUNA 

The region has previously been subject to excessive clearing of vegetation to create land for 
crop cultivation. CALM has advised that the vegetated Bandalup Hill area, flanked by 
cleared land to the north, south and south-west, forms part of a vegetation "corridor link" 
extending between the Fitzgerald River National Park (50 km southwest) and the vacant 
Crown land to the northeast, leading towards Norseman. This is clearly visible on 1:100 000 
sheet 2930 as a continuous band of vegetation which affords the migration of fauna across 
the area. Clearing of vegetation for the project is not expected to impact on the function of 
the corridor (refer 5.2.2). 

Native fauna values have deteriorated significantly since the introduction of the European red 
fox to the area in the 1930's. 

Mr Andrew Chapman was engaged to undertake a fauna survey of the project area (26). For 
the purpose of the survey, this was defined as the whole of tenement EL74/72 (since 
converted to ML74/114, 115 and 116), along with outlying areas that were identified as 
possibly being impacted throughout the life of the project. 

Mr Chapman's biological investigation of the vertebrate fauna of the project area revealed 9 
species of native and 2 species of introduced mammals, 52 species of birds and 10 species 
of reptiles. All are previously recorded from the nearby Ravensthorpe Range. 

The numbers of species of reptiles were low at the time of the survey, possibly due to 
previous and prevailing climatic conditions. 

Recorded rare species included the following 2 birds and 3 mammals (described in Appendix 
C): 

Mallee Fowl, Western Whipbird 

Heath Rat, Western Mouse, Western Brush Wallaby 

None of the above is critically dependent upon habitats which will be directly impacted by 
mining although there may be some minor displacement into adjoining similar habitats. 

The likelihood of other rare mammal or bird species being present in the area proposed for 
mining is diminished by the past fire history of Bandalup Hill. 

The fauna survey report cautioned that the site proposed for the plant, in old growth 
vegetation, could adversely affect two rare species, namely the Heath Rat and Western 
Mouse. A new site was therefore selected in the recently burnt vegetation, to avoid 
impacting the habitat of these two species. 

3.8 	ABORIGINAL HERITAGE 

The Nyungar-speaking Wudjari Aborigines are believed to have occupied the Ravensthorpe 
area for over 50,000 years, migrating seasonally between the coast and inland forests 
(17,21). 

The Aboriginal Liaison Office of the DME and the Aboriginal Affairs Department (AAD) have 
both been consulted in order to ascertain the existence of any sites of aboriginal 
anthropological (ie. ethnographic) or archaeological significance. Their records indicate that 
there have been few such investigations of the region and they therefore recommended that 
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appropriately qualified specialist(s) be engaged to assess the project area for aboriginal 
heritage significance. 

Australian Interaction Consultants were engaged to survey the project area. For the purpose 
of the survey, this was defined as the whole of tenement EL74/72 (since converted to 
ML74/1 14 to 116), along with outlying areas that were identified as possibly being impacted 
throughout the life of the project. The anthropological and archaeological surveys were 
reported independently and are summarised below. Copies of the reports have been 
provided to the AAD. 

3.8.1 	Archaeological Survey 

The aim of the study was to assess the archaeological potential of the project area and to 
locate and record any Aboriginal archaeological material within the project areas. Particular 
emphasis was placed on examining the proposed open cut mining area and on several 
alternative locations for infrastructure and processing operations associated with the mining 
project. 

An archaeological reconnaissance was conducted over the following three proposed nickel 
mining pit areas, all of which are in an area consisting of a lateritic hill with extremely dense 
mallee-banksia thicket and heath: 

Shoemaker-Levy (formerly Bandalup North); 

Halleys (formerly Bandalup Central), the subject of this CER; and 

Hale-Bopp (formerly Bandalup South) 

No archaeological sites or materials were discovered during the reconnaissance. Given that 
no siliceous stone outcrops (suitable for tool making) have been discovered, despite 
intensive geological studies of the project area, it is unlikely that any Aboriginal quarry sites 
would be located within the project area. 

The only breakaways or rock overhangs are in the southwestern portion of Bandalup Central 
project area, and these are less than a metre in height, and would not provide any shelter for 
humans, although small animals (such as goannas) could make their burrows in holes within 
the laterite. 

There are no large or permanent water catchments along the drainage lines within the mining 
areas, so that it is considered extremely unlikely that camping sites would have been located 
within the project area. The small creeks which drain the hills do not contain permanent 
pools although they might possibly contain ephemeral water for a short time after rainfall. It 
is likely that any archaeological material would consist of isolated artefacts or very small 
scatters of artefacts alongside ephemeral water sources, similar to the few small sites 
described above. There is a very remote possibility that subsurface archaeological material 
may be located in the farmland area. The proponent has taken reasonable steps during 
exploration to date to ensure that, if any places of archaeological heritage significance are 
detected, they will not be disturbed or otherwise affected by the project. 

Dependent upon the findings of the ethnographic survey (below), no places have been 
identified within the project area which conform to the definitions of places to which the 
Aboriginal Heritage Act 1972 applies. All project construction personnel will be advised of 
their obligations under Section 15 of the Aboriginal Heritage Act 1972,. 
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3.8.2 	Ethnographic Survey 

The study was undertaken to conduct a works clearance survey of the project area, in 
accordance with the Aboriginal Heritage Act [1972] (The Act). The aim of the study was to 
ascertain whether or not any Aboriginal site location exists within the project survey area 
and, if so, if it is likely to be affected by the development of the project and so might be 
subject to The Act or its requirements. 

A search of Aboriginal Affairs Department (AAD) archival records indicated that several sites 
were shown as having been registered in the general Hopetoun and Ravensthorpe area, 
however, their exact location was unclear (refer to the archaeological report to ascertain the 
nature and accurate location of those sites). None of the registered sites was found to be 
located within the project survey area. 

The claimants of the three current claims under the Native Title Act 1993, along with 
representatives of the Noongar Commission of Elders, were invited to provide ethnographic 
information concerning any sites within the project area and to inspect all of the locations 
covered by the project with Ronald T. Parker B.A. (Hons) anthropology, UWA. 

No significant ethnographic sites within the project area were referred to, or identified as 
being under threat from, the proposed development, as described, before, during, or after, 
the various site inspections. 

3.9 	EUROPEAN HERITAGE 

Land exploration in the Ravensthorpe area by Europeans is believed to have begun in 1841 
and the first permanent settlement is recorded as being the establishment of a sheep station 
on the Phillips River at Cocanarup, a few kilometres west of present day Ravensthorpe. 
Gold was discovered in the same area in 1898, leading to something of a mining boom that 
saw the declaration of the Phillips River Goldfield in 1900. Mining for gold and copper 
continued and Ravensthorpe's population rose from 500 in 1900 to around 3,000 in 1909. 
Mining peaked in 1912 and declined rapidly thereafter, ceasing altogether around 1918 (22). 
Refer also to Section 3.11. 

Sheep farming continued, however the World Wars, the Great Depreciation and a severe 
rabbit plague through the 1920's took their toll until only twelve farming families remained in 
the 1940's. The release of 325 new blocks in the early 1950's revived the agriculture and 
this has been sustained, with wheat, oats and barley grown around Ravensthorpe and grain, 
sheep and cattle farming around Jerdacuttup, near the project site (22). 

The Australian Heritage Commission and the Shire of Ravensthorpe confirmed that their 
respective heritage records do not indicate the presence of any features of European 
heritage significance in the project area. 

3.10 	SOCIO-ECONOMIC SElliNG 

3.10.1 	Population Change 

The population statistics of Ravensthorpe Shire between 1981 and 1994, as recorded by the 
census or estimated by the Australian Bureau of Statistics, are presented in Table 8. They 
indicate a fluctuating but generally stable population, rather than a steadily increasing or 
decreasing population. 
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Table 8: Population Change in Ravensthorpe Shire 

1981 
census 

1986 
census 

1991 
census 

1992 
est. 

1993 
est. 

1994 
est. 

1,356 1,409 1,379 1,400 1,409 1,414 

The population may therefore be regarded as relatively static, compared with other areas of 
the South Coast Region which have seen annual growth rates up to 4% (Albany and 
Denmark) and annual rates of decline up to 3% in some inland shires. 

3.10.2 	Age Group Distribution 

It is believed that the static population of Ravensthorpe Shire is due to a general decline in 
the inland agricultural areas being matched by a corresponding population rise in coastal 
areas such as Hopetoun, which is becoming an increasingly popular retirement destination. 
This is consistent with the change in population age structure, which indicates the population 
of the 65+ age group to have increased more rapidly than in the rest of WA. The local and 
state-wide changes in age group populations are summarised in Table 9. 

Table 9: Changes in Age-Group Populations in Ravensthorpe Shire 

Age group 0to14 15to24 25to64 65+ 

Proportion (%) in Ravensthorpe, 1993 27.4 11.0 54.4 7.2 

Proportion (%) in WA, 1993 22.8 15.7 51.4 10.1 

Change in Ravensthorpe (%), 1986-1993 -2.4 -1.4 1.4 2.4 

Change in WA (%), 1986-1993 1.2 1.4 1.7 1.5 

Table 9 indicates that populations of all age groups other than the 65+ group are either 
declining or experience a growth rate significantly less than the state average, and this is 
particularly so in the younger population. 

3.10.3 	Gender Distribution 

The region also exhibits a distinct gender imbalance, with a significantly higher proportion of 
males than females. ABS estimates of the percentage of males are presented in Table 10. 

Table 10: Gender Balance in Ravensthorpe Shire, 1994 

Percentage Males in Age Groups  

Age group 0 to 14 15 to 24 25 to 54 55+ Overall 

Ravensthorpe (%) 52 60 55 58 52 

WA (%) 51 51 51 47 50 

Regions outside Perth (%) 52 53 53 51 50 

The age groups that are particularly relevant to the project are those that could be impacted 
by the project workforce requirements, namely the 15 to 54 groups, which display a gender 
imbalance not only significantly greater than the state average but also greater than the 
average of other regions outside Perth. 
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3.11 	MINING HISTORY 

Mining exploration was first undertaken near Ravensthorpe in the early part of this century, 
mainly for copper but also for gold and silver (refer Section 3.9 also). Notable copper mining 
sites were at Kundip and Desmond, on the Ravensthorpe-Hopetoun Road about 20 km east 
of the project site. Some lignite exploration was undertaken north of Ravensthorpe in the 
1980's and the coastal area south of Bandalup was explored for mineral sands in the early 
1990's. Research at the Department of Minerals and Energy (DME) and discussion with 
former tenement holders indicates that the following companies were mainly responsible for 
exploration in more recent years. It is understood that neither company's activities 
progressed beyond exploration. 

Pickands Mather International (PMI) (1964-1972) undertook stream sediment sampling in 
the 1960's, leading to further exploration, including Bandalup Hill, involving soil sampling 
and percussion drilling which located small nickel suiphide and nickel laterite resources. 

Western Mining Corporation (1975) continued PM l's exploration on the latter's properties, 
involving percussion and diamond drilling and aeromagnetic survey and mapping. 

Immediately north of the project site, on what is now Land Act Reserve 26290 (refer Section 
1.2), magnesite was mined by Norseman. They commenced relatively small scale 
operations on the site in 1973, and in 1983 brought more equipment to site when they were 
commissioned to supply 20,000 tonnes of magnesite to Queensland Alumina Limited. The 
operation is understood to have been fraught with problems, however, due largely to the 
clayey nature of the magnesite ore. 

A geological assessment of the operation, undertaken by Norseman in 1985, concluded that 
the long term future and viability of the operation was suspect. Mining ceased in 1990 and 
there is little likelihood of resumption. 
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4.0 	ENVIRONMENTAL IMPACTS AND MANAGEMENT 

4.1 	EPA-NOMINATED IMPACTS 

The Environmental Protection Authority (EPA) has issued to Comet its Guidelines for 
preparation of the CER. These are included as Appendix A and are referred to as the CER 
Guidelines in succeeding sections of this report. 

The CER Guidelines state what the EPA believes to be the environmental factors relevant to 
the construction and operation of this project and its associated infrastructure, and state the 
objectives and work required to address the factors. 

The environmental factors are addressed as sub-headings in Sections 5.0 to 7.0 of the CER, 
under the following three categories: 

Section 5.0 	Biophysical 

Section 6.0 Pollution Management 

Section 7.0 	Social Surroundings 

For the environmental factors in Sections 5.0 to 7.0, the CER describes the following: 

the objectives and, where appropriate, the relevant assessment procedures and/or 
standards by which the overall impact upon that particular factor may be measured and 
judged 

the possible, individual impacts 

the proposed management intended to eliminate, modify or contain possible impacts 
within acceptable levels; 

Comet's commitment to undertake the proposed management strategy. 

Table 11 summarises the environmental factors identified in the EPA Guidelines, in the order 
in which they appear therein, along with the possible impacts corresponding to each factor. 
These are the impacts that could possibly arise, without anticipation and adequate 
environmental management. It is the purpose of the CER to provide the reassurance that all 
possible impacts have been assessed for the likelihood and consequence of their 
occurrence, and that adequate design, construction and operational procedures will be 
adopted to prevent them or contain them within acceptable parameters. 
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Table 11: 	EPA-Nominated Possible Environmental Impacts 

SECTION FACTORS POSSIBLE IMPACTS 
IN CER  

5.0 	BIOPHYSICAL FACTORS 

5.1 Terrestrial Flora Reduction of numbers and species diversity, destruction of old growth 
vegetation, destruction or dust suffocation of rare or protected plant 
species, introduction or spread of disease 

5.2 Terrestrial Destruction of native habitats, impact on migration by disturbance of 
Fauna vegetation corridors, degradation of food sources, disturbance by noise 

and dust, diminution of population of rare or endangered species 

5.3 Marine Flora Disturbance of benthic flora (eg. seagrasses) caused by laying of intake 
and Fauna pipe and return brine outlet pipe; disturbance caused by the proposed 

ocean discharge of brine (seawater with 70% higher salinity) produced by 
desalination of seawater. 

5.4 Watercourses Obstruction, diversion, exacerbation or contamination of surface runoff, 
and Surface possibly increasing erosion and impacting downstream users and/or 
Water Quality ecosystems; deterioration of surface water quality by tailings seepage or 

rupture of water supply pipeline 

5.5 Wetlands Not applicable: inclusion of this factor was prompted by the proposed 
abstraction of seawater via a coastal borefield, which presented the 
potential for depression of water levels in coastal lakes, but this will not 
occur in the redesigned water supply scheme 

5.6 Landform and The change in Iandform aspect due to mining, and the introduction into 
Rehabilitation the landscape of process plant structures and visible infrastructure (eg. 

pipelines, power lines); 

5.7 Groundwater Contamination from process residue (tailings seepage) or spillage of 
Quantity and fuels, reagents etc; depression of groundwater levels by groundwater 
Quality abstraction, thereby impinging upon any existing or future groundwater 

users and/or ecosystems; conversely, a potential benefit during the 
project life is that abstraction may arrest soil salinisation problems in the 
vicinity of any groundwater abstraction. 

6.0 	POLLUTION MANAGEMENT 

6.1 Odour Discomfort to residents living in close proximity to the plant (no odours 
are predicted)) 

6.2 Particulates and Impact of dust on native vegetation, fauna and habitats, crops, residents 
Dust and the workforce 

6.3 Gases Emissions of SO2  and NOx and possible exceedance of permitted 
ground-level concentrations. (Impacts are significant in dense 
industrialised areas, where combined SO2  and NOx emissions may 
contribute to acid rain and photochemical smog, respectively) 

6.4 Greenhouse Impact on global warning and national commitment to limitation of 
Gases greenhouse gas emissions 

Groundwater Addressed along with Groundwater Quantity; Refer 5.7, above 
Quality  

Surface Water Addressed along with Watercourses; Refer 5.4, above 
Quality  

6.5 Solid Waste Impact on groundwater quality by contaminated leachate, encouragement 
of vermin by putrescible waste 

6.6 Noise The impact on neighbouring properties and fauna of noise due to 
blasting, process machinery and ore haulage and the implications for the 
welfare of the workforce 
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Table 11 (continued) 

SECTION FACTORS POSSIBLE IMPACTS 
IN CER  

7.0 	SOCIAL SURROUNDINGS__________________________________________________ 

7.1 Public Health Transport of large loads on the South Coast Highway during construction 
and Safety will require consultation with Main Roads WA to identify any constraints 

(eg. bridges with low load-bearing capacities). Increased traffic on the 
Highway during operation may accelerate deterioration of the road 
surface and associated structures. Transport of dangerous goods would 
introduce a public risk, although this would be ameliorated by compliance 
with all relevant regulations. 

7.2 Heritage Disturbance of any historical or otherwise significant sites or artefacts, 
impact upon cultural associations or existing land use. 

4.2 	ENVIRONMENTAL MANAGEMENT 

Comet Resources and KSJV are committed to sound environmental management throughout 
the life of the project and its eventual decommissioning. Comet and KSJV intend to develop 
and implement an environmental management system (EMS) later this year for the 
construction of the project, with certification to ISO 14001: Environmental management 
systems - Specification with guidance for use, and other relevant documents within the ISO 
family of standards. The EMS will then be adapted and developed for Comet ownership for 
operational purposes for the remaining life of the project. Certification to ISO 14001 will be 
the minimum goal, with continuous improvement thereafter being a key principle of the EMS. 

The initial stages within the overall EMS for the project will be the formulation of an 
environmental policy and an environmental management plan (EMP). The policy and the 
principal components of the EMP are addressed in Sections 4.2.1 to 4.2.4. 

4.2.1 	Environmental Policy 

Kaiser and Simons already have environmental policies and these will form the basis of the 
KSJV environmental policy for project construction. An environmental policy will be 
developed for Comet, to establish the company's principles of action with specific relevance 
to the operation of the Ravensthorpe Nickel Project. Each environmental policy will assert 
the organisation's commitment to protection of the environment, public and employees and 
will undertake to achieve this by: 

compliance with all applicable environmental laws, regulations and permits 

establishing clearly defined environmental objectives and targets 

systematic planning and implementation of a "best practice" environmental management 
system 

utilisation of latest technology for use in achieving the project's environmental objectives 
and requirements. 

committing to continual improvement of environmental performance and timely and 
effective responses to process improvement opportunities. 
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4.2.2 	Recognition of Legal and Other Requirements 

A documented procedure will be implemented to ensure that legal and other regulatory 
requirements are identified, consulted, clearly understood, and observed. This will entail 
allocation of this specific responsibility to appropriately experienced staff, and establishment 
and maintenance of a database listing all pertinent laws, regulations, guidelines etc. The 
latter will be achieved through consultation with government departments, industry 
associations, and professional advisory services. 

4.2.3 	Internal Performance Criteria 

Many aspects of environmental performance can be compared with recognised standards or 
guideline values. In areas where no such standards exist, or are deemed inadequate, 
project-specific criteria will be developed. Identification of such areas will be assisted by 
reference to the examples listed in Section 4.2.4 of ISO 14004: Environmental management 
systems - General guidelines on principles, systems and supporting techniques. 

4.2.4 	Identification, Assessment and Management of Environmental Aspects 

This CER has identified and assessed the significant environmental aspects, or factors, that 
are apparent at this stage of project development. A systematic process will be implemented 
to continue the identification and assessment throughout the project. Further assessment 
and prioritisation of these aspects will be undertaken, with reference to the following 
publications: 

AS/NZS 4360:1995. Risk management 

ISO 14004:1996. Environmental management systems - General guidelines on 
principles, systems and supporting techniques 

Risk Assessment and Management: Offsite Individual Risk from Hazardous Industrial 
Plant (EPA, 1998) 

Environmental Management of Quarries: Development, Operation and Rehabilitation 
Guidelines (DME,1994). 

Guidelines for Mining in Arid Environments (DME,1996). 

Management procedures will be developed and implemented, and personnel will be 
assigned specific responsibility, for the environmental management areas listed below. 
Essential components of each procedure will include measurement and monitoring, 
checking, corrective action, preventative action, auditing and review. 

protection of priority flora and vulnerable fauna wherever practicable 

minimising the clearance of vegetation 

minimising the introduction, or spread, of vegetation diseases, especially dieback 

protection of surface water and groundwater quality 

dust control 

noise control 

gas emissions 
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tailings storage 

public health and safety 

rehabilitation, including landform conservation or restoration 

decommissioning 

4.2.5 	Commitment 1 

Comet Resources undertakes to prepare and implement an Environmental Management 
Plan (EMP) as part of an Environmental Management System complying with the principles 
of the ISO 14000 series. The EMP will be developed in consultation with the DEP and DME 
and other regulatory authorities, in the following two stages: 

Project Construction EMP 	to be submitted for DEP endorsement before the start of 
construction 

Project Operation EMP 	to be submitted for DEP endorsement before project 
commissioning 

The EMP will be reviewed and continuously improved. 
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5.0 	BIOPHYSICAL FACTORS 

5.1 	TERRESTRIAL FLORA 

5.1.1 	EPA Objectives 

The EPA identified the following two site specific factors and objectives within the overall 
environmental factor of terrestrial flora: 

Site specific factor 

Vegetation communities 

Declared Rare and Priority Flora 

EPA Objective 

Maintain the abundance, species diversity, 
geographic distribution and productivity of 
vegetation communities 

Protect Declared Rare and Priorit Flora, 
consistent with the provisions of the Wildlife 
Conservation Act 1950 

There are similarities between the impacts and management of both site specific factors and 
they are therefore addressed together below. 

5.1.2 	Impacts 

The Department of Conservation and Land Management (CALM) regional office in Albany 
was consulted regarding aspects of the project area which fall within the Department's 
responsibility. CALM stated that its primary concerns would be the management of dieback 
disease, the risk of excessive clearing of vegetation, and the protection of Priority Flora. 

5.1.2.1 	Dieback 

Dieback disease is caused by the Phytophthora species of fungus, which attacks the root 
system of susceptible plants. There is potential for impacts by Phytophthora, through the 
combination of rainfall, soil temperatures, duplex nature of the soils, previous rainfall 
distribution throughout the year and the composition of the native flora community in the 
area. The most likely introductory mechanism is the adherence of spore-carrying mud or 
vegetation to the wheels of vehicles or the footwear of visitors to the site. Thereafter, the 
spores may migrate in the landscape through moist soils or along watercourses. 

5.1.2.2 	Clearing of Vegetation 

With regard to the clearing of vegetation, CALM indicated that the areas surrounding the 
project site had already been extensively cleared for farming. Moreover, the remaining 
natural vegetation surrounding Bandalup Hill has been identified as an important corridor 
permitting fauna migration between the Fitzgerald River National Park and the Goldfields 
(22). Excessive clearing of vegetation in the area of the project could significantly reduce the 
area of the corridor. 
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5.1.2.3 	Priority Flora 

Project Site 

The flora survey (refer 3.6 and Appendix B) identified the following CALM-registered flora, 
including a possible rare species and Priority One, Two and Three species. 

The project will not disturb the area where the possible rare species, the Coopernookia 
georgel, was observed by Craig (1998). (Although the species location is remote from 
planned development works, its identity will be confirmed by inspection in the flowering 
season, so that the flora survey may be conclusive). 

Spyridium glaucum (Priority One species) was located in areas which will be disturbed by the 
project. The species is expected to exist in similar communities and soil conditions outside 
the project area, and a flora survey is currently underway to test this assumption. 

The Dampiera deltoidea (Priority Two species) was found in the area to be mined, and 
disturbance will be unavoidable. Craig (1998) indicates that: 

the species is killed by fire and regenerates from seed........and has been collected from 
a wide area in the FRNP and Elverdton area..........it appears that it may be more 
widespread after disturbance, disappearing as the community matures". 

Three Priority Three species will be disturbed by mining but were found in other locations 
which will remain undisturbed. Two Priority Three species, the Boronia oxyantha and 
Dodonaea trifida, were found only in areas which will be disturbed but are expected to occur 
elsewhere in the surveyed area (Craig, 1998). 

Pipeline Route 

The seawater pipeline and return brine pipeline will be buried alongside each other in the 
cleared land that lies between the vegetated reserve on the eastern side of Mason Bay Road 
and the fenceline of the adjacent fields. This will not involve disturbance to any existing flora. 

5.1.3 	Management 

The principal management issues to be practised throughout the development and operation 
of the project and external infrastructure, such as water pipelines and power lines, will be 
aimed at minimising the following wherever practicable: 

the disturbance of vegetation 

damage to vegetation (eg. by dust and by use of saline water for dust suppression etc.) 

the disturbance of areas that may contain Priority Flora species 

the risk of introducing or spreading dieback to, or exporting dieback from, the project area 

Minimising the disturbance of vegetation will be a particularly important objective throughout 
the project. This will be emphasised to all staff and contractors engaged on the project as a 
part of the induction procedure, and prohibition of unauthorised clearing, with penalties for 
contravention, will be included in all contractors' agreements. 

CALM staff in Perth and Albany have been consulted in relation to dieback, to ascertain the 
extent of the problem in the region and the measures that will be required to manage it. A 
land management consultant, endorsed by CALM, has been approached to undertake a 
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survey to identify any occurrences of dieback in the area. This is provisionally arranged for 
January 1999, before any site works commence. CALM has also offered to advise Comet on 
subsequent appropriate inspection, hygiene and effectiveness-monitoring procedures and 
techniques throughout the operation of the project. Additionally, KSJV have recently 
undertaken the environmental induction of personnel engaged to work on the Worsley 
Alumina expansion project, where dieback is a prevalent problem, and are therefore well 
equipped to assist Comet in this respect. 

The project induction procedure will include explanation of the origin of dieback and the 
mechanism of propagation, and explanation of the procedures required to minimise the risk 
of introduction of dieback to uninfected areas and methods of containment in infected areas. 
Inspection and washing facilities will be installed for both incoming and departing vehicles 
and the restriction of vehicle movements will be enforced as required for areas within the 
project. 

Nurseries specialising in native flora will be invited to visit the site to collect seedstock of any 
plants, particularly Priority species, before any vegetation is cleared at the commencement of 
site development. Discussions will be held with the nurseries with a view to engaging their 
assistance in replanting the same examples of native flora during rehabilitation. 

A herbarium has recently been established in Ravensthorpe by volunteers who are 
interested in collecting and nurturing examples of local flora. Comet has donated to the 
herbarium examples of all the flora identified in Craig's survey of the project area. 

5.1.4 	Commitment 2 

Comet Resources undertakes to: 

develop and operate a dieback management plan in consultation with CALM 

. 	encourage the establishment of priority species in rehabilitation areas, as appropriate 

develop and implement procedures, within its Environmental Management Plan for the 
construction and operation of the project, to avoid unnecessary disturbance to terrestrial 
flora and vegetation, particularly old growth vegetation and rare or priority classified flora. 

5.2 	TERRESTRIAL FAUNA 

5.2.1 	EPA Objectives 

The EPA identified the following two site specific factors and objectives within the overall 
environmental factor of terrestrial fauna: 

Site specific factor 

Species Diversity 

Specially Protected (Threatened) 
Fauna 

EPA Objective 

Maintain the abundance, species diversity and 
geographic distribution of terrestrial fauna. 

Protect Specially Protected (Threatened) Fauna 
consistent with the provisions of the Wildlife 
Conservation Act 1950. 

There are similarities between the impacts and management of both site specific factors and 
they are therefore addressed together below. 
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5.2.2 	Impacts 

Craig and Chapman, 1998, stated that 

the vertebrate fauna of the Ravensthorpe Nickel Project area is a small sub-set of 
the regional fauna and is very unlikely to have any special characteristics of its own. For 
example, without exception all species recorded here also occur in the Ravensthorpe Range 
or in the Fitzgerald River National Park". 

The project may potentially impact the vegetation corridor affording fauna migration between 
the Fitzgerald River National Park and the Goldfields (refer 3.7). At its narrowest, the section 
of the corridor containing the project site is approximately 6 km wide (Sheet 2930). The area 
of land to be cleared for the project is expected to be less than 1 km wide, so will reduce the 
corridor width by about 17%. This is not expected to impede the gradual migration of any 
species through the area. 

The project will not involve the clearing of old-growth vegetation, which functions as a rare 
fauna repository and base for recolonisation of the more recently burnt areas of vegetation. 
Identification of this potential impact early in project planning prompted selection of another 
site for the ore processing plant, in the recently burnt vegetation, thereby eliminating this 
possible impact. 	 •0 

The project will not involve the disturbance of the habitat of the two identified vulnerable 
species, namely the Western Mouse and the Heath Rat. (The latter was described by the 
fauna survey report as endangered but is understood to be due for downgrading to 
vulnerable classification). The habitat is the old growth area which will now remain 
undisturbed. 

5.2.3 	Management 

In addition to the management strategies aimed at the preservation of vegetation and flora 
(refer 5.1.3), which will also benefit the fauna, the following fauna-specific strategies will be 
adopted: 

early revegetation of land cleared by project-related activities 

prohibition of the keeping of firearms or pets by project staff 

immediate sealing of drill holes and periodic inspection 

closing of disused tracks and gridlines, accompanied by surface ripping to promote 
natural revegetation, or assisted by seeding 

confinement of off-road vehicles to designated access roads and strict enforcement of 
speed limits and dieback hygiene standards 

minimal disturbance to stockpiled topsoil and vegetation debris which afford a habitat for 
fauna 

correct and early disposal of rubbish, especially putrescible waste, to discourage vermin 
and scavenging by foxes and feral cats 

sponsorship of CALM's Western Shield programme, aimed at reducing the population of 
introduced feral predators, to ensure continuance of the programme in the Ravensthorpe 
region 
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5.2.4 	Commitment 3 

Comet Resources undertakes to develop and implement procedures, within its 
Environmental Management Plan for the construction and operation of the project, to avoid 
unnecessary disturbance to native terrestrial fauna and their habitats. 

5.3 	MARINE FLORA AND FAUNA 

5.3.1 	EPA Objectives 

The EPA identified the following two marine environmental factors and objectives: 

Environmental factor 	 EPA Obiective 

Marine Flora 	 Maintain the ecological function, abundance, 
species diversity and geographic distribution of 
marine flora 

Marine Fauna 	 Maintain the abundance, species diversity and 
geographic distribution of marine fauna 

There are similarities between the impacts and management of both environmental factors 
and they are therefore addressed together below. 

5.3.2 	Impacts 

The CER assumes that seawater will be abstracted from the western (less-frequented) bay 
of Mason Bay to meet all the water supply needs of the project. It should be noted that, 
depending on the degree of success of the current groundwater investigation closer to the 
project site (refer 2.5.4), Comet may not proceed with construction of the seawater-based 
scheme described below. 

The possible impacts of the seawater scheme upon the marine environment are described 
below. They assume that the water balance surplus will be managed by returning brine to 
the ocean (refer 2.3.10.2). 

5.3.2.1 	Brine Return to the Ocean 

The seawater will be pumped to the project site where most of it will be desalinated in a 
vacuum distillation or reverse osmosis (RO) plant. The RO plant will produce a desalinated 
water stream and a brine stream. The latter will have a salinity of about 60,000 mg/L TDS, 
about 70% higher than that of seawater (typically 35,000 mg/L TDS). All other chemical and 
biological characteristics of the brine will be the same as those of seawater. Under normal 
operating conditions, about 25% of the brine will be used in the process plant and about 75% 
(about 59 Us) will be returned by pipeline to the ocean at Mason Bay. 

The brine discharge arrangement will be required to achieve rapid diffusion and dilution of 
the brine, from 60,000 to 35,000 mg/L TDS (ie. a dilution factor of 1.7). As the bay is fully 
exposed to the Southern Ocean, this may be expected. It is beyond the scope of this report 
to attempt to predict the degree of diffusion by measuring and monitoring all the physical and 
tidal characteristics of the Bay. However, a conservative dilution modelling exercise was 
undertaken, assuming a steady current velocity of 0.1 m/s and a discharge depth of 2 m. 
This indicated that a dilution of 1.7 would be achieved within 1.5 m of the discharge point and 
it may therefore be concluded that brine discharge will have no impact. 
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5.3.2.2 	Installation of seawater intake and return brine outlet pipes 

The seawater intake pipe and the returned brine outlet pipe will consist respectively of 300 
mm and 200 mm diameter ductile iron pipes projecting about 100 m into the sea from the 
low-tide shoreline. The pipes will be weighted to the sea-bed with concrete anchor blocks, 
and buried across the beach and through the dunes. The entire structures will be removed 
upon project completion. Possible impacts could be disturbance to flora during installation of 
the two pipes, however, the proposed location is exposed to the Southern Ocean and a 
preliminary seabed inspection revealed no benthic flora that could be impacted. 

The Bay does not fall within the areas proposed for Marine Reserves as detailed in the report 
"A Representative Marine Reserve System for Western Australia", CALM (1994). It is 
proposed that the bays of which Mason Bay is typical will be represented by a marine 
reserve located approximately 20 km to the east of Mason Bay. The closest proposed 
marine reserve west of Mason Bay is located in the Fitzgerald Biosphere Reserve, west of 
Hopetoun. The high degree of mixing achieved at the point of discharge will ensure no 
impact on the proposed marine reserve areas in the region. 

The inlet to the intake pipe will be a stainless steel wedge-wire screen (which are less prone 
to blockage than normal screens) bolted to the mouth of the intake pipe. The slot size, open 
area, diameter and length of the screen will be selected to ensure minimal entrance 
velocities. The scheme will be designed to facilitate back-flushing of the intake pipe and 
screen by shutting off the raw water pumps and opening a by-pass valve, thereby reversing 
the flow of seawater in the pumping main, under gravity. 

5.3.3 	Management 

A detailed marine flora survey will be undertaken before any work commences on either the 
intake pipe or return brine outlet, to establish baseline conditions with which to compare the 
findings of post-construction monitoring, which will continue throughout the operational 
phase. An Esperance-based marine biologist consultant has agreed to undertake this work 
at that stage. The Marine Branch of the DEP's Environmental Systems Division will be 
consulted at the outset, to determine the required scope of the initial survey and the scope 
and frequency of the monitoring programme thereafter. 

5.3.4 	Commitment 4 

Comet Resources undertakes to: 

conduct a marine flora survey of the area that could be impacted by installation of the 
seawater intake and return brine pipes. 

develop and implement procedures, within its Environmental Management Plan for the 
construction and operation of the project, to avoid unnecessary disturbance to marine 
flora and fauna. 

establish a water quality and marine fauna monitoring programme 

5.4 	WATERCOURSES AND SURFACE WATER QUALITY 

The EPA's CER Guidelines distinguished between the environmental factors of 
Watercourses' (relating primarily to flow regime) and 'Surface Water. Quality', separating 
them respectively into the categories of Biophysical and Pollution Management factors. 
However, the impacts and management of the two factors are inter-related and they are 
therefore addressed together in this Section. 
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5.4.1 	EPA Objectives 

Environmental factor 	 EPA Objective 

Watercourses 	 Maintain the integrity, functions and 
environmental values of watercourses 

Surface Water Quality 	 To maintain or improve the quality of surface 
water to ensure that existing and potential uses, 
including ecosystem maintenance, are protected 
consistent with the draft WA Water Quality 
Guidelines for Fresh and Marine Waters (EPA, 
1993) and the NHMRC/ARMCANZ Australian 
Drinking Water Quality Guidelines - National 
Water Quality Management Strategy; (refer 
5.4.1.1 below) 

5.4.1.1 	Discussion of Surface Water Quality Objective 

Although the above-mentioned water quality guidelines recommend water quality standards 
for the support of aquatic ecosystems and for drinking water sources, they also recognise 
that some aquatic systems can never support particular environmental values because they 
have already been degraded naturally. The information currently available on the existing 
chemistry of the Jerdacuttup River, for example, (refer 3.4.3) indicates salinity ranging from 
about 2,200 to almost 11,000 mg/L (WRC), and up to 48,000 mg/L in standing pools 
(Comet). The draft WA Water Quality Guidelines for Fresh and Marine Waters (Table 2.1) 
recommend salinity of less than 1,000 mg/L for the protection of aquatic ecosystems. 

Since the local surface water therefore falls into the non-supportive category recognised by 
the water quality guidelines, the project objective shall not be to endeavour to achieve water 
quality consistent with that recommended in Table 2.1 (refer above) but to maintain, or 
improve upon, the present naturally degraded water quality. 

5.4.2 	Impacts 

The following components of the project have the potential to impact on the quantity and 
quality of surface water flows. They allow for the design alternative under which an 
evaporation pond may be used to dispose of tailings decant water (refer 2.3.10.2). 

The mining pit will collect rainfall that would otherwise contribute to surface water runoff; 
this may be needed to support ecosystems (there is no known agricultural use of surface 
water) or to replenish groundwater resources used by same 

Poor design or management of the tailings storage facility (or an evaporation pond, if 
required) could result in loss of saline supernatant process water into watercourses, 
through lateral seepage or embankment surcharge 

Rupture of the seawater pipeline or the brine return pipeline along Mason Bay Road 
could result in discharge of seawater into natural watercourses 

The EPA Guidelines require the CER to address the possibility of acid mine drainage. 
This will not occur because the ore feedstock is totally oxidised and the slurry is 
neutralised before leaving the process plant to the tailings storage facility. 
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5.4.3 	Management 

5.4.3.1 	Mining 

Mining at Bandalup Hill will result in removal of vegetation and the eventual formation of a pit 
that will effectively form a crater within the hill. Rainfall on the outer slopes of the hill will 
conform to the existing runoff pattern, although the removal of some of the vegetation on 
these slopes could result in slightly accelerated runoff and erosion. Sediment traps will be 
installed to arrest the latter before it is carried on into natural watercourses. Proposed 
locations will be defined before works approval is requested. 

Rainfall that collects in the pit will be removed via a combination of natural infiltration and 
pumping into the process water storage pond, via oil separation apparatus where 
appropriate. 

Thus, the effect on the existing surface hydrology may be to slightly accelerate runoff from 
the outer slopes of Bandalup, to slightly reduce water consumption by evapotranspiration, 
and to reduce runoff by that component of rainfall that is incident on the pit itself. However, 
the affected area comprises less than 1% of the Bandalup Creek catchment and a negligible 
fraction of the Jerdacuttup River catchment. The impact on the surface water regimes and 
water quality will therefore be insignificant. 

5.4.3.2 	Tailings Storage Facility 

The tailings storage facility (the 'facility') will be constructed at the head of a small tributary 
within the Burbalup Creek catchment, on the southern flank of the divide between the 
Bandalup Creek and Burbalup Creek catchments (refer 3.4.4). The progressive construction 
of the facility to contain the accumulating discharge will result in an eventual embankment 
level up to 25 m above the lowest natural ground level around the facility. 

Current indications are that the facility supernatant (the 'tailings decant water') will be 
recycled in the process plant. (Should future work show this to be impossible, it will be 
disposed of to an evaporation pond - refer 2.3.10.2). 

The benign nature of the tailings material is described in Section 2.3.10. 

The possible impacts associated with the tailings storage facility and, if constructed, an 
evaporation pond, are addressed below. 

Disruption of surface water regime by interruption of natural drainage 

The catchment upgradient of the facility will be natural vegetation of less than 3 km2  area. 
The area will have peripheral drains designed to intercept run-off from up to a 100 year event 
and direct it to the natural water course downgradient of the facility. 

Lateral seepage through the embankment(s). 

The facility has been designed and will be constructed in accordance with the DME's 
Guidelines on the Safe Design and Operating Standards for Tailings Storages. A major 
objective is the elimination of seepage of saline process water from the impoundment. (All 
the precautions described for the tailings storage facility would also apply to an evaporation 
pond, which would incorporate the added security of a synthetic liner). 

The measures taken to minimise seepage from the facility will apply to the final design, 
construction and operation of the facility and are detailed in Appendix D under 'Seepage 
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Control Measures'. Additional precautions, intended to detect and rectify any seepage will 
include: 

Excavation of seepage interception trenches and recovery of seepage water; 

Installation of seepage interceptor bores and diversion to a pump sump, for recovery and 
return to the facility or disposal in the process water pond; and 

Where appropriate, construction of additional containment cells over affected area. 

The surface drainage downgradient of the facility and ponds area meanders southward and 
then westward across gently sloping land and is shown on the topographical map as a series 
of ill-defined, discontinuous flow lines indicating an ephemeral flow regime. The length of the 
flow route from the area to the Jerdacuttup River is approximately 30 km. Thus, in the 
improbable event of seepage of tailings return water, it would only be transported from site in 
the event of runoff following a significant storm event and this would further ameliorate the 
condition by dilution. 

Vertical seepage through the facility floor into the groundwater 

If vertical seepage occurred it would impact upon groundwater quality and is therefore 
discussed in Section 5.7: Groundwater Quantity and Quality. However, refer also to 
description of benign nature of tailings material in Section 2.3.10. 

5.4.3.3 	Process Plant 

Potential impacts are associated with disruption of the existing surface drainage at the site 
and with the possibility of spillage of reagents or hydrocarbons (fuels etc.) contaminating 
downgradient water courses or groundwater. The latter is discussed separately in Section 
5.7. 

Drainage channels constructed around the plant site, incorporating culverts under roads, will 
contain runoff from the site and, therefore, any spillage, and direct it to a holding tankfrom 
which it will be pumped to the process pond for re-use or removed by a wastewater 
contractor in the event of any spillage. Cutoff drains will be located around all minesites, 
plantsites and facilities with stormwater being routed into the natural water course as soon as 
practicable. The drains will incorporate the facility to divert flow into holding sumps if the risk 
of contamination is suspected. 

General stormwater drainage design will be carried out on a rational basis in accordance with 
the lEAust publication, Australian Rainfall and Runoff (1987), using the following return 
periods for design storms: 

500 years 	 Diversion drains around open cut mines 

100 years 	 Major diversion drains around plant sites and principal 
facilities 

50 years 	 Plant facilities and permanent all weather roads and airstrips. 

25 years 	 In-plant local drainage, building drainage 

The catchment area upgradient of the process plant will be less than 1.3 km2. Drains 
constructed along the upgradient perimeters of the site will be designed to intercept run-off 
from a 100 year event and direct it to the natural water course downgradient of the plant site. 
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All rainfall falling on disturbed sections of the project site will be collected and routed to 
settlement basins, designed and managed to ensure that the suspended particulates 
concentration of subsequently discharged water complies with the WA Water Quality 
Guidelines. 

All rainfall falling on areas that could experience hydrocarbon spillage will be contained for 
treatment to remove hydrocarbon contaminants to acceptable environmental limits prior to 
discharging into the stormwater drainage system. Alternatively, the contaminated water will 
be removed from site by a contractor specialising in the handling and disposal of liquid 
waste. 

A surface water quality monitoring programme will be set up under which samples will be 
collected routinely along the routes of those water courses draining the project area. The 
programme will commence before site works are started, in order to establish the baseline 
water quality with which to compare sample analyses during project operation. Any detected 
deterioration will be investigated. If the cause is found to be p roj ect- related, it will be 
rectified. The Water and Rivers Commission will be consulted at the outset to ensure that, if 
required, the data collected is compatible with, and may be incorporated into, its SWRIS 
(state water resources information system) data-base. 

5.4.3.4 	Water Supply Pipeline 

The seawater pumping main and return brine pipeline will be buried, to protect them against 
vandalism and fire. The design, construction and hydraulic testing of the pipelines will be: to' 
best engineering practice, all in accordance with AS 4130 and AS 2033. A telemetry system 
will relay information about pump station status, tank water levels at the booster pump ; 
stations, pipeline pressures etc. back to the project site control room. The system will 
activate alarms in response to any abnormal situation and will enable remote control r of 
pumps to arrest any flow in the improbable event of pipeline rupture. The pipeline route is 
shown in Figure 14. 

Additional precautions will be provided by pressure switches at each pump station that will 
detect pipeline pressure loss resulting from pipe rupture, or unusually high pressure resulting 
from inadvertent valve closure (although all valves will be locked to protect against this 
eventuality). The pressure switches will immediately shut down the pumps. 

5.4.4 	Commitment 5 

Comet Resources undertakes to: 

minimise disturbance to the natural surface drainage system wherever practicable 

implement a drainage monitoring programme to assess any impacts on vegetation arising 
from unavoidable changes to the drainage regime; development and operation of the 
monitoring programme will be undertaken in consultation with the DEP and WRC. 

5.5 	WETLANDS 

5.5.1 	EPA Objectives 

To maintain the integrity, functions and environmental values of lakes. 

5.5.2 	Impacts 

The EPA provided guidelines for this environmental factor to ensure protection of the saline 
wetlands located behind the dunes at several locations along the coast, such as Lake 

I:Comet'.81 1 OO\Infra\Environ\CER\CER- Rev A.doc 	 Page 52 



CONSULTATIVE ENVIRONMENTAL REVIEW 	 RAVENSTHORPE NICKEL PROJECT FEASIBILITY STUDY 

Shaster, Jerdacuttup Lakes etc. Inclusion of the guidelines was prompted by an earlier 
description of the the water supply scheme, which proposed abstraction of process water via 
a near-sea borefield. Although it would have been designed to ensure that only seawater 
would be abstracted, it nevertheless represented the possibility for impact on the wetlands by 
drawdown of the underlying water table. 

In the subsequent redesign of the water supply scheme, however, the concept of a borefield 
abstraction system was replaced by a scheme comprising a conventional pipe and intake 
screen projecting into the sea, connected to a pump station located behind the dunes. 

Consequently, the potential for impact on the wetlands no longer exists. 

5.6 	LANDFORM, REHABILITATION AND VISUAL AMENITY 

5.6.1 	EPA Objectives 

To establish stable and sustainable landform consistent with surroundings. 

5.6.2 	Impacts 

The works listed below will result in changes to the existing Iandforms. Some works, such as 
construction of buildings, will introduce temporary changes while other works, such as 
mining, realignment of the adjacent section of Mason Bay Road, and construction of the 
tailings storage facility, will represent permanent changes. 

Changes in, and adjacent to, the proiect area 

Construction of the main access road from South Coast Highway and construction of 
internal service roads 

Construction of embankments and formation of tailings storage facility and (if required) 
evaporation pond 

Grading plant site to level, and construction of process plant, the most visible features of 
which will be three or four venting stacks. Stack heights are unknown at this stage as 
these will be dependent upon the design by the supplier of each of the facilities. The 
tallest is expected to be about 50 m above ground level. The stacks will be partially 
concealed from the South Coast Highway (4 km away at its closest point) by Bandalup 
Hill, which will be about 30 m above the plant, although this will change as mining of the 
hill proceeds. 

Erection of ancillary buildings (mine offices, stores, workshops, workforce mess and 
ablutions facilities etc.) and vehicle hardstandings 

Installation of slurry pipelines and pump stations, water storage dams and tanks 

Excavation of surface drains and flood diversion channels and construction of associated 
culverts 

Excavation of material borrow pits 

Mining at Bandalup Hill, which will reduce the overall height of the hill by approximately 
40 m and, during mining operations, will effectively form a crater within the 'truncated' hill 
(which will be progressively rehabilitated until project completion and site 
decommissioning) 
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Initial storage of overburden 

Long-term stockpiling of overburden for eventual rehabilitation use 

Stockpiling of ore 

Estimates of the overall affected areas are stated in Table 12. 

External changes 

The principal external changes will be the construction of the water supply scheme and the 
accommodation village. 

The water supply scheme will introduce the following visible features outside the project site, 
and they are therefore described in some detail: 

Intake pipe, with intake screen, in the westernmost (and less frequented) of the two bays 
that comprise Mason Bay, about 35 km south of the project site. The 300 mm diameter 
pipe will be laid on the sea bed to approximately 100 m offshore, buried across the beach 
and through the dunes. 

200 mm diameter return brine outlet pipe, installed close to and in a similar manner to the 
intake pipe (above) 

The intake pipe will terminate at a pump station located behind the dunes, housed in a 
green Colorbond®  shed, typically 10 m x 6 m x 2.5 m high, on a site of about 50 m2  
enclosed by a 1.8 m high chain-link security fence and gates 

A 450/500 mm diameter polyethylene pipeline from the pump station (above) to the 
project site, along the eastern verge of Mason Bay Road. It will be buried in the existing 
cleared strip adjacent to the farmland fenceline, which is concealed from the road by a 
vegetated reserve about 20 metres wide. The only visible signs to road users will be 
occasional roadside valve marker posts and the two booster pump stations (below); 

A 315 mm diameter polyethylene pipeline returning brine from the project site to the sea 
at Mason Bay, buried alongside the 450/500 mm diameter pumping main (above) 

Two intermediate booster pump stations constructed in the Mason Bay road reserve, 
approximately 16 km and 28 km north of Mason Bay. with pumps and controls 
accommodated in a Colorbond®  shed (as above). At each station, the pump station will 
be on a fenced site of approximately 250 m2 that will also contain a water storage tank of 
about 150 m3  capacity. This would equate to a 4 m high tank of 7 m diameter, or a 3 m 
high tank of 8 m diameter. All facilities will be secured against intrusion. 

Above-ground power lines from the project site to the Mason Bay pump station, installed 
along the pipeline alignment. There will be three lines supported on timber poles and 
timber cross-pieces, of similar appearance to the existing Western Power lines. The 
same poles will carry the telemetry line which relays information about pump station 
status etc. back to the project site control room and enables their remote control. 

The accommodation village will be located on farmland about 6 km south of the project site. 
The capacity will gradually develop as the construction workforce grows, to an expected 
maximum area of about 17.5 ha. It will then be reduced to occupy about 8 ha and is 
expected to gradually diminish in size thereafter, as occupants are assimilated into the local 
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community and move to more permanent accommodation in the likes of Ravensthorpe and 
Hopetoun. 

Table 12: Estimated Areas of Landform Change 

Works Affected Area 

(ha) 

Access and service roads 35.0 

Process plant site, inc. ancillary buildings etc. 54.2 

Mine 131.6 

Stockpiles 18.0 

Long-term overburden storage: east 

west 

88.9 

63.5 

Tailings storage facility (ground level footprint) 144.0 

Accommodation village: 	construction 

permanent 

17.5 

8.0 

5.6.3 	Management 

Landform changes and rehabilitation will be considered in the planning, development, 
construction and operation stages of the project. The following DME publications provide 
comprehensive advice and well-proven techniques pertaining to sensitive, progressive 
change in landform and ongoing or eventual rehabilitation: 

Environmental Management of Quarries: Development, Operation and Rehabilitation 
Guidelines (1994). 

Guidelines for Mining in Arid Environments (1996). 

These publications will be referred to and the appropriate government departments and other 
organisations will be consulted throughout the project and the recommendations 
implemented wherever practicable. 

Mining Pit 

The major ongoing landform change will be created by the mining of Bandalup Hill. The hill 
is most visible to motorists on the South Coast Highway about 4 km east-north-east of the 
hill, where the highway rises through about 200 mAHD (cf. Bandalup Hill which rises to 
approximately 230 mAHD). Where economically practicable, the visual impact of mining will 
be minimised by mining progressively into the unseen (ie. southern) side of the hill, retaining 
the visible side as a sight barrier. If it transpires that this barrier cannot be effectively 
retained for the majority of the mining period and that the mining constitutes an unacceptable 
visual impact, this will be lessened by the planting of a vegetation screen as close to the 
highway as possible, where it will be most effective. 

Ordinarily, permanent landform changes would be minimised by progressive placing of 
overburden as inf ill into mined and sterilised areas. However, it is expected that some of the 
overburden and other excavated 'waste' material (ie. that containing uneconomic levels of 
nickel) will be used for construction of roads, embankments for the tailings storage facility 
and evaporation ponds, and building pads. It is therefore probable that the mined pit will not 
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be reinstated to ground level but will remain a depression. However, as this will be contained 
within the remaining sides of Bandalup Hill, it will not constitute a visual impact and will be 
graded to blend with the surrounding environment and to ensure that it poses no risk to fauna 
or people. 

Tailings Storage Facility 

The tailings storage facility will be the other obvious landform change. Topsoil will be 
removed from the former farmland site of the facility and will be stockpiled to less than 3 
metres height, located and treated (eg. by establishment of vegetative cover) to afford 
protection from wind and rainfall erosion. Specialist expertise will be employed in order to 
identify the most viable layers of topsoil and to stockpile them in the best manner to preserve 
this viability. The topsoil will be used as cover to cleared areas as their use expires. 

The facility will be rehabilitated in the following conventional manner. However, research 
may be undertaken during the project to identify any opportunities for re-use of the 
consolidated residue contained in the facility, such as brick making or as a soil additive or 
conditioner for agricultural use. 

The perimeter embankment of the tailings storage facility will be battered to facilitate 
progressive rehabilitation during the project's operational life. This will typically involve 
topsoiling of the downstream embankment slope, contour ripping and seeding with salt-
tolerant and other local plant species. It is proposed to commence rehabilitation of the 
starter embankment immediately following construction. 

Final rehabilitation of the facility will be completed in accordance with DME and DEP 
recommendations and will include control of drainage from the surface and slopes of the 
structure, revegetation and landscaping to ultimately form a stable drained landform over the 
long term. Where practicable, surface drainage will be restored to the original, pre-project 
regime. 

EvaDoration Pond 

Upon decommissioning of the evaporation pond (if required - refer 2.3.10.2), the synthetic 
liners and deposited residue will be removed to a registered landfill facility, following TCLP 
(toxic characteristic leachate procedure) testing of the residue, if this is required in order to 
select the appropriate classification of landfill facility. The embankments will then be graded 
to the natural contours of the surrounding environment, for placement of top-soil and 
seeding. 

Throughout all phases of the project, all landform changes will be managed in accordance 
with the final post-mining rehabilitation plan, developed with the above-mentioned objective. 
The need to minimise the removal of vegetation is recognised (refer 5.2.3). 

Plant and Infrastructure 

The structures forming part of the plant, and visible features of the infrastructure such as 
pipework installations at Mason Bay, booster pump stations and power supply cables on 
Mason Bay Road, will all be removed and the sites rehabilitated during decommissioning. 
Since the new access road will be a realignment of a gazetted road, this will remain in place. 
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5.6.4 	Commitment 6 

Comet Resources undertakes to develop and implement procedures, within its 
Environmental Management Plan for the construction and operation of the project, to avoid 
unnecessary disturbance to areas not required for mining, processing or infrastructure 
development. 

Comet Resources undertakes to develop a rehabilitation programme designed to restore 
disturbed areas to conditions that are consistent with the defined post-mining land-use 
objectives. 

5.7 	GROUNDWATER QUANTITY AND QUALITY 

The EPA's CER Guidelines distinguished between the g rou ndwate r- related environmental 
factors of 'Quantity' and 'Quality', separating them respectively into the categories of 
Biophysical and Pollution Management factors. However, the impacts and management of 
the two factors are inter-related and they are therefore addressed together in this Section. 

5.7.1 	EPA Objectives 

Environmental factor 	 EPA Objective 

Groundwater Quantity 	 To maintain the quantity of groundwater so that 
existing and potential uses, including ecosystem 
maintenance, are protected 

Groundwater Quality 	 To ensure that the beneficial uses of 
groundwater can be maintained, consistent with 
the draft WA Guidelines for Fresh and Marine 
Waters (EPA, 1993). 

5.7.1.1 	Discussion of Groundwater Quality Objective 

Although the above-mentioned water quality guidelines recommend groundwater quality 
standards for potable and stock watering water sources, it is recognised that some natural 
groundwater systems cannot meet these standards, often because of high salinity 
concentrations. The information currently available on the local groundwater (refer 3.5.3) 
indicates salinity ranging between about 10,000 and 20,000 mg/L TDS, whereas the draft 
WA Water Quality Guidelines for Fresh and Marine Waters (Table 2.1) recommend salinity of 
less than 500 mg/L for potable water and less than 6,000 mg/L for the healthy growth of 
sheep (other livestock can only tolerate lower salinities). 

Therefore, the project objective shall not be to endeavour to achieve the quality of a raw 
water for drinking purposes, but to maintain, or improve upon, the present groundwater 
quality. 

5.7.2 	Impacts 

5.7.2.1 	Pit Dewatering 

Mining will extend to approximately 170 mAHD (about 50 m below the crest of Bandalup Hill). 
The 1:250,000 hydrogeology map indicates the water table to be about 120 mAHD in the 
vicinity of the project site. Thus, it is expected that there will be no requirement for 
dewatering, other than occasional removal of accumulated rainwater. 
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Rainfall which would have formerly contributed to runoff on the slopes of Bandalup Hill will 
collect within the pit and be removed by a combination of natural infiltration and pumping 
from the mine into a natural water course, or to the tailings storage facility if contamination is 
possible (eg. by fuel spill). Consequently, the only impact may be marginal increase in 
groundwater recharge. 

	

5.7.2.2 	Groundwater Abstraction 

Comet is presently undertaking groundwater investigation to establish a temporary water 
supply for the construction phase. However, if the groundwater yield is sufficient, it will be 
adopted as the long-term process water resource (refer 2.5.4). 

The potential impact of groundwater abstraction is excessive drawdown of the water table in 
the vicinity of the production bores, which may impinge upon any existing or future 
groundwater users and/or ecosystems. 

Groundwater in the vicinity of the site is expected to be saline. Groundwater sampled from a 
nearby well on the decommissioned magnesite mine site recorded 28,000 mg/L TDS. The 
WRC hydrogeology map indicates salinity ranging from 10,000 to 15,000 mg/L in the vicinity 
of the site and remaining similar downgradient from the site as far as the coast. 

The only indications of groundwater use in the region are for stock-watering, using water 
abstracted by shallow bores installed in a few, isolated perched lenses of fresher water that 
are replenished annually by rainfall. These lenses are believed to have no hydraulic 
connection with the lower, saline aquifer so would not be affected by groundwater abstraction 
for the project. 

The WA Water Quality Guidelines for Fresh and Marine Waters (EPA, 1993) Australian 
Water Quality Criteria", 1974, recommends 6,000 mg/L as the desirable maximum salinity for 
drinking water for sheep. This would effectively exclude from use the deeper groundwater 
that could be impacted by abstraction for the project. 

Conversely, a potentially beneficial impact is that abstraction may ameliorate soil salinisation 
problems which are evident in low-lying agricultural land in the area. 

	

5.7.2.3 	Tailings Storage Facility 

The tailings storage facility probably represents the most significant perceived impact, 
compared with the relatively inconsequential effects of pit dewatering and groundwater 
abstraction for water supply. However, leachate testing undertaken on the tailings material 
has confirmed that it poses no risk to groundwater quality (refer 2.3.10). 

The tailings will be pumped to the facility as a slurry and the supernatant water will be 
decanted off and recovered for re-use in the process. If this later proves to be impossible, it 
will be disposed of to an evaporation pond (refer 2.3.10.2). Seepage of the supernatant 
water through the floor of the facility, through incorrect design, construction or operation, 
could have the potential to impact upon groundwater quality. 

If an evaporation pond is required, it would introduce similar potential impacts to those 
presented by the tailings storage facility, except that, being for the storage of water, it will 
incorporate the additional security of a synthetic liner. Additionally, the rate of any seepage 
would be limited considerably by the low hydraulic head represented by the shallow depth of 
the pond (about 700 to 900 mm depth). 
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5.7.3 	Management 

5.7.3.1 	Groundwater Abstraction 

Any development of a groundwater resource, whether for the construction phase only or for a 
long-term water supply, will be subject to WRC approval. This will require the installation of 
test production bores and surrounding monitoring bores, particularly down-hydraulic-gradient 
of the abstraction area(s), followed by a thorough test-pumping and monitoring programme, 
analysis of results and detailed projections of the impacts on the local and regional 
groundwater regimes. This information will be compiled into a comprehensive report to 
support the groundwater abstraction licence application to the WRC. 

The groundwater abstraction licence imposes a limit on the amount of water that may be 
abstracted and obliges the licensee to undertake regular monitoring of water levels and 
chemistry in the production bores and monitoring bores. The monitoring information must be 
compiled into an annual monitoring report for submission to the WRC. The WRC will review 
the report to confirm that licence conditions are being adhered to and to assess whether 
groundwater abstraction is impinging on the groundwater quality or the requirements of any 
other groundwater users or ecosystems. 

5.7.3.2 	Tailings Storage Facility 

The risk of seepage from the facility into the groundwater will be minimised by ensuring that it 
is designed, constructed and operated in accordance with the DME's Guidelines on the Safe 
Design and Operating Standards for Tailings Storages. The design features and operational 
procedures proposed to prevent or contain seepage are described in Appendix D. 

The geotechnical investigation indicates that the near surface profile within the tailings 
storage consists of a sequence of clays and sandy clays extending to depths of 6.5 m to 8.5 
m below natural surface level. (The findings of the geotechnical investigation are discussed 
in the detailed description of the tailings storage facility in Appendix D). The presence of the 
surf icial clay and sandy clay horizon, overlain by the increasingly compacted residue within 
the facility, will contribute to the attenuation of potential vertical and lateral seepage from the 
proposed storage. The same clays and sandy clays are expected to provide a suitable 
material for use as low permeability fill for perimeter embankment construction (see below). 
Floor permeability may be further reduced by scarifying and recompacting the in situ 
materials to produce a low permeability foundation zone. (Seepage modelling will be 
undertaken during the detailed design phase to determine if this will be necessary). 

The facility will also incorporate additional security against vertical seepage in the form of 
underdrains that will capture any water percolating through the settled tailings and direct it to 
a sump from which it will be returned to the facility. Groundwater monitoring bores installed 
down-hydraulic-gradient of the facility will be sampled and analysed regularly to detect if any 
seepage is occurring. 

The design and construction of the facility will be respectively reviewed and supervised by a 
geotechnical expert approved by the DME. Also, mandatory registration of the facility with 
the DME ensures that the owner complies with the strict inspection and auditing 
requirements appropriate to the level of environmental impact deemed to be represented by 
the facility. 

An evaporation pond would be subject to the same design, construction and operation 
guidelines as the tailings storage facility and would feature a similar seepage detection 
system. The principal difference between the two is that the floor and embankments of the 
evaporation pond would be sealed with a synthetic liner, such as polyethylene or 
polypropylene, and seepage would therefore be highly unlikely. 
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5.7.4 	Commitment 7 

Comet Resources will comply with all regulations pertaining to groundwater exploration, 
development and abstraction. 

Comet Resources will involve the DEP and DME during the design, construction and 
operation of the tailings storage facility to ensure its compliance with all relevant regulations 
and will install and routinely sample groundwater monitoring bores down-hydraulic-gradient 
of the facility. Groundwater sample analysis results will be available for inspection by the 
appropriate regulatory authorities. In the event of any leakage being detected, remedial work 
will be undertaken to the satisfaction of the appropriate regulatory authorities. If it is deemed 
necessary, additional investigation will be undertaken to determine the extent of any impact 
upon the groundwater. 
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6.0 	POLLUTION MANAGEMENT FACTORS 

6.1 	ODOUR 

6.1.1 	EPA Objectives 

Odours emanating from the proposed development should not adversely affeCt the welfare 
and amenity of other land users. 

It is understood that there are no formal criteria for odour impacts in Western Australia, 
however the draft Queensland Criteria have been adopted as an interim approach 
(Queensland Department of Environment and Heritage, 1994, "Policy for Odours from New 
Developments"). 

6.1.2 	Impacts 

Hydrogen sulphide gas generated on site and used in the process is highly odorous. Any 
fugitive emissions from leaks or equipment failure will therefore be immediately detected. 
Furthermore, the plant is not in a sensitive location, the nearest private premises to the mine 
site being the residences "Gnamma" and "Craigmuir", located respectively 5 km east and 8 
km south of Bandalup Hill. The South Coast Highway passes 4 km to the northeast of the 
site. Surrounding land is natural bushland to the north and west and farmland to the east 
and south. In addition, the site is well-exposed to the prevailing winds which would enhance 
dispersion of any odours that may not have been predicted. 

6.1.3 	Management 

The draft Queensland Criteria require that the predicted 3-minute average odour level at any 
location beyond the premises boundary should be less than the following for 99.5 percent of 
this time: 

2.5 odour units for area sources and point sources subject to building wake effects; and 

0.5 odour units for point sources free from building wake effects. 

During normal plant operation, hydrogen sulphide manufactured on the site is fully contained 
within the process. In all other cases, such as hydrogen sulphide plant start-ups, shutdowns 
and upset conditions, hydrogen sulphide is directed to the flare where it is fully combusted. 
The duration of these events is typically in the order of minutes. 

The flare is designed to stay alight even during extreme wind conditions. As a further 
safeguard, the flare will also incorporate a self-igniting pilot to prevent flame outages. 

The importance of monitoring and immediately controlling any emissions of hydrogen 
sulphide is not under-estimated. The project will therefore engage the world's best practice 
standards of monitoring instrumentation and emergency rectification apparatus and 
procedures so as to ensure nil discharge wherever possible. 

As a result of a high level of hydrogen sulphide emission management and large separation 
distances to sensitive land uses, there are not expected to be any detectable off -site odours. 
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6.1.4 	Commitment 8 

Comet Resources will arrange for dispersion modelling to be undertaken following detailed 
design of the hydrogen sulphide plant, to confirm that odour impacts are below the draft 
Queensland criteria at odour-sensitive premises. 

Comet Resources will endeavour to identify world's best practice in the detection and control 
of hydrogen sulphide and will prepare and implement an emergency response plan to 
address any possibility of malfunction that could result in the release of hydrogen sulphide to 
the atmosphere. 

6.2 	PARTICULATES AND DUST 

6.2.1 	EPA Objectives 

To ensure that the dust levels generated by the project do not adversely impact upon welfare 
and amenity or cause health problems, by meeting statutory requirements and acceptable 
standards. 

The ambient dust criteria considered relevant to this proposal are those for residential areas 
stated under the Environmental Protection (Kwinana) (Atmospheric Waste) Policy 1992. The 
Policy states the maximum concentrations for 'total suspended particles' for averaging times 
of 15 minutes and 24 hours. 

A second objective will be to ensure that project-generated dust levels comply with the 
workforce safety requirements of Part 9 of the Mines Safety and Inspection Act 1995. 

6.2.2 	Impacts 

Open cut ore mining involves the movement of large volumes of materials which are usually 
dry. Activities which have the potential for dust emission include: 

drilling and blasting; 

overburden stripping; 

loading operations; 

ore and overburden hauling; 

truck unloading (tipping), 

haulage on mine roads 

primary crushing. 

stockpiles and exposed soil 

conveyors 

High dust levels also have potential to affect sensitive vegetation where it becomes 
blanketed with dust. This is usually a localised impact near the source of the dust (ie. road 
sides, unloading areas, etc) as the heavy particulates settle over a relatively short distance. 
Watering for dust suppression can also affect vegetation where saline water is used. 
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Fugitive dust emissions can be a nuisance to nearby residents when carried by wind. 
However, this is unlikely to be a problem with this project as the nearest residence is located 
over 5 km from the project area. 

Since the origin of any dust generated from this project is from crustal sources and 
mechanical abrasion, the fraction within the particle size that is of greatest concern from a 
health perspective is likely to be small. 

	

6.2.3 	Management 

Potential impacts associated with dust levels on site are expected to be confined to the 
health and comfort of the workforce. These will be monitored and controlled in accordance 
with the requirements of the Mines Safety,  and Inspection Act, 1995. The particle size of 
particulates generated at the site are expected to be outside the range of concern to health. 

Occupational and ambient dust levels will be controlled, at source, by fitting suppression 
systems throughout the processing plant, as required. 

Water tankers will be used to apply water to areas which have the potential to be a source of 
dust within the operations area, particularly along unsealed roads, haul roads and 
construction areas. If saline water is used for dust suppression, sprays will be controlled to 
avoid undesirable overspray; its use will generally be confined to areas which will eventually 
be buried or which have peripheral drainage channels and infiltration pits to contain any 
saline runoff. However, it is recognised that indiscriminate use of saline water could harm 
existing vegetation and also hamper the eventual revegetation of cleared areas, so 
desalinated water will be used for dust suppression in such susceptible areas. (The water 
requirement will be very small in relation to the total requirement for desalinated water). 

Housekeeping practices will be employed to ensure that there is no accumulation of waste 
materials in or around the premises which may lead to the generation of airborne dust. 
Routine maintenance of equipment designed to reduce dust levels will be undertaken to 
ensure their effective use. All employees and contractors will be informed of the importance 
of reducing ambient dust levels. 

Procedures for dust control will be included in the Environmental Management Program and 
will be consistent with the remedies stated in Table 4 of the DME's publication Environmental 
Management of Quarries: Development, Operation and Rehabilitation Guidelines (1994). 

Comet will also initiate a dust monitoring program to verify that off-site dust levels are within 
the relevant criteria. 

	

6.2.4 	Commitment 9 

Comet Resources will prepare and implement a dust management plan based on advice 
from the DME and DEP. The plan will include ambient monitoring proposals to verify that 
dust levels comply to the relevant standards or guidelines. 
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6.3 	GASES 

6.3.1 	EPA Objective 

To ensure that all reasonable and practicable measures are taken, in accordance with 
Section 51 of the Environmental Protection Act 1986, to: 

minimise the discharge of SO2  (sulphur dioxide) gas and to ensure compliance with the 
air quality standards and limits stated in the Kwinana Environmental Protection 
(Atmospheric) Policy 

. 	minimise the discharge of NO (nitric oxide, nitrogen dioxide etc.) gases 

Ambient levels of SO2  and NO2  will be compared with the standards stated in the Draft 
National Environment Protection Measure and Impact Statement for Ambient Air Quality 
(National Environment Protection Council, 1997). 

Concentrations of SO2  and NO2  in stack emissions will be compared with the standards 
stated in the National guidelines for control of emission of air pollutants from stationary 
sources (AEC, NHMRC, 1985). 

The standards and proposed emission levels are summarised in Tables 13 and 14. 

Table 13: Proposed Goals and NEPM Standards for SO, and NOx  Emissions 

Pollutant Averaging time Maximum concentration Goal: (10 years) 
maximum no. 

exceedance/year 

Nitrogen dioxide 1 hour 0.125 ppm (256 ig/m) 1 

1 year 0.03 ppm (62 .tg/m3) 0 

Sulphur dioxide 1 hour 0.20 ppm (572 j.tg/m3) 1 

1 day 0.08 ppm (229 .tg/m3) 1 

1 year 0.02 ppm (57 tg/m3) 0 

Table 14: Comparison of Emissions with AEC/NHMRC Guidelines. 

Process/Pollutant Guideline value Proposed level 

Sulphuric Acid Plant 

Sulphuric Acid Mist and Sulphur Trioxide 0.075kg/t of 100% acid <0.07 kg/t of 100% acid 

Sulphur Dioxide 2.0 kg/t of 100% acid <1.82 kg/t acid produced 

Hydrogen Sulphide Plant 

Hydrogen Sulphide 5 mg/rn3  <5 mg/rn3  

Limestone Grinding and Lime Hydration 
Plants 

Solid Particles 0.25 g/m3  <0.05 g/rn3  

I:ComeVi81 1 OO\Jnfra\Environ\CER%CER - Rev A.doc 	 Page 64 



CONSULTATIVE ENVIRONMENTAL REVIEW 	 RAVENSTHORPE NICKEL PROJECT FEASIBILITY STUDY 

6.3.2 	Impacts 

Any impacts associated with emissions will be ameliorated by the relatively remote location 
of the project site. The nearest private premises to the mine site are the residences 
"Gnamma" and "Craigmuir", located respectively 5 km east and 8 km south of Bandalup Hill. 
The South Coast Highway passes 4 km to the northeast of the site. Surrounding land is 
natural bushland to the north and west and farmland to the east and south. In addition, the 
site is well-exposed to the prevailing winds which will enhance dispersion of emissions. 

6.3.2.1 	Sulphur Dioxide 

Emission of sulphur dioxide to the environment can result in unacceptable ground level 
concentrations without appropriate control equipment and dispersion of emissions, with the 
potential to be a respiratory irritant, a trigger for asthma, or to damage vegetation. 

Sulphur dioxide will be generated at the project site from operation of the sulphuric acid plant 
(refer 2.3.9.1) and the diesel-fuelled power station (refer 2.5.3). It may also be generated 
upon start-up of the hydrogen sulphide plant (refer 2.3.9.3), since any hydrogen sulphide gas 
emitted from the latter at start-up will be piped to the flare for combustion to sulphur dioxide. 

All process-related gases will be vented via a stack with proposed height of 50 to 70 m and 
expected volumetric emission rate of approximately 45 m3/s. Estimated annual emission 
rates are based on planned operation of 330 days per year. 

Sulphuric Acid Plant 

The specification for the acid plant stipulates that the sulphur dioxide emission rate shall be 
less than 1.82 kg per tonne of acid produced. Thus, the expected acid requirement of 
670,000 tpa would generate approximately 1,220 tpa sulphur dioxide. 

Hydrogen Sulphide Plant 

Start-up of the hydrogen sulphide plant will be of short duration (typically 2 to 3 minutes) and 
very infrequent (eg. if stoppage is necessitated by malfunction). The height of the flare stack 
is expected to be about 70 m. 

Power Station 

The installed generation capacity will be around 60 MW, however the normal requirement will 
be 52 MW, of which approximately 12 MW will be supplied by energy recovery from the heat 
generated by the sulphur-burning plant (refer Section 2.3.9.1) and 40 MW will be supplied by 
the power station. 

The power station supplier has not yet been confirmed, however a probable supplier has 
advised that sulphur dioxide emissions per unit energy produced will be approximately 2.47 
glkWh, which represents sulphur dioxide emission of approximately 785 tpa. A nominal 
stack height of 15 m has been assumed for the air-dispersion modelling (refer 6.3.3). 

Total Emission 

The estimated total annual SO2  emission from the sulphuric acid plant and diesel-fuelled 
power station is therefore around 2,000 tpa, and this may be accompanied by occasional 
minor contributions during start-up of the hydrogen sulphide plant. 

I:\Comet\81  1OO\Infra\EnvironCER\CER . Rev A.doc 	 Page 65 



CONSULTATIVE ENVIRONMENTAL REVIEW 	 RAVENSTHORPE NICKEL PROJECT FEASIBILITY STUDY 

6.3.2.2 	Nitrogen Oxides 

Nitrogen oxides (NOr) refers collectively to nitrogen oxide and nitrogen dioxide. Nitrogen 
dioxide is an acidic, corrosive gas which can be an irritant if inhaled in harmful concentrations 
but is mainly of concern in urban areas, where it is produced from many sources (particularly 
motor vehicles) and is a major contributor to photochernical smog. 

Nitrogen oxide is relatively innocuous however it oxides in air to form nitrogen dioxide. Hence 
the environmental impacts from NO), emissions are assessed on the conservative basis that 
the entire discharge comprises of nitrogen dioxide. 

The only significant NO source on the project site will be the power station. 

The total predicted NOx emission is approximately 3,500 tpa based on emission factors for a 
diesel-fuelled power station from the National Greenhouse Gas Inventory Handbook (1996). 
This compares favourably with estimated NOx emission of 46,000 tpa in Kwinana (Draft 
National Environment Protection Measure and Impact Statement for Ambient Air Quality). 

More accurate emission estimates will be available once a power station supplier has been 
selected. 

6.3.2.3 	Other Process Emissions 

Other acid gases likely to be emitted by the acid plant are sulphur trioxide and sulphuric acid 
mist, at a plant-specified rate of less than 0.07 kg per tonne of acid produced. 

This is within the standard (0.075 kg/t) recommended by the National guidelines for control of 
emission of air pollutants from stationary sources (AEC, NHMRC). 

There will be minor particulate emissions from processes involving the use of granular 
materials such as limestone grinding and the lime hydration plant. These will be controlled by 
bag filters with a design specification of less than 50 mg/rn3. 

6.3.3 	Management and Assessment 

In accordance with the requirements of Attachment 4 (Air Quality and Air Pollution Modelling 
Guidelines) of the EPA Guidelines for the CER, air dispersion modelling was undertaken to 
predict the impacts of the various emissions. This section describes the modelling, the 
potential impacts that it aimed to address, and the predicted levels compared with the 
relevant standards and guideline levels. 

6.3.3.1 	Sulphur Dioxide 

Detailed meteorological data suitable for comprehensive air dispersion modelling of air 
emissions is not available for the project location. 

The "worst case" maximum ground level concentrations for sulphur dioxide were predicted 
using the AUSPLUME computer model. This model is used to satisfy the regulatory 
requirements of the Victorian Environment Protection Authority and is the most widely used 
air dispersion model in Australia. In "screening" mode, this model iterates through the range 
of wind speeds for each atmospheric stability to identify the maximum concentration at each 
downwind receptor point. Conservative mixing heights were also assigned to each stability 
class. 

Details of emission parameters used for modelling SO2  impacts are provided in Appendix G 
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The maximum predicted 1-hour average ground level concentrations for various downwind 
distances from the plant site are summarised in Table 15. These confirm that, in the worst 
case situation, the NEPM 1-hourly standard will be met for all downwind distances greater 
than about 1 kilometre. 

Table 15: Summary of Maximum Predicted 502 Concentrations. 

Distance (km) Max. SO2  concentration (g/m3) 

2 352 

4 319 

6 288 

8 254 

10 231 

It should be noted that the worst case combination of meteorological conditions assumed for 
modelling may not actually occur at this location. Hence concentrations are likely to be less. 

It is expected that, for a point source, if the 1-hour standard is met, the NEPM standards for 
longer averaging times will also be met. 

Short-term concentrations arising from flare emissions may be higher than the NEPM 1-hour 
concentration of 570 jtg/m3. As previously discussed, these are not expected to occur for 
more than a few minutes at a time, and very infrequently over the course of a year. 

Comet will establish an on-site meteorological station for the purpose of collecting data to 
enable more detailed dispersion modelling of sulphur dioxide and other emissions, in order to 
more accurately predict potential contaminant concentrations. 

The results from the modelling, demonstrating compliance to the NEPM standards will be 
submitted to the DEP together with an application for a works approval under the 
Environmental Protection Act. 

6.3.3.2 	Nitrogen Oxides 

The environmental impacts from NO emissions are difficult to predict because of 
uncertainties in estimating the proportion of nitrogen oxide and nitrogen dioxide in power 
station exhaust gases. Difficulties in estimating the oxidation rate of nitrogen oxide in the 
atmosphere add another complexity. If it is conservatively assumed the entire discharge is 
comprised of nitrogen dioxide, and AUSPLUME modelling procedures are based on the 
absolute worst case dispersion, the maximum predicted ground level concentrations at the 
nearest residence may exceed the NEPM nitrogen dioxide standard. (Compare with 
estimated Kwinana emissions - refer 6.3.2.2). 

As mentioned previously, Comet is actively considering alternative energy supply options. 
Hence the requirement for a diesel power station will only be known when the power supply 
option is determined, and the current design is very preliminary. If it is required, any 
opportunities for NOx  reduction will be exploited when selecting the power generation 
equipment. Consequently, when more specific meteorological data and information on the 
proportion of nitrogen oxide and nitrogen dioxide in the emissions become available, the NOx 
impacts will be re-evaluated and it will be demonstrated that, as a minimum standard, the 
NEPM standard will not be exceeded. 
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6.3.3.3 	Acid Rain 

Over time, SO2  oxidises to sulphur trioxide which, when dissolved in water droplets, forms 
sulphuric acid. NOx also eventually reacts to form nitric acid. The phenomenon of acid 
deposition (or acid rain) caused by acidic reaction products of sulphur dioxide and other 
pollutants has been shown not to be a problem in Australia (AEC 1989). The total estimated 
SO2  emissions from this project of about 2,000 tpa are very small when compared to other 
regions in Australia, for example from NEPC (1997): 

power generation, oil refining, Kwinana, WA 	18,000 tpa 

nickel and gold processing, Kalgoorlie, WA 	372,000 tpa 

copper smelting, Mt Isa, Queensland 	500,000 tpa 

The level of 502  and other emissions from the proposal are, therefore, not large enough to 
cause acid deposition. 

6.3.4 	Commitment 10 

Comet Resources undertakes to: 

Establish an on-site meteorological station for the purpose of collecting data suitable for 
detailed air dispersion modelling at the plant site. 

Conduct detailed dispersion modelling of SO2, NOx and any other significant emissions 
using collected meteorological data and final plant design data. The results from the 
modelling, demonstrating compliance with the relevant standards or guidelines, will be 
submitted to the DEP when applying for a works approval under the Environmental 
Protection Act. 

6.4 	GREENHOUSES GASES 

6.4.1 	EPA Objectives 

To ensure that greenhouse gas emissions meet acceptable standards and requirements of 
Section 51 of the Environmental Protection Act 1986, using all reasonable and practicable 
measures to minimise greenhouse gas discharge. 

Estimation and management of greenhouse gas emissions will be carried out in accordance 
with the EPA's Guidance for the Assessment of Environmental Factors in Minimising 
Greenhouse gas Emissions. The document suggests that Environmental Management 
Plans be prepared which: 

estimate the amount of greenhouse gases that may be emitted from a project during its 
life cycle; 

indicate the actual measures to be adopted to minimise total greenhouse gas emissions; 

compare the greenhouse gas efficiency of the project with other similar projects; and 

indicate if the project will be entered into the Commonwealth Government's "Greenhouse 
Challenge" voluntary cooperative agreement program 
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6.4.2 	Impacts 

Greenhouse gases from human activities include carbon dioxide, methane, nitrous oxide, 
ozone and chiorofluorocarbons. An increase in greenhouse gases due to human activities is 
believed to be responsible for causing increases in the earth's temperature. 

For the purpose of the CER, it has been assumed that power will be supplied by diesel-
fuelled generation on site, as this is the only option so far confirmed. However, as gas is an 
environmentally preferred energy source, it is hoped that it will become a viable alternative 
through extension of the Goldfields Gas Pipeline. 

The main source of greenhouse gases will be the diesel-fuelled power station which will 
produce carbon dioxide (CO2) and smaller quantities of other greenhouse gases, namely 
methane (CH4) and nitrous oxide (N20). The global warming potential (GWP) of both gases 
may be expressed in relation to the GWP of carbon dioxide, and the total greenhouse gas 
emission for an installation may thus be expressed as carbon dioxide equivalents. 

A power station supplier has not yet been confirmed so it is not possible to quote expected 
emissions for the particular diesel engines that would eventually be installed. In the interim, 
the following emission factors have been adopted, based on information derived by the 
National Greenhouse Gas Inventory Committee, 1996. 

Table 16 presents estimated greenhouse gas emissions produced by generation of 40 MW 
for 330 days per year (refer Section 6.3.1). 

Table 16: Estimated Greenhouse Gas Emissions (Power Station) 

Gas Emission 
Factor* 

(g/kWh) 

Annual 
Emission 

(tonnes) 

GWP Factor Annual 
Emission 

 (tpa G02) 

CO2  251 79,520 1 79,520 

CH4  0.014 4.43 21 94 

N20 0.002 0.63 310 196 

Total emission, as equivalent CO2  (torines/year) 79,810 
* 	This factor is based on existing stations of varying age, and lower emissions may be expected from the new 

equipment to be installed. 

The other main source of carbon dioxide will be the gaseous release from the use of 
limestone in acid neutralisation and the diesel used by the ore haulage trucks. These two 
sources are expected to generate 97,000 and 10,000 tpa respectively. 

The total estimated greenhouse gas emissions for the project are summarised in Table 17. 
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Table 17: Estimated Greenhouse Gas Emissions (Total) 

Greenhouse Gas Source Approx. Emission 

(tpa CO2) 

Power station (if diesel is used) 80,000 

Limestone use for acid neutralisation 97,000 

Diesel used by haulage fleet 10,000 

Total Greenhouse Gas Emission 187,000 

The above total corresponds to approximately 0.3% of the estimated total of 60 Mtpa of 
greenhouse gases emitted in WA in 1990 (Government of WA, 1997). This is the worst 
case. If gas is the adopted energy source, the total greenhouse gas emission will be 
approximately 107,000 tpa 

	

6.4.3 	Management 

Although the preceding section assumes diesel-fuelled power generation, it is likely that 
another energy source (ie. gas or electricity) will eventually be adopted during project design. 
The proponent is actively pursuing separate negotiations with Western Power and with 
Goldfields Gas Transmission (GGT) to secure an undertaking to supply power to the site. 
However, as neither company is likely to finalise an offer for several months, only diesel has 
confirmed availability at this stage. The current status of assessing power options is 
described in Section 2.5.3 

Provisional expectations are that gas supplied by GGT will emerge as the preferred option, 
which will have negligible implications for greenhouse gas emissions. 

Comet will endeavour to minimise the generation of greenhouse gases by ensuring energy 
efficiency, process efficiency, and effective use of resources are maximised in the design, 
construction and operation of the mine and processing plant. The use of a sulphuric acid 
plant, for example, has energy advantages since it produces 12 MW of energy, in the form of 
steam, that would otherwise need to be generated using fossil fuels. 

Comet will also minimise the area of land to be cleared of vegetation and undertake 
progressive revegetation at the earliest opportunities. This will help in countering the 
greenhouse gas production by maximising the carbon dioxide sink capacity of the vegetation. 

	

6.4.4 	Commitment 11 

Comet will ensure that equipment and processes used for the project are energy efficient, as 
far as is economically viable. Measures that will be pursued include: 

investigating natural gas as the principle energy source for the project; 

a purchasing policy which prefers energy-efficient equipment; 

minimising clearing of vegetation; 

progressive revegetation; 

investigating the use of alternative and renewable energy sources; 
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energy monitoring and information systems; and 

energy awareness and waste minimisation training. 

Prior to commissioning, Comet will prepare a Greenhouse Gas Emissions Management Plan 
consistent with the draft EPA policy described above, that includes: 

calculation of the greenhouse gas emissions (using methodology developed for 
Australia); 

measures to limit greenhouse gas emissions; and 

estimation of the greenhouse gas efficiency of the project (per unit of product and/or 
other agreed performance indicators) and comparison with the efficiencies of other 
comparable projects. 

6.5 	SOLID AND LIQUID WASTE 

6.5.1 	EPA Objectives 

To ensure that wastes are contained and isolated from groundwater and surface surrounds. 

6.5.2 	Impacts 

Possible impacts include: 

groundwater contamination by direct infiltration of liquid wastes or washdown water 

groundwater contamination by incident rainfall percolating through solid waste dumps 
and leaching out soluble contaminants 

groundwater contamination by dissolution and seepage through the floor of the tailings 
storage facility 

attraction of vermin, caused by delay in removing or covering waste, particularly 
putrescible waste 

the risk to fauna that could become trapped in the tailings storage facility 

6.5.3 	Management 

6.5.3.1 	Management of Hydrocarbons and Associated Wastes 

There will be a large diesel-fuel storage facility on site for the power station and separate, 
smaller facilities for plant vehicles and mining vehicles. Other hydrocarbons likely to be used 
or encountered on site include petrol, lubricants, cleaning fluids, kerosene, and hydrocarbon-
contaminated waste water discarded from workshops etc. 

Management of hydrocarbons and associated wastes will entail implementation and 
encouragement or enforcement of the following: 

correct storage and handling procedures, in accordance with the standards, regulations 
etc. appropriate to each product 

minimised waste generation 
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separation of hydrocarbon-contaminated wastewater from stormwater and domestic 
wastewater, with the latter discharged to on-site biological treatment unit(s) 

clean-up procedures for spills 

on-site treatment of wastes or off-site removal by quailified contractor(s) 

correct and early disposal of rubbish, especially putrescible waste, to discourage vermin 
and scavenging by foxes and feral cats 

Where appropriate and practicable, Comet will reuse and recycle wastes and compost 
putrescible wastes. 

All other non-hazardous wastes will be disposed of to an on-site sanitary landfill, suitably 
located (in relation to topography and drainage), designed and operated in accordance with 
the DEP Code of Practice for Countiy Landfill Management. 

6.5.3.2 	Management of Washdown Water 

The washing down of process plant facilities such as the acid plant will produce a wastewater 
that may be too contaminated to release to natural watercourses. Therefore, all such 
washdown water will be captured and drained to sumps from which it will be pumped to the 
tailings pond or process water pond for re-use in the process. (Volumes of washwater will be 
very small relative to the overall process water consumption). In the event of abnormal water 
quality preventing the re-use of washdown water, a commercial liquid waste contractor will 
be engaged to pump out the sump contents and remove from site for appropriate treatment 
and disposal. 

6.5.3.3 	Tailings Storage Facility 

The tailings storage facility is described in detail in Appendix D. Its potential to impact upon 
surface water and groundwater is addressed in Sections 5.4 and 5.7 respectively. 

6.5.4 	Commitment 12 

Comet Resources will monitor all liquid waste streams and leachates from solid waste 
storages which have the potential to impact groundwater or surface water quality and will 
install systems and procedures to ensure containment of any unacceptably contaminated 
waste stream before its release into the environment. Comet will endeavour to identify any 
on-site or off-site opportunities to recycle or re-use waste products. 

6.6 	NOISE 

6.6.1 	Objective 

To protect the amenity of nearby residents from noise impacts resulting from activities 
associated with the proposal, by ensuring that noise levels meet statutory requirements and 
acceptable standards. 

The relevant statutory requirements and standards are understood to be those stated in the 
Environmental Protection (Noise) Regulations, 1997, published by the DEP, and the 
workforce safety requirements of Part 7 of the Mines Safety and Inspection Act 1995. 

I:\Comet'i81 1OOInfra\Environ\CER\CER . Rev A.doc 	 Page 72 



CONSULTATIVE ENVIRONMENTAL REVIEW 	 RAVENSTHORPE NICKEL PROJECT FEASIBILITY STUDY 

6.6.2 	Impacts 

Noise generation during the construction phase and particularly during the operational phase 
(eg. blasting) has the potential to impact on the health of the workforce, on any nearby 
private and public properties, and to temporarily disrupt the movements of native fauna in the 
immediate vicinity of the project. 

6.6.3 	Management 

The nearest private premises to the mine site are the farm residences "Gnamma" and 
"Craigmuir", located respectively 5 km east and 8 km south of Bandalup Hill. Continuous 
noise levels generated by process plant machinery, haulage trucks etc. may be audible at 
these premises under certain atmospheric conditions, however the noise would not be 
expected to exceed acceptable levels. 

The nearest public place is the South Coast Highway, approximately 4 km northeast of 
Bandalup Hill, to which the Environmental Protection (Noise) Regulations do not apply 
(pers.comm. G.Sowerbutts, DEP). 

Airblast levels (ie. those arising from blasting) are governed by special regulations under Lhe 
Environmental Protection (Noise) Regulations, 1997. The regulations state three permissible 
airblast levels (in dB) for blasting under the following circumstances (in order of stringency): 

in the daytime (defined as 7am to 6pm) on Monday to Saturday 

in the daytime on public holidays and Sundays 

non-daytime (ie. outside 7am to 6pm) on any day 

Airblast levels are not expected to exceed the permissible levels at the above-mentioned 
nearest premises. If they do, there is ample opportunity to regulate the blasting programme 
by minimising blasting during the more sensitive periods. 

If it is considered necessary to monitor project-related noise levels at any noise-receiving 
premises, such as the two farm residences, a noise monitoring programme will be set up to 
measure and maintain a record of sound levels at the premises. Sound measurement will be 
in accordance with the requirements of the Environmental Protection (Noise) Regulations, 
1997, and the programme will be established in consultation with the DEP and occupants of 
the two premises. 

6.6.4 	Commitment 13 

Comet Resources undertakes to manage project-related noise levels within the acceptable 
limits stated by the Environmental Protection (Noise) Regulations, 1997, and to oblige all 
contractors to comply with this undertaking. Comet Resources undertakes to respond to any 
complaints from the local community regarding project-related noise levels and to rectify 
them if investigations show them to be unacceptable. 
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7.0 	SOCIAL SURROUNDINGS FACTORS 

7.1 	PUBLIC HEALTH AND SAFETY 

7.1.1 	EPA Objectives 

The EPA identified the following two site specific factors and objectives concerned with 
public health and safety: 

Site specific factor 	 EPA Obiective 

Risk and hazard 	 Ensure that risk is managed to meet the EPA's criteria 
for individual fatality risk off-site and the DME's 
requirements in respect of public safety 

Road traffic 	 Ensure that roads are maintained or improved and road 
traffic managed to meet an adequate standard of level 
of service and safety and MRWA requirements. 

There are similarities between both factors and they are therefore addressed together below. 

7.1.2 	Impacts 

7.1.2.1 	Risk and Hazard 

In order to minimise exposure of employees and the environment to hazardous substances, 
COMET will develop and implement a Hazardous Substances Management Programme 
(HSMP) which will include the following elements: 

adoption of a formal policy statement 

designation of responsibility for all elements of the programme 

employee participation and training 

registers of material safety data sheets and hazardous substances 

establishment of purchasing and inventory controls 

risk assessment 

workplace and environmental monitoring 

The storage, handling and disposal of these materials will comply with all local and State 
regulations. 

The principal process reagents are summarised in Table 18, along with the expected annual 
consumption for a nickel production rate of 30,000 tpa, and the proposed transportation, on-
site storage and source of supply for each. 
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Table 18: Process Reagents Transportation and Storage 

Material Quantity 
(tpa) 

Packaging Transportation Site storage Origin of 
 Supply 

Limestone (1) 300,000 Bulk Rail & Truck Stockpile WA 

Sulphur (1) 220,000 Bulk Sea, Rail & 
Truck 

Stockpile Vancouver 

Quicklime, CaO 10,000 Bulk Truck Silo WA 

Sodium Hydroxide NaOH 10,000 
(50%)  

Bulk Truck Tank Bunbury 

Sodium Sulphate Na2SO4  4,500 Bulka Bags Container Steel Shed China 

Polyacrylamide Flocculant 
Anionic 

1,800 Bulk Truck Silo Perth/Kal 

Polyethylene Oxide Flocculant 340 Bulka Bags Containers Steel Shed Perth/Kal 

Sodium Lauryl Sulphate 30% 1.5 200 litre 
Drums 

On Pallets by 
Truck 

Steel Shed Sydney 

Hydrogen Peroxide H202-50% 400 250 litre 
Drums 

Isotainers Tank Perth 

Diatomaceous Earth 57 25kg Bags On Pallets in 
Containers 

Steel Shed Kenya 

TriButyl Phosphate 9 200 litre 
Drums 

On Pallets Steel Shed Perth 

Cyanex 272 16 Bulkie Box Containers Steel Shed Canada 

Butylated Hydroxytoluene 1.5 25kg Bags On Pallets by 
Truck 

Steel Shed Perth 

Boric Acid 99.9% 3 25kg Bags On Pallets by 
Truck 

Steel Shed Perth 

Organic Diluent - Exxsol D80 115 Bulk 36k1 Truck Tank Perth 

Magnesium Oxide (Magnesia) 32,000 Bulk Container Silo Canada 

LPG 6,900 Bulk Pressurised 
tanker 

Pressurised 
tank 

Perth 

Diesel 59,000 Bulk Tanker Tank Albany 

Concentrated Sulphuric Acid 750 
(2)  

Bulk lsotainer Tank Perth 

Notes 	(1) 	Transport of the materials used in large volumes is described below. 
(2) 	Sulphuric acid delivery will be for plant start-up; thereafter, sulphuric acid will be manufactured on site using 

imported sulphur. 

7.1.2.2 	Limestone and Sulphur 

Limestone 

The main impacts on road traffic will be associated with the construction phase and, during 
operations, with the transport of those reagents used in the greatest quantities, namely 
limestone and sulphur. 

Limestone will be sourced from a quarry located at Rawlinna approximately 380 km east of 
Kalgoorlie. The supplier has indicated that the limestone will be loaded onto a train at 
Rawlinna and railed to Kalgoorlie where it will be screened to remove the 50-mm to 6 mm 
product for use by others. The 'minus 6 mm' product will then be railed in special containers 
to suit offloading onto trucks at Grass Patch siding, about 100 km north of Esperance. 
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From Grass Patch siding it will be offloaded and trucked across to Ravensthorpe. The 
limestone will be delivered to site in side tipping trucks most probably in a road train or heavy 
haulage truck configuration. It will be stored directly on the ground in the open on a prepared 
laydown area. This area will be irrigated with a sprinkler system to keep down dust. It has 
been assumed that 10,000 tonnes of limestone will be kept as live storage on site. 

Limestone will be recovered from the stockpile by front-end loader and dumped into a hopper 
to feed a conveyor that delivers the limestone to the lime slaking plant. 

Sulphur 

Sulphur will be imported in bulk from Canada through Esperance. It will be stockpiled in a 
purpose-built shed at Esperance port and then transported in covered, rear-tipping or 
bottom-dumping trucks to site via the South Coast Highway. The sulphur will then be tipped 
directly into a hopper that feeds into a storage shed via conveyor. 

Discussions have been held with the Esperance Port Authority concerning the logistics and 
regulatory compliances associated with the proposed import and transport of sulphur from 
the port. The Port Authority will therefore apply to the DEP to increase the quantity of 
imported sulphur permitted under its existing licence. 

The sulphur will be delivered in 'prill' form, which varies from small pellets to larger tablets. 
Sulphur is not a controlled substance under the Workplace Hazard Information Management 
System (WHMIS) of Canada. Although it is recognised as being potentially flammable, this 
only occurs if the sulphur is in powder form and can thus produce a dense cloud through 
vigorous disturbance. It is manufactured as a prill specifically to eliminate this risk. In this 
form it is a benign substance and requires no special storage requirements, normally being 
stockpiled outside without cover, although it will be stored in purpose-built sheds at the wharf 
and at the project site. 

	

7.1.2.3 	Other Reagents 

The proposed methods of transport and storage were adopted following consultation with the 
DME's Inspectorate of Dangerous Goods. All the listed reagents are presently being 
transported by rail and/or public road within the state and are covered by transport and 
storage regulations designed to protect the public and workforce. 

	

7.1.2.4 	Road Traffic 

It is expected that the majority of traffic generated by the project will traverse that section of 
the South Coast Highway between the project site and Esperance. Traffic count data 
provided by Main Roads Western Australia for the South Coast Highway was recorded at a 
temporary traffic counter located 123 km east of the project site and 62 km west of 
Esperance (in late 1994) and at a permanent counter located 20 km west of Esperance. 

The temporary traffic counter is considered to be most indicative of the section of highway 
which will be affected by project traffic. The late 1994 data from the temporary counter has 
therefore been modified to represent likely average 1997 traffic flows, based on the annual 
and monthly variations indicated by the permanent counter (refer Table 19). 

If the nickel production rate reaches 30,000 tpa (refer 1.1), it is expected that bulk transport 
to and from the project site will introduce an additional 70 (maximum) daily movements (ie. 
up to 35 return journeys) of double units (truck with trailer), with each double unit transporting 
around 60 tonnes. The majority of these movements are expected to be between the site 
and Esperance. Other traffic, such as visitors, maintenance personnel, miscellaneous 
deliveries, workforce etc. is expected to contribute another 40 vehicle movements per day. 
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Table 19: South Coast Highway Traffic Use Data 

Traffic monitonng period Daily vehicle Percentage vehicle types 
movements (Austroads classIfication) 
east & west  

Short Medium Double Other 
road train 

Nov-Dec 1994 441 70 8 9 13 

Average 1997 418 70 8 9 13 

Expected, after project 528 66 .8 16 10 

Thus, the project is expected to increase average daily vehicle movements on the South 
Coast Highway by up to 26% and to increase double road train movements by around 75%. 
However, several transport companies have expressed interest in the opportunity to deliver 
sulphur by backloading, ie. using empty trucks that have offloaded their cargo at Esperance 
port and would otherwise return empty along the South Coast Highway. It is expected that 
this manner of transport will be adopted, thereby resulting in a significantly lower increase in 
heavy vehicle traffic. 

Although these figures may represent a significant increase in traffic, the road usage will 
remain very light compared with other state roads. The Kalgoorlie-Menzies Road, for 
example, is understood to have experienced an average 12,000 vehicle movements per day 
during 1995 (ref. Cawse Nickel CER). 

The forecast increase in use of the South Coast Highway has been discussed with the 
MRWA regional engineers based in Albany and Kalgoorlie, who are responsible for sections 
of the highway between Esperance and the site. Both confirmed that the highway has been 
designed for considerably greater use, in both tonnage and traffic numbers, than will 
eventuate from the project, and neither forsees any undue wear arising from project-related 
use. 

7.1.3 	Management 

Management of the potential impact of road usage will include correct and safe design, 
lighting and signage of the junction of the project access road with the South Coast Highway 
(using Austroads design manuals), and obliging all contractors to comply with vehicle noise 
and safety standards. 

In order to minimise exposure of employees and the environment to hazardous substances, 
Comet will develop and implement a Hazardous Substances Management Programme 
(HSMP) which will include the following elements: 

Adoption of a formal policy statement 

Designation of responsibility for all elements of the programme 

Employee participation and training 

Registers of material safety data sheets and hazardous substances 

. 	Establishment of purchasing and inventory controls 

. 	Risk assessment 
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Workplace and environmental monitoring 

7.1.4 	Commitment 14 

Comet undertakes to develop and implement a Hazardous Substances Management 
Programme (HSMP) and to undertake a Hazards and Operability Study (HAZOPS) for the 
operation of the project and its infastructure. 

7.2 	HERITAGE 

7.2.1 	EPA Objectives 

The EPA identified the following two heritage-related site specific factors and objectives: 

Site Specific Factor 	 EPA Obiective 

Aboriginal culture and heritage 	Ensure that the proposal complies with the 
requirements of the Aboriginal Heritage Act 1972 

Non-indigenous heritage 	 Ensure that changes to the biological and physical 
environment resulting from the project do not 
adversely affect cultural associations with the area. 

Comply with statutory requirements in relation to 
areas of cultural or historical significance. 

7.2.2 	Impacts 

The aboriginal archaeological survey of the project area (Corsini, 1998) concluded that 

"Subject to the ethnographic survey, it is recommended that work may proceed as no places 
have been identified within the project area which conform to the definitions of places to 
which the Aboriginal Heritage Act (1972) applies." 

The aboriginal ethnographic survey (Parker, 1998) concluded that 

". . . . there appears to be no ethnographic evidence to suggest that the project area, as 
defined and inspected, requires any action to be taken on the part of the developer under the 
reporting and recording requirements of the Aboriginal Heritage Act (1972) in its present 
development plans for the project area." 

Notwithstanding the conclusions of the surveys, there remains the remote possibility that 
work at the site may reveal aboriginal archaeological evidence, interference of which would 
constitute an impact, in contravention of the Aboriginal Heritage Act (1972). 

The Australian Heritage Commission and the Shire of Ravensthorpe have both confirmed 
that they have no record of any feature of European heritage significance in the project area. 

7.2.3 	Management 

The mandatory induction procedure for all project staff and contractors working at the site will 
include aboriginal cultural awareness intended to enable them to identify any sites or 
artefacts of possible archaeological significance. Inductees will be informed of their 
obligation under Section 15 of the Aboriginal Heritage Act (1972) to report any such findings 
to the site environmental officer or other nominated representative of Comet. 
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7.2.4 	Commitment 15 

Comet Resources will comply with the requirements of the Aboriginal Heritage Act 1972 and 
will undertake awareness training of all its workforce in the significance of Aboriginal and 
non-indigenous heritage and the identification of such indications. 
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8.0 	PUBLIC CONSULTATION 

Throughout preparation of the CER there has been regular consultation with the Perth and 
regional offices of the Departments of Environmental Protection, Minerals and Energy, 
Conservation and Land Management, and with the Department of Resources Development 
and the Shire of Ravensthorpe. Other organisations consulted include Western Power, the 
Water Corporation, the Water and Rivers Commission, the Aboriginal Affairs Department, the 
Goldfields-Esperance Development Commission, and the Australian Heritage Commission. 
Comet Resources and KSJV also gave three formal presentations to describe the project, 
solicit opinion and comments, and to endeavour to answer any questions that arose. 

The first presentation was given with the assistance of the Department of Resources 
Development, to invited representatives of government departments, development 
organisations and public utilities. The second presentation, which was more relevant in the 
context of potential environmental and social impact, was given to residents in the 
Ravensthorpe area, and particularly in the vicinity of the project. The presentation was held 
at the Jerdacuttup Community Hall (about 11 km southeast of the project site) at 8.00pm on 
21 April 1998. A total of 65 people attended and showed considerable, generally positive 
interest in the project, engaging in discussion until midnight. The questions raised by 
attendees are listed in Appendix F. The CER has attempted to address all the issues of an 
environmental or social nature, where pertinent information is available. A third presentation 
was given in Perth, to the financial and consulting community, investors, and other interested 
parties. 

It is also intended to establish a project-information office in Ravensthorpe for two days 
during the public review period. The public will be informed in advance and be invited to visit 
the office to seek clarification on any issue. It is hoped that this will eliminate some of the 
concerns that would otherwise need to be addressed in writing to the DEP, in formal 
response to the CER review. 
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9.0 	SUMMARY OF COMMITMENTS 

The Summary of Commitments is included as Table ES-2 in the Executive Summary, at the 
beginning of the report. 

10.0 	ABBREVIATIONS AND UNITS 

Abbreviations 

AAD Aboriginal Affairs Department 

ABS Australian Bureau of Statistics 

AEC Australian Environment Council 

AHD Australian Height Datum 

ES feasibility study 

CALM Department of Conservation and Land Management 

CCD counter-current decantation 

CER Consultative Environmental Review 

CSTR continuous stirred tank reactor 

DEP Department of Environmental Protection 

DME Department of Minerals and Energy 

EMP Environmental Management Plan 

EW electro-winning 

FRNP Fitzgerald River National Park 

GGT Goldfields Gas Transmission (pipeline management authority) 

GWP global warming potential (of greenhouse gases) 

lEAust Institution of Engineers, Australia 

MRWA Main Roads, Western Australia 

NEPC National Environment Protection Council 

NEPM National Environment Protection Measure (of ambient air quality) 

NHMRC National Health and Medical Research Council 

NOl Notice of Intent 

PE polyethylene (pipe material) 
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pH 	indicator of acidity (low pH) and alkalinity (high pH), on a scale of 0 to 14 
(neutral is approximately 7) 

PLS 	pregnant leach solution 

RO 	reverse osmosis (method of water desalination) 

ROM 	run of mine 

TCLP 	toxic characteristic leachate procedure (for assessment of contaminated soils) 

TDS 	total dissolved solids (measure of salinity) 

TSF 	tailings storage facility 

USEPA 	United States Environmental Protection Authority 

UV 	ultra violet 

Symbols 

Al aluminium 

Ca calcium 

Co cobalt 

CO2  carbon dioxide 

1-12S hydrogen sulphide 

Mg magnesium 

Ni nickel 

NOx 	any oxides of nitrogen, eg. nitrous oxide (NO), nitrogen dioxide (NO2) 

SO2 	sulphur dioxide 

Units 

L litre 

kL kilolitre (1,000 L) 

ML megalitre (1,000 kL) 

m metre 

square metre 

m3  cubic metre (1 kL in liquid volume measurement) 
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km 	kilometre 

L's 	litre(s) per second (measure of instantaneous flow rate) 

kL/d 	kilolitre(s) per day (measure of supply rate, = m3/d) 

mg 	milligram 

g 	 gram (1,000 mg) 

t 	 tonnes 

tpa 	tonnes per annum 

Mtpa 	million tonnes per annum 

ha 	hectare (10,000 m) 

ppm 	parts per million 
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APPENDIX A 

GUIDELINES FOR THE CONSUL TA TIVE 
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Environmental Protection Authority 
Guidelines 

RAVENSTHORPE NICKEL PROJECT 

(Assessment Number 1199) 

Part A 	 Specific Guidelines for the preparation of the 
Consultative Environmental Review 

Part B 	 Generic Guidelines for the preparation of an 
environmental review document 

Attachment 1 	Example of the invitation to make a submission 

Attachment 2 	Advertising the environmental review 

Attachment 3 	Project location map 

Attachment 4 	Air Quality and Air Pollution Modelling Guidelines 

These guidelines are provided for the preparation of the proponent's environmental review 
document. The specific environmental factors to be addressed are identified in Part A. The 
generic guidelines for the format of an environmental review document are provided in Part B. 



Part A - Specific Guidelines 

Part A: Specific Guidelines for the preparation of the 
Consultative Environmental Review 

1. The proposal 
Comet Resources intend to develop the Ravensthorpe Nickel Project in the Ravensthorpe 
district of South Western Australia. The proposed project location is indicated on the attached 
plan (Attachment 3). 

The Ravensthorpe Nickel Project is a proposal to mine and process 2.7 milliOn tonnes of nickel 
ore per year at a site 35 km east of the town of Ravensthorpe. Ore will be extracted from an 
open pit and processed using the Pressure Acid Leach process and solvent extraction / 
electrowinning. Annual production of nickel metal would be 20000 tonnes per year. 

The mine and associated infrastructure would consist of: 

open pits, waste rock dumps , and haul roads; 

process plant; 

tailings disposal facility; 

limestone/magnesite supply; 

reverse osmosis plant situated near the coast to supply process water to the nickel 
processing plant via a pipeline to the main project area; and 

power supply. 
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2. Environmental factors relevant to this proposal 
At this preliminary stage, the Environmental Protection Authority (EPA) believes the relevant 
environmental factors, objectives and work required is as detailed in the table below: 

I 	CONTENT 	I 	 SCOPE OF WORK 	 I 
Factor 
	Site specific .EPA objective 

	
Work required for the 

factor 	 environmental review 

BIOPHYSICAL 

Declared Rare 
and Priority 
Flora 

Terrestrial Fauna 

Maintain the abundance, 
species diversity, 
geographic distribution and 
productivity of vegetation 
communities. 

Protect Declared Rare and 
Priority Flora, consistent 
with the provisions of the 
Wildlife Conservation Act 
1950. 

Maintain the abundance, 
species diversity and 
geographical distribution of 
terrestrial fauna. 

Baseline studies to identify 
existing vegetation 
communities. 

Assessment of potential 
impacts (direct and indirect) 
on vegetation communities 
as a result of mining 
activities and pipeline 
construction, including 
disease spread. 

Proposed measures to 
manage impacts. 

Baseline studies to identify 
any Declared Rare andlor 
Priority Flora. 

Assessment of potential 
impacts (direct and indirect) 
on vegetation communities 
as a result of mining 
activities and pipeline 
construction, including 
disease spread 

Proposed measures to 
manage impacts. 

Baseline studies to identify 
existing terrestrial fauna 
throughout the areas to be 
affected by the proposal. 

Assessment of potential 
impacts (direct and indirect) 
on terrestrial fauna as a 
result of mining and 
associated activities, 
including impacts from 
habitat corridor removal. 

Proposed measures to 
manage impacts. 

Terrestrial Flora Vegetation 
communities 
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Specially Protect Specially Protected Baseline studies to identify 
Protected (Threatened) Fauna, existing threatened fauna 
(Threatened) consistent with the throughout the areas to be 
Fauna provisions of the Wildlife affected by the proposal. 

Conservation Act 1950. Assessment of potential 
impacts (direct and indirect) 
on specially protected 

• (threatened) fauna as a 
result of mining and 
associated activities. 

Proposed measures to 
manage impacts. 

Marine Flora Maintain the ecological Baseline studies to identify 
function, abundance, existing marine flora around 
species diversity and the proposed reverse 
geographic distribution of osmosis plant outfall. 
marine flora Assessment on potential 

impacts of outfall on marine 
flora. 

Proposed measures to 
manage impacts. 

Marine Fauna Maintain the abundance, Baseline studies to identify 
species diversity and existing marine fauna 
geographic distribution of around the proposed 
marine fauna. reverse osmosis plant 

outfall. 

Assessment on potential 
impacts of outfall on marine 
fauna. 

Proposed measures to 
manage impacts. 

Watercourses Maintain the integrity, Baseline studies to identify 
functions and watercourses, and types of 
environmental values of surface water flow 
watercourses. throughout the areas to be 

affected by the proposal. 

Assessment of the potential 
impacts on surface water 
flow rates, drainage 
patterns, sediment 
transport, vegetation, and 
wetlands, as a result of 
mining and processing. 

Proposed measures to 
manage impacts. 
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Wetlands lakes Maintain the integrity, 
functions and 
environmental values of 
lakes. 

Assessment of potential 
impacts on wetlands/lakes 
due to water supply 
operations, in particular, 
operation of the coastal 
borefield and reverse 
osmosis plant. 

Proposed measures to 
manage impacts. 

Landform Establish stable, sustainable 
landform consistent with 
surroundings. 

Assessment of potential 
impacts of the proposal on 
existing landforms. 

Detail of measures 
proposed to rehabilitate the 
impacted areas to an 
acceptable standard which 
will integrate the post 
mining landform with the 
surrounding environment. 

Assessment of potential 
impacts on visual amenity 
due to the development of 
the mine site and 
infrastructure associated 
with the mine site. 

Proposed measures to 
manage impacts. 

Groundwater 
quantity 

POLLUTION MANAGEMENT 

Maintain the quantity of 
groundwater so that 
existing and potential uses, 
including ecosystem 
maintenance, are protected. 

Detail of water requirements 
for mining, processing, and 
other associated operations 
(including dewatering). 

Assessment of the 
implications this may have 
on regional groundwater. 

Proposed measures to 
manage impacts. 

Odour Odours emanating from the 
proposed development 
should not adversely affect 
the welfare and amenity of 
other land users. 

Estimate quantities and 
concentrations of odorous 
emissions which will be 
generated by the project, in 
particular, the process 
plant. 

Comparison of estimates 
with relevant standards and 
limits. 

Proposed measures to 
minimise odorous 
emissions. 



Part A - Specific Guidelines 

Particulates / Ensure that the dust levels Estimate quantities and 
Dust generated by the proposal concentrations of 

do not adversely impact particulate/dust emissions 
upon welfare and amenity which will be generated by 
or cause health problems by the project through 
meeting statutoly construction and operation 
requirements and acceptable of the mine, infrastructure, 
standards. and other associated 

activities. 

Comparison of estimates 
with relevant standards and 
limits. 

Proposed measures to 
manage impacts. 

(Refer also to the Air 
Quality and Air Pollution 
Modelling Guidelines 
contained in Attachment 4) 

Gases S02 Ensure that S02 emissions Estimate quantities and 
meet the air quality concentrations of SO, 
standards and limits stated emissions which will be 
in the Kwinana EPP and generated by components of 
requirements of Section 51 the project such as the 
of the Environmental sulphuric acid plant and 
Protection Act 1986 (all power supply. 
reasonable and practicable Comparison of estimates 
measures are taken to with relevant standards and 
minimise S02 discharge). limits. 

Proposed measures to 
minimise emissions. 

(Refer also to the Air 
Quality and Air Pollution 
Modelling Guidelines 
contained in-Attachment 4) 

NOx Ensure that NOx emissions Estimate quantities and 
meet acceptable standards concentrations of NO, 
and requirements of Section emissions which will be 
51 of the Environmental generated by the project, in 
Protection Act 1986 (all particular, the power 
reasonable and practicable supply. 
measures are taken to Comparison of estimates minimise NOx discharge). with relevant standards and 

limits. 

Proposed measures to 
minimise NO, emissions. 

(Refer also to the Air 
Quality and Air Pollution 
Modelling Guidelines 
contained in Attachment 4) 
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Greenhouse 
gases 

Ensure that greenhouse gas 
emissions meet acceptable 
standards and requirements 
of Section 51 of the 
Environmental Protection 
Act 1986 (all reasonable 
and practicable measures 
are talcen to minimise 
greenhouse gas discharge). 

Detail of potential sources 
of greenhouse gases and 
estimates of the quantities 
of these gases produced 
annually. 

Proposed measures to 
minimise greenhouse gas 
emissions. 

Groundwater Ensure that the beneficial Detail of water requirements 
quality uses of groundwater can be for the mining, processing, 

maintained, consistent with and other associated 

the draft WA Guidelines for 
operations. Detail of 
drainage, dewatering, and 

Fresh and Marine Waters fate of water usedlpumped. 
(EPA, 1993) Detail of the possibility of 

acid mine drainage 
occurring, and potential 
impacts on the surrounding 
environment. 

Assessment of the 
implications this may have 
on local and regional 
groundwater quality. 

Proposed measures to 
manage impacts. 

Surface water Maintain or improve the Detail of site drainage, 
quality quality of surface water to dewatering, and fate of 

ensure that existing and water used/pumped. Detail 
potential uses, including on the design and operation 
ecosystem maintenance are of the process water 
protected, consistent with pipeline, and consideration 
the draft WA Guidelines for of possible pipeline failure. 
Fresh and Marine Waters Detail of the possibility of 
(EPA, 1993) [and the acid mine drainage / NHMRC occurring, and potential  
Australian Drinking Water impacts on the surrounding 
Guidelines - National Water environment. 
Quality Management 
Strategy]. Assessment of the 

implications this may have 
on local and regional 
surface/ground water 
quality. 

Proposed measures to 
manage impacts. 
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solid waste 

Noise 

Wastes should be contained 
and isolated from 
groundwater and surface 
surrounds. 

Protect the amenity of 
nearby residents from noise 
impacts resulting from 
activities associated with the 
proposal by ensuring that 
noise levels meet statutory 
requirements and acceptable 
standards. 

Detail of the composition 
and storage of all solid 
wastes, in particular, 
various tailings streams 
from the processing plant. 

Assessment of the 
implications this may have 
on local and regional 
groundwater quality. 

Proposed measures to 
manage impacts. 

Estimate the potential 
increase in noise resulting 
from the construction and 
operation of the project. 

Comparison of estimates 
with relevant standards and 
limits. 

SOCIAL SURROUNDINGS 

Public health and risk and hazard 
safety 

Ensure that risk is managed 
to meet the EPA's criteria 
for individual fatality risk 
off-site and the DME's 
requirements in respect of 
public safety. 

Description of the types, 
quantities, and methods of 
transport for various 
reagents and products of the 
processing plant, in 
particular, any hazardous 
goods. 

Assessment of the 
implications this may have 
on public health and safety. 

Proposed measures to 
manage impacts. 

road traffic Ensure that roads are 
maintained or improved and 
road traffic managed to 
meet an adequate standard 
of level of service and 
safety and MRWA 
requirements. 

Description of the transport 
requirements for the mine 
and processing plant. 

Assessment of the 
implications this may have 
on public health and safety. 

Proposed measures to 
manage impacts. 
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Heritage Aboriginal Ensure that the proposal Identify Aboriginal cultural 
culture and complies with the and heritage sites of 
heritage requirements of the significance through 

Non-indigenous Aboriginal Heritage Act archaeological and 

heritage 1972; and ethnographic surveys of the 

Ensure that changes to the 
project area and through 
consultation with local 

biological and physical 
environment resulting from Aboriginal groups and the 

the project do not adversely Aboriginal Affairs 
Department. 

affect.cultural. associations 
with the area. Identify any non- 

Comply with statutory indigenous heritage sites. 

requirements in relation to Identify potential impacts 
areas of cultural or on any identified sites. 
historical significance. Proposed measures to 

manage impacts. 

These factors should be addressed within the environmental review document for the public to 
consider and make comment to the EPA. The EPA expects to address these factors in its report 
to the Minister for the Environment. 

The EPA expects the proponent to take due care in ensuring any other relevant environmental 
factors which may be of interest to the public are addressed. 

Could you please supply the project officer with an electronic copy of the document for use on 
Macintosh, Microsoft Word Version 6, and any scanned figures. Where possible, figures 
should be reproducible in a black and white format. 
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3. Availability of the environmental review 
3.1 Copies for distribution free of charge 

Supplied to DEP: 

Library/Information Centre.................................9 
EPA members................................................6 

.• -Officers of the DER(Perth) ...............................6 

Distributed by the proponent to: 

Government departments 	• Water and Rivers Commission.............................2 
Department of Minerals and Energy.......................3 
Department of Conservation and Land 
Management .................................................. 3 
Department of Environmental 
Protection, Pollution Prevention 
Division....................................................... 1 
Department of Environmental 
Protection, Kalgoorlie Regional Office ...................3 
Aboriginal Affairs Department.............................1 
Department of Resources Development ................... 1 
Albany Port Authority ....................................... 1 
Esperance Port Authority ................................... 1 
Goldfields Development Commission ....................1 

Local government authorities 	• Shire of Ravensthorpe ......................................2 
Shire of Esperance ........................................... 1 

Libraries 	 • 	J S Battye Library ...........................................3 
The Environment Centre....................................2 
Goldfields Regional Library ................................. 2 

Other 	 • Conservation Council of WA ............................... 

3.2 Available for public viewing 

J S Battye Library; 
Goldfields Regional Library; 
Department of Environmental Protection Library; and 
Ravensthorpe Shire Offices 
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Part B: Generic Guidelines for the preparation of an 
environmental review document 

1. Overview 
All environmental reviews have the objective of protecting the environment. Environmental 
impact assessment is deliberately a public process in order to obtain broad ranging advice. The 
review requires the proponent to describe: 

the .proposal; 

receiving environment; 

potential impacts of the proposal on factors of the environment; and 

proposed management strategies to ensure those environmental factors are appropriately 
protected. 

Throughout the assessment process it is the objective of the Environmental Protection Authority 
(EPA) to help the proponent to improve the proposal so the environment is protected. The DEP 
will co-ordinate, on behalf of the EPA, relevant government agencies and the public in 
providing advice about environmental matters during the assessment of the environmental 
review for this proposal. 

The primary purpose of the environmental review is to provide information on the proposal 
within the local and regional framework to the EPA, with the aim of emphasising how the 
proposal may impact the relevant environmental factors and how those impacts may be 
mitigated and managed. 

The language used in the body of the environmental review should be kept simple and concise, 
considering the audience includes non-technical people, and any extensive, technical detail 
should either be referenced or appended to the environmental review. It should be noted that 
the environmental review will form the legal basis of the Minister for the Environment's 
approval of the proposal and therefore the environmental review should include a description of 
all the main and ancillary components of the proposal, including options where relevant. 

Information used to reach conclusions should be properly referenced, including personal 
communications. Assessments of the significance of an impact should be soundly based rather 
than unsubstantiated opinion, and each assessment should lead to a discussion of the 
management of the environmental factor. 

2. Objectives of the environmental review 
The objectives of the environmental review are to: 

place this proposal in the context of the local and regional environment; 

adequately describe all components of the proposal, so that the Minister for the Environment 
can consider approval of a well-defined project; 

provide the basis of the proponent's environmental management programme, which shows 
that the environmental impacts resulting from the proposal, including cumulative impact, 
can be acceptably managed; and 

communicate clearly with the public (including government agencies), so that the EPA can 
obtain informed public comment to assist in providing advice to government. 

11 
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3. Environmental management 
The EPA expects the proponent to develop and implement an Environmental Management 
System appropriate to the proposal consistent with the principles outlined in the ASINZS ISO 
14000 series, including provisions for accountability review and a comm itment to continuous 
improvement. 

The key components which should be included in environmental review documentation, 
depending on the scale of the proposal, are environmental management: 

policy; 

resources budget; 

programme; 

plan(s); 

training programme; 

monitoring programme; 

contingency plan(s); and 

improvement plan(s). 

Documentation on the relevant components should be proportional with the scale of the 
proposal and the potential environmental impacts. If appropriate, the documentation can be 
incorporated into a formal environmental management system and provision made for periodic 
performance review. Public accountability is a principle that should be incorporated into the 
approach on environmental management. 

The environmental management programme is the key document that should be appropriately 
defined in an environmental review. The environmental management programme should 
provide plans to manage the relevant environmental factors, define the performance objectives, 
outline the operational procedures and outline the monitoring and reporting procedures which 
would demonstrate the achievement of the objectives. 

Format of the environmental review document 
The environmental review should be provided to the DEP officer for comment. At this stage the 
document should have all figures produced in the final format and colours. 

Following approval to release the review for public comment, the final document should also be 
provided to the DEP in an electronic format. 

The proponent is requested to supply the project officer with an electronic copy of the 
environmental review document for use on Macintosh, Microsoft Word Version 6, and any 
scanned figures. Where possible, figures should be reproducible in a black and white format. 

Contents of the environmental review document 
The contents of the environmental review should include an executive summary, introduction 
and at least the following: 

2 
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5.1 The proposal 

Justification and alternatives 

justification and objectives for the proposed development; 

the legal framework, including existing zoning and environmental approvals, and decision 
making authorities and involved agencies; and 

consideration of alternative options. 

Key characteristics 

The Minister's statement will bind the proponent to implementing the proposal in accordance 
with any technical specifications and key characteristics' in the environmental review document. 
It is important therefore, that the level of technical detail in the environmental review, while 
sufficient for environmental assessment, does not bind the proponent in areas where the project 
is likely to change in ways that have no environmental significance. 

Include a description of the components of the proposal, including the nature and extent of 
works proposed. This information could be presented in the form of a table as follows: 

Table 1: Key characteristics (example only) 

Element Description 

Life of project (mine production) 55 months 

Size of ore body 682 000 tonnes 

Area of disturbance 100 hectares 

Ore mining rate 

maximum 200 000 tonnes per year 

average 160 000 tonnes per year 

Background gamma radiation levels 
maximum 0.52 tGrey per hour 
average 0.16 m 0.08 tGrey per hour 

Water supply 
source Yarloop borefield, shallow aquifer 
maximum hourly requirement 180 cubic metres 

maximum annual requirement 1 000 000 cubic metres 

Heavy mineral concentrate transport 
tnick movements (maximum) 75 return truck loads per week 

I Changes to the key characteristics of the proposal following final approval, would require assessment of the 

change and can be treated as non-substantial and approved by the Minister, if the environmental impacts are not 

significant. If the change is significant, it would require assessment under section 38 or section 46. Changes to 

other aspects of the proposal are generally inconsequential and can be implemented without further assessment. 

It is prudent to consult with the Department of Environmental Protection about changes to the proposal. 

b 
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The key characteristics table should be supplemented with figures to ensure that the proposal is 
clearly explained. Figures that should always be included are: 

a map showing the proposal in the local context - an overlay of the proposal on a base map 
of the main environmental constraints; 

a map showing the proposal in the regional context; 

and, if appropriate: 

a process chart / mass balance diagram showing inputs, outputs and waste streams. 

AU figures should include a north arrOW, a scale bar, a legend, grid co-ordinates, the sürce of 
the data, a title and (where applicable) the date of aerial photo. 

Other logistics 

timing and staging of project; and 

ownership and liability for waste during transport, disposal operations and long-term 
disposal (where appropriate to the proposal). 

5.2 Environmental factors 

The environmental review should focus on the relevant environmental factors for the proposal, 
and these should be agreed in consultation with the EPA and DEP and relevant public and 
government agencies. Preliminary environmental factors identified for the proposal are shown 
in Part A of these guidelines. 

Further environmental factors may be identified during the preparation of the environmental 
review, therefore on-going consultation with the EPA, DEP and other relevant agencies is 
recommended. The DEP can advise the proponent on the recommended EPA objective for any 
new environmental factors raised. Minor matters which can be readily managed as part of 
normal operations for the existing operations or similar projects may be briefly described. 

Items that should be discussed under each environmental factor are: 

a clear defmition of the area of assessment for this factor; 

the EPA objective for this factor; 

a description of what is being affected - why this factor is relevant to the proposal; 

a description of how this factor is being affected by the proposal - the predicted extent of 
impact; 

a description of where this factor fits into the broader environmental / ecological context 
(only if relevant - this may not be applicable to all factors); 

a straightforward description or explanation of any relevant standards / regulations / policy; 

environmental evaluation - does the proposal meet the EPA's objective as defined above; 

if not, environmental management proposed to ensure the EPA's objective is met; 

predicted outcome. 

The proponent should provide a summary table of the above information for all environmental 
factors, under the three categories of biophysical, pollution management and social 
surroundings: 	 - 
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Table 2: Environmental factors and management (example only) 

Environ- EPA Objective Existing Potential Environ- Predicted 
mental environment impact mental outcome 
Factor management  

BIOPHYSICAL 

vegetation Maintain the Reserve 34587 Proposal avoids Surrounding Community types 
community abundance, species contains 45 ha all areas of area will be 20b and 3b will 
types 3b and diversity, of community community fully remain untouched 
20b .geographic type20h and 34 types 20band rehabilitated Area surrotinding 

distribution and ha of 3b following will be revegetated 
productivity of community type construction with seed stock of 
vegetation 3b 20b and 3b 
community types community types 
3b and 20b  

POLLUTION MANAGEMENT 

Dust Ensure that the Light industrial Proposal may Dust Control Dust can be 
dust levels area - three other generate dust on Plan will be managed to meet 
generated by the dust producing two days of each implemented EPA's objective 
proposal do not industries in working week. 
adversely impact close vicinity 
upon welfare and Nearest 
amenity or cause residential area 
health problems is 800 metres 
by meeting 
statutory 
requirements and 
acceptable 
standards  

SOCIAL SURROUNDINGS 

Visual Visual amenity of Area already This proposal Main building Proposal will 
amenity the area adjacent built-up will contribute will be in blend well with 

to the project negligibly to 'forest colours' existing visual 
should not be the overall and screening amenity and the 
unduly affected by visual amenity trees will be EPA's objective 
the proposal of the area planted on road can be met 

5.3 Environmental management commitments 

The implementation of the proposal and all commitments made by the proponent become legally 
enforceable under the conditions of environmental approval issued in the statement by the 
Minister for the Environment. All the key environmental management commitments should be 
consolidated in the public review document in a list (usually in an Appendix). This list is 
attached to the Minister's statement and becomes part of the conditions of approval. 

The proponent's compliance with the key environmental management commitments will be 
audited by the DEP, so they must be expressed in a way which enables them to be audited. 

A commitment needs to contain most of the following elements to be auditable: 

who (eg. the proponent) 

will do what (eg. prepare a plan, take action) 
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why (to meet an environmental objective) 

where/how (detail the action and where it applies) 

when (in which phase, eg. before construction starts) 

to what standard (recognised standard or agency to be satisfied) 

on advice from (agency to be consulted). 

The proponent may make other commitments, which address less significant or non-
environmental matters, to show a commitment to good general management of the project. 
Such commitments would not normally be included in the list' appended to the 'statement. The 
EPA expects that the proponent will audit these commitments by internal processes. Though 
the DEP would not subject the less significant environmental commitments to routine audit, it 
may periodically request that compliance with these commitments be demonstrated, so as to 
verify satisfactory environmental performance in the proponent's implementation of the 
proposal. 

With the implementation of continuous improvement, the procedures to implement the 
commitments may need to be changed. These changes can be made in updates to the 
environmental management plan, whilst ensuring the objective is still achieved. 

Once the proposal is approved, changes to the commitments constitute a change to the proposal 
and should be referred to the DEP. 

Examples of the preferred format for typical commitments are shown in the following table: 

Table 3: Summary of proponent's commitments (example only) 

Commitment 
(Who/What) 

Objective 
(Why) 

Action 
(How/Where) 

Timing 
(When) 

Whose advice Measurement! 
Compliance 

criteria 

XYZ Mining to protect the by limiting before CALM, NPNCA fences built; 
will develop abundance, construction to a construction species 
a species diversity, small area distribution and 
rehabilitation geographic (10 ha) of density 
plan distribution and Reserve 34587 consistent with 

productivity of and rehabilitating vegetation 
the vegetation the area community 
community types 3b and 20b 
types 3b and 20b 

XYZ Mining to maintain the by preparing and before the start preparation: Letter from Shire 
will amenity of implementing a of construction DEP; submitted with 
minimise nearby land Dust Control phase implementation: 

.  Performance and 
dust owners Plan which 

hire 
Compliance 

generation meets EPA Dust Report. 
Control criteria 

Commitments should be written in tabular form, preferably with some specification of ways in 
which the commitment can be measured, or how compliance can be demonstrated. 

Draft commitments which are not in a format that can be audited will not be accepted by project 
officers for public review documentation. Proponents will be assisted to revise inadequate 
commitments. 

6 



Part B - Generic Guidelines 

5.4 Public consultation 
A description should be provided of the public participation and consultation activities 
undertaken by the proponent in preparing the environmental review. It should describe the 
activities undertaken, the dates, the groups/individuals involved and the objectives of the 
activities. Cross reference should be made with the description of environmental management 
of the factors which should clearly indicate how community concerns have been addressed. 
Those concerns which are dealt with outside the EPA process can be noted and referenced. 

7 



Attachment 1 - Invitation to make a submission 

Attachment 1 
The first page of the proponent's environmental review document must be the following 
invitation to make a submission, with the parts in square brackets amended to apply to each 
specific proposal. Its purpose is to explain what submissions are used for and to detail why 
and how to make a submission. 

Invitation to make--a-  submission 	 - 
The Environmental Protection Authority (EPA) invites people to make a submission on this 
proposal. 

[the proponent] proposes [the rezoning of land and the development of a Marina Complex in the 
City of Bunbury]. In accordance with the Environmental Protection Act, a [PER] has been 
prepared which describes this proposal and its likely effects on the environment. The [PER] is 
available for a public review period of [8] weeks from [date] closing on [date]. 

Comments from government agencies and from the public will help the EPA to prepare an 
assessment report in which it will make recommendations to government. 

Why write a submission? 

A submission is a way to provide information, express your opinion and put forward your 
suggested course of action - including any alternative approach. It is useful if you indicate any 
suggestions you have to improve the proposal. 

All submissions received by the EPA will be acknowledged. Submissions will be treated as 
public documents unless provided and received in confidence subject to the requirements of the 
Freedom of Information Act, and may be quoted in full or in part in the EPA's report. 

Why not join a group? 

If you prefer not to write your own comments, it may be worthwhile joining with a group 
interested in making a submission on similar issues. Joint submissions may help to reduce the 
workload for an individual or group, as well as increase the pooi of ideas and information. If 
you form a small group (up to 10 people) please indicate all the names of the participants. If 
your group is larger, please indicate how many people your submission represents. 

Developing a submission 

You may agree or disagree with, or comment on, the general issues discussed in the [PER] or 
the specific proposals. It helps if you give reasons for your conclusions, supported by relevant 
data. You may make an important contribution by suggesting ways to make the proposal more 
environmentally acceptable. 



Attachment I - Invitation to make a submission 

When making comments on specific elements of the [PER]: 

clearly state your point of view; 

indicate the source of your information or argument if this is applicable; 

suggest recommendations, safeguards or alternatives. 

Points to keep in mind 

By. keeping.lhe following points in .mind,.-you .wil1 make it easier, for, you .submissiQn to be 
analysed: 

attempt to list points so that issues raised are clear. A summary of your submission is 
helpful; 

refer each point to the appropriate section, chapter or recommendation in the [PER]; 

if you discuss different sections of the [PER], keep them distinct and separate, so there 
is no confusion as to which section you are considering; 

attach any factual information you may wish to provide and give details of the source. 
Make sure your information is accurate. 

Remember to include: 

your name; 

address; 

date; and 

whether you want your submission to be confidential. 

The closing date for submissions is: [date] 

Submissions should be addressed to: 

The Environmental Protection Authority 
Westralia Square 
141 St George's Terrace 
PERTH WA 6000 

Attention: 	[Project Officer name] 



Attachment 2 - Advertising the environmental review 

Attachment 2 

Advertising the environmental review 
The proponent is responsible for advertising the release and arranging the availability of the 
environmental review document in accordance with the following guidelines: 

Format and content 

The format and content of the advertisement should be approved by the DEP before appearing 
in the media. For joint State-Commonwealth assessments, the Commonwealth also has to 
approve the advertisement. The advertisement should be consistent with the attached example. 

Note that the DEP officer's name should appear in the advertisement. 

Size 

The size of the advertisement should be two newspaper columns (about 10 cm) wide by about 
14 cm long. Dimensions less than these would be difficult to read. 

Location 

The approved advertisement should, for CER's, appear in the news section of the main local 
newspaper and, for PER's and ERMP's, appear in the news section of the main daily paper's 
("The West Australian") Saturday edition, and in the news section of the main local paper at the 
commencement of the public review period and again two weeks prior to the closure of the 
public review period. 

Timing 

Within the guidelines already given, it is the proponent's prerogative to set the time of release, 
although the DEP should be informed. The advertisement should not go out before the report is 
actually available, or the review period may need to be extended. 

10, 



Attachment 2 - Advertising the environmental review 

Example of the newspaper advertisement 

SCM CHEMICALS LTD 

Consultative Environmental Review 

EXTENSION TO DALYELLUP RESIDUE DISPOSAL PROGRAMME 

.(Public Review Period: [date] to [date]) 

SCM Chemicals Ltd is planning to extend the company's existing residue disposal programme 
at Dalyellup, south of Bunbuiy, from March 1992 to March 1993. 

A Consultative Environmental Review (CER) has been prepared by the company to examine the 
environmental effects associated with the proposed development, in accordance with Western 
Australian Government procedures. The CER describes the proposal, examines the likely 
environmental effects and the proposed environmental management procedures. 

SCM has prepared a project summary which is available free of charge from the company's 
office on Old Coast Road, Australind. 

Copies of the CER may be purchased for $5 from: 

SCM Chemicals Ltd 
Old Coast Road 
AUSTRALIND WA 6230 
Telephone: (08) 9467 2356 

Copies of the complete Consultative Environmental Review will be available for examination at: 

Environmental Protection Authority 
Library Information Centre 
8th Floor, Westralia Square 
38 Mounts Bay Road 
PERTH WA 6000 

Environmental Protection Authority 
65 Wittenoom Street 
BUNBURY WA 6230 

City of Bunbury public libraries 

Shire of Capel libraries 

Shire of Harvey library (Australind) 

Shire of Dardanup (Eaton) 

Submissions on this proposal are invited by [closing date]. Please address your submission 
to: 

Chairman 
Environmental Protection Authority 
8th Floor, Westralia Square 
38 Mounts Bay Road 
PERTH WA 6000 
Attention: [Project Officer name] 

If you have any questions on how to make a submission, please ring the project officer, 
[Project 	Officer 	name], 	 on 	(08) 9222 7xxx. 



surface layer sensible heat flux, moisture flux and friction velocity determined via 
methods acceptable to the DEP; 

mixing height (considering morning temperature inversions, nocturnal boundary 
layers, thermal internal boundary layers in onshore flow, and sea breezes), 
estimated or measured via methods acceptable to the DEP; 

strength of capping inversions above mixed layers, estimated by methods acceptable 
to the DEP; and 

atmospheric stability (a derivative of parameters mentioned above) estimated by a 
method acceptäblifdtheDEP; 	

. .......... 

Apart from providing a data base for conventional dispersion modelling, the data 
mentioned above will be essential for analysis/modelling of the following important 
phenomena: 

trapping of plumes in mixed layers of limited height or, alternatively penetration of 
plumes through elevated temperature inversions; 

vertical plume dispersion in convective conditions; and 

fumigation of plumes into encroaching mixed layers (onshore and offshore winds). 
Investigations of this phenomenon will require estimates of wind direction shear in 
stable layers. 

The proponent is invited to demonstrate to the DEP that complicated or costly monitoring 
programs and/or modelling procedures for particular meteorological parameters are not 
warranted. 

NOTES: 

The data set described above would be the minimum necessary for comprehensive 
modelling; the proponent is responsible for assessing the full range of pollution 
dispersion issues and designing an appropriate monitoring program. 

Where items of data are not based on the results of continuous monitoring (eg. based 
instead on intermittent field experiments or unverified hypotheses), the uncertainty of 
estimates must be offset by conServatism in these estimates. 

In the experience of the DEP, intermittent emissions (plant upsets etc) result in far more 
pollution complaints than normal emissions from operating industries. Hence it is 
important to properly assess intermittent emissions. The analyses employed for hazard 
and risk assessment may be applied to estimate the magnitude and probability of the 
relevant range of emissions. Screening of emissions cases must be based on the joint 
consideration of probability and magnitude of emission. The DEP is able to provide 
guidance on how to screen and model intermittent emissions. 

KBF002AirModGuideO2O595KRa 



Attachment 4 

WESTERN AUSTRALIA 
DEPARTMENT OF ENVIRONMENTAL 

PROTECTION 
Air Quality and Air Pollution Modelling Guidelines 

The' proponent i respànsiblé 'for Iäeri'tffying and quantifying all émIssiôns' to atmosphere 
with a potential to have non-trivial impact on the environment (including impact on human 
health, nuisance, amenity, vegetation - natural and agricultural, fauna - natural and 
agricultural). Emissions of potential concern include S02, NOR, volatile organic 

compounds, fluorides, hydrogen suiphide, particulates, odorous gases, heavy metals and 
other toxic compounds, unless these are trivial (to be justified). Additionally, the 
formation and impact of secondary pollutants such as photochemical smog should be 
assessed if applicable. 

2 	For all primary and secondary pollutants which cannot be dismissed as being trivial, the 
proponent must provide predictions of the impact of various emissions on the various 
elements of the environment, in the form of concentrations or rates of deposition over the 
range of time scales (averaging periods) normally considered for each pollutant, and 
assess the magnitude of this impact against guidelines/goals/standards determined from 
local and international literature and/or field investigations of environmental sensitivity. 
Data from experiments or justifiable extrapolations from published literature will also be 
required on the susceptibility of natural vegetation and crops. In the case of each such 
pollutant, the assessment must account for existing concentrations caused by other 
sources and therefore estimate the cumulative concentration. The assessment must 
consider not only emissions which are continuous in nature but also emissions which are 
intermittent, such as those associated with plant start-up/shut-down and plant upset 
conditions. Intermittent emissions which are insignificant in magnitude and/or very 
improbable in the lifetime of the plant may be screened out; the remaining emissions 
should be modelled together on a probabilistic basis to estimate the total plant impact. The 
proponent is invited to carry out "worst case" analyses (eg simplified conservative 
pollution modelling techniques) in order to prove to the DEP that comprehensive 
modelling procedures for particular pollutants are not warranted. The models and/or worst 
case calculation procedures must be adequately described, with reference to their source. 

3 	For pollutants requiring comprehensive modelling the proponent will need to obtain at 
least one (preferably two) year's data on the meteorology of the area, with high data 
recovery and verifiable data accuracy, plus data from field experiments as prove to be 
necessary, in order to obtain the following data set of 10-minute averages (longer 
averaging periods require justification): 

wind speed; 

wind direction; 

direction standard deviation; 

air temperature; 

relative humidity or a related parameter; 
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APPENDIX B 

FLORA SPECIES 



CONSULTATIVE ENVIRONMENTAL REVIEW 	 RA VENSTHORPE NICKEL PROJECT FEASIBILITY STUDY 

Declared Rare and Priority Flora 

The survey identified fourteen priority taxa and one potential declared rare species 
occurring on the leases. Their localities are mapped (Map 3) and details of each taxon 
given below: 

Declared Rare Flora: 

Coopernookia georgei - 	identification unconfirmed. None of the plants were 
loweringiand flowersare 	 very similar 

species Coopernookia strophiolata which grows in the region. 

A small population was found regenerating on a grid-line, adjacent to an Eucalyptus 
flocktoniae - Meleleuca coronicarpa 'gorse'community on the southern slopes of 
Bandalup Hill. The only other known populations of C. georgei occur near Thumb Peak 
in the Fitzgerald River National Park. 

Priority One: 

Chorizema nervosum - has been recommended for deletion from the list (Craig and 
Coates 1998). C. nervosum is distributed over a range of nearly 350 km, from near 
Bremer Bay to Cape Arid, occurring in a number of habitats. 

Spyridium glaucum - a shrub to 2 m tall, growing on a knoll of red-brown loam over 
laterite, in an Eucalyptus gardneri subs p.ravensthorpensis low forest, which was burnt 
in 1980. S. glaucum is also known from two localities in the Ravensthorpe Range 
where, similar to here, it grows in association with another priority species Dodonaea 
trifida. 

Priority Two: 

Dampiera deltoidea - an herbaceous shrub, less than 40 cm tall. It grows in the thicket 
community along the ridge of Bandalup Hill. One plant was found regenerating on a grid 
line, and another dead specimen 1.2 km away in mature thicket. This suggests that D. 
deltoidea may be widespread through this plant community, becoming common after 
disturbance such as fire, then disappearing as the community matures. 

Priority Three: 

Acacia heterochroa subsp. heterochroa - an erect shrub to 1.5 m tall. This species is 
very common in the Ravensthorpe Range, and a number of plants grow scattered 
through the thicket on Bandalup Hill ridge and quartzite outcrops, mainly at disturbed 
sites. It is considered by the author to be a non-threatened species. 

Acacia octonervia - a low, spreading shrub, 20-50 cm tall. Occasional plants are growing 
on the northern slopes of Bandalup Hill, and west of Mason Bay Road in the Eucalyptus 
flocktoniae - Melaleuca coronicarpa 'gorse' community. 

Acacia octonervia is widespread along the south coast, and is known from the 
Corackerup Nature Reserve and the Fitzgerald River National Park, as well as being 
common in the upper reaches of the Young River catchment area. Priority Four listing 
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has been recommended (Craig and Coates 1998). 

Acacia ophiolithica - an erect shrub, to 40-60 cm tall, forming the dominant species in an 
A. ophiolithica-Hakea verrucosa plant community growing in shallow red-brown clay 
loam associated with dolerite. Two discrete, large populations were found along the low 
ridge to the south of Bandalup Hill, and one on the northern slope. 

Adenanthos glabrescens subsp. exasperatus - a low shrub, 50 cm tall. Found at two 
localities, about 1 km apart on the north-west slope of Bandalup Hill. It grows in 

Hntergrade areas of theE. flocktoniae --Melateuc-a comnicarpa go1se' community and 
proteaceous heath/thicket. 

Boronia oxyantha subsp. breVicalyx- a low shrub, 20 cm tall, growing in mature thicket 
on the southern ridge of Bandalup Hill. It is known from Ravensthorpe Range and the 
Fitzgerald River National Park (Robinson and Coates 1995). 

Chorizema trigonum - a narrow, herbaceous shrub, with a few stems from the base to 60 
cm tall. This species is occasional and widespread on Bandalup Hill in mallee-heath 
communities and on, or near, spongolite outcrops. 

Dodonaea trifida - a shrub to 1 m tall, growing on a knoll of red-brown loam over laterite, 
in an Eucalyptus gardneri subsp. ravensthorpensis low forest. 

D. trifida is also known from the Ravensthorpe Range where, similar to here, it grows in 
association with another priority species Spyridium glaucum. 

Jacksonia elongata ms - a straggly, widely branching shrub, 1.5-2.5 m tall. A common 
component of the Eucalyptus tetragona - Dryandra quercifolia community which grows 
along the ridge of Bandalup Hill and quartzite outcrops on lower ridges nearby. 

Melaleuca pomphostoma - a low shrub, 40-60 cm tall, which is widespread on the 
slopes of Bandalup Hill, being a common component of mallee and mallee - heath 
communities. This species also grows in the Ravensthorpe Range. 

Siegfriedia da,winioides - a low shrub, to 50 cm tall, growing in an E. flocktoniae-heath 
community on the lower, eastern slope of Bandalup Hill. This species is relatively 
common and widespread through the Ravensthorpe Range. 

Priority Four: 

Eucalyptus stoatei - a small tree, growing to 10 m tall, growing on sandplain downslope 
of spongolite outcrops in the south-west sector of the leases, where it forms the 
dominant Eucalyptus species in an open low forest - heath community. 

Plant species of special interest 

Two species were found which are poorly known: 

Kunzea similis - known only from a single population near East Mt Barren in the 
Fitzgerald River National Park; the species warrants further investigation to establish its 
extent in the vicinity of the project. 
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Melaleuca coronicarpa 'gorse' - only one collection of this variety of M. coronicarpa has 
previously been lodged in the Perth herbarium. Lepschi (pers.comm.) considers that 
further taxonomic research is required to determine whether it is a new taxon. 

The following two recorded species made significant extension to their known range: 

Acacia conniniana - mainly distributed between Esperance and Cape Arid. 

Eucalyptus argyphea - known from the Jerramungup area, and a disjunct population at 
- 	Cadoux. 	 ••-. 	---• 
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APPENDIX C 

RARE FAUNA SPECIES 
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Rare Mammals 

Western Mouse (Pseudomys occidentalis) 

Western Mouse was recorded once (male 33.5g) at plant site #2 in 17 year old mallee 
heath within 80 m of older (>38 yo) vegetation. Eucalyptus flocktoniae and E. spathulata 
var. grandiflora to 2.5m over Melaleuca coronicarpa on hard setting clay loam soil with 
gravel were present at the capture site. This record probably indicates re-colonisation of 
the younger from the adjacent older vegetation thus revealing the critical importance of 

-'theolder--vegetationto 	 it has a 
limited distribution only being known from the south-eastern wheatbelt. 

Heath Rat (Pseudomys shortridge,) 

Heath Rat was recorded once (male 54g) at plant site #2 in old age (>38 yo) thicket 
vegetation with Eucalyptus tetragona, E. ?incrassata and E. spathulata var. grand/flora 
and Banksia lemanniana to 4m over Hakea verrucosa on sandy loam with quartzite and 
ironstone coarse gravels. Heath Rat was presumed extinct in WA until 1987 when it was 
discovered in the Ravensthorpe Range; it is known from four other localities (some with 
multiple sites) in WA. It is classified as endangered and of the rare fauna of the project 
area it is the one most at risk. 

Western Brush Wallaby (Macropus Irma) 

Western Brush Wallabies were recorded twice, both single sightings in lower slope type 
'A' mallee-heath. This wallaby is restricted to south west Australia; they are listed as 
priority 4 'in need of monitoring' in CALM's assessment of their status. 

Rare Birds 

Western Whipbird (Psophodes nigroqularis oberon) 

Common, heard only, usually in lower slope 'A' type mallee-heaths, twice in Moort 
thicket, once in upper slope 'B' type thicket. Also at plant site #2. This is a declared 
threatened species considered vulnerable by CALM's assessment. 

In spite of this assessment, made largely on the basis of contraction of range since 
European setllement, the Western Whipbird remains fairly common in dense mallee 
vegetation between Stirling Range and Bandalup Hill, though there is an unconfirmed 
report from Oldfield River. Fire and land clearing have been implicated as factors in its 
decline therefore the Bandalup Hill records are of significance as they clearly show its 
ability to re-colonise vegetation 17 years since fire. 

Mallee Fowl (Leipoa ocellata) 

Very uncommon, one record of a single bird in lower slope type 'A' mallee-heath. A 
declared threatened species, classified as vulnerable by CALM's assessment. Mallee 
Fowl are known from the general area as evidenced by the erection of mallee fowl 
warning signs by the MRD on Highway One north west of Bandalup Hill in 1995. 
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APPENDIX D 

TAILINGS STORAGE FACILITY 
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The mineral processing plant will generate tailings in the form of a slurry containing 
27 % solids by mass. The tailings will be deposited into an engineered storage 
impoundment, namely the tailings storage facility (also known as a tailings disposal or 
storage facility). The facility will be designed and constructed so as to minimise the 
seepage of process water into the surrounding environment. 

Tailings Storage Location 

The tailings storage facility will be located on cleared farmland to the south of the open 
it nd'process plant asshownin Rgure8: 	 - - 

Site Geotechnical Description 

A preliminary geotechnical investigation has been conducted within the proposed 
storage area. The investigation involved excavation and geotechnical logging of 
shallow test pits and the installation of 5 geotechnical boreholes. 

Results 

The geotechnical investigation indicates that the near surface profile within the tailings 
storage consists of a sequence of clays and sandy clays extending to depths of 6.5 m 
to 8.5 m below natural surface level. On the eastern side of the storage the clay 
materials are underlain by a sequence of highly weathered talc and mica schists. 
Towards the west of the storage the clay materials are underlain by a horizon of fine to 
medium sand. The sand horizon was intercepted by two boreholes and was between 3 
and 4 m in vertical extent. Water was lost into this material during drilling. The 
horizontal extent of the sand horizon is currently unknown. A piezometer was installed 
into the horizon to determine if groundwater is present within the formation. Where 
encountered the sand was underlain by sandy clay to the limits of the investigation (20 
m below ground level). A borehole located in the south western corner of the proposed 
storage area intercepted a massive quartz reef that locally trends approximately SSE to 
NNW. Drilling at this location was terminated at a depth of 5 m in extremely hard and 
broken quartz. An additional drillhole located 80 m to the east encountered quartz 
rubble at shallow depth and was also abandoned. 

Discussion 

The presence of the surficial clay and sandy clay horizon encountered in the test pit 
and boreholes will contribute to the attenuation of potential vertical and lateral seepage 
from the proposed storage, and is expected to provide a suitable material for use as 
low permeability fill for perimeter embankment construction (see below). 	Floor 
permeability would be readily reduced if required by scarifying and recompacting the in 
situ materials to produce a low permeability foundation zone, although seepage 
modelling will be required during the detailed design phase to determine if this will be 
necessary. 

The sand horizon encountered within two of the boreholes is unlikely to have any 
significance as a water resource, and is expected to be of limited extent, although 
additional investigations during the detailed design phase will be required to confirm 
this. It is expected that the clay overlying the sand will be sufficient to prevent vertical 
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ingress of seepage into the horizon, however the sand may provide an effective means 
of monitoring for seepage from the storage and could provide a potential point for 
seepage recovery. 

The quartz reef intercepted at the south western corner of the proposed storage may 
represent a potential seepage flow path and will require further investigation during the 
detailed design phase. Remedial measures to prevent seepage transport along this 
feature could include modification of the storage layout to avoid the reef, or 
construction of a low permeability clay liner across those areas where the reef outcrops 
on the-surface or is encounterGdat shallow depth. A'groi.rndwatermohitoring bore will 
be located within the reef where it exits the storage area to the south. 

Proposed Storage Layout 

The storage will be divided into two equal cells, each with external dimensions of 
812 m x 890 m. Starter embankments will be constructed at the start of the project and 
progressively raised during the life of the project. Tailings deposition will be alternated 
between the cells over a nominal 6-month cycle, allowing 6 months of drying and 
consolidation of the tailings beaches within the dormant cell. Discharge of tailings into 
each cell will be modified as required to optimise drying and consolidation. 

Storage Area 

The initial storage area will be approximately 144 ha with the tailings storage perimeter 
embankment measuring 1624 m by 890 m. The active storage area will reduce with 
subsequent upstream embankment lifts, resulting in a final surface area after 12 years 
of approximately 115 ha. 

Storage Capacity 

The initial starter embankment forming the Cell 1 and Cell 2 impoundments will provide 
a minimum volume of 5.6 Mm3  for tailings deposition (ie; approximately 3 years of 
storage). For initial volume calculations a conservative settled dry density of 1.1 tIm3  
has been assumed. This is likely to be exceeded in practice, with final settled densities 
of up to 1.5 tIm3  expected over the long term. An average beach slope of 1 in 100 has 
been assumed for preliminary design purposes. 

The tailings storage will be progressively raised using the upstream construction 
method to a final expected maximum height of 24 m above the natural ground surface. 
A total storage capacity of 21.6 Mm3  is estimated for the two tailings cells. This 
represents approximately 12 years of storage at the current projected process plant 
throughput of 1.9 million tonnes/annum. Additional storage capacity will be readily 
achieved by further upstream lifts as the projected final height of 24 m could be 
extended to 30 m if required. 
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Embankment Batter Angles 

The perimeter starter embankment will be constructed with a 3H:1V downstream batter 
and a 1.5H:1V upstream batter. These batter angles will be retained for successive 
upstream lifts. The relatively flat downstream batter slope will facilitate progressive 
rehabilitation of the storage during operation. The internal dividing embankment 
between Cells 1 and 2 will be constructed with 1.511:1V batters. The two internal 
decant access embankments will be constructed with batter angles of 1.5H:1V. 

.Withthese batter angles slope -stabilityis - unlikefy,  to-be a-problem, however 
comprehensive slope stability analyses will be conducted during detailed design to 
confirm stability under both static and seismic loading. 

Following decommissioning of each Cell the outer slope will be battered back to an 
overall angle of 20 degrees or as otherwise agreed with and approved by the 
Department of Minerals and Energy. 

Construction Method 

Construction of the storage facility will involve the initial construction of a starter 
embankment, with ongoing embankment lifting carried out by the upstream 
construction method. 

Starter embankment construction will involve the following: 

Clearing and Stripping 

All trees and other vegetation will be removed from beneath the storage embankments, 
within the storage area, and to 50 m outside the storage perimeter. Cleared vegetation 
will be stockpiled in designated areas adjacent to the storage. Following clearing, 
fertile topsoil will be removed from the cleared area and stockpiled for rehabilitation 
purposes in designated areas adjacent to Cells 1 and 2. 

Perimeter Embankment Construction 

The perimeter starter embankments will be constructed using low permeability silty clay 
and sandy clay material sourced from within or immediately adjacent to the tailings 
storage area. The embankment will be constructed with a homogeneous cross section 
placed and compacted to engineering specification. The perimeter embankments will 
include a seepage cut off trench excavated into low permeability foundation materials 
and backfilled using selected low permeability fill material. 

Material used to form the embankments and seepage cut off trench will be placed to 
engineering specification typically involving placement in layers not exceeding 300 mm 
in thickness parallel to the axis of the embankment and compacted to a minimum of 
95% of the Maximum Dry Density (MDD) at a moisture content within 0 and +4% of the 
Optimum Moisture Content (OMC). 

To ensure that the specified levels of compaction have been achieved the embankment 
fill would be tested by a NATA registered soil testing laboratory. Any fill that does not 
meet either the compaction or moisture content requirements will be reworked until it 
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complies with the specification. Tailings storage construction will be supervised by an 
experienced geotechnical engineer. 

Internal Embankments 

The decant access embankments and internal dividing embankment will be 
constructed using surplus fill materials not suitable for use as perimeter embankment 
fill. These materials may include lateritic gravels, rock material or low plasticity alluvial 
soils. The material shall be moisture conditioned and placed in layers not exceeding 

--500 rnnHnthickness and compacted with-a mfrimttm f-4 passesof-a vibrating roller to 
ensure stability. 

Tailings Delivery and Distribution 

Tailings will be conveyed to the storage facility by a pipeline constructed adjacent to 
the storage access road. The road profile will be constructed so as to prevent overflow 
of tailings into the surrounding environment in the event of pipe failure. Leak detection 
systems will be installed on the pipeline to allow early identification and remedial action 
should leaks occur. 

Tailings will be deposited into the tailings storage cells via a series of spigotted 
discharge points from the perimeter embankments. Care will be taken to ensure that 
tailings are deposited in a manner that maximises beaching and air drying of tailings 
within the storage. This will involve cyclic discharge around the perimeter of each 
storage cell and alternation of discharge between cells to increase drying and 
consolidation rates. 

Return Water and Underdrainage System 

Decant System 

Recovery of supernatant water from the storage will be predominantly via a centrally 
located decant system in each tailings cell. The decant structure will be constructed 
using slotted well liners on a reinforced concrete plinth, surrounded by clean graded 
filter rock. Each decant will be accessed by a causeway connecting to the perimeter 
embankment to allow maintenance and progressive lifting of the structure as tailings 
levels rise. Water collected by the decants will be removed from the storage by 
submersible pumps installed within the decant structure discharging to a return water 
storage pond located to the south of the storage. 

Underdrainage System 

To facilitate consolidation of the tailings mass and reduce seepage from the storage an 
underdrainage system will be constructed within each tailings cell. The system will 
involve the installation of an aggregate covered drainage pipeline running parallel to 
the inside toe of the southern embankment and radiating out from, and draining to, a 
collection sump constructed in the south eastern corner (lowest point) of each storage 
cell. To facilitate early return of supernatant water from the storage the underdrainage 
sumps will incorporate a temporary decant structure constructed using slotted well 
liners and clean filter rock (Figure 13). 	To prevent ingress of fines into the 
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underdrainage collection sump the slotted well liners will be wrapped with a filter 
geotextile. Water collected by the underdrainage and temporary decant will be 
removed by a submersible pump discharging to the return water pond. 

Return Water Storage Pond and Pipeline 

Water recovered by the decant and underdrainage system will be returned to a storage 
pond constructed to the south of the tailings storage facility. The pond will have a 
capacity of 9400 ML (approximately 3 days recovery under normal operating 

-'conditions),--and willbeconstructed-with -asynthetic -Iiner -systemto prevent potential 
seepage from the pond to the environment. 

Water will be recovered from the pond by a permanent pump station and will be 
returned to the process plant via a fusion welded polyethylene pipeline. The return 
water pipeline will be placed within the same corridor as the tailings supply pipeline. 
The return water pumps will be controlled by a level detection system within the pond 
reporting to and from the process plant control room via radio telemetry. The return 
water pipeline will incorporate pressure switches, backed up by magnetic flow meters, 
both linked to the telemetry system to ensure that return water pumps shut down and 
staff are alerted immediately any flow discrepancy occurs. In this manner potential 
release of tailings return water to the environment through a break in the pipeline will 
be minimised. 

Tailings Properties 

Preliminary assay work has been conducted on tailings material produced from the 
bulk sample and pilot process testing material. Samples were analysed by the Toxic 
Characteristic Leachate Procedure (TCLP). This is a procedure developed by the US 
EPA to simulate the likely concentrations of leachate generated by a deposited residue. 

In Western Australia, the TCLP results for a particular material are used to determine 
what type of landfill facility must be used to contain the material. The TCLP results for 
the tailings indicate that it falls into the category of 'low hazard waste', suitable for 
containment in a landfill facility designed to contain inert waste, putrescible waste or 
low hazard waste. In this respect, the tailings material is deemed to present no risk to 
the underlying groundwater 

The TCLP analysis comprised the following five tests: 

Test 1 	"Baseline", no neutralisation 

Test 2 	SPD solution pre-neutralised to pH 2.8 with Comet limestone; final 
neutralisation to pH 8 with Ca(OH)2  

Test 3 	pH 4.7 to 4.9 neutralisation with Comet magnesite; final neutralisation to 
pH 8 with Ca(OH)2  

Test 4 	pH 4.7 to 4.9 neutralisation with commercial (ex-lsrael) magnesite; final 
neutralisation to pH 8 with Ca(OH)2  

Test 5 	pH 4.7 to 4.9 neutralisation with Comet limestone; final neutralisation to 
pH 8 with Ca(OH)2 
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Results are presented in Tables D-1 and D-2 for the five tests, representing each of the 

following materials: 

Table D-1: TCLP Leachates of wet filter cakes from the CCD tailings slurry 

neutralisation tests 

Table D-2: Filtrates from the CCD tailings neutralisation tests 

Table ED-i: TCLP Analysis Results and Comparable WA Landfill Acceptance Criteria 

Species Test 11 Test 2 Test 3 Test 4 Test 5 Acceptance Criteria2  

Class II Class Ill 

Ag 0.026 <0.013 0.04 0.015 <0.013 1 10 

As <0.24 <0.24 <0.24 0.48 <0.24 0.07 0.7 

Ba 0.7 1.2 1.3 0.87 0.79 7 70 

Cd <0.013 <0.013 <0.013 <0.013 <0.013 0.02 0.2 

Cr <0.051 0.12 0.76 3.3 2.7 0.5 5 

Hg <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.01 0.1 

Pb <0.29 <0.29 0.36 0.37 <0.29 0.1 1 

Se <0.65 <0.65 <0.65 <0.65 I 	<0.65 0.1 1 

All results expressed in mg/L 

Waste acceptance criteria for Low Hazard Waste, eg:. a material exhibiting <1 mg/L 
leachable fraction of Ag may be disposed of to a Class II landfill facility; a material 
exhibiting between 1 and 10 mg/L leachable fraction of Ag may be disposed of to a Class 
Ill landfill facility. The two facilities are defined as being suited to acceptance of "inert 
waste, putrescible waste and low hazard waste". 

The contents of Table D-i demonstrate that the tailings material constitutes a 'low 
hazard waste', disposal of which would be permitted to a Class Ill landfill facility. 
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Table 0-2: Test of CCD Tailings Neutralisation Filtrates 

Species Test 11 Test 2 Test 3 Test 4 Test 5 

Ag <0.5 <0.5 <0.5 <0.5 <0.5 

Al 63 <5 <5 <5 <5 

As 0.111 0.017 0.026 0.043 0.009 

Ba 0.13 <0.1 <0.1 <0.1 <0.1 

Ca -627 -667 	- '661 	--'- 647 - -725 

Cd <1 <1 <1 <1 <1 

Cl 15,800 15,600 21,000 21,100 20,000 

Co 3 <1 <1 <1 <1 

Cr 6 <1 <1 <1 <1 

Cu <1 <1 <1 <1 <1 

Fe 534 3 2 2 2 

Hg <0.1 0.3 <0.1 <0.1 <0.1 

Mg 5,290 4,710 6,050 6,540 4,740 

Mn 716 203 74 43 46 

Na 8,760 8,440 11,300 11,200 10,600 

Ni 40 4 3 2 2 

Pb 3 2 2 2 2 

Se <0.1 <0.1 insufi. <0.1 <0.1 

SO4  25,800 17,200 20,100 21,000 15,500 

Zn 15 <1 <1 <1 <1 

(1) 	All results expressed in mg/L 

The tailings will not generate acid as the ore feedstock is totally oxidised and the slurry 

is neutralised before leaving the process plant. 

Tailings Storage Water Balance 

A preliminary water balance has been conducted on the tailings storage, taking into 

consideration the tailings slurry inflow, evaporation, rainfall, retained water in the 

tailings pore volumes and recovered supernatant water. 

Based upon an initial tailings slurry at 43% solids (by mass), the average decant water 

recovery is estimated at 2870 kL/day, which represents approximately 35% of the 

tailings slurry water content of approximately 8200 kLlday. 

Under average climatic conditions the average recovery is expected to vary seasonably 

by up to 500 kL/day, depending on prevailing evaporation rates and rainfall events. 
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Seepage Control Measures 

The tailings storage has been designed and will be constructed to minimise any 
adverse environmental effects due to the seepage of saline process water from the 
impoundment. 

Seepage from the storage will be minimised by the following measures: 

Construction of perimeter embankments using selected low-permeability fill material 
toengineeringspecification at stable-batter angies; 

Installation of a low—permeability cut-off key trench beneath the perimeter 
embankment to restrict lateral seepage in the surf icial soil horizons; 

Installation of compacted low permeability clay liners over areas identified as 
potential seepage pathways (eg; quartz reef encountered in south west corner); 

Installation of temporary decant structures to facilitate return of supernatant water 
during commissioning and the initial period of storage operation; 

Installation of an underdrainage system to improve consolidation of tailings against 
the perimeter embankment at topographic low points within the storage; 

Recovery of supernatant water and stormwater from within the storage using 
decant structures; 

Management of supernatant water pond within the storage to ensure that the pond 
does not form adjacent to the perimeter embankment; 

Management of tailings deposition via a series of discharge spigots to ensure that 
thin layers of tailings are deposited in a controlled manner around the perimeter of 
the storage, thus maximising drying due to evaporation; 

Cycling of tailings deposition between cells to maximise drying and consolidation of 
tailings beaches; and 

Installation of groundwater monitoring bores around the facility and regular 
sampling and analysis to allow prompt detection of any leakage that may occur. 

If leakage is detected which would adversely effect surrounding vegetation or water 
resources, remedial measures will be undertaken to rectify the problem including: 

Excavation of seepage interception trenches and recovery of seepage water; 

Installation of seepage interceptor bores and recovery of seepage water; and 

Where appropriate, construction of additional containment cells over affected area 
(after initial 12 years of operation). 
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REHABILITATION 

The perimeter embankment will be progressively rehabilitated during the project's 
operational life. 	Progressive rehabilitation will typically involve topsoiling of the 
downstream embankment slope, contour ripping and seeding with salt tolerant and 
other local plant species. It is proposed to commence rehabilitation of the starter 
embankment immediately following construction. 

Final rehabilitation of the storage facility will be completed in accordance with DME and 
DEP 'recommendations and.-will include control 'of drainage from the surface and slopes 
of the structure, revegetation and landscaping to ultimately form a stable drained 
landform over the long term. 
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APPENDIX E 

WIND ROSES 



Wind Roses using available data between 1962 and 1998 for 

RAVENSTHORPE (RAVENSTHORPE) 
Site Number 010633 	Latitude 33°3453'S 	Longitude 120°02'39'E 
Elevation 232 metres 	Opened Jan 1901 	Still Open 

9 am January 	- - 	1008 observations 	9 am March 	 - 1035 observations 

N 	 km/b 

NW NE  Cam 1-10 	11-20 	21-30 	'30 

W Calm E 

S 	 E 	

20%
calms 

9am May 	 1031 observations 	19am July 	 1046 observationi] 

9 am February 	 987 observations 
	

9 am April 	 962 observations 	19 am June 
	

1031 observations 	19 am August 
	

1013 observations 
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Wind Roses using available data between 1962 and 1998 for 

RAVENSTHORPE (RAVENSTHORPE) 
Site Number 010633 	Latitude 33°34'53S 	Longitude 120°0239'E 
Elevation 232 metres 	Opened Jan 1901 	Still Open 

9am September 	- 	1003 observations I 9am November 	 969 observations 3 pm January 

N 	 km/h 

N ,_J <NE  Cam 1-10 	11-20 	21-30 	'30 
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S 	 E 	 35% 
calms 

926 obse rvations [pm March 	 917 observations 1 

I  \ 
9 am October 
	

958 observationsii am bner 	 1015 observations 
	

3 pm February 	 904 observations 
	

3 pm April 	 831 observations 

0
Copyright © Commonwealth of Australia 1998 	 Page 2 of 3 ,j)))1, Prepared by Climate and Consultancy Section in the Western Australian Regional Office of the Bureau of Meteorology 
Contact us by phone on (08) 9263 2222, by fax on (08) 9263 2233, or by email on climate.wabom.gov.au  

t- 	We have taken al/due care but cannot provide any warranty nor accept any liability for this information. 



Wind Roses using available data between 1962 and 1998 for 

RAVENSTHORPE (RAVENSTHORPE) 
Site Number 010633 	Latitude 33°3453S 	Longitude 1200239°E 
Elevation 232 metres 	Opened Jan 1901 	Still Open 

3 pm May 	 884 observations j 3 pm July 	 890 observations j 3 pm September 

N 	 km/li 

NW> L <NE  Cam 1-10 	11-20 	21-30 	>30 

W Calm E 

S 	E 

20%
calms  

874 observations7 3 pm November 	 872 observations 

3pmJune 	 86O observations 	3prnAugust 
	

880 observations 13 pm October 	 841 observations 13 pm December 
	

906 observations 
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APPENDIX F 

COMMUNITY CONSULTATION ISSUES 
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Residents in the Ravensthorpe area, and particularly in the vicinity of the project, were invited to 
attend a presentation in the Jerdacutup Community Hall at 8.00pm on 21 April 1998. A total of 
65 people attended the presentation, which was followed by lively discussion in which many 
representatives of the Comet Resources and Kaiser Engineers endeavoured to answer the 
following questions: 

The expected water requirement is very high. What are the intended uses of water? 

What will be the effect of the construction camp on the locality? 

What area of land will be used by the project? 

Has the Flora and Fauna Study been completed and did it identify any endangered species? 
(The questioner believed a type of eucalyptus tree was regarded as endangered). 

Will an airstrip be constructed at the project site? 

Will the additional population apply extra pressure on the coastline? 

Can farming and mining co-exist? 

How close is the nearest farm? 

When will the decision be made to proceed with the project (or otherwise)? 

How will the end product (nickel) be transported? 

What effect could groundwater abstraction have on existing users of groundwater for stock-
watering? 

Is there enough demand to sustain all the nickel projects in WA? 

Will noise levels be intrusive? 

Will removed topsoil be re-used and, if so, when? 

Will there be a significant increase in road traffic? 

What is the likely total construction cost of the project? 

How much will be spent locally? 

No mention in presentation of the Jerdacuttup community. 

Will Mason Bay Road be developed/upgraded? 

Is it intended to employ any available local labour? 

Has consideration been given to the limited hospital facilities in Ravensthorpe, with respect 
to the influx of population? 

What medical facilities are required to be provided at the project site itself? 

Will diagrams of the schematic mine design and site layout be available? 

Will the accommodation camp be responsibly managed to ensure an acceptable standard of 
behaviour by the residents? 
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APPENDIX G 

AIR DISPERSION MODELLING 



APPENDIX G: DETAILS OF AIR DISPERSION MODELLING 

Table G-1. Input parameters for significant point source emissions. 

Qs02 (g/s) QNOX  (g/s) Hs 	(m) V (Nm3/s) Ts (°C) Vs (m3/s) 

Sulphuric Acid Plant 39.8 0 60 23 70 44 

Hydrogen Sulphide 1050 
Plant Flare  

negligible 70 8.6 200 15 

Power Station 	(Diesel) 1 28.8 87 15 27 50 32 

Notes: 
Power station emissions were modelled from a single stack. This will give a slightly conservative 

result. 
Modelled emission rate based on 52.5 g/s assuming maximum discharge duration of 3 minutes in 

any 1-hourly period. 
Stack diameter of 1.5 m assumed for Sulphuric Acid Plant and Power Station to give realistic exit 

velocities. Stack diameter of 1.0 m assumed for Hydrogen Sulphide Plant Flare. 
o = Emission rate 
V = Volumetric emission rate at 0 00 

Hs = Height of stack 
Ts = Temperature of stack emission 
Vs = Volumetric emission rate at exit temperature 

Ravensthorpe Nickel Project- S02 (1 hour avg.. src.gr. 1) 
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Figure G-1. Maximum predicted SO2 concentration from all sources. 
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Auspluine version 4.0 Input Parameters 

Ravensthorpe Nickel Project - S02 

Concentration or deposition Concentration 
Emission rate units grams/second 
Concentration units microgram/m3 
Units conversion factor - 1.00E+06 
Background concentration 0.00E+00 
Terrain effects None 
Smooth stability class changes? No 
Other stability class adjustments 	(urban modes) None 
Ignore building wake effects? Yes 
Decay coefficient (unless defined in met. 	file) 0.000 
Anemometer height 10 m 
Averaging time for sigma-theta values 60 mm. 
Roughness height at the wind vane site 0.100 m 

DISPERSION CURVES 
Horizontal dispersion curves for sources <lOOm high Sigma-theta 
Vertical dispersion curves for sources <lOOm high Pasquill-Gifford 
Horizontal dispersion curves for sources >lOOm high Briggs Rural 
Vertical dispersion curves for sources >lOOm high Briggs Rural 
Enhance horizontal plume spreads for buoyancy? 	Yes 
Enhance vertical plume spreads for buoyancy? 	Yes 
Adjust horizontal P-G formulae for roughness height? Yes 
Adjust vertical P-G formulae for roughness height? Yes 
Roughness height 	 0.100m 
Adjustment for wind directional shear 	 None 

PLUNE RISE OPTIONS 
Gradual plume rise? 	 No 
Stack-tip downwash included? 	 Yes 
Building downwash algorithm: 	 Schulman-Scire 
Entrainment coeff. for neutral & stable lapse rates 0.60,0.60 
Partial penetration of elevated inversions? 	 Yes 
Assumed potential temp. gradient for partial penetration 0004 Kim 
Disregard temp. gradients in the hourly met. file? 	No 

and in the absence of boundary-layer potential temperature gradients 
given by the hourly met. file, a value from the following table 
(in Kim) is used: 

Wind Speed 	 Stability Class 
Category 	A 	B 	C 	D 	E 	F 

1 	0.000 0.000 0.000 0.000 0.020 0.035 
2 	0.000 0.000 0.000 0.000 0.020 0.035 
3 	0.000 0.000 0.000 0.000 0.020 0.035 
4 	 0.000 0.000 0.000 0.000 0.020 0.035 
5 	0.000 0.000 0.000 0.000 0.020 0.035 
6 	0.000 0.000 0.000 0.000 0.020 0.035 

WIND SPEED CATEGORIES 
Category boundaries (in m/s) are: 1.54, 3.09, 	5.14, 	8.23, 10.80 

WIND PROFILE EXPONENTS 
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"Irwin Rural" values (unless defined in met. file) 

AVERAGING TIMES 
1 hour 

Ravensthorpe Nickel Project - S02 

SOURCE GROUPS 

Group No. 	Members 

1 	SAP 
2 	PS 
3 	FLARE 
4 SAP PS FLARE 

Ravensthorpe Nickel Project - 502 

SOURCE CHARACTERISTICS 

Stack Source: SAP 

	

X(m) 	Y(m) 	Ground Elev. Stack Height Diam. Temp. Speed 

	

-300 	-50 	 Om 	 60m 1.50m 70C 25.0m/s 

No building wake effects. 
(Constant) emission rate = 3.98E+01 grams/second 

No gravitational settling or scavenging. 

Stack Source: PS 

	

X(m) 	Y(m) 	Ground Elev. Stack Height Diam. Temp. Speed 

	

180 -10 	Om 	 15m 1.50m 50C 18.0m/s 

No building wake effects. 
(Constant) emission rate = 2.88E+01 grams/second 

No gravitational settling or scavenging. 

Stack Source: FLARE 

	

X(m) 	Y(m) 	Ground Elev. Stack Height Diam. Temp. Speed 

	

240 	140 	 Om 	 70m
4 

	

1.00m 200C 	19.0m/s 
00  

No buJ$inoe effects. 

	

(Constant) emi 	 55E+01 grams/second 

	

No gravita 	 v9g,  or scavenging. 
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