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Introduction and Location 

BHP Billiton Iron Ore Pty Ltd (BHPBIO) operates the Goldsworthy mining operations which are located 
approximately 100 to 170 kilometres (km) east of Port Hedland in the northern Pilbara region of 
Western Australia. 

BHPBIO's Goldsworthy mining operations currently produce iron ore at a rate of approximately 
8.5 million tonnes per annum (Mtpa). The operations are centred at Yarrie, with some mining still 
taking place at the Nimingarra and Sunrise Hill deposits. The Mount Goldsworthy and Shay Gap 
mining areas are no longer operational, with the majority of activities at these sites directed towards 
the monitoring and maintenance of rehabilitated landforms. 

BHPBIO's Goldsworthy mining operations are conducted under the Iron Ore (Goldsworthy) Agreement 
Act 1964, and the Iron Ore (Goldsworthy-Nimingarra) Agreement Act 1972. Environmental 
management requirements for the operations are specified in the Goldsworthy Extension Project 
Notice of Intent (NOl) (GML, 1986), and the conditions of Statement of Approval No. 303 issued by the 
Minister for the Environment, and Licences 5611/7 and 4412/8 issued under Parts IV and V of the 
Environmental Protection Act, 1986 (EP Act), respectively. 

The Proposal 

As part of a wider programme of evaluating the expansion of its Pilbara iron ore mining operations, 
BHPBIO has reviewed its development and closure plans for the Goldsworthy area. This review has 
involved the detailed appraisal of the remaining iron ore resources at the existing Yarrie, Nimingarra 
and Sunrise Hill areas, plus the potential for mining in previously undeveloped areas. 

The review has indicated that there is now only limited iron ore remaining in the approved mining 
areas if mining continues at current rates. In order to extend the mine life, BHPBIO would need to 
supplement this ore with lower grade ore from the existing approved operations, as well as lower 
grade ore from some of the previously undeveloped deposits in the area. BHPBIO is continuing to 
explore its tenements in the Goldsworthy area. The overall life of its operations in the area will be 
dependent on market acceptance of the remaining resource. 

The Goldsworthy Feasibility Study has evaluated the various mining and closure options for the 
Goldsworthy operations (ie. from closure in six months, through to the development and mining of 
various low grade alternatives). BHPBIO's preferred option, and the one for which it is now seeking 
approval under the EP Act, is to mine several of the 'new' areas at Goldsworthy during the next three 
years. The ore from these new areas would be blended with the remaining higher grade ore that 
would be mined from the existing approved areas to produce a final product. 

The new mining areas and activities for which BHPBIO is seeking approval for under the EP Act are 
referred to as the Goldsworthy Extension Project (GEP) and are as follows: 

Mining of approximately 11 Mt of ore and 12 Mt of low grade ore/overburden at the new 'Cattle 
Gorge' hard rock mining area. 

Mining of approximately 1 Mt of ore and 7.3 Mt of low grade ore/overburden at the new 
'Nimingarra I' hard rock mining area. 

Extensions to three of the existing crustal iron ore deposits at Yarrie (ie. Y4A, Y7 west and YlO 
north) in order to extract an estimated additional 2.2 Mt of ore and approximately 1 Mt of low 
grade ore/overburden. 
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Development of connecting access roads, haul roads and other service infrastructure (ie. power 
and water lines) to the proposed new mining areas. 

The above activities would require disturbance to approximately 97 hectares (ha) of previously 
undisturbed native vegetation. 

Previously approved activities at the Goldsworthy mining operations would continue to be undertaken 
during the remaining mine life. These include the following: 

mining and overburden placement at existing Nimingarra mining areas; 

mining and overburden placement at Sunrise Hill and Sunrise Hill West; 

mining and overburden placement at Yarrie (Yb, and crustal ore areas); and 

use of the existing Nimingarra and Yarrie rail loading facilities and support infrastructure (ie. 
workshops, administration areas, laydown areas, accommodation village, aerodrome, power and 
water supplies). 

Table S-i summarises the key characteristics of the proposed GEP. 

Table S-i 
Key Characteristics Table 

Aspect '1l1P[.] I 

Proponent BHP Billiton Iron Ore Ply Ltd, 225 St Georges Terrace, Perth, Western Australia, 6000 on 
behalf of the Goldsworthy Joint venture. 

New Mining Areas New Cattle Gorge hard rock mining area - approximately 11 Mt of ore and 12 Mt of low 
grade/overburden, additional 57 ha disturbance. 

New Nimingarra I hard rock mining area - approximately 1 Mt of ore and 7.3 Mt of low 
grade/overburden, additional 18 ha disturbance. 

Extension to three of the existing Yarrie crustal mining areas (ie. Y4A, Y7 west and YlO 
north) - approximately 2.2 Mt of ore and 1 Mt of low grade/overburden, additional 22 ha 
disturbance. 

Mine Life Extend mining operations by approximately three years (ie. from mid 2005 up to 2008 
depending on market conditions). 

Ore Production Continued at approximately 8.5 Mtpa (unchanged). 

Ore Type Blended medium grade (no beneficiation). 

Ore Crushing and Train Existing Yarrie and Nimingarra facilities would continue to be used (no upgrades or 
Loading Facilities modifications required). 

Train Operations No change in the number of trains (4 trains per day on average). 

Power Supply Use of existing 66 kV line to Shay Gap, reticulation at 22 kV (mining infrastructure) and 
System/Reticulation 240V (village and offices). 

Extension of electricity supply to new Cattle Gorge mining area. 

Workshops/Offices Continued use of existing offices at Yarrie and Nimingarra (no upgrades or modifications 
required). 

Fuel Storage and 
Consumption 

Use of existing above ground facilities at Yarrie and Nimingarra mining areas (no upgrades 
or modifications required). 

o 	Consumption of diesel and lubricants unchanged from existing operations. 

Accommodation Use of the existing Yarrie accommodation village with some upgrades to increase capacity 
to 450 rooms. 

Workforce Marginal increase to approximately 290 fly-in-fly-out employees plus temporary 
employment of approximately 80 construction employees. 

May2005 	 ES-4 
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Environmental Protection Statement 

This Environmental Protection Statement (EPS) describes the existing environment and the potential 
environmental impacts resulting from the proposed GEP, together with management strategies that 
would be used during the life of the mine to mitigate impacts. An Environmental Management Plan 
(EMP) and Decommissioning and Rehabilitation Plan are key supporting documents to the EPS and 
are attached as appendices. 

The following environmental aspects have been assessed in this EPS and supporting documentation: 

soil resources; 

landforms; 

surface water; 

groundwater; 

dust; 

noise; 

flora; 

fauna; 

subterranean fauna; 

waste management; 

dangerous goods and hazardous materials; 

Aboriginal heritage; and 

rehabilitation and decommissioning. 

A summary of the environmental objectives, potential impacts and proposed environmental 
management measures for the above aspects is presented in Table S-2. Where appropriate, 
references are included to relevant sections of the EPS that contain additional details of the 
environmental impact assessment of each aspect. 

The potential impacts of the Project have been assessed in the EPS and the proposed management 
measures are considered by BHPBIO to be appropriate to minimise potential impacts on 
environmental aspects. Table S-3 provides a summary of BHPBIO's environmental commitments (ie. 
Proponent Commitments) for the Project. Subject to approval being granted for the Project, it is 
intended that a new Ministerial Statement of Approval would be issued for the new activities. 
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TableS-2 
Summary of Potential Environmental Impacts and Management Measures 

Potential Impacts 

Soil Resources o fii,iifiiaiii itic 	pity, 	ecoipjcal 

Issue 
 \'/itiri tho Project area there is a broad 

I 

lie Project Would (1511Ff) (1 total Hi ll'lflO a cor',tiniiea adoption of a policy of rnirririnjm disturbance. 
(refer to Section function and environmental values of correlation between landtorin and the approximately 97 ha of previously 

3 3 of the EPS) the soil and landform. type and depth of soil (ie. thin poorly undisturbed native vegetation. All activities that require land clearance would continue to be 
developed skeletal soils on the ridges Potential impacts on soils would relate authorised by BHPBIO via the Project Environment and Aboriginal 
and deeper sandy alluvial soils on the primarily to: Heritage Review (PEAHR) authorisation system. 
adjoining plains). 

Increased soil erosion by both Employees and contractors would be advised of the land clearing 
Goldsworthy operations have disturbed wind and water. authorisation system and a condition prohibiting unauthorised 
approximately 2.200 ha consisting of 
approximately 971 ha of rehabilitated Reduction in viability of seeds, clearing would Continue to be included in all relevant contracts. 

areas and mine voids, nutrients, organic matter and Soil management practices would Continue to be used to minimise 
micro-organisms due to soil loss through erosion, minimise the changes to Soil structure, 
inappropriate stockpiling of chemistry and soil evolution/forming processes, and maximise the 
topsoil and other soil resources. re-use of stripped materials in rehabilitation programmes. 

Alteration of soil structure, Erosion would be managed through progressive rehabilitation and 
chemistry and natural Soil installation of appropriate runoff controls where necessary. 
evolution/forming_processes.  

Landforms To maintain the integnty, ecological Landforms in the Project area are The natural topography would be The location and design of infrastructure areas and mine landforms 
(refer to Section function and environmental values of dominated by rocky ridges and affected by mining at Nim I, Cattle are and would be optinlised through the mine planning process to 
3.4 of the EPS) soil and landtorm. plateaus, separated by the wide plains Gorge and Yarrie pits Y4A, Y7 west ensure that environmental impacts are roinimised. 

To ensure that aesthetic values are and floodplains of the De Grey River and YlO north. Potential impacts of the 

considered and measures are adopted and its tributaries. Elevation of Project include changes in topography New OSAs would be constructed and rehabilitated in a manner so 

to reduce visual impacts on the topographical features in the including the areas where ridges and that the final landforms would be stable and sympathetic with 

landscape as low as reasonably Goldsworthy area range from plateaus would be locally reduced in surrounding landforms. 

practicable, approximately 208 m AHD at the Yarrie elevation due to open pits and where All mine infrastructure areas that are no longer required would be 

To ensure, as tar as practicable, that 
Plateau, to approximately 80 m at the 
De Grey River south of Nimingarra. 

OSAs would extend existing 
escarpment faces. 

decommissioned, and the disturbed area re-contoured to blend with 

rehabilitation achieves a stable and the surrounding topography, topsoiled, contour ripped (or 

functioning landform which is Elevations at Cattle Gorge range from Visual impacts of the proposed open equivalent) in preparation for seeding with local native species as 

consistent with the surrounding approximately 250 m AHD on the pits and OSAs would be restricted due necessary. 

landscape and other environmental plateau to approximately 130 m on the to shietding of the open pits by existing 

values, adjoining plain. Sunrise Hill and escarpment areas. The OSAs would be 
Nimingarra Ridges are lower than constructed to blend with the 

Maintain and protect any significant Yarrie and Cattle Gorge with etevafions surrounding naturally occurring 
geoheritage and landscape values, generally below 210 and 200 m AHD landforms. 

respectively. 

Existing GEP mining operations have 
altered the natural landforms at 
Nimingarra, Sunrise Hill and Shay Gap 
and Yarrie though the creation of mine 
voids and Out of pit OSAs.  
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Table S-2 (Continued) 
Summary of Potential Environmental Impacts and Management Measures 

Environmental 
Issue 

flTh 

Surface Water to rr 	irrrtairi or 	irnpro'.'e the qLOrHty ol lire Project is located in the Do Grey Jiri' Project woriki not directly affect The size of mine Iarrdforms and infrastructure areas would be 
(refer to Section surface water to ensure that existing River catchrnent. The river is located any named surface watercourses or minimised, and would be designed to minimise the potential impact 
3.5 of the EPS) and potential uses, including some 10 to 20km to the south of the water bodies. Flowever, mining on ephemeral flows in the local gullies and drainage lines that 

ecosystem maintenance are protected, mining areas, operations at the Project have the runoff from the local ridges 
consistent with the Australian and New potential to result in localised impacts 
Zealand Water Quality Guidelines on surface water resources by Sediment reduction controls would continue to be installed 
(ANZECC. 2000). The coarse and Sandy nature of changing local surface water flow downstream of active mine areas, OSAs and other disturbance 

surface soil material within the Project patterns (ie. through the construction of areas as required in order to minimise the potential for erosive 
area enables heavy rains to be readily new open pits, OSA5 and service sheet flow and/or the development of gullies. Stormwater from the 

Maintain the integrity, functrons and absorbed and limits surface runoff, infrastructure), or by affecting surface plant site would be collected by a drainage network. 
environmental values of watercourses Some runoff does occur during heavy water quality as a result of erosion from 
and sheet flow, rainfall events. Drainage channels in disturbed areas or contamination from All necessary approvals would be obtained from the relevant  

the Project area collect and direct chemicals/hydrocarbons. government agencies prior to dislurbance within nominated 
overland flow to Egg Creek, Eel Creek watercourses (eg. permit to interfere with bed and banks as 
and Coonjeena Creek. These creeks required by the Rights in Water and Irrigation Act, 1914). 
are considered to be very minor 
tnbutaries to the De Grey River. Process and wash down water would be collected and treated in 

accordance with the relevant license conditions. 

Hazardous substances (eg. fuels and ammonium nitrate) would 
continue to be stored in properly bunded sites to minimise the 
potential 	surface 	er groundwater contamination. _for _land,_ 	_water 

Groundwater To maintain or improve the quality of Mining activities at the existing mine Potential impacts of the Project on All groundwater abstraction would be managed in accordance with 

(refer to Section groundwater to ensure that existing have extended below the watertable at groundwater are as follows: relevant water extraction and discharge licences under the Rights 
3.6 of the EPS) and potential uses, including Shay Gap, Sunrise Hill. Nimingarra and 

drawdown of local groundwater in Water and Irrigation. Act 1914. 
ecosystem maintenance are protected, Yarrie. 

tables where mine dewatering 
consistent with the Australian and New 

and boretield pumping is 
Excess water produced by dewatering operations would only be 

Zealand Water Quality Guidelines 
ui'tderlaken; 

released in accordance with licence requirements at the designated 
(ANZECC, 2000). Four borefield have been developed to release locations. 

provide both potable and mine water adverse impacts on groundwater 
supplies: quality as a result of potential Hazardous substances (eg. fuels and ammonium nitrate) would 

Shay Gap Weltfield - potable contamination by chemicals. continue to be stored in properly bunded sites to minimise the 
potential for land, surface water or groundwater contamination. 

water, water for dust hydrocarbons or mine wastes; 

suppression, workshop use and and Backtilling Nim I and Cattle Gorge pits to approximately 5 m above 
crushingiloading at Yarrie. permanent modification of original groundwater table levels. 

Egg Creek Weiltield - dust 
groundwater quality and/or levels 

suppression and mine water 
as a result of the creation of long 

supply. 
term pit lakes that operate as 
groundwater sinks. 
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Table S-2 (Continued) 
Summary of Potential Environmental Impacts and Management Measures 

Issue 

Groundwater 

(Continued) 
Gundillne V/olltiold 
construction water for Yarric rail 
link, dust suppression water for 
Yarne access road. 

Eel Creek Wellfield - 
Construction and start up mining 
water supplies_  for _Yarrie.  

ZTTflfllri''TTT 

Flora To maintain the abundance, species In a regional context, the existing The main potential impacts of the Implementation of the following to minimise the impact of clearing. 

(refer to Section diversity, geographic distribution and operations are situated within the Project on flora would be through the 

3.7 of the EPS) productivity of vegetation communities Fortescue Botanical District with the direct loss of vegetation (including • A PEAHR form would be completed for all areas in which clearing  
through the avoidance or management majority within the Eremaean Botanical some sites where Euphorbia clementO is proposed. 
of adverse impacts and improvement in Province. The Shay Gap borefield lies and Euphorbia drurnmondii were Clearing plans would be prepared prior to clearing and monitoring 
knowledge, to the north and is located within the recorded) due to the proposed would be undertaken regularly to assess whether the plan is being 
Protect Declared Rare and Priority Canning Botanical district, additional land clearing required for the adhered to 
Flora. consistent with the provisions of Flora surveys of the proposed GEP development of the new mining areas 

OSA5. and Minimise disturbance of flora and vegetation by: 
 the Wildlife Consen,ation Act, 1950. areas were conducted in accordance 

Protect other flora species of with EPA Guidance Statement No. 51, Other potential impacts could arise ensuring that vehicles and machinery are only parked in 
conservation significance. Terrestrial Flora and Vegetation from dust deposition on vegetation in designated locations; 

Surveys for Environmental Impact adjoining undisturbed areas and the 
Assessment in Western Australia. The spread of weed species. prohibiting ott-road recreational activities; and 

surveys identified some 209 plant 
species at Yarrie, 126 species at Cattle 

The proposal may result in changes to raising the awareness of the workforce about conservation issues 

Gorge. 183 species at Nimingarra and 
the local fire regime, such as increased through the environmental induction programme. 

201 species at Sunnse Hill. No 
frequency and/or intensity of tires, 
which may result in changes to 

Use of the following management practices to minimise potential impacts 
Declared Rare Flora (DAF) species vegetation communities and flora 

on species of conservation significance. 
 

have been encountered in the 
Goldsworthy surveys to date, however 

composition. Modification of clearing plans (where possible) to minimise or avoid 

four Priority species (Euphorbia impacts on identified species of conservation significance. 

clemenlii, E. drummondii, Goodenta Where required, management strategies/plans for known locations 
hart,ana, and Acacia glaucocaesia) of significant flora species (ie. Euphorbia cle,nentii and Euphorbia 
have been identified. drummondir), vegetation associations and other species of interest 

that cannot be avoided would be developed in consultation with, 
and to the satisfaction of CALM prior to the commencement of 
clearing activities in these areas. 

Preparation and submission of an 'Application to take DRF for the 
approval of Government regulators, where required. 
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Table S-2 (Continued) 
Summary of Potential Environmental Impacts and Management Measures 

Issue 
Flora (Cont.) Maintenance of appropnaio iecords of impacted populations and 

notification of Government regulators where Priority flora must be 
taken. 

Use of the following weed management measures: 

demarcation of areas of known weed infestation; 

regular cleaning of machinery and equipment on a regular basis 
and in particular when travelling between areas of known weed 
infestation and weed-tree areas; restricted usage and/or treatment 
of topsoil that is known to be infested with weeds; 

conduct of regular monitoring/inspections for the presence of 
weeds within areas of disturbance; and 

treatment of infested areas, including the application of herbicides 
and pre-emergents where appropriate. 

Adoption of the following management practices to minimise the potential 
for significant anthropogenic changes to the local fire regime; 

personnel and contractor training in appropriate fire management 
practices, including general awareness training; 

provision of adequate fire-fighting equipment; 

regular inspection and maintenance of fire-fighting equipment; and 

where necessary, conduct of controlled burning to reduce local fuel 
toads in consultation with relevant government agencies. 

May 2005 	 ES-9 
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Table S-2 (Continued) 
Summary of Potential Environmental Impacts and Management Measures 

Issue 
zTDflIri'TIT 

Fauna lo maintain 	tea 	nia indaincm:. spc~:ies Numerous fauna surveys I ho additional disturbance associated Usu of the 	ullownrinj practices to minimise tine impacts (Al tuLmmrri 

(refer to Sections diversity, geographic distribution and conducted at Goldsworthy. The most with the proposed Project development associated with the clearing of vegetatiomn: 
3 Band 3.9 of the productivity of terrestrial fauna at recent GEP fauna survey and report has the potential to impact local fauna 

EPS) species and ecosystem levels through whichaccompanies this EPS has been through direct impacts during land • A PEAHR form would be completed for all areas in which clearance  
the avoidance or management of prepared in accordance with EPA clearing (ie. fauna mortalities) and is proposed. 

adverse impacts and improvement in Guidance Statement No. 56. Terrestrial through the loss of fauna habitat. Clearing plans would be prepared prior to clearing and monitoring knowledge. Fauna Surveys for Environmental There is the potential for teral animals 
would be undertaken regularly to ensure adherence to the plan 

Impact Assessment in Westerrr to be attracted to the Project by the 
Australia. creation of new habitat opportunities. Cleared vegetation (eg. spinifex clumps, tree limbs etc) would be 

Species of conservation significance attraction to waste materials, and stockpiled for re-use during rehabilitation. Areas would be 

recorded during surveys at through the proposed additional land rehabilitated in a manner that encourages the return of fauna 
Goldsworthy include: clearing which would leave native species through the provision of habitat, shelter and food sources. 

fauna more exposed to predation. 
Four species listed under the Disturbance areas would be progressively rehabilitated. 

Environmental Protection and Vehicles and machinery would continue to be parked only in 
Brodrversity Act 1999 (Lrasis designated locations in order to minimise habitat damage. 
olivaceus barroni, Rhinonicteris 
aura ntiuS, Dasycercus Employee and visitor inductions and general workforce training 
cnsticauda arid Dasyurus would continue to be undertaken to minimise the potential of the 
hallucatris). workforce causing accidental or intentional impacts on fauna. This 

Seven species listed by CALM 
includes prohibition of: 

 
as Priority four species - 	 firearms on site; 

(Pseudoorys chapmani. - 	off-road use of recreational vehicles; 
Leggadina lakedownensis. 

- 	pets on-site: Neochiiira ruticauda 
subclarescens. Heteromunia - 	unnecessary disturbance of habitat; and 
pectoralis, Ardeotis australis, 

- 	 capture of fauna 
Burhinus grallarius, and 
Macroderora gigas). Where 'declared' feral species listed under the Agriculture and Related 

Resources Protection Act, 1976 are identified in the Project area during 
One mammal (Pseudornys the mine life, suitable control measures would be developed in 
delicatulus) listed by the IUCN consultation with CALM to eradicate, reduce or contain the species. 
and seven bird species listed In order to minimise potential impacts on fauna species of conservation 
under the JAMBA or CAMBA significance, the following management practices will be undertaken. 
international agreements 
(Tringaglareola, Apuspacificus, Pre-ctearance surveys would continue to be conducted as 
Ardea a/ba, Actitis hypoleucos, necessary to identify areas of habitat suitable for species of 
Tringa stagnatilits. Tringa conservation significance (ie. for species previously recorded within 
nebularia and Gallinago sp.).  the Project area) within proposed disturbance areas. 
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Table S-2 (Continued) 
Summary of Potential Environmental Impacts and Management Measures 

Environm 
Issue 

bjective Zflh11TT LA 
Fauna Glee a eq plans would be modified where possible to iii irirnise or 
(Cont.) avoid impacts on identified habitat of species of Conservation 

significance. 

Key habitat areas located in the vicinity of disturbance areas would 
be demarcated where the potential for significant impacts on the 
species is identified (ie. where important habitat is situated adjacent 
to significant disturbance activities). 

Species-specific management programmes or plans would be 
prepared where mining activities are considered likely to impact on 
the local population of a listed fauna species. 

Appropnate records would be maintained of impacted habitat 
areas, 	 and _individuals_ 	_populations. 

Air Quality To ensure that emissions do not The Project is located in a remote area, The potential air quality impacts of the Ore transfer points would continue to be enclosed and fitted with 
(refer to Sections adversely affect environment values of approsimately 90 km from Marble Bar Project are expected to be similar to water sprays. 

4.1 and 4.301 the the health, welfare and amenity of (the nearest town) and 11 km to the the existing GEP. However, the 

EPS) people an land uses by meeting nearest non-BHPBIO residence (Yarrie proposed Project would include Water tankers would continue to be used to apply water to sites 
statutory requirements and acceptable Homestead). The Project is situated in additional land clearing which may within areas of operation which have the potential to generate dust, 
standards, an area which has limited vegetation increase the overall area susceptible to including unsealed roads, haul roads and construction areas. 

To ensure that dust emissions do not cover and extended periods of low 
rainfall. As a result, dust is naturally 

wind and water erosion. 
Areas of exposed soil (land disturbance) would continue to be 

adversely affect flora and fauna. 
generated during windy conditions or 

Dust emissions may also have 
potential impacts on surrounding flora 

minimised. 

dust storms, and fauna. Dust control equipment would continue to be inspected regularly to 
assess its effectiveness. 

Greenhouse gas related issues at the Project would continue to be 
managed in accordance with BHP Billiton's HSEC Guideline - 
Energy and Greenhouse and Mining Operations Greenhouse Gas 
and _Energy_Management_Plan. 
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Table S-2 (Continued) 
Summary of Potential Environmental Impacts and Management Measures 

Environmental 	hh1fl  
Iss 

 Noise i o protect thp, arn.rty 	nearby Noise generated at tIe 	:xistuiç) GFP is the F'relect 	OS 	lit: letertlIal to dHI'BlO would corituitie to use low noise.generating cqUipriiciit, 
(refer to Section residents from noise impacts resulting primarily attributable to blasting generate additional noise as a result of silencers, and exhaust mufflers where necessary. 
4.2 of the EPS) from activities associated with the activities and operation of the ore the following: 

proposal by ensuring the noise levels processing plant and equipment. Rail Blasting would continue to be only undertaken during daylight 
meet statutory requirements and noise is also generated by loading and drilling and blasting; hours.  
acceptable standards, ore transport Noise from these crushing and processing 

sources is considered to be a factor operations; 
only wittlin the immediate vicinity of the 
mine site (including accommodation mobile plant and equipment 
village). operating in several mining 

areas concurrently; and 

local traffic (road and rail) 
movements. 

Waste To ensure that disposal/management Mining operations at the existing GEP The types of waste materials All water from potentially contaminated areas (eg. workshops) 
Management of wastes do not adversely affect generate a number of waste materials generated by the Project would be would continue to be collected and contained. Water from these 
(refer to Section environmental values, or the health, which require disposal, including: similar to those currently generated at areas would be passed through an oil separator before being 
4.4 of the EPS) welfare and amenity of people and land 

washdown water; 
the current operations, These wastes, discharged to a suitabte evaporation pond. 

uses by meeting statutory including controlled and non-controlled 
requirements and acceptable sewage; wastes, have the potential to adversely Recyclable materials would continue to be stored in designated 
standards, affect the environment (eg. areas until they are removed from the site by a licensed contractor. 

scrap metal; contamination of soil and water 
resources) if improper Domestic sewage would continue to be collected and contained in 

Minimise the risk to the environment non-metal scrap; management/treatment procedures are underground septic tanks. 	If cleaning of these tanks is required, 
resulting from potentially acid forming applied. this would be done by an appropriately licensed contractor. 
materials general refuse; 

Hydrocarbons and oily wastes (eg. fuels, greases, de-greaser. 
domestic putrescible wastes; emulsified oils and oily waste water) would be managed using 

tyres and conveyor belts; appropriate storage and handling procedures. 

explosives and chemical Controlled wastes (eg. oily wastes) that are transported off-site for 

packaging and wastes; disposal would be managed in accordance with the Environmental 
Protection (Controlled Waste) Regulations 2004. 

batteries; and 

hydrocarbon waste.  
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Table S-2 (Continued) 
Summary of Potential Environmental Impacts and Management Measures 

Environmental Objective Existing Environment PotentialIfT1. 

Dangerous I 0 ensure that dangerous or ydrucrnntronns used at 1110 GL I tic usci of 	n.nardous materials. SUCh l-lydrocarhons used on site include oils, greases, fuels (petroleum 
Goods and hazardous goods are trarisporled. predominantly Consist of diesel and as fuels, lubricants, detergents, and diesel), degreaser and kerosene. Bulk fuel would continue to 
Hazardous stored and used in accordance with engine oil, explosives and paints at the Project be stored in above-ground tanks located within tow permeability, 
Substances applicable legislation or standards. Explosive detonators are kept in a have the potential to cause concrete bunded enclosures in accordance with DOIR 
(refer to Section magazine area located remotely from atmosphenc, ground or water requirements and AS 1940-1993 The Storage and Handling of 
4.5 of the EPS) the operations activities and above contamination, Flammable and Combustible Liquids.  

flood level in accordance with the 
Explosives and Dangerous Goods Act. Explosives would continue to be stored in a magazine remote from 

1961 workshops and mine sites and storage areas would be bunded to 
ensure that nitrate-based explosives cannot escape into the 
environment. 

All hazardous chemical reagents and explosives would continue to 
be transported in accordance with the Dangerous Goods 
(Transport) (Road and Rail) Regulations 1999 and the Australian 
Code for the Transport of Dangerous Goods by Road and Rail. 

The storage, handling and disposal of hazardous materials would 
continue to be undertaken in a manner that complies with all local 
and _State_regulations. 

Aboriginal Ensure that the proposal compties with The Project area ties within the The potential impacts of the Project on Buffer zones would be established around ethnographic sites such 
Heritage the requirements of the Aboriginal traditional lands of the Njamal speaking any Aboriginal heritage sites identified as the "Ochre Sourc& site (150m) and the "Water Source" site 
(refer to Section Heritage Act. 1972. peopte, whose territory was centred on are related primarily to direct (100 m) 
5.1 of the EPS) To ensure that changes to the the Oakover, lower Nullagine and disturbance of sites and include: 

biophysical and physical environment central De Grey Rivers. 
damaging sites during mining 

Land clearing would continue to be managed through the PEAHR 

resulting from the Project do not Aboriginal surveys have been operations and construction of 
authonsation process 

adversely affect cultural associations conducted in the Goldsworthy area and Project infrastructure; All areas to be disturbed would be subject to ethnographic and 
within the area, a number of archaeological and archaeological 	site 	surveys 	and 	consultation 	with 	the 	cultural 

ethnographic sites have been collecting or excavating heritage custodians and spokespeople. 
recorded. None of these sites are artefacts from heritage sites; 
within the planned Project disturbance The Aboriginal heritage management procedure would continue to 
areas. damaging artefacts by off-road be used during the mine life. 

use of vehicles; and 
All employees and contractors would continue to be required to 

trespassing on sites by undergo 	a 	compulsory 	induction 	programme, 	which 	includes 
unauthorised personnel and instruction as to their responsibilities under the Aboriginal Heritage 
culturally inappropriate Act. 1972 as well as the specific Aboriginal Heritage management 
behaviour (including defacing measures that are used at the Mine. 
artefacts or artworks). 

Continued enforcement of BHPBIO's standing requirement that all 
employees and contractors promptly report any potential Aboriginal 
sites _discovered_in_  the _vicinity_of_operations. 
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Table S-2 (Continued) 
Summary of Potential Environmental Impacts and Management Measures 

I

Environmental 	 Objecilive Existing Environment PotentialIFii
Issue  

TT 

Aboriginal 
Heritage 

No ado rigi na I heritagesites ha'.'e JOSe Known Aboriginal huiitago sites would be avoided and press wed, 
identified in the Project disturbance wherever possible. 	For sites that cannot be avoided, approval for 

(Cont.) areas. disturbance would be sought under Section 18 of the Aboriginal 
Heritage Act, 1972. 

During the mine life BHPBIO's Aboriginal Affairs Department personnel 
would monitor the boundanes of recorded Aboriginal sites in the area of 
construction activities to assess whether management measures and 
Commitments are being complied with. 

Economic and To ensure that the Project minimises The Project is located in a remote Continuation of mining operations at BHPBIO is committed to keeping key stakeholders informed of its current 
Social Effects any adverse impacts to the local and location with the closest neighbour at GEP would result in the continued and proposed mining operations via an ongoing community consultation 
(refer to Section regional community. least 11 km away from the site. Marble employment of some 270 people and programme. 
5.2 of the EPS) Bar is the closet town to the Project, associated expenditure. 

The worktorce operates on a fly in- fly 
Out basis from Perth and the majority 
reside in the greater Perth area.  
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Table S-3 
Proposed Environmental Management Commitments 

IrNumber ____________ ]TThz' 

Environmental Prepare and implement an BHPBIO will implement an Environmental Management Plan for the Project that includes the following: Revised at DoE 
Management 
Plan 

Environmental Management
Plan that describes procedures 

. 
A description of key components of the Project 	(ie. mining method, overburden management, ore processing, 

intervals of no 
more than five 

DOIR 

and practices for protection of 
ore loading and transportation, water and power supply, and service infrastructure). 

years during CALM 
key environmental aspects c 	A description of the Environmental Management System, and the Environmental Risk Assessment and operations. 
during all phases of mining. Management systems that will be used at the Project. This section shall include a description of the findings 

of BHPBIO's most recent Environmental Risk Assessment of the GEP operations. It shall also include a 
description of how best practicable environmental measures have been applied to risks that are identified 
(through the Risk Assessment Process) as requinng this level of management to reduce residual risk to an 
acceptable level. 

A description of the environmental management procedures and practices to be used to minimise impacts on 
key environmental aspects. These aspects are to include, but are not necessarily limited to: soil resources, 
landtorms, surface water, groundwater, flora (including priority species and species of interest), fauna 
(including priority species and species of interest), air quality, noise, waste, dangerous goods and hazardous 
materials, and Aboriginal heritage. 

For each environmental aspect the Environmental Management Plan will describe the overall management 
objective, potential impacts, management measures, and monitoring programme to track performance. 

The Environmental Management Plan will be reviewed and revised at intervals of no more than live years, or when 
significant changes occur at the Mine. 

A copy of each new revision of the Environmental Management Plan will be provided to key Stakeholders. and to 
other_interested_parties_if_requested.  

2 Annual Annually prepare reports on BHPBIO will prepare Annual Environmental Reports (AER5) that discuss environmental management actions, Annually during 
Environmental environmental management, summarise monitoring results and describes rehabilitation activities at the Project over the 12 month reporting operations. 
Report. monitoring and rehabilitation, period. 

The AER5 will be made publicly available to key stakeholders and copies will be provided to other interested parties 
if_requested.  

3 Disturbance to To minimise the potential for BHPBIO will manage its proposed mining activities at the Cattle Gorge mining area to minimise the potential for During 
Cattle Gorge direct or indirect disturbance to direct or indirect disturbance to the Cattle Gorge through the implementation of the following measures: operations 

the Cattle Gorge, which is 
400 to 

a buffer zone of approximately 400 m will be established between all mining and land disturbance activities at 
locatede:iatel

st of the 	
mY 

posed 
the Cattle Gorge mining area and the Gorge itself. Permission to enter the buffer zone will be restricted to 

Cattle Gorge mining 	ea. 
employees and contactors authorised by BHPBIO. 

employees and contractors will be made aware of the environmental, heritage and land use values of Cattle 
Gorge, _and _their_obligations_to_protect_these_values,_via_  the _Goldsworthy_induction_programme.  
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1.1 	BACKGROUND AND LOCATION 

The Goldsworthy iron ore deposits have been progressively mined since the mid 1960s. Mining 
operations initially took place at Mount Goldsworthy approximately 100 kilometres (km) east of Port 
Hedland in the northern Pilbara Region of Western Australia, and has progressively expanded east to 
include the Shay Gap, Nimingarra, Sunrise Hill and Yarrie deposits. 

The expansion of the Goldsworthy mining operations has been conducted in phases. The first major 
phase was referred to as the Goldsworthy Extension Project (GEP). It involved the development of 
the Shay Gap and Sunrise Hill-Nimingarra mining areas, which are located approximately 50 to 70 km 
to the east of Mount Goldsworthy, between 1972 and 1992. In 1992, approval was obtained for the 
second major phase of the GEP (ie. Phase II). This phase involved development of the Yarrie 
operations, which are located a further 20 km to the east. 

BHP Billiton Iron Ore Pty Ltd's (BHPBIO) current Goldsworthy mining operations are centred at Yarrie, 
with some mining still taking place at the Nimingarra and Sunrise Hill deposits. The Mount 
Goldsworthy and Shay Gap mining areas are no longer operational, with the majority of activities at 
these sites directed towards the monitoring and maintenance of rehabilitated Iandforms. 

BHPBIO's Goldsworthy mining operations are conducted under the Iron Ore (Goldsworthy) Agreement 
Act 1964, and the Iron Ore (Goldsworthy-Nimingarra) Agreement Act, 1972. Environmental 
management requirements for the operations are specified in the Goldsworthy Extension Project 
Notice of Intent (NOl) (GML, 1986), and the conditions of Statement of Approval No. 303 issued by the 
Minister for the Environment, and Licences 5611/7 and 4412/8 issued under Parts IV and V of the 
Environmental Protection Act, 1986 (EP Act), respectively. 

Figure 1-1 provides a regional overview of BHPBIO's iron ore mines and major infrastructure in the 
Pilbara region. Figure 1-2 shows the main deposits, mining areas, infrastructure facilities and 
BHPBIO's mining tenements in the Goldsworthy area. 

1.2 	OWNERSHIP AND TENURE 

The GEP is owned by the Mt Goldsworthy Mining Associates Joint Venture. The Joint Venture 
participants are BHP Billiton Minerals Pty Ltd (85%), Cl Minerals Australia Pty Ltd (8%) and Mitsui Iron 
Ore (7%). BHPBIO manages the Goldsworthy mining operations on behalf of the Joint Venture 
participants. BHPBIO's address is 225 St Georges Terrace, Perth, Western Australia. 

The key contact for this proposal is Mr Peter Waters - Principal Environmental Specialist, BHPBIO. 
Ph 9320 4581, fax 9320 4223, email: Peter.J.Waters@bhpbilliton.com  

The Mt Goldsworthy Mining Associates Joint Venture holds extensive leases in the Goldsworthy area. 
These leases are listed in Table 1-1. 
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Table 1-1 
Existing Leases in the Goldsworthy Area 

Yarrie M 249SA, Section 5, M 263SA Sections 46. 7 and 8, M 45/1018, M 45/558, M 45/592, M 45/573, 
M 45/1016 and M45/594. 

Cattle Gorge ML 249SA Section 6, M 45/1 09, L 45/1 27, L 45/140 and the Road, Pipeline and Powerlines Lease on 
land used and occupied as authorised under the Goldsworthy - Nimingarra State Agreement proposals. 

Shay Gap M 249SA Sections 3 and 4. 

Sunrise Hill M 263 SA Sections 1 and 5, ML 251SA. 

Nimingarra M 263 SA Sections 1 to 3 and 5. 

BHPBIO is currently seeking an additional lease at Yarrie to cover an identified extension to the Y4 
orebody. 

1.3 	APPROVAL AND DEVELOPMENT HISTORY OF THE GOLDSWORTHY MINING 
OPERATIONS 

Table 1-2 provides a summary of the approval and development history of the Goldsworthy mining 
operations. 

Table 1-2 
Approval and Development History of the Goldsworthy Mining Operations 

Year 

1964 

Activit y/Area  

Mount Goldsworthy Mining Limited (GML) obtained approval for iron ore mining at Mount 
Goldsworthy Goldsworthy under the Iron Ore (Mt. Goldsworthy) Agreement Act, 1964. 

Mount Goldsworthy mining activities ran from 1966 to 1982. 

1972-1973 Shay Gap and Phase I of the GEP commenced with the expansion of the Goldsworthy operations to 
Sunrise Hill include mining at the Shay Gap and Sunrise Hill areas located approximately 50 km to 

70 km east of Mount Goldsworthy. 

Approval for this expansion was granted pursuant to the Iron Ore (Goldsworthy - 
Nimingarra) Agreement Act, 1972. 

1982 Shay Gap and GML submitted a proposal to the Minister for Resource Development pursuant to the 
Sunrise Hill Iron Ore (Goldsworthy - Nimingarra) Agreement Act, 1972. The proposal involved the 

transfer of production to the Sunrise Hill area, in preparation for the cessation of mining 
operations at Mount Goldsworthy. This proposal included the provision of industrial 
buildings, relocation of buildings from Goldsworthy to Shay Gap, and improved facilities 
at Shay Gap. 

The Minister approved the proposal under Clauses 7(1) and 7(2) of the Iron Ore 
(Goldsworthy - Nimingarra) Agreement Act. 1972 in early 1983. 

1986 Nimingarra and A NOI was submitted by GML to the Minister for Minerals and Energy. The NOI covered 
Sunrise Hill the environmental aspects associated with the development of the Nimingarra and 

Sunrise Hill West deposits. The NOI included a proposal for the construction of a 
crusher and industrial facilities at Nimingarra, the installation of train loading facilities 
relocated from 	Goldsworthy and the construction of a new beneficiation plant at 
Finucane Island. 

The NOI was approved by the Minister for Minerals and Energy in 1987. 

1990 BHPIO BHP Iron Ore Pty Ltd (BHPIO) and its Japanese partners acquired the Goldsworthy 
mining operations. 

An intensive drilling program commenced during 1991-1992 in the Nimingarra/Shay Gap 
and Yarrie areas. 

May2005 	 1-6 



*11 . 
bhpbilliton BHPB1II1ton Iron Ore 

Environmental Protection Statement 

Table 1-2 (Continued) 
Approval and Development History of the Goldsworthy Mining Operations 

Year 

1992-1993 

Activity/Area  

Yarrie BHPIO submitted a Consultative Environmental Review (CER) for assessment of 
Phase Il of the GEP (ie. development of the Yarrie Y2/Y3 deposits) under Part IV of the 
EP Act. 

Approval for the proposal was granted by the Minister for the Environment in 1993 
subject to the conditions contained in 	Ministerial Statement of Approval No. 	303 
(Assessment No. 753). 	Approval for the proposal was also granted by the Minister for 
State Development pursuant to Clause 8 of the Iron Ore (Goldsworthy-Nimingarra) 
Agreement Act, 1972. 

1995 Yarrie (Y10) BHPIO submitted a proposal to mine the Yarrie Y10 crustal deposit (previously known 
as Kennedy Gap). 	The proposal was assessed and approved by the Department of 
Environmental Protection (DEP) at the level of 'Informal Review with Public Advice', 
subject to BHPIO adhering to the existing conditions of Ministerial Statement of Approval 
No. 303, which was issued for the Y2!Y3 mining area, 

1997 Yarrie (Y5) Bulk Approval to obtain a 35,000 tonne (t) bulk sample from the Yarrie Y5 crustal deposit was 
Sample granted by the Minister for Resources Development pursuant to Clause 7 of the Iron Ore 

(Goldsworthy-Nimingarra) Agreement Act, 1972. 

1998 Yarrie Crustals BHPIO submitted a proposal to mine an additional nine crustal deposits at Yarrie (ie, Vi, 
Y3N, Y4, Y5, Y6, Y7, Y8W, YB and Y9). 

The proposal was assessed by the DEP at the level of 'Informal Review with Public 
Advice', and was approved in March 1998 subject to BHPIO adhering to the existing 
conditions _of_  Ministerial _Statement _of_  Approval _No. _303, 

2001 BHPBIO BHP and Billiton merged to form BHPBilliton and BHPIO became BHPBIO. 

1.4 	OVERVIEW OF THE EXISTING GOLDSWORTHY EXTENSION PROJECT 

1.4.1 	Overview of the Existing Mining Areas and Infrastructure 

Mining Areas 

Mining at the Yarrie Plateau includes extraction at a number of operating pits (Figure 1-3). Mining of 
lode ore at Yarrie was undertaken in the main Y2/Y3 pit up until mid-2004. Mining of crustal (shallow) 
ore deposits is currently undertaken at the Y5 to YB pits, and a conglomerate ore deposit is mined at 
Yl 0. 

The Shay Gap pits are considered to be mined out and only the final voids and rehabilitated 
Overburden Storage Areas (OSAs) remain (Figure 1-4). 

There are thirteen mining pits in the Sunrise Hill and Sunrise Hill West mining areas (Figure 1-5). The 
majority of the pits have associated out-of-pit OSAs. There are no crushing, screening or rail loading 
facilities at Sunrise Hill or Sunrise Hill West. Ore mined from these areas is hauled approximately 
5 km to Nimingarra. 

There are six mining pits at the Nimingarra mining area (Figure 1-6). 

Plates 1 to 18 provide a series of photographs of the existing mine landforms and infrastructure at the 
Goldsworthy mining operations. 
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Mining Method 

The mining method employed at the Goldsworthy operations involves the selective removal of 
overburden and the mining of ore using conventional drill, blast and haul mining methods. Mining is 
undertaken in benches. Following drilling and blasting, broken ore and waste rock is loaded by 
hydraulic excavators or front end loaders to off highway dump trucks for transport to the 
crushing/screening facilities, temporary stockpiles or OSAs. 

Crushing and Rail Loading 

Ore mined from the Yarrie deposits is either dumped directly into the crusher surge bin or stockpiled 
adjacent to the crusher and then loaded into the crusher using a front end loader. Crushed ore is 
conveyed to the ore stockpiles located adjacent to the train loading facility (Figurel -3). Crushed ore is 
loaded onto trains at the Yarrie rail loop for transport to Port Hedland. 

Ore mined at the Sunrise Hill, Sunrise Hill West and Nimingarra deposits is hauled to the Nimingarra 
crusher. The Nimingarra crusher and train loader (Figure 1-6) is configured and operated in a similar 
manner to the Yarrie crusher and trainloader. 

Supporting Infrastructure 

Supporting infrastructure at the GEP includes the following components (Figures 1-2 to 1-6 and 
Plates 1-18): 

a fly-in/fly-out accommodation village at Yarrie; 

airstrip; 

mine offices; 

workshops and laydown areas; 

fuel farm and refuelling facilities; 

electricity substations and reticulation system; 

telecommunications system; 

water supply system; and 

explosives and hydrocarbon storage area(s). 

1.4.2 	Overview of Existing Environmental Management 

BHP Billiton has developed and implemented an Environmental Management System (EMS) for all 
operations that is certified to Australian Standard AS/NZS ISO 14001:1996. The EMS describes the 
organisational structure, responsibilities, practices, processes and resources for implementing and 
maintaining environmental objectives at all BHP Billiton sites (including the Goldsworthy mining 
operations). 

BHPBIO has also developed a Health Safety, Environment and Community (HSEC) Policy for its 
operations. The HSEC Policy is a guiding resource for implementing and maintaining environmental 
objectives at all BHPBIO sites. To interpret and support the HSEC Policy, BHPBIO has developed a 
series of HSEC Management Standards. These Management Standards form the basis for the 
development and application of HSEC management systems at all levels of BHPBIO operations. 
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Risk management is recognised as a key component of management practices and is integral to 
managing environmental impacts at BHPBIO operations. BHPBIO has developed a risk assessment 
and management system to be implemented at all operations. The process is iterative and consists of 
steps, which when undertaken in a sequence, enable continuous improvement in decision making. 

In line with BHPB HSEC policy and charter, BHPBIO has developed a series of management manuals 
that apply to all its operations. These manuals provide background on the management of 
environmental issues across the BHPBIO operations and detail roles, responsibilities and 
management procedures. 

In addition to the corporate level plans and procedures, the Goldsworthy mining operations has 
developed site specific environmental management plans for each of its sites in order to document 
how aspects of particular relevance to each operation will be managed. For most of BHPBIO's mines 
(including the Goldsworthy mining operations), the primary site-specific environmental management 
document is the Environmental Management Plan (EMP). The EMP provides auditable management 
procedures and performance indicators for each mine. The EMP includes references to other site-
specific plans (Land Management, Waste Management and Water Management), which are 
operational documents that include month to month targets, issues and goals. These plans updated 
regularly to reflect changing operational requirements. 

As part of the process of identifying and addressing environmental issues associated with the 
Goldsworthy mining operations, BHPBIO has updated the EMP for the Goldsworthy operations. The 
updated document describes the environmental management practices that would be used during the 
mining of the remaining ore. The revised EMP reflects advances in environmental management 
practices that have occurred since the original EMP was implemented. 

The Goldsworthy mining operations has an environmental monitoring programme which includes 
regular or event-based monitoring of surface water, groundwater, climate, flora and fauna. Results are 
reported annually in BHPBIO's Annual Environment Report (AER). 

Further detail on these aspects is provided in the EMP (Appendix A). 

1.5 	OVERVIEW OF THE PROPOSAL 

As part of a wider programme of evaluating the expansion of its Pilbara iron ore mining operations, 
BHPBIO has reviewed its development and closure plans for the Goldsworthy area. This review has 
involved the detailed appraisal of the remaining iron ore resources at the existing Yarrie, Nimingarra 
and Sunrise Hill areas, plus the potential for mining in previously undeveloped areas. 

The review has indicated that there is now only limited iron ore remaining in the approved mining 
areas if mining continues at current rates. In order to extend the mine life, BHPBIO would need to 
supplement this ore with lower grade ore from the existing approved operations, as well as lower 
grade ore from some of the previously undeveloped deposits in the area. BHPBIO is continuing to 
explore its tenements in the Goldsworthy area. The overall life of its operations in the area will be 
dependent on market acceptance of the remaining resource. 
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The Goldsworthy Feasibility Study has evaluated the various mining and closure options for the 
Goldsworthy operations (ie. from closure in six months, through to the development and mining of 
various low grade alternatives). BHPBIO's preferred option, and the one for which it is now seeking 
approval under the EP Act, is to mine several of the 'new' areas at Goldsworthy during the next three 
years. The ore from these new areas would be blended with the remaining higher grade ore that 
would be mined from the existing approved areas to produce a final product. 

The new mining areas and activities for which BHPBIO is seeking approval for under the EP Act are 
referred to as the Goldsworthy Extension Project (GEP) and are as follows: 

Mining of approximately 11 Mt of ore and 12 Mt of low grade ore/overburden at the new 'Cattle 
Gorge' hard rock mining area. 

Mining of approximately 1 Mt of ore and 7.3 Mt of low grade ore/overburden at the new 
'Nimingarra I' (Nim I) hard rock mining area. 

Extensions to three of the existing crustal iron ore deposits at Yarrie (ie. Y4A, Y7 west and YlO 
north) in order to extract an estimated additional 2.2 Mt of ore and approximately 1 Mt of low 
grade ore/overburden. 

Development of connecting access roads, haul roads and other service infrastructure (ie. power 
and water lines) to the proposed new mining areas. 

The above activities would require disturbance to approximately 97 hectares (ha) of previously 
undisturbed native vegetation. To put this in context, the Goldsworthy mining operations have 
disturbed some 2,200 ha to date, of which nearly half (ie. approximately 971 ha) consists of 
rehabilitated areas and mine voids (the majority of which have been mined-out and bunded). 

Previously approved activities at the Goldsworthy mining operations would continue to be undertaken 
during the remaining mine life. These include the following: 

mining and overburden placement at existing Nimingarra mining areas; 

mining and overburden placement at Sunrise Hill and Sunrise Hill West; 

mining and overburden placement at Yarrie (Yb, and crustal ore areas); and 

use of the existing Nimingarra and Yarrie rail loading facilities and support infrastructure (ie. 
workshops, administration areas, laydown areas, accommodation village, aerodrome, power and 
water supply). 

Table 1-3 summarises the key characteristics of the proposed GEP. A more detailed description of 
the existing operations and the proposed Project is provided in Section 2. 
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Table 1-3 
Key Characteristics Table 

Proponent BHP Billiton Iron Ore Pty Ltd, 225 St Georges Terrace, Perth, Western Australia, 
6000 on behalf of the Goldsworthy Joint Venture. 

New Mining Areas New Cattle Gorge hard rock mining area - approximately 11 Mt of ore and 12 Mt of 
low grade/overburden, additional 57 ha disturbance. 

New Nimingarra I hard rock mining area - approximately 1 Mt of ore and 7.3 Mt of low 
grade/overburden, additional 18 ha disturbance. 

Extension to three of the existing Yarrie crustal mining areas (ie. Y4A, Y7 west and 
YlO north) - approximately 2.2 Mt of ore and 1 Mt of low grade/overburden, additional 
22 ha disturbance. 

Mine Life Extend mining operations by approximately three years (ie. from mid 2005 up to 2008 
depending on market conditions). 

Ore Production Continued at approximately 8.5 Mtpa (unchanged). 

Ore Type Blended medium grade (no beneficiation). 

Ore Crushing and Train Existing Yarrie and Nimingarra facilities would continue to be used (no upgrades or 
Loading Facilities modifications required). 

Train Operations No change in the number of trains (4 trains per day on average). 

Power Supply Use of existing 66 kV line to Shay Gap, reticulation at 22 kV (mining infrastructure) 
System/Reticulation and 240V (village and offices). 

Extension of electricity supply to new Cattle Gorge mining area. 

Workshops/Offices Continued use of existing offices at Yarrie and Nimingarra (no upgrades or 
modifications required). 

Fuel Storage and Consumption Use of existing above ground facilities at Yarrie and Nimingarra mining areas (no 
upgrades or modifications required). 

Consumption of diesel and lubricants unchanged from existing operations. 

Accommodation Use of the existing Yarrie accommodation village with some upgrades to increase 
capacity to 450 rooms. 

Workforce Marginal increase to approximately 290 fly-in-fly-out employees plus temporary 
employment of approximately 80 construction employees. 

The rail line which links the GEP to the Port Hedland ore beneficiation and ship loading facilities at 
Finucane Island is subject to separate approvals under the EP Act and is not considered part of this 
GEP proposal. 

Iron ore mineralisation is known to occur at several other areas in the vicinity of the Goldsworthy 
operations. BHPBIO's broadscale exploration programme has identified potentially viable deposits at 
Callawa and Cundaline Ridge (Figure 1-2); however, further drilling and/or feasibility studies are 
required before a decision to develop mining operations in these areas is made. This EPS therefore 
does not include these two areas. BHPBIO would undertake a separate environmental assessment 
and approval process for these additional mining areas if feasibility studies indicate they can be 
developed economically. 
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Decommissioning and Closure Strategies 

In addition to assessing the proposed new mining operations, BHPBIO has examined 
decommissioning and closure of the Goldsworthy operations from a whole-of-operation perspective 
rather than the pit by pit basis that has been used in the past. This approach is consistent with the 
wider life-of-mine (LOM) development and closure planning approach being progressively adopted 
across all of BHPBIO's Pilbara operations. The review and integration of closure planning strategies 
into the LOM design has been undertaken in parallel with the environmental impact assessment (EIA) 
of the new components of the Project, and a copy of the latest revision of the Goldsworthy 
Decommissioning and Rehabilitation Plan is attached to this EPS. BHPBIO is not, however seeking 
approval for closure-related aspects at this point in time as it is intended that closure planning, 
rehabilitation of the remaining disturbance areas, and confirmation of the closure standards for the site 
will be confirmed through a separate consultative process with key stakeholders over the remaining 
mine life and once mining operations cease. 

1.6 	PURPOSE OF THIS ENVIRONMENTAL PROTECTION STATEMENT 

In early 2004, BHPBIO initiated discussions with the Western Australian Department of Industry and 
Resources (DOIR) - Office of Major Projects (OMP), Department of Environment (DoE) and the EPA 
about conducting the appropriate level of EIA and obtaining the necessary operating approvals under 
Part IV of the EP Act for the proposed Project. 

Based on these initial discussions, as well as BHPBIO's preliminary evaluation of potential 
environmental impacts and follow-up consultation with other stakeholders, it is considered that the 
Project could be assessed by the EPA and approved under Part IV of the EP Act as a proponent-
initiated Environmental Protection Statement (EPS). The EPS approval process is a consultation 
based process, in which the proponent is largely responsible for identifying and consulting with 
stakeholders and other interested parties during the preparation of the impact assessment document. 

This EPS is intended to provide the EPA, the public and government agencies with a description of the 
proposed Project and the environmental strategies and commitments intended to be applied to 
mitigate any potential impacts. 

A draft of the EPS was provided to stakeholders and other interested parties in February 2005 for 
comment prior to it being finalised and submitted to the EPA for formal assessment in May 2005. This 
final EPS demonstrates to the EPA that: 

the community and key stakeholders have been adequately consulted; 

wherever possible the views and issues raised by stakeholders have been taken into account; 

appropriate environmental studies and assessments have been carried out in a competent 
manner; 

the results of the studies have been incorporated into the design, operation and management of 
the Project; 

the Project conforms with applicable environmental policies, standards and procedures; 

appropriate environmental management commitments have been included; and 

draft environmental commitments/conditions are provided for consideration by the EPA. 
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Subject to the outcome of the EPA's assessment of the proposal, it would advertise and make public 
the final EPS along with its own assessment report prepared under Section 44 of the EP Act. During 
the public review period, any person has the right to appeal against both the level of assessment and 
the EPA report to the Minister for the Environment. 

When considering the EPS, the EPA would have regard to the core principles of environmental 
protection set out in the EP Act and the EPA's Position Statement No. 7 Principles of Environmental 
Protection (EPA, 2004a). These principles include: 

1) The Precautionary Principle 

Where there are threats of serious or irreversible damage, lack of full scientific certainty should 
not be used as a reason for postponing measures to prevent environmental degradation. 

In the application of the precautionary principle, decisions should be guided by - 

careful evaluation to avoid, where practicable, serious or irreversible damages to the 
environment; and 

an assessment of the risk-weighted consequences to various options. 

2) The Principle of Intergenerational Equity 

The present generation should ensure that the health, diversity and productivity of the 
environment is maintained or enhanced for the benefit of future generations. 

3) 	The Principle of the Conservation of Biological Diversity and Ecological Integrity 

Conservation of biological diversity and ecological integrity should be a fundamental 
consideration. 

4) 	Principles in relation to Improved Valuation, Pricing and Incentive Mechanisms 

Environmental factors should be included in the valuation of assets and services. 

The polluter pays principle - those who generate pollution and waste should bear the cost of 
containment, avoidance or abatement. 

The users of goods and services should pay prices based on the full life cycles costs of 
providing goods and services, including the use of natural resources and assets and the 
ultimate disposal of any wastes. 

Environmental goals, having been established, should be pursued in the most cost effective 
way, by establishing incentive structures, including market mechanisms, which enable those 
best p/aced to maximise benefits and/or minimise costs to develop their own solutions and 
responses to environmental problems. 

5) 	The Principle of Waste Minimisation 

All reasonable and practicable measures should be taken to minimise the generation of waste 
and its discharge into the environment. 

BHPBIO has considered the EPA's principles of environmental protection during the preparation of 
this EPS and these principles have been addressed where relevant throughout this document. 
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In addition to the above principles of environmental protection, a list of the EPA's generic 
environmental factors and associated environmental objectives for EIA is provided in the Guide to EIA 
Environmental Principles, Factors and Objectives (EPA, 2004b). The environmental factors and 
objectives set out in this guide are broad in their coverage and are often refined for individual projects. 
The guide states it is the EPA's responsibility to determine the environmental factors and objectives it 
considered relevant to any proposed assessment. The EPA and proponents generally agree on the 
factors and objectives through the consultation process. 

The EPA objectives for the GEP were provided by the EPA and agreed to by BHPBIO in December 
2004. The environmental factors and objectives relevant to the Project are outlined as EPA Objectives 
in each relevant subsection of the EPS (ie. Sections 3 to 6). Relevant EPA Guidance Statements 
have also been used where appropriate during the EIA. These have included: Statement No. 44 
Assessment of Aboriginal Heritage (EPA, 2004c); Statement No. 51, Terrestrial Flora and Vegetation 
Suiveys for Environmental Impact Assessment in Western Australia (EPA, 2004d); Statement No. 56, 
Terrestrial Fauna Surveys for Environmental Impact Assessment in Western Australia (EPA, 2004e). 
The EPA Guidance Statements relevant to the Project are referred to in the EPS where appropriate 
(ie. Sections 3 to 6). 

1.7 	STRUCTURE OF THE ENVIRONMENTAL PROTECTION STATEMENT 

This EPS has the following structure: 

Section 1 	Provides an introduction to the existing Goldsworthy mining operations and describes 
the proponent, approval process and consultation with stakeholders. 

Section 2 	Provides a description of the proposed Project. 

Section 3 	Describes the existing biophysical environment within the Project area and the 
potential biophysical impacts of the Project. Where applicable, BHPBIO's proposed 
management undertakings to minimise the potential impacts are provided. 

Section 4 	Describes the pollution management issues associated with the Project and, where 
applicable, provides BHPBIO's proposed management undertakings to minimise 
pollution. 

Section 5 	Describes the social environment in the Project area and BHPBIO's management 
undertakings to minimise potential impacts are provide where appropriate. 

Section 6 	Provides a summary of the rehabilitation and mine closure objectives of the Project. 

Section 7 	Describes the environmental management and monitoring programmes proposed in 
support of the Project. 

Section 8 	Provides a reference list of documents relevant to the EPS. 

Where practicable, this EPS integrates consideration of biodiversity and sustainability principles in 
Sections 3 to 7 in accordance with BHPBIO's corporate objectives and the EPA's guiding principles. 

Appendices A to D provide supporting information as follows: 

Appendix A Environmental Management Plan 

Appendix B Decommissioning and Rehabilitation Plan 

Appendix C Groundwater Assessment 

Appendix D Project Biological Assessment 

May2005 	 1-21 



S il 
bhpbitliton 

BHPBiIIiton Iron Ore 
Environmental Protection Statement 

1.8 	CONSULTATION 

1.8.1 	Consultation Objectives 

The BHP Billiton's Health, Safety, Environment and Community (HSEC) Policy states that wherever 
the Company operates it will: 

"communicate with, and engage employees, contractors, business partners, suppliers, 
customers, visitors and communities to: 

build relationships based on honesty, openness, mutual trust and involvement; and 

share responsibility for meeting the requirements of this policy." 

During the preparation of the EPS, BHPBIO has conducted a consultation programme with a range of 
stakeholders, including: 

government agencies (both state and local); 

non-government organisations; and 

land-users that have expressed interest in, or are directly impacted by, the Project. 

The main objectives of the consultation programme were to: 

confirm the approval process for the Project with relevant government agencies and local 
authorities; 

provide information and an opportunity to comment to groups or individuals who may potentially 
be interested in the Project; 

discuss and agree with stakeholders the key long term guiding principles for development of the 
mine and ultimate relinquishment of the mining leases; 

periodically provide updated information and results of the environmental assessment and Project 
planning process to stakeholders as more information comes to hand; and 

where possible, allow for adjustments to the design and/or management of the Project to 
accommodate the concerns or issues raised by stakeholders during the consultation process. 

Environmental criteria and commitments for the Project have been developed in consultation with 
government agencies, incorporating a number of agreed outcomes from consultation. 

1.8.2 	State and Local Government Consultation 

During late 2004 and early 2005 individual and group meetings have been held with representatives 
from State and local government agencies. In addition to written and phone communications, 
combined departmental briefing sessions have been held with representatives from the following 
agencies: 

Department of Environment (DoE); 

Environmental Protection Authority (EPA); 

Department of Conservation and Land Management (CALM); 

Water and Rivers Commission (WRC); and 

East Pilbara Shire Council. 
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Representatives from DOIR and the EIA Division of the EPA Service Unit visited the Goldsworthy 
mining operations in October 2004 and November 2004 respectively. The site visits were used to 
observe and discuss existing mining operations, rehabilitated areas and rehabilitation trials, and 
inspect the proposed new mining areas at Nimingarra, Cattle Gorge and proposed extensions to 
existing mining areas at Yarrie. 

The suggestions and comments made in these meetings have been factored into the environmental 
impact assessment of the Project and this EPS. A summary of key issues is provided in Table 1-4, 
including cross references to the section where they have been addressed in this document. 

Table 1-4 
Key Issues Raised during Consultation with State and Local Government Agencies 

S?T1FPI.JI 

12 October 

Presented 

Site visit and Ctosure planning process and rehabilitation 

:ji Ii t 	!tf 	:ri . 

The Decommissioning and Rehabilitation Plan 
overview of the activities, has been provided to DOIR for review and 

D0IR site visit 
project areas comment prior to inclusion in the EPS 

(C Newland and document. 
A Drennen) 

Involvement of D0IR on rehabilitation trials 
currently_underway_at_Yarne. 

21 October Update on GEP Provide draft EPS document for comment when Provided documentation in February 2005. 

CALM Karratha 
project. available. 

(G Watson) 
PowerPoint 

 presentation  

21 October Update on GEP Provide draft EPS document for comment when Provided documentation in February 2005. 

DoE Karratha (S Worley, 
project - available. 

P Dunn, 0 Bennett) 
PowerPoint 
presentation  

22 October Update on GEP Provide draft EPS document for comment when Provided documentation in February 2005. 
project - 

East Pilbara Shire 

 
available. 

presentation  

24 November Site visit and 

EPA officers - Site visit 
overview of the 

and familiarisation prolect areas 

(D Betts, S Perry and 
R Ehelepola)  

14 December Update on GEP Format feedback on the draft closure plan Issues raised were addressed and modified into 

D0IR officers, Perth 
project and received 26 January. the document. 

(A Drennen, C Newland, 
closure planning 

I Webster, X Nguyan). 
process - 
PowerPoint 
presentation  

15 February Present EPS Formal advice provided (S Johnson) 

DoE, WRC, 
document - 23 February. 

East Perth 
PowerPoint 

 
presentation 

Clarification and further discussion is required Groundwater section updated to provide more 
on the level of backfilling. There is a need to information on level of backfill and 
confirm the water level and determine a final methodology. 
backfill level (ie. a specific RL) for each pit. It is 
important that the final backfill level considers 
evaporation loss and watertable ftuctuations. 

Also, there appears to be an amount of The Groundwater section has been expanded 
uncertainty about the water level at YlO, Cattle to provided more data and discussion. 
Gorge, and the Nimingarra pits, which is poorly 
discussed in Sections 2.2.1 to 2.2.4. 

The cross section for Cattle Gorge (Figs 2-4) Cross-sections have been modified to reflect 
shows two water levels - what is the correct highest predicted water levels pre-mining. 
level. It would be more appropriate to take 
water level readings from a bore hole rather 
determining_  water _level _based_on_drill_returns.  
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Table 1-4 (Continued) 
Key Issues Raised during Consultation with State and Local Government Agencies 

Consultation 

15 February (Coi:tiriiied 

DoE, WRC, 
East Perth 

Information 	 Trp1;fl!T. 

Needs to highlight that mining below the 
watertable at Cattle Gorge operation will not 
impact the actual Cattle Gorge. The main 
reasons for no impact may be poor hydraulic 
connection, distance acting as a physical 
buffer, and the short time lag between mining 
and backtilling.  

The Groundwatei section has been expended 
to provided more data and discussion. 

15 February Present EPS Formal advice provided 25 February: 

D0IR Perth 
document 
PowerPoint 

The draft is considered to be thorough in its 
(A Drennen, C Newland. 

presen a ion 
identification of relevant environmental 

T Webster) impacts of the proposed mining operations. 
BHPBIQ is commended for their ongoing 
research and development into environmental 
restoration of the Golds worthy operations. 

BHPBIO's proposal to manage overburden in 
the new mining areas to maximize in filling of 
pit and minimise Out of pit dumping, is highly 
recommended by this Department. The 
proposal continues that 'all new pits will be 
back filled to above the natural groundwater 
table to minimise potential long-term impacts 
on groundwater resources I Back filling and 
progressive rehabilitation of the site will not 
only reduce the liability to the State but may 
also reduce the long-term responsibilities of 
the proponent. 

The decision by BHPBIO to construct a haul 
road from Cattle Gorge operations directly to 
the Yarrie crusher is also supported. As 
discussed during the Golds worthy Extension 
Project consultation meeting with DotR, it was 
suggested that the short-term disadvantages 
of hauling ore by road would be overridden by 
the long-term advantages re: ease of 
construction and decommissioning. 

The Consultation Program undertaken by the The consultation section of the report has been 
proponent seems high standard, however it updated with correspondence and issues raised 
was unclear as to whether the pastoralist is from all consultation - including pastoralist. 
satisfied with the plans, for example the 
proposed blasting and mining of Cattle Gorge, 
the issue has been raised but the outcome is 
not presented. 

I note that many management issues refer to The Section Landforms has been updated with 
environmental manuals such as the Land more detail has been provided on the PEAHR 
Management Manual and the Topsoil methodology. 
Management Manual. During a recent Annual 
Environmental Review inspection of BHPBIO 
Newman operations, it was observed that the 
PEAHR system had failed to ensure that all 
available topsoil was being harvested. 
Information should be provided that 
demonstrates that the PEAHR system or any 
environmental management manual is 
appropriately implemented and supported, 
with 	 the _verification_of_this_contained_in_ 	_EPS.  

15 February Present EPS CALM feedback consolidated into the below 

CALM Perth document - response 

(D Coffey) 
PowerPoint 
presentation  
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Table 1-4 (Continued) 
Key Issues Raised during Consultation with State and Local Government Agencies 

.!flEr.ii 

16 February 

Information 

['rusoril EPS 

Issue(s)1TT. 

Presence of the orange leaf - nosed bat 

Summary How Issue Has :ri 

0110w-up surveys to be unde0akeii prior to 

CALM Karratha 
document - (Rhinonicteris aurantius) near Cattle Gorge. disturbance. 

(G Watson) 
PowerPoint BHPBIO has committed to prepare and 
presentation implement a management plan for bats. A 

Due to the tack of information about this draft of the Plan is attached to the EMP and 
species at this site it would be important to provides details of the surveys and 
locate the roost site of the community, management measures that will be 

implemented to minimise impacts. 

BHPBIO recommended to conduct a targeted 
search and survey for the likely roost site of 
R. aura ntius within 10km of the site of the 
recording of the species, prior to any 
disturbance of the area. Norm Mackenzie or Dr 
Peter Kendrick can be consulted on the most 
appropriate methodology for this survey. 	It is 
suggested the survey take two parts. Firstly a 
search of the area for sites that have suitable 
roosting conditions for the species, and 
secondly the placing of bat recorders at the 
openings of these sites during the first two 
hours of darkness to identify if the species is 
using the site. 

It the site is located, a management plan should 
be developed to avoid or mitigate any potential 
impacts to the site or the species. 

The results of the survey should be made 
available to CALM. DEP, and D0IR. 

Management of the presence of the Pilbara BHPBIO subsequently consulted with CALM 
Olive Python (Liasis olivaceus barroni) in areas Karratha in April 2005 with regard to 
likely to be disturbed, management of the Pilbara Olive Python. It 

A commitment by BHPBIO to produce a 
was agreed during these consultations that a 

management plan for the Pilbara Olive Python. 
stand alone management plan was not 
required and the EPS should describe 

The plan should be subiect to CALMS approval, relevant management measures (Section 
And included in this plan a commitment for pre 3.8.2). 
disturbance surveys to mitigate potential 
impacts 	this _to_ 	_species.  

16 February Present EPS Is there scope for redirecting discharge to other Water dewatered from the new pits would be 
document - pits, and/or has alternative disposal of used for haul road watering in preference to 

DoE Karratha 
PowerPoint dewatering water been investigated discharge. If discharged it will be to existing 

(0 Bennett and P Dunn) presentation licensed points, of as otherwise agreed with 
DoE. 

Is therefore a discharge management plan for BHPBIO will continue to periodically review 
Goldsworlhy similar to the commitment made water use efficiency and discharge 
under the Marillana Creek EPS? requirements at Goldsworthy in consultation 

with DoE and will implement management 
measures/plans as agreed. 

What affect will the decommissioning and BHPIO is planning to decommission and close 
closure of Goldsworthy have on associated its Finucane Island operations at Port 
BHPBIO Port operations? Hedland. 

18 February Sent draft copy No comments. 

Port Hedland Shire 
of EPS 

 
(K Howlett)  

18 February Sent draft copy No comments. 

East Pilbara Shire 
of EPS 

 
(Alan Cochrane)  

20 February Sent draft copy No comments. 

OMP - D0IIR 
of EPS 

(Milka_Klokuba)  
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Table 1-4 (Continued) 
Key Issues Raised during Consultation with State and Local Government Agencies 

18 Apnl 05 Letter to Editorial comments on the following topics were The draft EPS was revised by making the 
EtA Division of the EPA BHPBIO from provided: presentation, consultation, geology, requested edits where possible, and where 
Service Unit K.J.Taylor with flora/fauna/weeds, mine planning, water, not possible, discussing the aspect further with 

comments on sulphides, rehabilitation, and heritage the EPASU and other government agencies. 
draft EPS. The revised version of the EPS was provided 

to the EPASU in late April 2005 for 
confirmation that the aspects raised had been 
satisfactorily addressed. 

20 Aprit 05 Ftora and fauna Plant species of conservation significance. Agreed that targeted pre-clearance surveys of 
CALM Karraf ha of conservation the Project areas should be conducted for 

significance these species (and other annuals) following 
identified rain. BHPBIO advised that the surveys are 
through the  schedule to take place in late April/May 2005. 
Project surveys 
and their Pilbara Leaf-nosed Bat. Agreed that a management plan for this 

management. species is required. Plan should also include 
the Ghost Bat since it has also been recorded 
in the area. BHPI3IO subsequently prepared a 
draft of the plan, CALM comments have been 
incorporated and a revised draft is included as 
an Appendix to the Project EMP. 

Mulgara, Pilbara Olive Python, Northern Quoll. Agreed that specific management of these 
species should be addressed in the EPS. 
BHPBIO subsequently expanded 
Section 3.8.2 of the EPS to document the 
relevant control measures. 

Other species of conservation significance. Agreed that management of the other species 
of conservation significance (eg. various bird 
species listed under international agreements) 
should be described in the EPS. BHPBIO 
subsequently espanded Section 3.8.2 to cover 
these species. 

In September 2004, BHPBIO received notification from the EPA that it had agreed that the Project had 
the potential to be progressed at the EPS level of assessment and that an advertisement to this effect 
would be placed in the West Australian newspaper. The advertisement appeared on 4 October 2004. 

1.8.3 	Consultation with Non-Government Organisations and Other Stakeholders 

Key issues discussed at meetings with non-government organisations and other stakeholders have 
also been factored into the environmental impact assessment of the Project. A summary of key issues 
is provided in Table 1-5, including cross references to the section where they have been addressed in 
this document. 

May2005 	 1-26 



BHPB1Uiton Iron Ore 
Environmental Protection Statement 

.. 
bhpbiUiton 

Table 1-5 
Key Issues Raised during Consultation with NGOs and Other Stakeholders 

lb July Preliminary csscussion 

Raised 

Coeeerned 	het miraiiq e.'(i/o resiih in adverse I he site is of ethncrraph;c siqnticarice. with a 

Lang Coppin on the scope of project impact on Cattle Gorge landmark - west of 400 m buffer zone around it. A commitment 

(Yarrie Station) Cattle Gorge mine. will be made not to adversely impact on the 
amenity_of_  the _Cattle _Gorge _landmark. 

20 September Overview of GEP project Need to consult with Njamal and PNTS groups Provided documentation in February 2005. 

Njamal/PNTS - PowerPoint and provide draft document when prepared 

presentation presentation 

Port Hedland  

21 October Update of GEP project Concerns about open pit voids, access and Native Title Agreement now in place between 

Njamal/PNTS and closure planning involvement in the closure planning process. BHPBIO and Njamal which formatises Njamal 

presentation process involvement in closure planning process. 

Port Hedland  

8 February Phone conversation and Concerned that mining would result in adverse The site is of ethnographic significance, with a 

Lang Coppin mailed EPS document as impact on Cattle Gorge landmark - west of 400 m buffer zone around it. A commitment 

(Yarrie Station) instructed. Cattle Gorge mine, will be made not to adversely impact on the 

Watering points for cattle 1 km either side of amenity of the Cattle Gorge landmark. 

new haul road. BHPBIO commits to installing watering points 
on either side of the Cattle Gorge haul route in 
consultation with Lang Coppin. 

17 February Present EPS document - 
PNTS PowerPoint presentation 

BHPBIO offices Provided additional hard 

Perth and electronic copies for 

(C Davies PNTS to pass onto 

J Cvertin) Njamal reps. 

16 March 05 GEP Project overview Runoff from Cattle Gorge mine development. Sediment traps and surface water monitoring 

Njamal Group and and key environmental will be undertaken ongoing during the life of 

PNTS impacts - PowerPoint the operations. 

Pundalmarra presentation Circular lake near Cattle Gorge. Operations are not predicted to impact on the 
College Port lake. BHPBIO will establish appropriate 
Hedland monitoring. 

Fencing/non-disturbance of aboriginal sites. BHPBIO will work with Njamal people to 
establish the best method for preventing 
access to these sites. 

What flora/fauna are of aboriginal significance? BHPBIO to provide further information at 
follow-up meetings. 

17 March 05 GEP Project overview Provide a copy of final draft of EPS when BHPBIO provided a draft of the EPS report to 

Wildflower Society and key environmental available. Wildflower Society for its records. 
impacts - PowerPoint 

BHPBIO offices presentation 
Perth 
(8 Moyle)  

17 March 05 GEP Project overview Provide a copy of final draft of EPS when BHPBIO provided a draft of the EPS report to 
Conservation and key environmental availabte. Conservation Council for its records 
Council impacts - PowerPoint 

BI-tPBIO offices presentation 

Perth 
(C_Tallantyre)  
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Table 1-5 (Continued) 
Key Issues Raised during Consultation with NGOs and Other Stakeholders 

30 March 05 Project update and Runoff from the proposed Gattie Gorge mining Al the meeting Of IPBIO used air photos of the 

Njamal Group and discussion of key area and the potential impacts of it on Cattle Gorge area to show how the proposed 

PNTS environmental aspects of downstream areas. OSA would be designed and would fit into the 

Pundalmarra interest/concern, existing drainage pattern. Explained that 

College Port sediment control structures would be installed 

Hedland downstream of the OSA in order to control 
runoff (refer to Section 3.5.2). 

Proposed design and physical impact of the BHPBIO discussed the proposed location of 
planned Cattle Gorge OSA. Consideration of the OSA as well as other potential sites to the 
other possible locations, north and west that have been considered 

(refer to Section 3.4.2). 

Potential impacts of the Project on ftora and At the meeting BHPBIO used photographs of 
fauna, particutarfy species of cultural vegetation communities and plants in the 
significance to local Aboriginal people. Project area in order to discuss plants of 

cultural significance (refer to Section 3.7.2). 

Significance and management of cultural BHPBIO described how the PEAHR process 
heritage sites, would be used on an ongoing basis to protect 

cultural heritage sites during the life of the 
Project 	Section _(refer _to_ 	_3.3.2). 

30 March 05 Project update and Yarrie pastoralist advised that Cattle are getting BHPBIO advised that the cattle grid is to be 

Yarrie Station discussion of key into the Yarrie accommodation area on a replaced. Regular checks of the new grid and 
environmental aspects of regular basis, and as a result they need to be fence will be conducted during the remaining 
interest/concern, removed. Stated that the problem is due to the mine life to check that they are in working 

fence and grid being inadequate, order. 

2 May 05 Letter to BHPBIO from The group would like the Yarrie (native title) BHPBIO met with PNTS on 5 May 2005 to 

PNTS PNTS with comments on Agreement heritage protocol to apply to the discuss the letter and how it proposed to 
draft EPS. land the subject of the Gotdsworthy EPS. address the aspects raised. BHPBIO 

Editorial suggestions on the draft EPS were 
subsequently sent a letter response on 9 May 

also provided by PNTS in the letter, 
2005. 	In the letter BHPBIO indicated that it 
believes that the most appropriate forum for 
this request would be for it to be raised and 
assessed at a meeting of Njamal and BHPBIO 
once the Yarrie heritage agreement protocol 
has been signed and enacted. 

In the letter BHPBIO also described where 
and how the EPS had been edited to address 
the received. 
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2.1 	MINERAL RESOURCE 

The ore that would be mined from the new Project areas is typical of the material mined at the existing 
Goldsworthy mining operations and includes narrow and steeply dipping ore lodes, and crustal 
deposits located adjacent to the primary ore lodes. 

The ore reserves and key characteristics for the new Project areas are presented in Table 2-1. 

Table 2-1 
Ore Reserves and Key Characteristics of the New GEP Project Areas 

Characteristic 
Mining 
Area 

West and Y10 
North 

Ic1 

Ore Reserves 

I 

11 Mt 

I 

2.2 Mt 1 Mt 

Overburden and Low Grade 12 Mt 1 Mt 7.3 Mt 
Ore  

Approximate Pit Depth 95 m 20 m 94 m 

New Pit Disturbance Area 32 ha 22 ha 11 ha 

Additional OSA Disturbance 25 ha N/A 7 ha 
Area  

Ore Production Rate up to 6 Mtpa As required for ore As required for ore 
blending blending 

2.2 	OVERVIEW OF NEW PROJECT AREAS 

2.2.1 	Yarrie (Y4A, Y7 West and YlO North) 

Y4 and Y7 West are crustal deposits situated on the Yarrie plateau. Approval to mine the Y4 deposit 
was provided under the Goldsworthy Extension Project Phase II Expansion - Proposal to Mine Yarrie 
Crustal Deposits" (BHPIO, 1998). The Y4A deposit extends outside the extent of Mineral Lease (ML) 
249 (Section 5) and is within Exploration Licence 45/1 072 - hence no environmental approval has 
previously been sought for development of Y4A. An application has been made for a Mining Lease 
(45/1018) over that part of the Y4A orebody that is outside ML 249. Y4A would be mined as a western 
extension of the existing Y4 pit (Figure 2-1). Y7 West is a previously unmined extension to the 
existing Y7 pit. 

The Yarrie crustal deposits are shallow (averaging approximately 6 m in depth) and mining activities at 
Y4A and Y7 West would remain above the groundwater table (Figure 2-2). No new out-of-pit OSAs 
would be required as overburden would be used to inf ill existing pits or hauled to the existing Yarrie 
OSAs. An existing haul road would be extended to provide access to the new Y4A pit and a new road 
would be constructed to the Y7 West pit. 

Y10 North is a northern extension of the YlO pit. Mining at YlO and YlO North is scheduled to 
continue until approximately the end of 2005. The YlO north extension is a shallow, near surface 
extension of the YlO conglomerate hematite orebody. Mining will continue to be shallow (up to 15 m 
below the surface) and would remain above the groundwater table. 
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A water cart would continue to be used for watering the haul roads at Yarrie and for dust suppression 
in the crushing area. Raw water for the Yarrie operations is pumped from the Shay Gap Welifield, and 
is fresh (Total Dissolved Solids [TDS] of less than 500 mg/L and slightly alkaline [ie. pH of 7.4 to 8.1]). 
Consequently, no adverse affects on vegetation and/or natural water courses have been recorded to 
date, or are anticipated as a result of the proposed continue use of this water for dust suppression. 

	

2.2.2 	Cattle Gorge Mining Area 

The Cattle Gorge orebody has not been mined previously and is located to the north west of Yarrie 
(Figure 1-2), and approximately 400 to 500 m west of the gorge feature itself (Figure 2-3). The 
proposed mining operation would involve extraction of approximately 11 Mt of hard rock and detrital 
ore from several open pits over a period of approximately 18 months. Initially, the overburden would 
be placed in an out-of-pit OSA to the south of the pits (Figure 2-3). Once mined-out pit areas become 
available, pit infilling would also be undertaken where practicable. The majority of the mining at Cattle 
Gorge would occur above the groundwater table; however, some mining to extract deeper ore (up to 
10 m below the watertable which is located at approximately 136 mRL) would be undertaken. Areas 
mined below the groundwater table would be backfilled with overburden to at least 5 m above the 
natural groundwater table level (ie. approximately 141 mRL) to minimise long term impacts on the 
groundwater aquifer. Figure 2-4 provides a schematic cross-section of the proposed East pit at Cattle 
Gorge. In the order of 12 Mt of low grade ore/overburden would be generated at Cattle Gorge. 

Most of the Cattle Gorge orebody is located within ML 249 (Section 6), with the remainder of the 
deposit located within the adjacent Exploration Licence 45/1072. An application has been made for an 
additional Mining Lease (45/1019) over that section of the orebody that lies outside ML 249. 

	

2.2.3 	Nimingarra I 

The Nim I orebody has not been mined previously and is located approximately 3 km to the south-
southwest of the existing Nimingarra crusher and rail loading facilities (Figure 2-5). The proposed 
operation would involve the development of two relatively small open pits, extension to a nearby out-
of-pit OSA, and infill dumping of overburden in the existing Nim F open pit. It is proposed to mine the 
pits down to 56 mRL (south pit) and 80 mRL (north pit). Areas mined below the groundwater table 
(which occurs at approximately 115 mRL) would be backfilled to at least the 120 m AL level (ie. 
minimum 5 m above the pre-mining water level) to minimise long term impacts on the groundwater 
aquifer. Figure 2-6 provides an isometric view and cross-section of the proposed Nim I development, 
and shows the natural groundwater level and proposed inf ill level in the pit. 

Ore would be hauled from Nim Ito the existing Nimingarra crusher and rail loading facilities via a new 
haul road which would be constructed on the plain adjacent to the south-eastern edge of the 
Nimingarra ridge (Figure 2-5). 

A water cart would be used for watering the haul road from the Nim I mining area to the Nimingarra 
crusher and rail loading facilities. The water supply would be provided by the existing Nimingarra 
water supply system and/or from the water dewatered from the proposed Nim I pit. Nimingarra raw 
water is currently pumped from the Sunrise Hill West 7 dewatering bores, and is fresh (Total Dissolved 
Solids [TDS] of approximately 450 mg/L and neutral [ie. pH of 6.8]), and the water dewatered from the 
Nim I pit is expected to be of similar quality. Consequently, no adverse affects on vegetation and/or 
natural water courses are anticipated as a result of the proposed use of this water for dust 
suppression. 
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2.3 	PROJECT TIMING 

Figure 2-7 provides a provisional timeline for the Project. 

2.4 	CONSTRUCTION ACTIVITIES 

In order to develop the Cattle Gorge mining area and mine residual ore at the existing mining areas, 
some construction of supporting infrastructure such as the Cattle Gorge haul road would be required. 
This work would commence in mid 2005 in existing approved areas, and would be completed in the 
remaining areas once the necessary approvals under Part IV of the EP Act for the Project are granted. 

Some general upgrade works would be undertaken at the existing Goldsworthy infrastructure facilities 
in support of the proposed GEP activities. These works are described in Section 2.8. 

2.5 	MINING OPERATIONS 

The mining methods described in Section 1.4.1 would continue to be used at the Project. 

2.6 	ORE CRUSHING, SCREENING AND TRANSPORT 

The primary crushing facilities at Yarrie and Nimingarra are described in Section 1.4.1. These existing 
facilities would continue to be used for ore extracted at the Yarrie, Nimingarra, Sunrise Hill, Sunrise 
Hill West and Cattle Gorge mining areas. Crushed ore at Yarrie and Nimingarra is loaded onto the ore 
trains after being reclaimed from the crushed ore stockpiles and conveyed to the train loadout bins. 

2.6.1 	Cattle Gorge Ore Transport 

Ore would be hauled from the Cattle Gorge pits directly to the Yarrie crusher via a new haul road to be 
constructed within the existing infrastructure and access road corridor located to the south-west of 
Elephant Rock (Figures 2-1 and 2.3). The infrastructure corridor that would be used was assessed 
and approved as part of the Consultative Environmental Review (CER) in 1992-1993. 

A fleet of six haul trucks would be used to transport the ore and would operate 24 hours per day. It is 
estimated that each round trip would take approximately 1 hour. A water cart would be used for 
watering the haul road to Yarrie and for dust suppression on roads in the Cattle Gorge mine area. The 
water supply for Cattle Gorge would be provided by a pipeline extension from the existing Yarrie water 
supply system. This water is pumped from the Shay Gap Wellfield, and is fresh (TDS of less than 
500 mg/L and slightly alkaline [ie. pH of 7.4 to 8.1]). As a result, no adverse affects on vegetation 
and/or natural water courses are anticipated as a result of the proposed use of this water for dust 
suppression. 
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As part of the feasibility study and EtA for the Project, BHPBIO evaluated the option of constructing a 
spur line to Cattle Gorge from the main Yarrie to Port Hedland railway line. This option would have 
involved a greater construction requirement in terms of time and capital, and would have resulted in a 
more substantial impact on the landform of the area (ie. through construction of the raised railway 
embankment). The potential environmental impacts of the spur line option would have been land 
clearing, changes to topography and surface water flow patterns. These would be countered by fewer 
dust emissions during operations (ie. when compared with the haul road option). The haul road option 
was selected primarily on capital costs and construction timing, however, it was also considered to 
offer environmental advantages (ie. it follows an existing easement and involves a narrower 
disturbance corridor), and it could be more readily rehabilitated and returned to its pre-mining 
condition once operations cease (which was considered to be a key factor). 

During consultation with stakeholders regarding the Project, the possibility of constructing a conveyor 
between Cattle Gorge and Yarrie was also raised as a possible option for ore haulage. This option 
would remove the need for ongoing haul road watering and could potentially reduce environmental 
impacts on flora and fauna associated with the proposed haul road (ie. road kill and dust on adjacent 
vegetation). However, it would still require a comparable level of land clearing for the conveyor and 
associated maintenance access road. Due to the relatively short mine life of the Cattle Gorge mining 
area it was not considered economically viable to construct a primary crushing facility at Cattle Gorge 
and a conveyor linking it to the Yarrie rail loading facilities. 

2.7 	OVERBURDEN MANAGEMENT 

BHPBIO would manage overburden in the new mining areas to maximise the infilling of pits and 
minimise out of pit dumping. The new Cattle Gorge and Nim I pits would be backfilled to at least 5 m 
above the natural groundwater table in order to minimise potential long term impacts on groundwater 
resources. 

Sediment control measures would be designed and implemented downstream of OSAs and other 
disturbance areas as required in order to minimise the potential for erosive sheet flow and/or the 
development of gullies, as well as sedimentation in downstream watercourses. 

Acid Rock Drainage 

Exploration drilling in the areas to be mined as part of this proposal has not intersected any pyritic 
shale to date. As a result, none of the overburden that is to be mined in the proposed new pits is 
expected to be acid forming. Each mining area is described in further detail below. 

The depth of weathering encountered within the iron formations in the Yarrie - Nimirigarra area is 
some 80— 100 m below the current surface. All rock types occurring above the weathering horizon are 
oxidised. Hence, this natural weathering process has oxidised any potential sulphide minerals. In the 
Nimingarra - Yarrie area, potential sulphide bearing minerals only occur in the interbedded mudstone 
and chert horizons of the lower (basal) member of the Nimingarra Iron Formation. 

Y4A, YlWest and YlO 

All mining activities at these locations are within 30 m of the surface, and are above the weathering 
horizon. Exploration drilling and routine geochemical assaying of materials has confirmed that no 
material types with elevated sulphur values can be expected. Geochemical analyses from the shale 
units intersected at Yb 0 recorded low sulphur values (<0.01%). 
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Cattle Gorge 

The majority of the proposed mining at Cattle Gorge would be within 50 m of the surface, and above 
the weathering horizon. The exception would be the deep extension of the eastern pit, where mining 
would go approximately 100 m below the surface, and up to 10 m below the watertable. Exploration 
drilling and routine geochemical assaying of materials confirms that only jaspilite and minor kaolinised 
dolerite dykes would be intersected, and that no material types with elevated sulphur values are 
expected. 

Nimingarra I 

The proposed mining at Nim I is expected to extend up to 56 mRL below the current groundwater 
table. Exploration drilling and routine geochemical assaying of materials have confirmed that a 
footwall mudstone, mineralized BIF and minor dolerite dykes would be intersected. However, the 
proposed pit designs would not expose the footwall shale horizon below the watertable. Hence the 
potential for exposure of potentially acid generating materials is considered to be remote. 

Despite the low risk of potentially acid forming materials being encountered, BHPBIO would continue 
to conduct routine monitoring of blast holes, including sulphur analysis during the remaining life of the 
Project. In the unlikely event that potentially acid generating material is encountered, suitable 
management measures would be developed and implemented in consultation with the administering 
authorities. 

2.8 	ANCILLARY INFRASTRUCTURE 

As described in Section 1.4.1, existing infrastructure at the Project includes: 

a fly in fly out accommodation village at Yarrie; 

airstrip; 

mine offices; 

workshops and laydown areas; 

fuel farm and fuelling facilities; 

electricity substations and reticulation; 

telecommunications; 

water supply; and 

explosives and hydrocarbon stores. 

The following subsections outline the Project use of these facilities and their upgrades where 
appropriate. 

2.8.1 	Power Supply 

The existing power supply system at the GEP includes a 66 kilovolt (kV) line from Port Hedland to 
Shay Gap and 22 kV lines to Yarrie, Sunrise Hill and Nimingarra. Electricity requirements at the 
proposed Cattle Gorge mining area would be provided by extending the existing 22 kV electricity line 
from Yarrie. 
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2.8.2 	Water Supply 

Water supplies for each mining area are obtained from licensed dewatering operations and/or 
borefields as described in the Project Groundwater Assessment (Appendix C). Water supply for Cattle 
Gorge would be provided by a pipeline extension from the existing Yarrie water supply system. Water 
supply for the proposed new activities and extensions to the Nimingarra and Yarrie operations 
(primarily haul road watering) would be provided by their existing water supply systems. Up to a total 
of 1.5 megalitres (ML) of water per day would be required for the proposed GEP activities. Where 
possible, water abstracted from the proposed new operations that extend below the watertable would 
be used as make up raw water (ie. road watering and dust suppression in the crushing plants) in 
preference to water pumped from the Shay Gap Wellfield. 

	

2.8.3 	Offices, Workshops and Other Amenities 

The existing offices, workshops and other general amenities located at the Nimingarra and Yarrie 
mining areas would continue to be used for the Project. The main office and workshop at Yarrie would 
continue to be the primary facilities at the GEP. 

	

2.8.4 	Accommodation Village 

An upgrade of the Yarrie village is proposed as part of the Project. The dry and wet mess areas would 
be renovated to contemporary standards. Cyclone-proofing of some of the shared facilities may also 
be undertaken. Approximately 24 rooms would be replaced, and some 400 additional phone lines 
would be provided. 

	

2.8.5 	Hydrocarbon Use and Storage 

The existing fuel storage facilities are located at Nimingarra and Yarrie. These facilities are above 
ground, bunded and constructed and operated in accordance with applicable Australian Standards. 
Current fuel consumption is approximately 14.5 ML of diesel per annum. 

Project fuel consumption is predicted to be similar to current rates. 

	

2.8.6 	Road Transport 

With the exception of the haulage of ore from Cattle Gorge to Yarrie (Section 2.6.1), no significant new 
roads or changes to the existing access road system would be required for the Project. Relatively 
minor extensions to existing roads or connecting roads would be established to access the new mining 
pits (Nim I, Y10 North, Y4A and Y7 West) in the existing Nimingarra and Yarrie mining areas and at 
the new Cattle Gorge mining area (Figures 2-1 to 2-6). 

	

2.8.7 	Airstrip 

The fly-in/fly-out operations from the existing Shay Gap airstrip would remain unchanged. The airstrip 
would be maintained and licensed to Civil Aviation Safety Authority (CASA) standards (including 
fencing, to minimise access by cattle and native fauna). 
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2.9 	WORKFORCE 

Approximately 80 contract workers would be required during the construction of the additional Cattle 
Gorge supporting infrastructure. During operation of the Project, the workforce is expected to be 
approximately 290 people. 

	

2.10 	REHABILITATION ACTIVITIES TO DATE 

Overview 

The first substantial rehabilitation programme of mine landforms at the Goldsworthy mining operations 
was conducted during the period from 1993 to 1995. These works focussed on the completed OSAs 
at the Shay Gap, Sunrise Hill and Nimingarra hard rock mining areas. More recently, rehabilitation 
has mainly occurred within the Yarrie area, with various surface treatment and revegetation trials 
being undertaken at mined out pits, backfilled pits and OSAs. Currently, some 451 ha has been 
progressively rehabilitated at the Goldsworthy operations. Planned rehabilitation works over the next 
12 months will focus on the reshaping of ex-pit OSA's at both Yarrie and Nimingarra. 

The rehabilitation of various support facilities and infrastructure areas (ie. borrow pits, exploration 
tracks and pads) was undertaken in the Shay Gap, Sunrise Hill and Nimingarra areas during 1993 to 
1995. BHPBIO uses internal guidelines to manage the development and rehabilitation of borrow-pits. 
These guidelines restrict the size and depth of individual pits. In addition, borrow pits are also 
generally rehabilitated as the borrow material is being removed in order to take advantage of the 
proximity of earthmoving equipment and because of the one-off nature of most borrow operations. 

The rehabilitated borrow pits are included in BHPBIO's overall site-based rehabilitation-monitoring 
programme. Because they tend to be relatively small in area, limited in depth and progressively 
rehabilitated, the borrow pits at the Goldsworthy operations have proved to be some of the most 
successful rehabilitation on the Goldsworthy Leases. 

Rehabilitation Design Considerations for the OSAs 

Issue - Drainage on top of OSAs 

A significant cause of erosion on rehabilitated landforms in the Pilbara is the runoff of concentrated 
water flows from the top surface of OSA's to their batters during extreme rainfall events. Erosion has 
been observed on some of the rehabilitated OSA's in the Shay Gap area, generally occurring in areas 
where the surface treatment employed (moonscaping) was not able to withstand the erosive forces 
generated when the water on top of the OSA has not been sufficiently controlled. 

Key Learning 

Drainage on top of dumps should be such that the flow of water will be away from the face of the OSA 
slope. Where this is not possible, barriers should be constructed on the edge of the OSA to prevent 
water from flowing down the slope, irrespective of the rehabilitation method employed. 

A lesson learnt from the recent trial conducted on the Wi OSA is that the barrier at the top of the OSA 
slope should be as close to the edge as possible. The windrow constructed in the Wi trial was 15 m 
from the crest of the slope. This proved to be an adequate distance to create a catchment for water to 
pond on the edge of the crest, resulting in a concentrated flow in severe rainfall events. 
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Issue - Erosion on Moonscaped OSA slopes 

Moonscaping was used extensively throughout the rehabilitation undertaken in the 1993 to 1995 
period; the results of which have been variable. On the whole moonscaping appears to create a 
stable landform, however as previously mentioned the majority of erosion has occurred where the 
water on top of the OSA has not been controlled. Where localised failures have occurred they have 
tended to propagate across the slope, overtopping at the low points created by the edge of the dozer 
blade during construction. 

Key Learning 

The recent trial at the Wi OSA incorporated a moonscaped section. The initial columns of 
moonscaped scallops, which ran from the top to the bottom of the slope, did not interlock. A definite 
bridge was evident between the columns; there was no obvious 'low point" where overtopping could 
occur. As a result this area of the trial had no visible signs of erosion, as compared to the conventional 
method of interlocking the moonscaped scallops. 

Issue - Angle of OSA Slopes 

Previous moonscaping efforts within the Shay Gap, Sunrise Hill and Nimingarra operations were 
carried out using various slope angles ranging from 23 degrees to 14 degrees. 

Key Learning 

Recent EFA monitoring results determined that the moonscaped slopes with lower angles were more 
successful than steeper slopes. As a result the recent trial at the Wi OSA was undertaken on a slope 
reshaped to 15 degrees, instead of the previously preferred 20 degrees. It is intended to adopt a 15 
degree final slope for all OSA's, where possible. 

Issue - Surface Material Type for Rehabilitated Areas 

The majority of OSA's and backfilled crustal pits are constructed from blocky, fresh, BIF material. 
Rehabilitation efforts in these areas have not typically incorporated topsoil into the rehabilitation 
method. 

Key Learning 

EFA monitoring in these areas have shown that whilst the areas do exhibit some revegetation and 
stability qualities, they are not as advanced as those areas where the surface material consists of 
more weathered material and/or growth media. In recognition of this, topsoil was incorporated into all 
of the trial areas of the Wi OSA. 

Issue - Erosion on Contour Ripped Slopes 

Contour ripping has been employed as a rehabilitation method on both the Wi trial slope and also on 
the slopes of the in-pit OSA at Yb. The slopes at YlO have not exhibited any major signs of erosion 
and are revegetating well, despite the fact that no topsoil was applied. Conversely, the contour ripped 
area at Wi has several major erosion gullies present. The depth of the rip lines on the YlO OSA were 
deeper than those at Wi, due to the applied topsoil at Wi rilling back into the rip line. 
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Additionally, a Wi trial area had topsoil applied but was not ripped. The performance of this slope was 
comparable to the ripped Wi slope indicating that the rip lines had little impact on erosion resistance. 

Key Learning 

The erosion resistance of the slopes indicates that a method of creating larger amplitude rip lines 
should be investigated. Also, the rip lines served to channel water flow where they were not precisely 
on the contour, exacerbating the erosive forces. 

Issue - Applied Topsoil Washing A way 

The Wi OSA trial demonstrated that if the topsoil was not sufficiently mixed in with the underlying 
waste profile, it would wash away down the slope during extreme rainfall events. 

Key Learning 

The fine topsoil must be anchored into the underlying profile. Further investigation is required to see if 
this could be achieved through extensive cross ripping of the slopes. 

Issue - Timing of Rehabilitation 

The weather conditions experienced after the earthworks for the trial were completed consisted of one 
minor storm, followed by an extreme rainfall event within weeks of the completion date. This short 
period, without the occurrence of minor rainfall events did not allow the slope profile to self-armour. 

Key Learning 

All of the earthworks should be completed prior to the onset of the wet season. The potential to 
artificially water the slopes, to allow for a degree of self-armouring prior to the onset of heavy rain 
should be investigated further. 
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3 	BIOPHYSICAL FACTORS - IMPACT 
ASSESSMENT AND MANAGEMENT 
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3.1 	CLIMATE 

The Pilbara region of Western Australia is situated in the arid-tropical zone and generally experiences 
a hot wet summer from October to April and a mild and dry winter from May to September. 

Climate averages collected at Goldsworthy (1 966-1 992) and at Marble Bar (1895-2004) indicate that 
average annual rainfall ranges from 325 mm to 360 mm respectively (BOM, 2004). Through summer, 
rain results mainly from tropical storms and cyclones, producing sporadic heavy rains over the area. 

Marble Bar records indicate mean daily evaporation rates range from 12.8 mm in December to 5.3 mm 
in July. The annual average daily evaporation rate is 9.0 mm which equates to an annual average 
evaporation rate of approximately 3,285 mm. Relative humidity at Goldsworthy for most of the year is 
in the range of 30% to 40%; however, during the months of December to March average humidity is 
generally in the range of 40% to 60% (BOM, 2004). 

Goldsworthy and Marble Bar records indicate mean daily maximum temperatures are above 38°C in 
the months from November to March and are around 30°C in the months of June to August (BOM, 
2004). Mean daily minimum temperatures are generally below 17°C in the period of June to August at 
Goldsworthy and in the period May to September at Marble Bar. 

An automatic weather station was installed at Yarrie in 2001. A summary of results from the Yarrie 
weather station are summarised and reported annually in BHPBIO's AER. 

3.2 GEOLOGY 

The GEP iron ore deposits are located at the northern margin of the Pilbara Craton, which comprises 
large granitoid domes and batholiths separated by down-folded sequences of Pilbara Supergroup 
sedimentary, volcanic and intrusive rocks. The Pilbara Supergroup includes the Nimingarra Iron 
Formation, which is a sequence of inter-bedded Banded Iron Formation (BIF) that forms the series of 
ridges and plateaus that are the main topographical feature of the Goldsworthy area. The Formation 
is generally comprised of BIF, jaspilite, banded and ferruginous chert, black shale and mudstone 
(DME, 1999). 

Iron ore mineralisation in the BIF is typically composed of well-bedded layers of iron-rich minerals 
alternated with layers of chert. Many of these chert layers have been exposed to weathering 
processes, which have leached out some of the silicates, increasing the iron concentration and 
forming hematite. The hematite orebodies are known as the Upper, Middle and Lower Ore Members. 
There are also numerous shallow crustal hematite deposits that have formed by near surface leaching 
of the BIF (ie. the Yarrie deposits). 

The ridges and plateaus of the Nimingarra Iron Formation have an overall northwest-southeast 
orientation but have been offset in several areas by faults. The Formation generally dips steeply to 
the east and northeast, and is unconformably underlain by the Muccan Granitoid and overlain by 
either Archean volcanics or Cretaceous sediments. The areas surrounding the Nimingarra Iron 
Formation are characterised by flat to gently undulating sand plains with occasional small rocky 
outcrops and stony hills. 
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3.3 	SOIL RESOURCES 

3.3.1 	Existing Environment 

The ridges and plateaus that form the main topographical features in the Goldsworthy area are 
remnants of a sedimentary plateau landform. Due to the combination of sparse vegetation and the 
erosive force of summer rains, much of the soil that develops in these areas is eroded during rain 
events and transported into creek gullies and down to the surrounding valleys and plains. The soil 
resources on the ridges and plateaus are therefore generally limited to very thin, poorly developed 
skeletal soils in between rocky outcrops. 

Soil surveys were conducted in the Yarrie area by ecologia in 1998 and 1999. More recently, the 
results of the Yarrie surveys have been used to extrapolate the main soil types in the proposed Cattle 
Gorge mining area (eco/ogia, 2004d). Soils in these areas ranged from skeletal or rocky soils on the 
plateaus and ridges, to sandy alluvial soils on the plains. Soils in the Yarrie mining area were 
generally found to be sandy, coarse and uniform. On the ridges and plateaus where the soil was 
thinner there was little or no subsoil development, while on the plains and creek margins subsoils were 
generally present and coherent. The soils were typically very coarse below depths of 0.5 m which 
generally precludes deeper examination of the soil profile. 

Soil mapping has not been undertaken at Shay Gap, Sunrise Hill or Nimingarra, however operational 
experience has shown that the same broad correlation exists in these areas between landform and the 
type and depth of soil (ie. thin poorly developed skeletal soils on the ridges and deeper sandy alluvial 
soils on the adjoining plains). 

3.3.2 	Potential Impacts and Management Strategies 

Potential Impacts 

Potential impacts of the Project on soils during construction and operational mining activities relate 
primarily to: 

Clearing of vegetation would Increase the likelihood of soil erosion and sediment movement by 
both wind and water. 

Inappropriate stockpiling of topsoil and other soil resources has the potential to reduce the 
viability of seeds, nutrients, organic matter and micro-organisms that assist plant establishment. 

Alteration of soil structure and/or soil chemistry beneath infrastructure items, hardstand areas and 
roads (eg. through compaction or contamination with hydrocarbons or chemicals). 

Alteration of soil structure, changes to soil chemistry, and changes to the natural soil 
evolution/forming processes caused by stripping, stockpiling and reusing topsoil from disturbed 
areas in rehabilitation. 

Table 3-1 provides a summary of the additional disturbance areas associated with the Project. 
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Table 3-1 
Additional Project Disturbance Areas 

The additional disturbance of 97 ha associated with the proposed GEP represents an overall increase 
of approximately 4% where compared with the 2,200 ha of land that has been disturbed to date at the 
Goldsworthy mining operations. 

EPA Objective 

To maintain the integrity, ecological function and environmental values of the soil and landform. 

Management Strategies 

BHPBIO has prepared a Land Management Manual for its Pilbara mining operations (BHPBIO, 
2003b). The purpose of the Manual is to outline the aspects relevant to the management of clearing 
and rehabilitation of land. The objectives of the BHPBIO mining operations land management 
programme are documented in the Land Management Manual and are as follows: 

to ensure all clearing is planned, including compliance with the Project Environment and 
Aboriginal Heritage Review (PEAHR) land clearing procedure; 

to ensure closure plans are developed and finances accounted for; 

to ensure rehabilitation is progressive when land becomes available; 

to establish and communicate the management structure, including defined roles and 
responsibilities in relation to land management; and 

to establish a framework of continuous improvement in land management. 

The Land Management Manual contains a generic topsoil management section and refers to 
BHPBIO's Topsoil Management Manual (BHPBIO, 2003b) for details. The Topsoil Management 
Manual describes the overall objectives and strategies relating to the four main components of soil 
management at BHPBIO's Pilbara operations. These components are centred on the following 
directives: 

baseline topsoil surveys should be undertaken prior to disturbance; 

stripping of soil resources should be to appropriate depths and at appropriate times; 

stripped soils should be stockpiled in an appropriate manner; and 

appropriate planning should be undertaken so that stripped topsoil can be efficiently and 
effectively used during rehabilitation. 
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BHPBIO's Topsoil Management Manual has been prepared to provide environmental personnel and 
others with easily accessible information regarding the management of topsoil. The information 
provided relates to baseline topsoil assessment methodologies, consideration of topsoil resources 
during mine planning, generic topsoil stripping and stockpiling procedures, topsoil use in rehabilitated 
areas, and reporting requirements. 

Where appropriate, site-specific management strategies have been developed for the mine sites in 
order to address particular soil management issues and/or environmental commitments. Site-specific 
land and soil management practices used at the Goldsworthy mining operations are documented in 
the Project EMP (Appendix A) and are summarised below. 

All activities that require land clearance are authorised by BHPBIO via its PEAHR land clearing 
procedure. For each planned clearing area the following must be provided in the PEAHR form: a 
summary of the project, plan showing the location of the proposed works, anticipated 
environmental, land access and Aboriginal heritage impacts and specific management strategies 
where necessary. Land clearing cannot take place until the PEAHR form is authorised by 
BHPBIO. 

An audit of the effectiveness of PEAHR procedure was undertaken at the GEP during March 
2005. The findings of the audit indicate that the PEAHR procedure is being implemented 
satisfactorily and no amendments to the Project Risk Register were required as a result of the 
audit. 

Employees and contractors are advised of the requirements of the land clearing authorisation 
processes in their induction. 

Once planned land disturbance activities have been authorised, the following specific soil resource 
management practices are used at the GEP to minimise soil loss through erosion and to maximise the 
potential for re-using stripped materials in rehabilitation programmes. 

All major areas requiring soil stripping are shown on the relevant site plan before stripping occurs. 

. 	Where practicable, topsoil and other identified suitable growth medium materials are stripped 
prior to the commencement of mining activities. 

Where mine scheduling allows, stripped topsoil and other materials are directly applied to areas 
being rehabilitated. Where this is not possible, stripped materials are stored in separate 
stockpiles for later use. The stockpiles (both long and short-term) are constructed and managed 
in a manner that encourages the continuation of the soil's biological activity. 

Where practicable, the storage and reuse of topsoil is conducted in a manner that minimises the 
potential for significant changes to the structure and chemical properties of the soil, and allows 
natural soil evolutionary processes to continue once the soil is replaced in rehabilitated areas. 

The locations of soil stockpiles are planned so that potential sites for future mine and 
infrastructure disturbance areas are taken into consideration. 

Stockpiles are clearly identified on the relevant site plan and where appropriate, signposted in the 
field. 

Plans and databases that record the location and volume of topsoil and other materials stockpiled 
are maintained. 
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Erosion from cleared areas is managed through the minimisation of land clearing, progressive 
rehabilitation and installation of runoff controls where necessary. Water monitoring is undertaken 
where necessary if land disturbance occurs near drainage lines. 

Mining contractors are supervised and are subjected to periodic audits to assess compliance with 
BHPBIO land and soil management principles. A condition prohibiting unauthorised clearing exists in 
all relevant contracts. 

The management practices summarised above and documented in the EMP (Appendix A) would 
continue to be used at Goldsworthy during the remaining mine life in order to minimise potential 
impacts on soil resources. 

Due to the limited availability of topsoil at the Goldsworthy mining operations, investigations have 
commenced into the use of alternative materials as a growth medium during rehabilitation. A 
summary of the assessment of alternative growth media is provided below. Additional details are 
presented in the Decommissioning and Rehabilitation Plan for the Project (Appendix B). 

In early 2004 a trial was set up in the Yarrie Y7 pit area (which had previously been backfilled to the 
original pre-mining ground contours) to investigate three alternative surface treatments. One section 
had topsoil applied, another had lateritic material applied, and the third had no surface growth media. 
Each section was subsequently ripped and seeded. Figure 3-1 shows the location of the trial and the 
three surface treatments. Results of the trial are still being collected and interpreted. A summary will 
be provided in the AER once they are available, and relevant findings will be applied to future 
rehabilitation activities at Goldsworthy (including the new Project areas) where relevant. 

In addition to the growth media trial at the Yarrie Y7 area, an assessment of the properties of a variety 
of Yarrie mine waste materials (Y6 laterite, Y7131 screenable, YlO screenable and B12 stockpile 
material) for comparison to natural soils was undertaken by Outback Ecology in 2004. The 
assessment found the mine waste material was similar to local topsoils in basic chemical properties; 
however the mine waste materials were in most cases more alkaline. The alkalinity of the materials 
was not considered likely to be an over-riding limitation to plant establishment and growth and it was 
recommended that further assessments and rehabilitation trials be undertaken with these waste 
materials (Outback Ecology, 2004). 

3.4 	LANDFORMS 

3.4.1 	Existing Environment 

The landforms of the Goldsworthy area are dominated by rocky ridges and plateaus, separated by the 
wide plains and floodplains of the De Grey River and its tributaries. To the north-east is the 
predominantly flat expanse of the Great Sandy Desert. 

The ridges and plateaus of the Goldsworthy area typically rise sharply from the surrounding plains, 
and in many areas cliffs and steep escarpments that are up 100 m high have formed. Scree slopes 
typically form below the escarpments, and areas of the ridges and plateaus are heavily dissected with 
steep V-shaped valleys, gorges and dendritic drainage patterns. 
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The wide plains to the south of the Goldsworthy area gently slope towards the De Grey River, which is 
situated some 10 to 20 km to the south. The De Grey River flows in a westerly direction in the Project 
area and is joined by a number of tributaries including Egg Creek, Eel Creek and Coonjeena Creek 
which generally flow south from the ridges and plateaus of the Goldsworthy area (Figure 1-2). 

The elevation of topographical features in the Goldsworthy area ranges from approximately 280 m 
AHD (Australian Height Datum) at the Yarrie Plateau, to approximately 80 m AHD at the De Grey 
River south of Nimingarra. The Yarrie accommodation village lies at approximately 130 m AHD as 
does the Shay Gap borefield to the north on the edge of the Sandy Desert. Coonjeena Creek at Shay 
Gap is at an elevation of approximately 120 m AHD. 

Elevations at Cattle Gorge range from approximately 250 m AHD on the plateau to approximately 
130 m on the adjoining plain. Sunrise Hill and Nimingarra Ridges are lower than Yarrie and Cattle 
Gorge with elevations generally below 210 and 200 m AHD respectively. 

The existing GEP mining operations have altered the natural landforms at Nimingarra, Sunrise Hill, 
Shay Gap and Yarrie through the creation of mine voids and out-of-pit OSAs. The majority of the pits 
have been mined into the top surface of the ridges and plateaus (ie. rather than coming in from the 
side). As a result, in most cases they are not visible from the surrounding plains, and can only be 
clearly seen when on the ridge itself or from the air. Additionally, the Project is located in a remote 
area therefore the visual impacts of the Project are expected to be minimal. Some of the open pits 
have been mined below the watertable. In the areas where mining has ceased, permanent lakes have 
developed within the pits. 

Several of the mined-out pits in the Yarrie area have been used to store overburden from adjoining 
pits. Once full, the final surfaces of these in filled pits have been re-contoured to be a close as 
possible to the pre-mining situation before being rehabilitated. Figure 3-2 is a photograph of existing 
backfilled and active pits in the Yarrie area, as well as a simulation of the area following mine closure. 

The existing out-of-pit OSAs at Goldsworthy have generally been constructed near to the pits by 
placing overburden over the edge of the natural escarpments. These OSAs are therefore much more 
visible than the pits. Notwithstanding, the OSAs have been designed and rehabilitated to have similar 
shapes to the naturally occurring scree slopes, and in most cases blend in with the pre-mining 
topography (particularly where revegetation of the area is advanced). 

Geoheritage 

The National Heritage List records places with outstanding natural and cultural heritage values for 
Australia. National Heritage places are protected under the Commonwealth Government's 
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). This means that a person 
cannot take an action that has, will have, or is likely to have, a significant impact on the national 
heritage values of a national heritage place without the approval of the Minister. 

The significance of natural heritage may be measured in terms of the importance of ecosystems, 
biodiversity and geodiversity for their existence value or for present/future generations. Geodiversity 
can be defined by the natural range of geological, geomorphological and soil features, assemblages, 
systems and processes. Geodiversity includes evidence of the past life, ecosystems and 
environments in the history of the earth as well as a range of atmospheric, hydrological and biological 
processes currently acting on rocks, landforms and soils. A location is generally considered to have 
geoheritage if it can be demonstrated that the place has significant geodiversity. 
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Searches conducted of the National Heritage List (February, 2005) indicate there are no natural 
heritage places with outstanding geoheritage values listed under the EPBC Act in proximity of the 
Project. The landform features of the Project area are similar to those that commonly occur in other 
ridges and ranges in the Pilbara region, and therefore do not require particular assessment in terms of 
geoheritage values. 

3.4.2 	Potential Impacts and Management Strategies 

Potential Impacts 

The natural topography would be affected by the proposed new and expanded mining operations at 
Nim I, Cattle Gorge and the Yarrie pits Y4A, Y7 West and YlO North. These effects would primarily be 
in the vicinity of the new and extended open pits and OSAs where areas of the ridges and plateaus 
would be locally reduced in elevation in the pits and the OSAs would extend existing escarpment 
faces. The open pits would generally not be visible from the surrounding plains as they are shielded 
by the OSAs and the escarpments. 

The new out-of-pit OSAs would be constructed to adjoin existing escarpment areas and with final 
slopes and shapes that would be similar to the surrounding naturally occurring landforms. 

The additional disturbance associated with the proposed pits, OSAs and access/haul roads has the 
potential to result in increased erosion and sedimentation once the existing native vegetation is 
cleared. During the EPS consultation period this has been raised by stakeholders as an aspect of 
concern in the Cattle Gorge mining area. 

Changes to existing landforms would also occur as a result of cut and fill works associated with 
service infrastructure (i.e. general access, extension to existing haul roads and the haul road linking 
Cattle Gorge to the Yarrie crusher). Once these areas are no longer required, equipment and 
infrastructure would be decommissioned and removed (unless otherwise agreed with the 
administering authority) and the area would be re-contoured to blend with the surrounding topography 
and then rehabilitated. 

EPA Objectives 

To maintain the integrity, ecological function and environmental values of soil and landform. 

To ensure that aesthetic values are considered and measures are adopted to reduce visual impacts 
on the landscape as low as reasonably practicable. 

To ensure, as far as practicable, that rehabilitation achieves a stable and functioning landform which is 
consistent with the surrounding landscape and other environmental values. 

Maintain and protect any significant geoheritage and landscape values. 
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Management Strategies 

Due to the remote location of the GEP, public and private landholder views of the Project open pits 
and OSAs would be very limited. Users of the Shay Gap road would continue to have views of the 
mine landforms on the western side of Nimingarra ridge. Once the outer OSA surfaces are 
rehabilitated, the Project final landforms would resemble the naturally occurring escarpment slopes. 
Views of the open pits would generally be limited due to their location back from the edges of the 
escarpments and on top of the plateaus. 

Management measures to minimise the impact of the Project on landforms are described in the 
Project EMP (Appendix A) and would continue to be used during the life of the Project. These 
measures are summarised below: 

Mine infrastructure areas (e.g. access tracks, borrow pits, topsoil stockpiles, buildings etc) that 
are no longer required would be decommissioned, and the disturbed area re-contoured to blend 
with the surrounding topography, topsoiled, contour ripped (or equivalent) in preparation for 
seeding with native species as necessary. 

Where possible, the location and layout of infrastructure areas and mine landforms would be 
designed in a manner such that environmental impacts (including potential changes to existing 
landforms and drainage channels) are kept to a minimum. An example of this is the proposed 
location of the Cattle Gorge external OSA. Three possible locations are available, with BHPBIO's 
initial preferred location to the immediate north of the proposed pit. Concerns that runoff from the 
dump could migrate into Cattle Gorge (raised by representatives of the Njamal people in 
particular) led to an alternative OSA location being proposed south of the proposed pit. This 
location has the support of the Njamal people and other stakeholders, and provides for a better 
environmental outcome. 

Suitable erosion and sedimentation control measures would be designed and implemented 
downstream of OSAs and other disturbance areas as required in order to minimise the potential 
for erosive sheet flow and/or the development of gullies, as well as sedimentation in downstream 
watercourses. 

New OSAs would be located in existing valleys and as extensions to existing ridges and plateaus, 
rather than new stand alone emplacements on the surrounding valleys and plains. 

New OSAs would be rehabilitated so that they generally blend in and have shapes that are 
compatible with the surrounding landforms. 

Section 6 and the Decommissioning and Rehabilitation Plan (Appendix B) provide further details of the 
rehabilitation principles that would be implemented at the Project to minimise impacts on landforms. 
The rehabilitation principles that would be applied to the new Project areas have been developed in 
consultation with Government agencies, stakeholders and other interested parties (eg. representatives 
of the Njamal people in order that indigenous values are incorporated). 
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3.5 	SURFACE WATER RESOURCES 

3.5.1 	Existing Environment 

The Goldsworthy area is located in the De Grey River catchment. The De Grey River basin covers an 
area of 49,440 km2  and extends nearly 410 km inland in the north-west region of Western Australia. 
The De Grey River is a major river system with an extensive sediment filled floodplain and numerous 
tributary rivers and creeks. The river is located some 10 to 20 km to the south of the mining areas. 

Most rivers and creeks in the De Grey basin are ephemeral and only flow following cyclonic activity 
over the summer months and can have several years of no flow, followed by flood events. The De 
Grey River has an annual mean flow of around 1,000 gigalitres (GL) per year (Aquaterra, 2005) and is 
listed in the Commonwealth Department of Environment and Heritage (DEH) Directory of Important 
Wetlands in Australia (Environment Australia, 2001). 

The coarse and sandy nature of surface soil material in the Goldsworthy area enables heavy rains to 
be readily absorbed and limits surface runoff. However, runoff does occur from stony ground and 
slopes during heavy rainfall events. Drainage channels in the Goldsworthy area collect and direct 
overland flow to the various tributary creeks of the De Grey River including Egg Creek, Eel Creek and 
Coonjeena Creek (Figure 1-2). These creeks are generally dry and sandy with broad channel beds in 
the order of 20 m to 100 m wide. Significant flows occur during sustained high intensity rainfall events 
associated with cyclones and rain depressions. However, on a regional scale Egg Creek, Eel Creek 
and Coonjeena Creek are considered to be very minor tributaries of the De Grey River. 

Drainage in the flat sandy plains located to the north of the Project area (ie. Shay Gap borefield) is 
mostly internal, infiltrating to groundwater storage in the porous Canning Basin sediments (GML, 
1986). 

Existing Surface Water Releases 

BHPBIO has a current license to discharge excess water generated by mine dewatering activities into 
the creeks adjacent to the Sunrise Hill-Nimingarra and Yarrie mining areas. The water is transferred 
to the approved discharge points from turkeys nest dams that act as stilling ponds to reduce sediment 
loads prior to discharge. The volume of water discharged varies from year to year according to the 
amount of rainfall and mine dewatering rates. 

Figures 1-3 and 1-6 show the current discharge points and Table 3-2 provides a summary of the 
volumes of excess water released in the last three years. 

Table 3-2 
Surface Water Discharge Volumes 

Yarrie 	 5611/7 	Snake Gully/Wi 	1 	60,548 	1 	220,590 	1 	11,108 

Sunrise Huh 	 4412/8 	Tributaries of Egg Creek 	104,971 	 973,421 	 630,450 
Nimingarra 

Source: Aquaterra (2005) 
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Surface Water Monitoring 

Surface water quality monitoring is undertaken in the creek lines upstream and downstream of the 
mining operations during quarterly monitoring rounds, when water is present. Three locations are 
monitored at Yarrie and two locations are monitored at Nimingarra/Sunrise Hill (Figures 1-3 and 1-6). 
Monitoring of mine surface water discharges is undertaken quarterly when discharges are occurring in 
accordance with the requirements of the site DEP licenses. 

Water quality parameters measured include cations and anions (including carbonate, bicarbonate, 
calcium, sodium, sulphate, potassium and magnesium), pH, electrical conductivity (EC) total 
suspended solids (TSS), metals (iron, magnesium, zinc, copper, aluminium, cadmium, lead, arsenic, 
mercury, selenium, barium, chromium and nickel), total nitrogen and total phosphorus. 

Table 3-3 provides a summary of surface water quality monitoring results that are available for the 
period from February 1997 to June 2004. A summary discussion of the available results is provided 
below. 

Chinaman Springs 

Chinaman Springs is located approximately 4 km to the east of Yarrie (Figure 1-3). Twenty three 
monitoring records are available at this location from February 1997 to February 2004 (Site 
No. YASW001) (Table 3-3). 

The 23 monitoring records indicate concentrations of common metals were generally below or slightly 
above the detection limits (Table 3-3) and pH ranged from 6.1 to 7.2 (slightly acidic to neutral). The 
EC measurements indicate the water at Chinaman Springs is fresh with a range of EC recorded of 400 
to 780 micro siemens per centimetre (pS/cm). Of the cations and anions measured, the results 
indicate bicarbonate dominates with the highest average concentration (132 mg/L) followed by 
chloride (67 mg/L) and sodium (41 mg/L). 

Total phosphorus and total nitrogen measurements at Chinaman Springs were generally low; with total 
phosphorus being generally well below 1 mg/L and total nitrogen ranging from 0.2 to 8.3 mg/L. Over 
the period of records, TSS measurements showed a relatively large degree of variation with results 
ranging from <5 mg/L to 450 mg/L. 

Eel Creek 

Eel Creek monitoring sites are located to the north of the Y10 open pit (upstream of the Yarrie mining 
operation) and west of the accommodation village (downstream of the Yarrie mining operation) 
(Figure 1-3). Thirteen results are available for the upstream point and 15 results are available for the 
downstream point over the period from May 1997 to February 2004. 

Upstream of the mining operations on Eel Creek the monitoring results indicate concentrations of 
metals were generally below or marginally above the detection limits for most metals with the 
exception of iron (up to 1.2 mg/L) and aluminium (up to 3.1 mg/L). Downstream of the mining 
operations concentrations of metals recorded were also generally below or slightly above detection 
limits with the exception of iron (up to 2.1 mg/L) and aluminium (up to 5.4 mg/L). 

Upstream of the mining operations pH measurements ranged from 7.6 to 8.9 (slightly alkaline), while 
EC measurements ranged from 45 to 3,900 pS/cm (fresh to brackish). Downstream of the operations 
pH ranged from 7.5 to 8.3 (slightly alkaline) and EC ranged from 30 to 3,300 pS/cm (fresh to brackish). 
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TABLE 3-3 

SURFACE WATER QUALITY RESULTS 

Location/Site Date p14 BC lOS TSS Alkalinity HCO3 CO, Cl SO, Na K I 	Ca Mg Fe 1 	Mn Zn Cu At Cd I 	Pb As Hg Se Ba Cr Ni Mo SiO Hardness F NO, NO,-N NO2-N Kjeldahl N NH3-N Total N Total P POeP 

Ge Grey Riser at 14/0511 7.4 140 90 400 60 8 98 2.2 12 5.3 1.5 0.04 2.3 0.006 0.017 0.16 50 	1 0.3 0.3 1 	0.02 2 08 
Muccan-Shay Gap O&OZ-1999 7.2 350 230 210 120 40 20 31 4.4 22 12 0.2 0.01 0.2 0.29  
Crossing 13,112,2000 7.6 2400 1500 <5 200 240 540 190 360 6./ 58 47 <0.1 <0.01 <0.01 <0.01 0.2 <0.001 <0005 <0.001 4.0005 <0.01 0.1 4.01 <0.01 13 340 0.37 <0.2 <0.05 ____ <01 0.4 <0.05 <0.05 

YASWO14 2 8.4 1100 700 6 230 280 <1 180 65 140 6 49 34 <0.1 <0.01 <0.01 4.01 <0.1 <0.001 <0.005 4.001 4.0005 <0.01 0.15 4.01 <001 <0.1 0.61  <0.1 2.6 <0.05 <0.05 

2 8.5 1700 1100 <5 210 240 12 330 120 220 5.2 42 49 <0.1 <001 0.01 <0.01 <0.1 <0001 4.005 4.001 <0.0005 <0.01 0.14 003 <0.05 <0.1  
9.1 1900 1200 <5 160 120 41 440 140 290 6.4 20 57 <0.1 0.01 0.02 <0.01 <0.1 <0.001 <0.005 4.001 <0.0005 <0.01 <0.05 0.01 0.03 <0.1  

2 8.8 1800 1200 <5 210 230 370 120 230 6.7 38 45 <0.1 0.02 <0.01 <0.01 4.1 <0.001 <0.005 4.001 <0.0005 <0.01 0.18 <0.01 <0.01 30 280 0.4 <0.2 <0.05  <0.1 0.8 <0.05 <0.05 

27 05,2004 8.6 1150 730 <5 250 290 8 180 77 130 4.8 43 3/ <0.1 1 <0.01 4.01 <0.01 <0.1 <0.001 1 	<0.005 4.001 <0.0005 <0.01 <0.01 260 4.2  

AVERAGE 8.20 1317.50 843.75 210.00 197.50 261.00 104.57 176.35 5.30 35.50 35.66 <0.01 <0.005 <0.0005 <0.1 11.50 232.50 0.39 0.02 2.00 1.27 	1 <0.05 <0.05 

MIN 7.20 140.00 90.00 <5 160.00 60.00 <1 8.00 20.00 9.80 2.20 12.00 5.30 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 <0.05 4.01 <0.01 <0.1 10.00 50.00 0.37 4.2 	1 <0.05 1 0.02 2.00 <0.1 0.40 <0.05 1 <0.05 

MAX 9.10 2400.00 1500.00 400.00 25000 290.00 41.00 540.00 19000 360.00 6.70 58.00 57.00 1.50 0.04 0.02 <0.01 2.30 <0.005 <0.005 0.01 <0.0005 002 0.29 003 0.03 <0.1 13.00 340.00 0.40 0.30 	1 0.61 0.02 2.00 0.80 2.60 <0.05 1 <0.05 

Sl4W7 Dowatorting 66 680 440 <5 160 99 59 55 5.9 44 21 <0.1 <0.01 4.01 <0.01 <0.1 <0.001 <0.005 4.001 <0.0005 <0.01 0.09 0.02 <0.01 
Discharge 30.09' 6.8 690 350 <5 120 110 51 56 4.8 49 19 <0.1 <0.01 0.03 <0.01 <0.1 4.001 <0.005 <0.001 <0.0005 <0.01 0.09 4.01 <0.01 24 200 0.2 5.5 1.2  <0,1 1.7 0.05 <0.05 

NMSHW7 22~02- 2300 6.4 680 440 <5 130 90 45 60 5.4 38 20 -:0.1 <0.01 <0.01 4.01 0.1 <0.001 <0.005 <0.001 4.0005 4.01 0.02 <0.01 <0.01 1.1  <0.1 6.1 2.1 <0.05 

27!02,20001 6.4 680 440 <5 130 90 45 1 	60 5.4 38 20 <0.1 <0.01 <0.01 <0.01 0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.02 <0.01 <0.01 1.1  <0.1 6.1 2.7 <0.05 

1 SrW12000 6.7 710 400 <5 150 95 60 61 5.1 47 21 <0.1 <0.01 0.01 4.01 0.2 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 19 200 0.2 2.7 0.6  <01 0.6 0.1 <0.05 

12/12,2000 6.4 740 450 <5 100 120 120 50 60 5.7 53 20 <0.1 4.01 <0.01 4.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 <0.01 <0,01 19 220 0.2 29 6.5  2.5 9.3 <0.05 <0.05 

20.03' 6.8 690 450 <5 95 120 120 50 64 5.6 46 20 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.06 <0.01 <0.01 24 200 0.2 13 2.9  <01 3.4 <0.05 <0.05 

19.051 6.7 690 450 <5 120 150 110 50 55 5.7 39 21 <0.1 <0.01 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.03 <0.01 <001 19 180 0.2 2.9 0.65  <0.1 0.8 <0.05 <0.05 

19309,' 6.6 720 440 <5 ItO 140 120 60 60 5.4 45 21 <0.1 <0.01 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.09 <0.01 <0.01 24 200 0.2 2.9 0.65  <0,1 0.6 <0.05 <0.05 

28(113 6.5 750 490 <5 110 130 120 57 64 4.8 44 19 <0.1 <001 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.08 <0.01 <001 26 190 0.2 6.5 1.5  <0.1 1.5 <0.05 <0.05 

21303.' 7 720 420 <5 110 140 110 49 58 4.8 41 20 <0.1 0.0 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.04 <0.01 <0.01 24 180 0.2 3.2 0.73  <01 2.7 <0.05 <0.05 

26.'06 7.1 720 450 <5 120 150 110 49 57 5.6 43 21 <0.1 0.0 0.02 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.04 <0.01 <0.01 24 100 0.2 07 0.15  <0.1 517 <0.05 <0.05 

19(091 6.4 720 440 <5 90 110 120 72 63 5.6 44 21 <0.1 0.0 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.08 <0.01 <0.01 24 200 0.2 9.8 2.2  <0.1 2.2 <0.05 <0.05 

05(12/ 6.8 730 480 <5 100 130 120 58 64 4.7 44 19 <0.1 <00 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 24 190 0.2 5 1.1  <0.1 1.4 <0.05 <0.05 

19103/ 6.4 730 440 <5 110 130 120 52 54 4.6 41 19 <0.1 <0.0 <0.01 0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.04 <0.01 <0.01 26 180 0.2 2.8 0.63  <0.1 1 <0.05 <0.05 

06081 7.1 740 460 <5 110 130 <1 120 67 59 5.3 43 20 <0.1 <0.0 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 <0.01 190 5.1 12  <0.1 1.4 <0.05 <0.05 

2(305/ 7.5 800 490 <5 80 95 <1 110 63 59 5.2 45 21 <0.1 <0.0 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 <0.01 200 36 8.1  <0,1 14 0.05 <0.05 

2605' 1.1 800 /50 <5 110 130 <I 230 15 110 5.5 64 29 <0.1 <0.0 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 <0.01 280 38 8.5 <0.1 9 <0.05 <0.05 

AVERAGE 6.74 721.67 460.00 <5 105.00 131.39 <1 117.44 56.39 62.17 5.28 44.89 20.6/ <0.001 <0.005 <0.001 <0.005 <0.01 0.06 23.08 200.00 0.20 10.81 2.28 3.68 <0.05 

MIN 6.40 680.00 350.00 <5 80.00 95.00 <1 90.00 45.00 54.00 4.60 3820 19.00 <0.1 <0.01 <0,01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.005 <0.01 0.02 <0.01 <0.01 19.00 180.00 0.20 0.70 0.15  <0.1 0.60 <0.05 <005 

MAX /.50 800.00 750.00 <5 120.00 160.09 <1 230.00 78.00 110.00 5.90 64.00 29.05 0.00 0.02 0.03 0.01 0.20 <0.001 <0.005 <0.001 <0.005 <0.01 0.09 0.02 0.00 26.00 280.00 0.20 38.00 8.50 2.50 14.00 2.70 <0.05 

Yarns Dewalering 29/091 - 90 83 12 55 42 30 12 <0 <5101 0.03 <5101 511 <0201 <0205 <0201 <510005 <021 04)0 <5101 - 51  0 0.2 22 -  <0.1 5.8 0.85 <5105 

Discharge 	Pipe 1 75.01,570 6.6 320 210 <5 35 43 10 24 3.1 ii 0 <0.3 0.03 0.07 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.00 <0.01 <0.01 5.1 1.1 6.2 <0.05 <0.05 

YAPBOO1 120512030 5.8 81)0 570 10 <1 35 330 35 4.2 54 57 <0.05 2.6 <0.05 <0.05 <0.1 <0.005 <0.05 <0.005 <0.0005 <0.05 
21.'0612C12( 5.1 350 210 <5 40 60 15 36 2.6 13 II <0.1 <0.01 0.03 <0.01 <0.1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 21 80 0.1 21 4.1 0.1 4.8 <0.05 <0.05 

20.0212030 6.7 360 200 <5 45 55 25 35 2.4 12 10 <0.1 <0.01 0.01 <0.01 0.2 <0.001 <0.005 <0.001 <0.0005 <0.01 0.07 <0.01 <0.01 19 70 0.1 20 4.5 <0.1 4.5 <0.05 <0.05 

2.12/2000 7.3 690 430 15 70 90 60 50 40 3.5 26 16 <0.1 0.3 0.03 <0,01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0,08 <0.01 <0.01 15 130 0.2 60 14 22 36 <0.05 <0.05 

20.03/2002 6 600 360 <5 25 30 58 110 40 3.2 24 26 <0.1 0.49 <0.01 0.07 <0,1 <0.001 <0.005 <0.001 <00005 <0.01 0.06 <0.01 0.03 20 170 0.1 49 II <0.1 12 <0.05 <0.05 

2003/2002 6 600 350 <5 25 30 58 110 40 4 23 28 <0.1 0.44 0.02 0.04 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.08 <0.01 0.03 9 170 0.1 50 Ii <0.1 12 <0.05 <0.05 

25.052002 5.7 780 490 <5 <5 <5 48 230 42 4.6 37 40 <0.1 0.84 0.01 0.06 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.13 <0.01 0.07 22 260 0.1 77 17 <0.1 17 <0.05 <0.05 

31.07 2002 7.6 1000 690 130 120 220 84 4.3 41 49 <0.05 <005 <0.05 <0.05 <0.005 <0.05 <0.005 <0.0005 <0.05 
191037003 (/.4 1000 540 <5 10 10 37 380 44 5 54 65 <0.1 0.51 0.01 0.94 <0.1 <0.003 <0.005 <0.001 <0.0005 <0.01 0.1 <0.01 0.06 26 410 0.2 92 21 5 27 <0.05 <0.05 

AVERAGE 6.35 655.45 405.45 32.50 51.00 <1 59.73 136.45 43,18 3.74 2955 29.55 <0.005 <0.01 0.08 22.88 176.25 0.14 48.89 10.37 13.92 <0.05 

MIN 570 320,00 200.00 <5 10.00 10.00 <1 35.00 12.00 24.00 2.40 11.00 10.00 <0.1 <0.01 <0.01 <0.01 <0.1 <0.003 <0.005 <0.001 <0.005 <001 0.06 <0.01 <0.01 9.00 70.00 0.10 20.00 450 <0.1 4.50 <0.05 <0.05 

MAX 160 1000.00 690.00 15.00 70.00 130.00 <I 120.00 380.00 84.00 5.00 54.00 55.00 0.00 2.60 0.07 0.07 0.20 <0.005 <0.05 <0.005 <0.005 <0.01 0.13 <0.05 0.07 51.00 410.00 0.20 92.00 21.09 22.00 36.00 0.05 <0.05 

Verne Wi Discharge 27022000 (0.1 /90 510 <5 75 130 75 19 5.4 30 24 <0.1 <0.01 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.08 <0.01 <0.01 
YASWO03 21.112/2000 6./ /90 510 <5 /5 130 /5 /9 5.4 30 24 <0.1 <0.91 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 <0.01 <0.01 

2(3(1(12000 7,5 1100 650 <5 85 200 05 109 5,9 5'! 3/ <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.03 <0.01 0.01 26 300 0.3 44 
13.12/2000 7,3 760 490 <5 70 85 150 30 93 5.2 39 21 <0.1 <0.01 <0,01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 <0.01 <0.01 26 180 0.31 22 
20.03.2003 7.9 1400 900 55 50 65 230 350 130 7.4 66 50 <0.1 0.01 <0.01 0.01 0.4 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 <0.01 0.03 30 370 0.3 170 
191062003 8.1 850 580 <5 70 85 160 65 87 5.6 34 24 <0.1 <0.01 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.11 <0.01 <0.01 26 180 0.3 32 
18009.2001 8.1 1550 1000 37 130 140 300 140 170 7.2 64 47 <0.1 <0.03 0.01 <0.01 <0.1 <0.001 <0005 <0.001 <0.0005 <0.01 0.19 <0.01 <0.01 26 350 0.3 34 
27/3112001 7.8 1650 1100 10 110 130 320 130 170 7.2 61 44 <0.1 <0.01 0.01 <0.01 <0.1 <0,01 <0.005 <0.001 <0.0005 <0.01 0.14 <0.01 <001 28 330 0.3 96 
20/0312002 7.8 1350 830 <5 30 35 180 140 130 5.6 60 50 <0,1 0.06 <0.01 0.01 0.1 <0.001 <0005 <0.001 <0.0005 0,02 0.13 <0.01 0.05 30 360 0.3 200 
257052002 8.2 1950 1200 <5 80 100 340 240 190 9 78 65 <0.1 0.01 <0.01 0.01 <0.1 <0.001 <0005 <0.001 <0.0005 <0.01 0.22 <0.01 0.05 26 470 0.3 160 
0411312002 8.4 1960 1300 85 100 120 300 220 220 8 1 59 62 <0.1 <0.01 0.01 <0.01 02 <0.001 <0.005 <0,001 <9.0005 <0.01 0.22 <0.01 <0.01 24 430 0.4 150 
19/0312003 74) 1100 /00 21 25 30 150 150 110 5.1 49 40 <0.1 0.01 0.01 0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.09 <0.01 0.07 28 290 0.3 170 
0570512003 8.1 1800 1200 5 85 100 <I 280 320 380 7.8 75 74 <0.1 <0.01 <0.01 <0.01 0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.04 490 150 

AVERAGE 7.72 1311.54 843.08 73.00 86.54 <1 225.38 140.77 132.92 6.53 54.77 43.31 <0.1 <0.001 <0.005 <0.003 <0.0005 0.12 <0.01 27.00 340.91 0.31 111.82 
MIN 6.70 760.00 480.00 <5 25.00 30.00 <I 330.00 30.00 79.00 5.10 30.00 23.00 <0.3 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.03 <0.01 <0.01 24.00 180.00 0.30 22.00 
MAX 8.40 1960.00 1300.00 85.00 110.00 140,00 <1 360.00 320.00 220.00 9.00 78.00 7400 <0.1 0.06 0.01 0.01 0.40 <0.001 <0.005 <0.001 <00005 0.02 0.22 <0.01 0.07 30.00 490.00 0.40 200.00 

Yarns Sump 21)109,191)9 6.4 470 250 7 70 72 18 48 2.6 24 12 0.2 0.01 0.03 0.01 0.1 <0.003 <0.005 <0.001 :00005 <0.01 0.1 <0.01 <0.01 19 ItO 0.1 37 

YASWO02 2210312000 5,4 430 270 <5 5 45 95 26 3 17 24 <0.1 0.16 0.01 0.05 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.12 <0.01 004 8 140 0.1 27 
29/0312000 5.9 530 340 <5 5 40 130 27 3.6 24 29 <0.1 0.44 <0.01 0.06 0.2 <0.001 <0.005 <0.001 -:0.0005 <0.01 0.06 <0.01 0.06 17 180 0.2 54 
1210512000 5,7 710 450 20 <I 55 200 42 11 42 51 <0.05 1.6 <0.05 <0.05 <0.1 <0.005 <0.05<0.005<0.0005 <0.05 
27/062000 6.3 1100 760 83 70 55 390 45 3.9 58 70 <0.1 3.3 0.01 <0.01 0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.09 <0.01 0.2 19 430 0.2 42 
15103,2003 6.7 1050 700 <5 10 10 37 400 49 5.6 54 62 <0.1 0.53 0.01 0.05 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 <0.1 <0.01 0.05 24 390 0.2 100 
120312004 69 660 410 16 25 35 <1 76 60 48 11 21 30 <0.1 017 <0.03 0.03 <0.1 <0.001 <0.005 00.001 <0,0005 <0.01 <0.01 380 93 
26'05'2004 6.4 800 500 90 85 100 <1 46 100 43 8.4 27 49 <0.1 0.3 0.01 <0.03 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 <0.01 270 120 
2110512004 6.9 150 480 140 85 100 <1 51 110 40 7.4 24 48 <0.1 0.32 <0.03 <[3,01 <0.1 <0,001 <0.005 <0.001 <0.0005 <0.01 <0.01 260 120 

AVERAGE 5.29 722.22 462.22 51.25 46.11 53.00 167.00 40.89 6.28 32.33 41.57 0.76 17.40 245.00 0.16 75.35 
MIN 5.433 430.00 250.00 7.00 10.00 5.00 <1.00 37.00 18.00 26.00 2.60 17.00 12.00 <0.05 0.01 <0.01 <0.01 <0.10 <0.001 <0.005 <0.003 <0.0005 <0.01 0.06 <0.01 <0.01 8.00 110.00 0.10 27.03 
MAX 6.90 1100.00 760,00 140.00 85.00 100.00 <1.00 76.00 400.00 49.00 11.00 58.00 70.00 0.20 3.30 <0.05 0.06 0.20 <0.005 <0.05 <0.005 <0.0005 <0.01 0.12 <0.05 0.2 24.00 430.00 0.20 120.00 

TurkeysNest 25.03/1998 7.5 510 330 <5 100 85 9 58 4.7 22 14 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 0.005 <0.0005 <0.01 0.15 <0.01 <0.01 
YASWOO8 211/03.2000 6.2 460 320 13 50 60 15 3.9 3.8 21 18 <0.1 0.61 <0.01 0.04 1.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.08 <0.01 0.09 34 130 0.2 42 

70103.2001 6.6 550 350 <5 80 95 85 <10 60 6 24 14 <0.1 <0.01 <0.01 <0.01 <0,1 <0.001 <0.005 0.001 <0.0005 <0.01 0.06 <0.01 <0.01 60 120 0.2 33 
20/06.2001 7.4 570 340 <5 100 100 95 <10 53 42 20 12 <0.1 <0.01 0.03 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 <0.01 <0.01 51 100 0.2 23 52 <0.1 5.3 <0.05 <0.05 

18/69/2001 7.7 550 330 10 85 100 95 <10 62 5.3 23 13 <0.1 <0.01 0.02 <0.01 <0.1 <0.001 <0.005 0.001 <0.0005 <0.01 0.1 <0.01 <0.01 60 110 0.2 14 
27/11:2001 7.4 550 350 <5 84 100 86 10 53 4.5 20 10 <0.1 <0.01 <0.03 <0.01 0.1 -:0.003 <0.005 0.001 <00005 <0.01 0.07 <0.01 <0.01 58 90 0.2 26 
20"032002 7.3 370 220 <5 55 70 62 3 36 3.4 15 8.1 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0,001 <0.0005 <0.01 0.07 <0.01 <0.01 54 70 0.1 19 
20.0612002 7.3 370 230 <5 55 65 62 4 35 3.6 16 7.8 <0.1 001 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 1 	<0.01 0.1 <0.01 I 	<0.01 56 70 0.1 15 
18/0912002 7.2 380 240 24 65 80 67 15 36 3.5 14 10 <0.1 0.01 <0.01 <0.01 0.1 <0.001 <0.005 <0.001 <0.0005 1 	<0.01 0.09 <0.01 -:0.01 36 1 	75 0.1 15 
041122002 7,3 410 270 11 55 70 62 25 38 3.1 18 12 <0.1 <0.01 <0.01 <0.01 3.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 36 95 0.1 21 
18/0312003 6,7 370 220 <5 55 70 64 4 32 3.3 17 8.6 <0.1 0.01 <0.01 0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.08 <0.01 <0.01 60 80 0.1 20 

AVERAGE 7.15 463.64 290.91 70.44 81.82 74.91 42.45 4.37 19.09 11.59 0.09 50.50 94.00 0.15 23.40 5.20 5.30 

MIN 6.20 370.00 220.00 <5.00 55.00 50.00 60.00 3.00 3.90 3.10 14.00 7.80 <0.10 <0.01 <0.01 <0.01 <0.10 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 34.00 70.00 0.10 14.03 5.20 <0.10 5.30 <0.05 <0.05 

MAX 7.70 570.00 350.00 1 24.00 100.00 100.00 95.00 25.00 62.00 6.00 24.00 18.00 <0.10 0.61 0.02 0.04 3.10 <0.001 <0.005 0.005 <0.0005 <0.01 0.15 <0.01 0.09 60.00 130.00 0.20 42.00 5.20 <0.10 530 <0.05 <0.05 



TABLE 3-3 

SURFACE WATER QUALITY RESULTS 

Location/Site Date pH EC TDS TSS Alkalinity HCO, CO, Cl SO4  Na 1< Ca Mg Fe Mn Zn Cu Al Cd Pb As Hg Se Be Cr Ni Mo SiO, Hardness F NO, N0,-N N0,.N KleldahI N NH,-N Total N Total P P0,-P 

Chinaman Springs 12102/1997 7,1 470 300 19 120 /1 33 41 2.4 18 20 0.1 0.1 0.02 95 02 02 0.01 2.2 0.1 

YASWO01 22106/1997 6.8 430 280 5 110 0.00001 56 37 38 2.2 18 20 0.00001 0.01 0.00001 0.00001 0.00001 0.00001 0.00001 0,00001 0,00001 0.00001 9.12 0.00001 000001 .90 0.2 0.2 0.00001 3.4 0.3 0.1 0.00001 

02/12/1997 7.1 420 270 120 120 60 30 38 2.8 20 23 0.1 <0.01 <0.01 <0.01 0.1 <0.001 <0.005 <0.001 <00005 -<0.01 0.29 <0.01 0.16 

22103/1 6.5 470 310 230 95 79 42 46 7,5 21 19 1.2 0.03 <0.01 <0.01 0.5 <0.001 <0.005 51001 <00505 <0.01 0.69 <0.01 <0.01 

28104/1 7.2 440 290 <5 109 58 37 38 2.6 18 2/) <0.1 0.01 0.03 0.02 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.09 0.01 <0.01 0.05 <0.01 0.6 0.3 0.1 <0.05 

15/09/1 7.2 480 310 30 130 63 36 39 4.3 22 24 0.0/ 0.01 110 

29109.1 6.5 510 300 230 100 10 44 42 3.1 38 25 0.1 <0.01 0.06 9.01 0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.09 <0.01 <0.01 19 200 0.3 <0.2 <0.05 <0.1 1.5 0.05 <0.05 

7.2 780 500 <5 270 90 30 74 4.1 30 38 <0.1 <0.01 <0.01 <0.01 01 <0.001 <0005 <0001 <0.0005 -001 0.16 <0.01 <0.01 <0.05 <0.1 1.6 0.75 <005 

2 7.2 780 500 <5 270 90 30 74 4.1 30 38 <0.1 <0.01 <0.01 <001 01 <0.001 <0.005 <0.001 <00035 <0.01 0.16 <0.01 <0.01 <0.05 <0.1 1.6 0.75 <0.05 

6.8 520 290 160 140 65 40 40 2.3 25 24 1.3 <0.91 <0.01 <0.01 0.3 <0.001 <0.005 <0001 <00005 <0.01 0.1 <0.01 <0.01 19 160 0.2 0.3 0.05 0.5 2 <0.05 <0.05 

6.3 480 280 150 120 65 45 47 1.3 20 25 0,1 <0.01 0.04 <0.01 	. 02 <0.001 <0.005 <0.001 <00505 <0.01 0.19 <0.01 <0.01 17 150 0.2 <0.2 <0.05 <9.1 2.6 0.2 <0.55 

1 61 460 280 340 80 100 65 35 36 2.9 21 20 01 0.02 <0.01 <0.01 0.1 <0.001 <0005 <0,001 <00005 <0.01 0.06 <0.01 <0.01 15 140 0.2 1.6 0.35 <0.1 2.7 0.4 <0.05 

7.1 630 450 450 180 235 99 25 53 3.1 29 33 1.8 0.01 0.01 <0.01 <0.1 <0001 <0.055 <0.001 <00005 <0.01 0.1 <0.01 <0.01 19 210 0.4 2.3 0.5 1.4 8.3 I 0.1 

6.7 430 270 <5 80 100 60 35 33 1,9 14 18 <0.1 <0.01 0.02 <0.01 <0.1 <0.001 <0.005 <0.001 <00075 <0,01 008 <0.01 <0.01 14 110 0.2 0.7 015 <0.1 0.2 <0.05 <0.05 

27,1 8.5 440 290 200 85 110 66 36 34 2.2 16 19 0.2 <0.01 0.01 <0.01 0,1 <0001 <0.005 <0.001 <0.0035 <0.01 0.08 <0.01 <0.01 15 120 0.2 1.6 0.36 <0.1 0.8 0.15 <0.05 

2 6.3 420 250 <5 85 100 58 30 3/ 2 17 20 <0.1 -<0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0001 <0.0005 <0.01 0.04 <0.01 <0.01 18 120 0.2 1.1 0.24 <0.1 0.9 <0.05 <0.05 

2 6.6 450 310 200 110 130 05 32 38 2.4 23 20 0.2 <0.01 0.01 <0.01 <0.1 <0.001 <0005 <0.001 <0000)5 <0.01 0.45 <0.01 <0.01 29 140 0.2 3 0.68 <0.1 1.3 0.05 <0.05 

7.1 430 270 <5 90 110 04 38 32 2.2 18 20 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0,001 :007//5 -:001 0.07 <0.01 <0.01 15 130 0.2 1.4 0.32 <0.1 0.3 <0.05 <0.05 

0 	1 6.8 450 290 57 90 110 58 35 34 1.9 19 18 0.2 <0.01 <0.01 <0.01 0.1 <0,001 <0005 <9.901 <00005 -:0.01 0.07 <0.01 <0.01 15 130 0.2 1.2 0.28 <9.1 I 0.05 <0.05 

6.5 400 200 8 90 110 <1 65 34 38 2.2 18 20 02 <0.01 <0.01 <0.01 01 <0.001 0.01 <0.001 <00035 <001 0.13 <0.01 <0.01 <9.1  

6.6 440 270 93 80 95 69 06 31 .7 20 18 <0,1 <0.01 <0.01 <0.01 <0.1 <0001 <0005 <0001 -00005 -:0.01 0.07 <0.01 <0,01 15 120 0.2 1.4 0.32 <9.1 1.6 <0.05 <005 

0 6.6 430 270 30 85 100 <1 60 38 33 2.5 18 19 07 <0.01 <0.01 <0.01 0,1 <0.001 <0.005 <0.001 <0.0005 <0.01 <0.01 120 2.1 048 <0.1 0.9 0.1 <0.05 

1 66 450 260 26 85 100 <I 57 35 	' 33 2.4 16 21 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 <001 130 2 0.44 <0.1 1.1 0.1 0.05 

A 6.75 487.39 308.70 9583 131/4 66.96 35.35 41.30 2170 21.26 22.70 - - 0.15 - <0.1 16.75 133.82 0.23 2.07 1.78 

MIN 6.10 400.00 250.00 <5 80.00 95.00 0.00 56.00 25.00 31.00 1.30 14.00 18.00 0.00 <0.01 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.04 0.00 0.00 <0.1 14.50 99.00 020 <0.2 <0.05 0.00 0.60 <0.1 0.20 <0.05 0.00 

MAX 7.20 /80.00 500.00 -150.00 190.00 270.00 0.00 90.00 45.00 74.00 7.50 38.00 38.00 1.60 0.03 0.06 0.02 0.50 <0.001 0.01 <0.001 <0.0005 <0.01 0.69 0.02 0.16 <0.1 20.00 210.00 0.40 3.00 0.68 0.01 3.40 1.40 830 1.00 0.10 

Egg Creek u/s 14/ 6.6 35 20 10 4 2.4 1.5 2.4 1.2 0.5 2.1 0.006 0.014 0.0/ 0.02 5 0 / 07 003 I 1 

NMSWO03 05/ 6.3 50 30 1 5 10 2.9 1.9 2.9 0.9 0.04 01 0.53 10 

15/ 5.8 43 30 <5 20 75 <I 10 <10 2.1 1.7 3 0.8 02 <0.01 0.01 <0.01 0.7 <0001 <0.005 <0.001 <00005 <001 0.03 <0.01 <0.01 <0.05 <0.1 0.7 <0.05 <0.05 

77 8.6 260 110 IS 60 /0 <I 45 10 I/ 3.3 21 6.3 0.4 0.01 <0.01 <0.01 0.3 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 <0.01 -:001 0.1 <0.1 0.2 <0.05 <0.05 

2 76 200 110 <: 30 35 <I 33 3 11 3 12 3.6 <0.1 001 <0.01 <0.01 <0,1 <0.001 <0.005 <0.001 <0.0905 <0.01 0.04 <0.01 <0.01 <0.1  

7.8 58 40 <5 20 25 -:1 7 1 4.3 17 3/ 1.3 0.2 0.01 -:0.01 <0.01 0.2 <0.001 <0.005 <0.001 -:0.0005 <0.01 -:0.01 <591 <0.01 <0.1  

AVERAGE 7.12 101.6/ 66.67 32.50 28.33 <I 19.80 6.62 2.18 7.50 2.3/ <0.01 <0.001 <0.005 <0.0005 <0.01 <0.1 7.50 0./0 0.03 1.00 0.45 <0.05 <0.05 

MIN 5.80 35.00 20.00 1.00 20.00 5.00 <I 4.00 1.00 2.10 1.50 2,40 0.00 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.9005 <0.01 <0.01 <0.01 <0.01 <0.1 5.00 0.70 <0.05 0.03 1.00 <0.1 0.20 <0.05 <0.05 

MAX 8.60 260.00 170.00 15.00 60.00 70.00 <1 45.00 10.00 17.00 3.30 21.00 6.30 0.50 0.01 0.04 <0.01 2.10 <0.001 <0.005 0.01 <0.0005 0.01 0.07 0.02 <0.01 <0.1 10.00 0.70 0.70 0.03 1,00 1.00 0.79 <0.06 <0.05 

Egg Creek 4/s 06.02 1/0/9 5.6 410 270 I 100 55 30 31 4 27 17 0.03 0.25 120 

:NMSWO04 15.02.2330 6.8 180 120 9 50 60 <1 25 15 11 2.3 14 4.8 0.2 0.01 0.04 <0.01 01 <0.001 <0.005 <0.001 <0.0005 <0.01 0.0.1 <0.01 <0.01 <0.05 <0.1 1.2 0.05 <0.05 

77,592733 7.7 1500 1100 <5 120 140 .1 370 120 220 7,4 58 31 0.2 <0.01 0.02 <001 01 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 <0.01 <0.01 1.6 <0.1 1.6 <0.05 <0.05 

20,03.2331 7.7 2200 1300 <5 180 220 <I 530 130 390 17 47 31 <0.1 <0.01 -:0.01 <0.01 <0.1 <0.001 <0.055 <0.001 <0.0005 <0.01 <01 <0.01 <0.01 <0.1 0.36 <0.1 I 0.05 <0.05 

25111.2031 8.5 800 520 <5 110 110 150 60 /4 5.6 38 71 <0.1 <0.91 -:0.01 <0.01 <0.1 <0.001 <0.005 <0,001 <00005 <0.01 0.06 <0.01 <0.01 21 180 0.2 0.3 0.07 <0.1 0.3 <0.05 <0.05 

21.0212002 7.9 1150 700 <5 130 160 <1 230 55 20 5.4 56 24 <0.1 0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0,01 0.08 <0.01 <0.91 <0.1 0.05 <0.1 1.9 <0.05 <0.05 

25.06.2032 8.7 1150 770 12 90 110 250 94 ItO 6.254 31 <0.1 002 <0.01 <0.01 <0.1 <0001 <0.005 <0.001 <0.0005 <0.01 0.04 <0.01 <0.01 18 260 0.1 0.4 0.1 <0.1 0.6 <0.05 <0.05 

05.03.2033 6.5 790 510 <5 tOO 130 <I I/O 113 /9 4 43 20 <0.1 0.01 <0.01 <0.01 0.2 <0.001 <0.005 <0.001 <00005 -:001 0.03 <0.01 <0.01 -:0.1 

19.032003 75 920 600 <5 120 140 <I 180 54 75 5.2 51 22 -:0.1 001 0.01 <0.01 <0.1 <0,001 <0.005 <0.001 -:0.0005 <0.01 0.08 <0.01 <0.01 <0.1 0.2 <0 1 0.7 <0.05 <0.05 

19.05120)3 78 1050 640 <5 140 170 <I 200 70 91 3.5 74 27 <0.1 <0.01 <9.01 <0.01 <0.1 <0.001 <0.005 <0.001 -:0.0005 <0,01 <0.01 300 <0.2 <0.05 <0.1 <0.2 <0.05 <0.05 

06.0512733 83 1000 649 <5 ItO 140 <I 210 81 93 5.5 61 29 <0 1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 -:0 0005 <0,01 <0.01 270 <0.2 <005 <0.1 0.3 0.05 <0.05 

76.0512/0)-I 8.2 1150 480 <5 60 70 -:1 120 68 60 5.4 413 21 <0.1 <0.01 <0.01 <0.01 0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 <0.01 200 53 

AVERAGE 7.60 1033.33 537,50 110.00 129.17 <I 207.50 68.33 112.83 5.54 47.42 22.82 <0.01 <0.001 <0.005 <0.001 <0.0005 <0.1 <0.1 <0.1 <0.1 19.50 221.67 0.15 <0.1 <0.05 

MIN 5.60 180.00 120.00 1.00 50.00 60.00 <1 25.00 15.00 11.00 2.30 1400 4.80 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.1 <0.1 <0.1 <0.1 <0.1 18.00 120.00 0.10 <0.2 <0.05 <0.1 <0.2 <0.05 <0.05 

MAX 8.70 2200.00 1300.00 12,00 185.00 220.00 -<I 530.00 130.00 390.00 12.00 /4.00 31.00 0.20 0.02 0.04 <0.01 0.20 <0.001 -<0.005 <0.001 <0.0005 <0.1 0.25 <0.1 <0.1 <0.1 21.00 300.00 0.20 53.00 1.60 <0.1 1.90 0.05 -<0.05 

eI Creaku/s 09,051100/ 6.6 45 30 280 20 4 3,9 3.1 28 1.5 1.2 0.02 0.01 0.02 31 0.016 0.024 0.1 0.01 0.02 15 02 0.7 0.01 2 0.6 0.1 0.05 

YASWO05 15,'0l,"1908 8.9 250 160 95 tO 24 6.6 29 5.1 15 5.-I 0.01 0.007 016 95 

27,03.1908 72 140 90 25 45 <1 17 5 1-I 5.3 8.6 3.4 0.1 0.02 <0.01 <0.01 0.5 <0.001 <0.005 <0.001 <0.0005 <0.01 007 <0.01 <0.01 40 0.6 0.02 1.2 <0.1 <0.05 <0.05 

20.11:1998 6.7 120 80 50 40 1 15 6 12 5.9 0 3.5 0.3 0.01 0.01 0.01 1.3 0.001 0.005 0.002 0.0005 0,04 0.01 0.01 20 0.85 0.85 001 22 0.1 0.05 

06.02/1999 78 230 150 1 70 30 20 20 4.5 16 6.5 0.01 0.06 05 

25/01:2000 7.6 759 480 <5 90 110 <I 140 3-I 93 4.2 25 IS <0.1 0.03 004 0.01 0.7 -:0.001 <0005 <0.001 <00005 <001 0.06 <0.01 <0.01 1.3 <0.1  

15.02200-0 8 3800 7500 6 400 -180 <I 880 180 560 8.9 140 96 <0.1 0.1 003 <0.01 <0.1 <0,001 <0.005 <0.001 <0.0505 <0.01 0.06 0.05 <0.01 <0.05 <0.1 <0.1 10.05 <0.05 

77.372000 7 880 560 <5 140 1/0 <I 180 35 ItO 5.1 31 18 <0,1 <0.01 <0.01 <0.01 0.1 <0.901 <0.005 <0.001 <0.0305 <001 0.02 <0.01 <0.01 <0.05 <0.1 0.6 3.8 <0.05 

0933.20.33 69 7/0 400 <5 30 lEO <I 30 20 95 49 28 16 -:0.1 0.01 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.07 <0.01 <0.01 0.1 <0.1 0.1 <0.05 <0.05 

71/7/2003 8 / 2400 1500 <5 370 410 19 540 120 360 6.1 86 62 <0.1 0.01 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.17 <0.01 <0.01 -:0.1 <01 01 <0.05 <0.05 

77'3'7"l 8._i 3200 2000 <5 450 550 <I 720 160 560 74 66 65 <0.1 <0.01 0.01 <0.01 <0.1 <0.001 10.005 0.001 <0.0005 <0.01 0.19 <0.01 <0.01 <0.1 0.58 <01 1.2 <0.05 <0.05 

20/021/22 86 2900 1200 <5 250 280 12 460 90 330 5.7 41 41 -<0.1 <0.01 10.01 <0.01 <0,1 <0.001 <0.005 <0.001 <0.0005 <0.01 008 0.02 0.02 <0.1 029 <0.1 16 -<005 <0.05 

04.302033 6.6 740 470 <5 1/0 140 -:1 140 28 01 4 29 22 <0.1 0.02 <0.01 <0.01 <9.1 <0.001 <0.005 <01101 <0.0005 <0.01 008 <0.01 <0.01 <0.1 

AVERAGE 7.62 1255.77 746.92 242.50 197.69 251.9259.55 175.68 5.40 37.95 27.33 0.09 <0.1 49.00 0.53 0.01 1.80 

MIN 6.60 45.00 30.00 1.00 90.00 20.00 <1 4,00 500 3.90 3.10 2.80 1,50 <0.1 <0.01 <0.01 <0.01 <0,1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.02 <0.01 <0.01 <0.1 15.00 0.20 <0.05 0.01 120 <0.1 <0.1 <0.05 <0.05 

MAX 8.90 3900.00 2500.00 250.00 450.00 550.00 19.00 880.00 180.00 560.00 8.90 40.00 06.00 1.20 0.10 0.04 0.02 310 0.00 0.01 0.02 0.00 0.02 0,19 0.05 0.03 <0.1 95.00 0.85 1.30 0.02 2.20 0.60 2.30 3.80 0.05 

Eel Creek 4/s 09.05.1997 6.5 30 20 880 10 3 2.3 2.5 2.6 1.2 2.1 0.91 0.02 0.01 54 0.013 0.012 0,18 0.01 0.01 10 0.1 0.1 0.01 1.6 0.8 

'YASWO06 27,03:1998 7.8 490 320 30 75 <1 88 22 6-1 4.4 70 12 0.1 <0.01 <0.01 <0.01 04 <0.001 <0.005 <0.001 <0.0005 <0.01 01 <0.01 <0.01 60 2,7 0.03 1.0 <0.1 0.05  

20.11/1998 6.6 110 70 160 30 10 6 9.6 3.4 6.7 2 0.3 06 002 25 0.25 0.25 2.3 

06.02:1999 6.7 130 85 110 30 20 30 13 2.5 7.4 2.9 01 0.02 0.2 0.05 0.01 30 

24.01,2900 73 580 370 27 /0 85 <1 110 41 81 3.7 16 II 0.2 0.03 0.05 0.01  1,8  <0.001 <0.005 <0,001 <0.0005 <0.01 0.05 <0.01 <0.01 0.1 <0,1 0.7 <005 <0.05 

25/01,2000 77 860 550 <5 95 120 <1 170 68 120 4.3 24 17 -,0.l <0.01 0.01 0.01 0.2 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 0.15 <0.1 0.7 <0.09 <0.05 

15:0212009 82 2600 1/00 <5 240 300 <1 580 240 370 9.3 110 65 <0.1 -:0.01 0.02 <0.01 <0.1 <0001 <0.005 <0.001 <0.0005 <0.01 0.11 0.04 <001 <0.05 <0.1 <0.1 0.05 <0.05 

27/02.7000 7.0 1800 1200 <5 170 210 <I 370 140 250 6.2 46 35 <0.1 <0.01 <0.01 <0,01 0.1 <0.001 <0.005 0.001 -:00005 <0.01 0.0/ <0.01 <0.01 <0.05 <0.1 05 5.2 <0.05 

0/503.2009 /12 1100 1100 <5 180 220 <1 360 120 240 6.4 49 35 <0.1 <0.01 0.01 <0.01 0,1 <0001 <0.005 <0.001 9.0005 <0.01 0.03 <0.01 <001 <9.05 <0.1 <0.1 <0.05 <0.05 

28/002000 43 3300 2100 <5 350 400 14 730 260 540 7.8 100 77 <0.1 0.09 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <9.0005 <0.01 0.07 <0.01 0.02 <0.05 <0.1 0.1 <0.05 <0.05 

73://I 2001 1.9 2600 1600 <5 270 330 <1 580 200 420 8.6 78 59 <0.1 <0.01 <0.01 <0.01 0.1 <0.001 <0.005 <0.00/ <00005 <0.01 0.16 <0.01 <0.01 <0.1 0.6 <0,1 1.3 <0.05 <0.05 

2)10/1.2097 8 2400 1400 <5 210 250 <1 550 170 340 6.3 68 48 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0,01 0.05 0.01 0.02 <0.1 <0.05 <0.1 1.7 <0.05 <0.05 

233)'.7003 6.7 lEO 100 400 35 45 <1 31 19 30 1.8 5.6 2.4 <0.1 <0.01 <0.01 <0.01 0.2 <0.001 10.005 0.002 <0.0005 <0.01 0.02 <0.01 <0.01 <0.1 021 0.2 1.8 0.46 0.06 

0403.7003 6.7 870 560 <5 110 140 <1 170 65 130 4.2 26 19 <0.1 0.01 0.01 <0.01 0.2 -<0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 <0.1 

12 02, 2004 75 450 310 130 50 60 <1 83 43 60 4.3 13 74 -:0.1 -<0.01 0.01 <0.01 0.1 <9,001 <0.005 <0.001 <11.0005 <0.01 <0.01 65 2.8 0.63 <0.1 2 0.05 0.05 

AVERAGE 7.45 1205.33 765.67 161.82 153.67 257.00 101,71 177.99 5.05 38.15 26.46 <0.001 <0.005 <0.0005 0.07 <0.1 38.00 to,, 0.02 1.83 

MIN 6.50 30.00 20.00 <5 35.00 10.00 <1 3.00 6.00 2.30 1.80 2.00 1.20 <0.1 <0.01 <0.01 <0.01 <0,1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.02 --<0.01 <0.01 --<0.1 10.00 0.1:) <0.05 0.01 1.60 <0.1 <0.1 <0.05 --<0.05 

MAX 8.30 3300.00 2100.00 880.00 350.00 400.00 14.00 /30.00 260.00 540.00 9.30 110.00 77.00 2.10 0.09 0.05 0.01 540 <0.001 <0.005 0.01 <0.0005 0.01 0.18 0.04 0.02 <0.1 65.00 2.81) 2.70 0.03 2.30 0.80 2.00 5.20 0.06 

Creek Crossing 	near 2203:2000 6.3 670 400 <5 65 100 100 55 6 27 33 0.2 <0.01 0.01 <0.01 <0.1 <0,001 <0005 <0.001 <0.0005 <0.01 0.14 0.01 <0.01 <2 200 <0.1 8.4 

Mine Camp 12105.12000 6.2 1000 640 55 <1 80 270 66 64 56 58 <0.05 <0.05 <0.05 <0.05 <0.1 <0.005 4.05 <0.005 4.0005 <0.05 

YASWO11 28/06/2000 7,3 1300 830 <5 90 110 <1 160 310 100 7.1 66 13 <0.1 0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0001 <0.0005 <0.01 003 4.01 <0.01 6.2 <0.1 6.4 0.05 4.05 

20.022001 7.2 1300 900 14 140 170 <1 200 190 140 8 61 61 <0.1 <001 <0.01 <0.01 <0.1 <0.00/ <0.005 <0,001 <0.0005 -:0.01 <0.1 <0.01 <0.01 <0.1 0.63 <0.1 1.3 1  4.05 <0.05 

22/08/2002 7.4 1000 620 90 97 220 4.1 44 56 <0.05 <0.05 <0.05 <0.05 <0.005 <0.005 <0005 <0.0005 <0.05 

12/02/2004 7.3 600 380 130 30 40 <1 93 100 64 4.5 9 29 <0.1 0.02 0.01 <0.01 <0.1 <0.001 <0.055 <0.001 <0.0005 <0.01 <0.01 130 13 1.4 <0.1 3 1 0.05 0.05 

27/05/7004 7.8 1400 860 <5 tOO 130 <I 150 370 100 5.7 60 76 <0.1 001 <0.01 <0,01 <0.1 <9,091 <9.005 <0.001 <00005 <0.01 <0.01 .160 28 

AVERAGE 7.07 1038.5/ 601.43 90.00 84.29 <I 134.29 222.86 87.50 5.97 47.57 53.86 <0 I <0.0005 <0.01 -<0.01 <0.1 <2 263.33 <0.1 14,13 2.74 <0,1 3.60 

MIN 6.20 600.00 380.00 <5 30.00 40.00 <I 80.00 100.00 55.00 4.10 19.00 20.00 <0.05 <0.01 <0.01 <0.01 <0.1 <0,001 <0.005 <0.001 <9.9905 <0.01 <0.1 <0.01 -<0.01 <0.1 <2 130.00 <0.1 6.0) 0.63 <0,1 1.30 <0.05 <0.05 

MAX 7.80 1400.00 900.00 130.00 140.00 170.00 <1 260.00 370.00 140.00 9.00 66.00 76.00 0.20 0.02 001 <0.05 <0.1 <0005 <0.05 <0.005 <0.0005 <0.01 0.14 0.01 <0.01 <0.1 <2 460,00 <0.1 28,110 6.20 <0.1 6.40 0.05 0.05 



TABLE 3-3 

SURFACE WATER QUALITY RESULTS 

Location/Site Date pH EC IDS TSS AJkalinity 14CO3  CO, Ci SO, Na I 	K Ca Mg Fe Mn Zn Cu 1 	Al Cd Pb As Hg Se Be Cr I 	Ni Mo SiO, Hardness F NO, NO,-N NO,-N Kjetdahl N NH3-N Total N Total P  

Nimingarra Pit A 24111,11997 7,6 780 500 5 160 140 50 84 6.9 38 27 <0.1 0.01 <0.01 <0.01 0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.12 <0.01 0.17  
NMSWO01 19/02/ 8.3 790 510 <5 160 130 51 86 6.7 38 26 <0.1 <0,01 <0.01 <0.01 <0.1 0.006 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 0.01  

10/09/ 79 790 510 5 160 140 52 80 8.2 35 25 - 0.05 30  

3 8.1 760 460 <5 140 130 53 79 6.3 42 23 <0.1 0.03 0.02 <0.01 0.1 <0.001 <0.005 <0.001 <0005 <0.01 0.04 <0.01 <0.01 30 200 0.3 0.6  

2 7.6 700 450 <5 120 120 50 78 5.9 26 21 <0.1 <0.01 <0.01 <0.01 0.2 <0.001 <0.005 <0.001 <0.0005 <0.01 0.02 <0.01 <0.01 0.09  <0.1 10 16 <0.05 

2 7.6 700 450 <5 120 120 50 78 5.9 26 21 <0.1 <0.01 <0.01 <0.01 0.2 <0.001 <0.005 <0.001 <0.0005 <0.01 0.02 <0.01 <0.01 0.09  <0.1 10 16 <0.05 

2 6.1 710 410 <5 60 130 50 80 6.1 33 23 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.05 <0.01 <0.01 19 180 0.3 0.8  

8.2 730 410 <5 140 120 45 82 5.7 34 22 <0.1 0.02 <0.01 <0.01 0.2 <0,001 <0.005 <0.001 <0.0005 <0.01 0.04 <0.01 <0.01 21 180 0.3 0.5  
12/1212000 7.9 740 470 <5 120 150 130 55 79 6.3 40 22 <0.1 0.05 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 <0.01 <0.01 24 190 0.29 <0,2  

2 8.4 740 490 <5 120 140 130 45 79 6.8 32 24 <0.1 <001 <0,01 <0.01 <0.1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.04 <0.01 <0.01 24 180 0.3 0.5  

2 7.5 720 490 7 110 140 130 50 72 5.8 32 20 <0,1 <0,01 0,01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 21 160 0.3 1.2 

8.1 740 470 <5 120 140 130 50 76 6 32 22 <0.1 <0.01 0,01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.06 <0.01 <0.01 24 170 0.3 1,4  

2 8.5 770 510 <5 120 150 130 49 80 5.9 33 22 <0.1 <0.01 <0,01 <0.01 0,1 <0.001 <0.005 <0.001 <a000s <0.01 0.07 <0,01 <0.01 26 170 0.3 0.3  

2 8.5 760 450 <5 120 140 130 44 75 5.9 32 22 <0.1 0,01 <0,01 <0.01 <0.1 <0.001 <0.005 <0.001 <0005 <0.01 0.04 <0.01 <0.01 26 170 0.3 0.2  

2 8.2 760 490 <5 120 150 130 47 77 6.5 32 21 <0.1 0.02 <0,01 <0.01 <0.1 <0.001 <0.005 <0.001 <OM005 <0.01 0.07 <0.01 <0.01 26 170 0.2 0.5  
0.1 750 470 <5 120 140 130 52 58 6.4 29 18 <0.1 0.01 <0,01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.05 <0,01 <0.01 24 150 0.3  

o 8.2 780 520 <5 120 150 130 50 79 5.7 33 23 <0.1 <0.01 <0,01 <0.01 4.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.04 <0,01 <0.01 24 180 0.3 0.3  

8.3 740 490 <5 120 140 140 48 73 5.6 32 22 <0.1 <0.01 <0.01 4.01 <0.1 <0.001 <0.005 <0.001 <0.0005 1 	<0.01 0.03 1 	<0.01 <0.01 26 170 0.3 0.4 1 
0 7.4 790 510 <5 130 160 <1 140 54 76 6.6 34 24 <0.1 <0.01 <0.01 <0.01 <0.1 4.001 <0.005 <0.001 <0.0005 <0.01 <0.01 180 0.9 
1 	4 54 860 520 8 200 240 3 150 54 84 6.6 34 28 <0.1 0,01 0.01 4.01 <0,1 <0,001 <0.005 <0.001 4.0005 <0.01 <0.01 200 0.8 - - - 

AVERAGE 8.05 755.50 479.00 126.67 150.00 131.50 49.95 77.75 6.29 33.35 22.80 0.05 24.23 173.75 0.25 0.09 10.00 16.00 

MIN 7,40 700.00 410.00 <5.00 110.00 120.00 <1.00 120.00 44.00 58.00 5.60 26.00 18.00 <0.1 <071 <0.01 <0.01 <0.10 <0.001 4.005 <0.001 <0.0005 <0.01 0.02 <0.01 <0.01 19.00 130.00 0.20 <0.20 0.09 4,10 10.00 16.00 4.05 

MAX 8.50 860.00 520.00 8.00 200.00 240.00 3.00 150.00 55.00 86.00 820 42.00 28.00 <0.1 0.05 0.02 4.01 0.20 0.006 <0.005 <0.001 <0.0005 <0.01 0.12 <0,01 0,17 30.00 200.00 0.30 1.40 0.09 <0.10 10.00 16.00 <0.05 

Shay GapPit7 2 /1 7.5 1100 700 <S 120 210 170 10 7,1 63 45 <0.1 <0.01 <0.01 <0.01 0.1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.31 <0.01 0.12  
NMSWO02 3 8.4 1200 700 <5 100 100 90 /10 68 55 42 <0.1 0.04 0.02 <0.01 0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.17 <0.01 <0.01 30 320 0.4 11  

2 7.9 1000 620 <5 85 170 170 87 5.8 58 39 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 <0,01 <0.01 21 310 0.3 8.9  
1 8.3 1100 600 <5 95 150 170 100 5.5 54 36 <0.1 <0,01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.18 <0.01 <0,01 21 280 0.4 6.4  

1 	/1 8.4 1100 700 <5 75 90 190 170 99 6.2 67 37 4.1 0.04 <0.01 <0,01 0.2 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 <0.01 <0.01 24 320 0.34 4 

2 8.2 1000 700 22 70 85 180 190 99 6 64 41 09 0.05 0.01 0,01 01 <0.001 <0.005 <0.001 <0.0005 <0.01 0.11 <0.01 0.02 24 330 0.3 8.9  
201W2DO1 8.2 1050 700 8 78 95 180 180 100 6 47 38 <0.1 .1 0.01 <0.01 <0.001 <0.005 <0.001 <0.0005 <0.01 0.12 <0.01 <0.01 21 270 0.3 7.8  
1 8,2 1050 700 <5 100 130 180 180 100 6 60 38 <0.1 -0,01 <0.01 <0,1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.22 <0.01 <0.01 24 310 0.3 7.9  

28/1 1 .'2001 8.5 1100 770 <5 80 95 180 180 95 5.6 54 36 <0.1 <0,01 0.01 <0.01 0.1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.13 <0.01 <0.01 26 280 0.4 9.5  
25/0& 8.2 1100 700 <5 75 90 180 170 94 6.2 56 36 <0.1 0.01 	1 <0,01 <0.01 0.5 <0.001 <0.005 <0.001 <0.0005 <0,01 0,12 <0.01 <0.01 24 290 0.3 9.1 - - 
18092002 8.? 1100 700 <5 80 100 190 180 88 6.1 54 36 <0.1 0.01 <0.01 0,01 0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 <0.01 <0.01 24 280 0.3 9.3 
04/12/200? 8.2 1140 770 42 85 100 190 190 100 5.6 61 40 <0.1 <0.01 <0,01 <0.01 <0.1 <0.001 <0.005 <0,001 <0.0005 <0.01 0.1 <0.01 <0.01 24 320 0.4 9 
18/02/2033 9 1100 770 13 80 95 200 180 ItO 6.2 58 40 <0.1 <0.01 <0.01 0.01 <0,1 <0.001 <0.005 <0.001 -:0,0005 <0,01 <0.1 <0.01 <0,01 26 310 0.4 9 
06/052003 82 1200 /70 <5 75 95 <1 200 700 100 6.8 89 44 <0,1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 <0.01 330 8.9 

AVERAGE 8,18 1095,/1 /0/,14 79.80 98.93 185.00 180.00 100.14 6.14 58,1.1 39 24.08 303.85 0.35 8.44 

M1N 7.50 1000.00 800.00 <5.00 70.00 85.00 <1.00 150,00 170.00 88.00 5.50 47,01) 3500 <0,10 <0.01 <0.01 <0.01 <0.10 <0.001 <0.005 <0.001 <0.0055 <0.01 <0.10 <0.01 <0.01 21.00 270.00 0.30 4.00 
MAX 6.60 1200.00 770.00 42.00 100.00 130.00 <1.00 210.00 200.00 110.00 7.10 67.00 45,00 0.90 0.05 0.02 0.01 0.90 <0.001 <0.005 <0.001 <0.0005 <0.01 0.31 <0.01 0.12 30.00 330.00 0.40 11.00 
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Of the cations and anions measured upstream, chloride had the highest average concentration 
(252 mg/L) followed by bicarbonate (198 mg/L) and sodium (175 mg/L). Downstream chloride had the 
highest average concentration (257 mgIL), followed by sodium (178 mg/L) and bicarbonate 
(154 mg/L). 

Total phosphorus and total nitrogen measurements at Eel Creek were generally low, with total 
phosphorus ranging from below the detection limit to a maximum of 3.8 mg/L and 5.2 mg/L upstream 
and downstream respectively. Total nitrogen results ranged from below the detection limit to a 
maximum of 2.3 mg/L recorded upstream and 2.0 mg/L recorded downstream. 

Over the period of available records, TDS measurements showed moderate to high variation with 
results varying from <5 to 280 mg/L upstream and <5 to 880 mg/L downstream. 

Egg Creek 

Egg Creek monitoring points are located west of the existing Sunrise Hill West mining area (upstream 
location) and south east of the proposed Nim I mining area (downstream location) (Figure 1-5). Six 
monitoring records are available for the upstream site (1997-2003) and 12 are available for the 
downstream site (1 999-2004). 

Upstream of the Sunrise Hill/Nimingarra operations concentrations of metals were generally at or 
slightly above the detection limits with the exception of iron (up to 0.5 mg/L) and aluminium (up to 
2.1 mg/L). Downstream of the mining operations concentrations of metals were generally comparable. 

Upstream of the mining operations pH measurements ranged from 7.1 to 8.6 (neutral to slightly 
alkaline) while EC measurements ranged from 108 to 260 pS/cm (fresh). Downstream of the 
operations pH ranged from 7.6 to 8.7 (slightly alkaline) and EC ranged from 180 to 2,200 pS/cm (fresh 
to slightly brackish). 

Of the cations and anions measured upstream, bicarbonate had the highest average concentration 
(28 mg/L) followed by chloride (20 mg/L) and calcium (8 mg/L). Downstream chloride had the highest 
average concentration (208 mg/L), followed by bicarbonate (129 mg/L) and sodium (113 mg/L). 

Total phosphorus and total nitrogen measurements at Egg Creek were generally low, with total 
phosphorus generally being at or below the detection limit and total nitrogen results ranged from below 
the detection limit to a maximum of 0.7 mg/L and 1.9 mg/L upstream and downstream respectively. 

Over the period of records, TSS measurements showed little variation with results varying from <5 to 
15 mg/L upstream and <5 to 12 mg/L downstream. 

Surface Water Discharge Points 

Nineteen monitoring records are available for the SHW7 dewatering point in the period from 
November 1997 to May 2004. The monitoring results indicate concentrations of metals were generally 
below or slightly above the detection limits (Table 3-3). The pH measurements ranged from 6.8 to 7.5 
(effectively neutral), while EC measurements ranged from 718 to 800 pS/cm (fresh). Of the cations 
and anions measured bicarbonate had the highest average concentration (131 mg/L) followed by 
chloride (117 mg/L) and sodium (62 mg/L). The monitoring records indicate a range from <0.05 to 2.7 
mg/L for total phosphorus and 0.6 to 14.0 mg/L for total nitrogen. Over the period of records, TSS 
measurements showed little variation with results generally around <5 mg/L. 
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Eleven records are available for the main Yarrie discharge monitoring point in the period from 
September 1999 to March 2003. The monitoring records indicate concentrations of common metals 
were generally below or slightly above the detection limits with the exception of manganese which 
recorded one result of 2.6 mg/L. The pH measurements ranged from 6.4 to 7.6 (effectively neutral), 
while EC measurements ranged from 655 to 1,000 pSm/cm (fresh). Of the cations and anions 
measured, sulphate had the highest average concentration (136 mg/L) followed by chloride (60 mg/L) 
and bicarbonate (51 mg/L). The monitoring records indicate a range of <0.05 to 0.05 mg/L for total 
phosphorus and 4.5 to 36.0 mg/L for total nitrogen. Over the period of records, TSS measurements 
showed some variation with results varying from <5 to 15 mg/L. 

At the Yarrie Wi discharge point, some 13 records are available over the period from February 2000 
to August 2003. Measurements indicate concentrations of metals were generally below or slightly 
above the detection limits. The pH measurements ranged from 7.7 to 8.4 (neutral to slightly alkaline), 
while EC measurements ranged from 1,312 to 1,960 pS/cm (fresh to slightly brackish). Of the cations 
and anions measured chloride had the highest average concentration (225 mg/L) followed by sulphate 
(141 mg/L) and sodium (133 mg/L). Over the period of records, TSS measurements showed some 
variation with results varying from <5 to 85 mg/L. 

Influence of the Existing Mining Operations on Surface Water Quality 

In general, the dewatering discharges have lower EC, TSS and cation and anion concentrations than 
the downstream monitoring points on Egg and Eel Creek. A limited number of water quality results 
are available from the De Grey River downstream of the Yarrie mining area and Coonjeena Creek 
confluence (at the Muccan to Shay Gap road crossing) indicate that the water quality in the River is 
generally comparable to the results downstream of the mining areas on Egg and Eel Creeks. 

3.5.2 	Potential Impacts and Management Strategies 

Potential Impacts 

The proposed mining operations at Nim I, Cattle Gorge, Y4A and YlO North have the potential to 
impact surface water resources by changing local surface water flow patterns (i.e. through the 
construction of the new open pits, OSAs, and the Cattle Gorge haul road), or by affecting surface 
water quality or quantity as a result the discharge of mine dewatering water, or erosion and 
sedimentation from new disturbance areas or contamination from chemicals/hydrocarbons. The new 
Cattle Gorge haul road would require a number of crossings of watercourses that are already 
traversed by the Yarrie to Port Hedland railway line (Figures 2-1 and 2-3). 

The continuous discharge of surface water at a single location, as occurs during dewatering 
operations, has the potential to encourage the temporary establishment of vegetation communities 
that are dependent on a continuous supply of water. Once dewatering operations cease, the 
vegetation communities are likely to return to a pre-mining condition. 

EPA Objectives 

To maintain or improve the quality of surface water to ensure that existing and potential uses, 
including ecosystem maintenance are protected, consistent with the Australian and New Zealand 
Water Quality Guidelines (ANZECC, 2000). 
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Maintain the integrity, functions and environmental values of watercourses and sheet flow. 

Management Strategies 

The management of water resources at all of BHPBIO's Pilbara operations is governed by a Water 
Management Programme, which is aligned with the BHPB Health Safety, Environment and 
Community Management Policy (HSEC Policy) and Charter. The programme consists of two parts: 

Water Management Manual (BHPBIO, 2003d) - which outlines objectives and strategies for 
water management and conservation all of BHPBIO's mining operations. 

2. 	Site-specific Water Management Plans - which provides a live operational document which 
details of each site's water supply scheme, current water management practices, water 
reduction initiatives and performance indicators. The Yarrie/Nimingarra Water Management 
Plan (BHPBIO, 2004) covers the existing operations at Goldsworthy up to 30th  June 2007 
(YEJ07) and is updated regularly. 

Water management practices at the Project to improve water use efficiency and minimise the potential 
for sedimentation or contamination are summarised below. Where relevant, specific issues raised by 
stakeholders during the GEP consultation process have been incorporated into the management 
practices. A summary description of these issues is provided below. 

. 	Sediment control measures are designed and implemented as required; downstream of active 
mine areas, OSAs and other disturbance areas. 

As described in Section 3.4.2, the management of surface water runoff from the Cattle Gorge 
OSA was raised as an issue by the Njamal people during the consultation process. The location 
of the OSA to the south of the Cattle Gorge plateau (rather than to the north or west), and the 
installation of sediment control structures downstream of disturbance areas would be used to 
minimise potential impacts on environmental and cultural heritage values in the area. 

. 	Water quality monitoring and data collection are conducted during mining operations. 

. 	Wherever practicable, water use is minimised and recycling undertaken. 

During the consultation process, DoE (Karratha office) and the EPASU raised the topic of water 
use efficiency at Goldsworthy and queried how the processes of mine dewatering and discharge 
would be managed. The water dewatered from Nim I and Cattle Gorge would be used for haul 
road watering in preference to discharge. If discharge is required, it would be to existing licensed 
points, or as otherwise agreed with DoE. BHPBIO will continue to periodically review water use 
efficiency and discharge requirements at Goldsworthy in consultation with DoE and will 
implement additional management measures/plans as agreed. 

Approvals are obtained from the relevant government agencies prior to disturbance within any 
watercourse (e.g. permit to interfere with bed and banks as required by the Rights in Water and 
Irrigation Act, 1914 prior to development of the Cattle Gorge haul road). 

Controlled wastes, as defined by the Environmental Protection (Controlled Wastes) Regulation 
2001, are properly handled prior to removal from the site. 

On-site solid waste disposal is minimised and properly managed. 
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Emergency response procedures have been established and are used to manage incidents 
involving hazardous substances. 

Hazardous substances are stored in properly bunded facilities to minimise the potential for land, 
surface water or groundwater contamination. 

The management practices summarised above and documented in the Project EMP (Appendix A) 
would continue to be used during the life of the Project in order to minimise potential impacts on 
surface water resources. The site-specific Water Management Plan and subsequent revisions would 
be used as a live operational tool to track water use and to document water efficiency improvement 
targets and initiatives. 

3.6 	GROUNDWATER RESOURCES 

3.6.1 	Existing Environment 

Local Hydrogeology 

Local aquifers are associated with hematite orebodies that have developed within the Banded Iron 
Formation (BIF) horizons, which form prominent topographical ridges. The permeability of the aquifers 
varies according to the mineralisation and degree of fracturing present. 

Because of the linear nature of the mineralisation and the tendency for the mineralisation to be 
bounded by lower permeability materials such as unmineralised BIF, granites and mudstones, the 
aquifers are generally of a strip type (along strike) with the main orebodies forming areas of higher 
permeability. Recharge into the BIF aquifers is generally restricted to areas where the orebodies 
outcrop at the surface, and because of the limited hydraulic connection to the groundwater system on 
the surrounding plains, these aquifers are significantly higher in elevation than the aquifers beneath 
the surrounding plains. 

The topography to the south of the BIF ridges is dominated by the drainage system of the De Grey 
River, where a shallow aquifer associated with alluvial sediments within the De Grey River floodplain is 
located. The topography to the north of the BIF ridges is characterised by flat to gently undulating 
sand plains with occasional small rocky outcrops and stony hills. Aquifers in this area are associated 
with hydraulically isolated sedimentary sequences within a broad Jurassic to Cretaceous-aged 
Canning Basin. This aquifer system is recharged by infiltration of rainfall runoff at the margins of the 
basin. 

Minor local, limited area fractured rock aquifers also occur in areas near the seasonal creeks and are 
recharged by the infiltration of wet season stream flow in the overlying alluvium or direct infiltration of 
runoff to the aquifer. 

Groundwater Dewatering and Use 

The GEP has historically extracted groundwater from a number of operational pit areas as described 
below. 
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Shay Gap 

Mining at pits SG1/2, SG3/4, located at the eastern end of the Sunrise Hill-Shay Gap ridge was 
completed in the early 1980s. The pits were mined to maximum depths 113 mRL (SG1/2) and 
145 mRL (SG3/4). Dewatering was achieved by in-pit sumps. Pit lake monitoring data show that pit 
water levels have recovered (since the completion of mining) by 30 m in SG1/2 to around 143 mRL 
and by 12 m in SG3/4 to around 157 mRL. Recent pit water quality sampling data (from October 
2004) show salinities of 510 mg/L in SG1/2 and 1,000 mg/L in SG3/4. 

Pit SG7 was mined to 56 mRL, some 50 m to 60 m below the pre-mining watertable. Dewatering was 
achieved by in-pit sumps. Since mining ceased in 1986, the pit water level has recovered by some 
50 m to around 108 mRL. The salinity of the pit lake in 2003 was measured at 770 mg/L. 

Sunrise Hill 

The Sunrise Hill 8 (SH8) pit was mined to 67 mRL, some 30 to 40 m below the pre-mining watertable 
measured at the nearby Sunrise Hill West pits. Dewatering was achieved by in-pit sumps. Since 
mining ceased in 1992, the pit water level has recovered by around 25 m to around 93 mRL. The 
salinity of the pit lake measured in October 2004 was 1,300 mg/L. 

The SHW7 dewatering borefield, consisting of three in-pit production bores was commissioned in early 
1997. In recent years in-pit sumps have also been used. The water is used for dust suppression and 
ore handling purposes. Water levels in the SHW7 area prior to the commencement of dewatering 
ranged from 90 to 135 mRL. Water levels in bores within the main orebody aquifer have been drawn 
down some 40 m since dewatering commenced. 

Groundwater levels at the perimeter of the current pit show responses to rainfall recharge, but no 
impact of dewatering. This indicates that there are only localised mine dewatering impacts and no 
impact on regional water levels. Groundwater salinities measured in dewatering discharge from the 
SHW7 orebody aquifer range between 440 and 480 mg/L. No adverse water quality trends have been 
observed in dewatering discharges to date, although pH fluctuates from neutral to weakly acidic 
between dry and wet seasons. 

Nimingarra 

Nim A was first pit on the Nimingarra Ridge to be mined below the watertable. Prior to the 
commencement of dewatering in 1991, groundwater levels in the mine area were measured at around 
110 to 120 mRL in the Nim A area. When dewatering ceased, groundwater levels were around 
35 mRL, some 70 m below pre-mining levels. Water levels measured in monitoring bores located at 
the perimeter of the pit in the basement rocks surrounding the Nim A orebody aquifer were not 
impacted by dewatering and have been at or near pre mining levels since they were installed. Since 
1997 measured water levels within the pit and the main aquifer system (along strike of the orebody) 
have recovered to around 102 m and 104 mRL respectively, still below pre-mining groundwater levels. 
Recovering water levels will continue to be monitored in the immediate pit area. 

During the later years of borefield operation, between 1995 and 1997, groundwater salinities 
measured from the Nim A orebody ranged between 310 and 500 mg/L, with no adverse water quality 
impacts recorded as a result of dewatering activities. In early 2004, the pit lake had a measured 
salinity of 520 mg/L. 
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Dewatering at Nim B commenced in 2002 and has been undertaken using one dewatering bore 
supplemented by pumping from in pit sumps. Some of the dewatering production is used for dust 
suppression and the excess water is discharged to a natural drainage line south of the mine, which 
joins Egg Creek. The Nim B dewatering discharge is located upstream of the SHW7 dewatering 
discharge. 

Water levels in the Nim B area prior to the commencement of dewatering were around 130 mRL. 
Water levels in bores within the main orebody aquifer and along strike have drawn down by around 
10 m. Water levels in bores outside of the immediate pit area show no response to dewatering. 

Groundwater dewatering discharge from the Nim B orebody is fresh (TDS around 700 mg/L) and no 
adverse water quality trends have been observed in dewatering discharge to date. All dewatering 
discharge (around 1 GL/yr) to Egg Creek infiltrates into the creek bed alluvium within around 200 to 
300 m of the discharge point, and downstream creek flows only occur as a result of wet season rainfall 
runoff. 

Yarrie 

The Yarrie Y2/3 dewatering wellfield was commissioned in January 1997 and five in-pit production 
bores have been operated at various stages since this time, supplemented and eventually superseded 
by pumping from sumps due to limited effectiveness of the borefield (due to both bore yield and 
restricted availability). There are no bores currently operating and all dewatering is effected by sump 
pumping. The Y2/3 pit is also subject to significant surface water runoff during the wet season, which 
forms temporary lakes within the pit. These are dewatered using large capacity sump pumps. Some 
of the dewatering production is used for dust suppression and ore handling with the excess 
discharged to a small gully in the Eel Creek catchment which is located to the west of the Y2/Y3 pits 
(Figure 1-3). 

Groundwater levels in the pit were measured at around 0 to 10 mRL in June 2004, prior to the 
cessation of mining and dewatering. This represents a reduction of water level of 160 to 170 m below 
pre-mining water levels. Water level monitoring immediately outside the pit shows no measurable 
response to dewatering. Most bores are in mine disturbed areas and show enhanced recharge effects 
(ie. present recharge is greater than that prior to the commencement of mining). Regional 
groundwater monitoring suggests no measurable influence of dewatering. Measured groundwater 
salinity in dewatering discharge ranges from 200 to 400 mg/L. No adverse water quality trends have 
been observed due to dewatering activities. 

No drawdown-related impacts on local vegetation have been observed to date in the communities that 
occur in the vicinity of the pits. This is believed to be due to the orebody aquifers being localised strip-
type aquifers that are restricted in extent. The main vegetation communities that occur in the vicinity 
of the pits do not include phreatophytic species and are typically dominated by spinifex and low 
shrubs. Within the vicinity of Eel and Egg Creek water discharge points, localised increases in the 
density of riverine vegetation has been observed due to the increased availability of water. 

Water Supply Pumping 

Four borefields have been developed to provide both potable and mine water supplies. 
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Shay Gap We//field 

Potable requirements for the old Shay Gap townsite and subsequently for the Yarrie mine site and 
camp have been sourced from the Shay Gap Wellfield. 	Potable water requirements at 
NimingarralSunrise Hill were also sourced from the Shay Gap Wellfield until the late 1990s.   The Shay 
Gap Wellfield has also been used to supplement dewatering production in providing water for dust 
suppression, workshop use and crushing/loading at Yarrie. 

The Shay Gap Wellfield comprises four production bores, and has been in operation since 1972. 
Total wellfield production peaked at around 2,000,000 kLlyr in 1995, but has significantly decreased in 
recent years to around 500,000 to 700,000 kLlyr with increased use of dewatering production to 
satisfy non-potable demands and with the implementation of site water use efficiencies. 

Historical pumping has little impact on groundwater levels in the Shay Gap Wellfield area. Maximum 
drawdown during peak pumping periods in the mid 1990s saw less than 5 m drawdown recorded in 
the pumping and observation bores. Current water levels in the wellfield are at or above pre-pumping 
water levels, reflecting reduced pumping and higher than average rainfall recharge during recent 
years. Groundwater quality has remained stable over the years and remains fresh (TDS of less than 
500 mg/L and slightly alkaline (pH 7.4 to 8.1). 

Egg Creek We//field 

The Egg Creek Wellfield (previously referred to as the Nimingarra Wellfield) was developed in 1987 to 
meet the dust suppression requirements of mining at Nim A. Three production bores were installed 
into a fractured rock aquifer system of limited areal extent. The Egg Creek Wellfield was initially 
pumped at a rate of over 700,000 kL/yr, however significant drawdown resulted in production being cut 
back to less than 200,000kL/yr before it was decommissioned in 1992, after dewatering production 
became available from the Nim A pit. 

There were no nearby bores outside of the Egg Creek Wellfield area to monitor the extent of 
drawdown, but the response within the wellfield itself indicated that the impacts of pumping were 
restricted to the immediate area. At the time, there were no observed impacts on local or regional 
vegetation. Over this period groundwater quality remained fresh TDS of around 500 to 600 mg/L) and 
slightly alkaline (pH 7.5 to 8). 

The Egg Creek Wellfield was recommissioned, at an average pumping rate of 160,000 kLlyr, in 2003 
as a temporary mine water supply during a period when dewatering bores in SHW7 were inaccessible. 
Prior to the recommencement of pumping, water levels had recovered to pre-pumping (ie. 1987 
pumping) levels. Drawdown in pumping water levels in the bores range between 10 and 25 m 
depending on pumping rates at the time of measurement. The water remains fresh and marginally 
alkaline. 

Cundaline Wellfield 

Two production bores were installed at the base of the Cundaline Ridge (between Shay Gap and 
Yarrie) in 1993 to provide construction water for the Yarrie rail link. The bores intersected steeply 
dipping cherty BIF units within an overall shale sequence and the bores were artesian at the time of 
drilling. Both bores were used in 1993 at total pumping rates equivalent to 600,000 kL/yr. 
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There were no other bores in the area although abstraction from each bore did not appear to have any 
impact on the other. There were no observed impacts on local vegetation at the time. When 
inspected in 2001, both bores were found to still be artesian. 

One of the bores was pumped in August-September 2003, to provide dust suppression water for the 
Yarrie access road. Some 2,000 kL was abstracted over the period. The water was fresh (TDS of 
260 mg/L) and marginally acidic (pH 6.5). The bore was used to provide small volumes of drilling 
water in September 2004. 

Eel Creek We//field 

Three production bores were installed and commissioned in June 1993 to provide construction and 
start up mining water supplies for Yarrie. The bores draw from fractured basement rocks associated 
with the Elephant Rock Fault. The bores were decommissioned in February 1994, and have not been 
pumped since. Over the period of wellfield operation, drawdown in pumping water levels in the 
production bores of up to 5 m and drawdown in observation bores of less than a metre were recorded. 
Since 1994, water levels have recovered to above pre-pumping levels and have shown seasonal 
fluctuations up to 3 m. 

Groundwater Quality 

Groundwater quality is monitored at the GEP at mine dewatering bores, borefields and regional 
piezometers at Yarrie. Water quality parameters measured include cations and anions (including 
bicarbonate, calcium, sodium, sulphate, potassium and magnesium), pH, electrical conductivity (EC) 
total suspended solids (TSS), metals (iron, magnesium, zinc, copper, aluminium, cadmium, lead, 
arsenic, mercury, selenium, barium, chromium and nickel), total nitrogen and total phosphorus. 

A summary discussion of groundwater quality monitoring results is available for the period from 
February 1997 to June 2004 is provided below. 

Yarrie Dewatering Bores 

Of the dewatering bores located in the Y2/3 pit, groundwater quality monitoring data is available for 
the three of the bores (YB02, YB03 and YB05) (Table 3-4). Bore YB03 has the largest number of 
monitoring records available (11 records from November 1997 to November 2003) and is discussed 
here. Monitoring results from the other Yarrie dewatering bores are generally comparable. 

The 11 monitoring records at YB03 indicate concentrations of common metals were generally below or 
slightly above the detection limits (Table 3-4) and pH ranged from 5.8 to 7.4. The EC measurements 
indicate the water at is fresh with a range of EC recorded of 330 to 480 pS/cm. Of the cations and 
anions measured, the results indicate bicarbonate dominates with the highest average concentration 
(64 mg/L) followed by chloride (63 mg/L) and sodium (36 mg/L). 

Total phosphorus and total nitrogen measurements at YB03 were generally low, with total phosphorus 
being generally below detection limits and total nitrogen generally ranging from 1.4 to 4.4 mg/L, 
however one record of 17 mg/L was recorded (Table 3-4). Over the period of records, TSS 
measurements remained below 5 mg/L. 
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Yarrie Pyritic Shale Dump Monitoring 

Bores YRP14 and JDP1 are located within the pyritic shale dump to monitor groundwater quality in the 
PAF material which has been encapsulated in the old C pit. In comparison to water quality recorded in 
other bores in the Yarrie mining area, water quality in the pyritic material is generally poor, with acidic 
pH and high EC and sulphate levels (Table 3-4). 

Shay Gap We//field 

The Shay Gap Welifield is located approximately 20 km north of the old Shay Gap village site. Water 
quality monitoring is available for the four production bores (Table 3-4). Bore PB3 has the largest 
number of monitoring records available (26 records from June 1997 to September 2004) and is 
discussed here. Monitoring results from other bores at the Shay Gap Welifield are generally 
comparable (Table 3-4). 

The 26 monitoring records at P133 indicate concentrations of common metals were generally below or 
slightly above the detection limits (Table 3-4) and pH ranged from 6.2 to 7.1 (slightly acidic to neutral). 
The EC measurements indicate the water is fresh with a range of EC recorded of 350 to 380 pS/cm. 
Of the cations and anions measured, the results indicate bicarbonate dominates with the highest 
average concentration (71 mg/L) followed by chloride (62 mg/L) and sodium (37 mg/L). 

Total phosphorus and total nitrogen measurements at PB3 were generally low; with total phosphorus 
being generally well below 1 mg/L and total nitrogen ranging from 1.6 to 5.3 mg/L, Over the period of 
records, TSS measurements remained below 5 mg/L. 

The Shay Gap Wellfield provides potable and process water requirements of the Yarrie 
accommodation village and mining area. 

Sunrise Hill West 7 Dewatering Bores 

The Sunrise Hill West 7 dewatering bores are located in the SHW7 pit (Figure 1-5). Water quality 
monitoring is available for the three production bores (S7B01 to S71303 - Table 3-4). Bore S7B01 has 
the longest period of record available (11 records from February 1997 to September 2004) and is 
discussed here. Monitoring results from other bores at SHW7 are generally comparable (Table 3--4). 

The 11 monitoring records at S71301 indicate concentrations of common metals were generally below 
or slightly above the detection limits (Table 3-4) and pH ranged from 6.4 to 7.7 (slightly acidic to 
slightly basic). The EC measurements indicate the water is fresh with a range of EC recorded of 640 
to 790 pS/cm. Of the cations and anions measured, the results indicate bicarbonate dominates with 
the highest average concentration (121 mg/L) followed by chloride (117 mg/L) and sodium (60 mg/L). 

Total phosphorus and total nitrogen measurements at 571301 were generally low; with total 
phosphorus being generally well below 1 mg/L and total nitrogen ranging from 1.2 to 3.9 mg/L. Over 
the period of records, TSS measurements were generally below 5 mg/L; however one reading was 
recorded at 19 mg/L. 
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3.6.2 	Potential Impacts and Management Strategies 

Potential Impacts 

Potential impacts of the Project on groundwater resources include: 

drawdown of local watertables where mine dewatering and borefield pumping is undertaken; 

permanent modification of groundwater quality and/or groundwater levels as a result of the 
creation of long term pit lakes that operate as groundwater sinks; and 

adverse impacts on groundwater quality as a result of potential contamination by hydrocarbons, 
chemicals or mine wastes (ie. PAF overburden). 

These potential impacts are discussed below. 

Dewatering 

Mining below the groundwater table is proposed at Cattle Gorge and Nim I. The potential impacts of 
mining below the groundwater table at each area is discussed below. 

Nim I 

Two pits would be mined at Nim I. The south pit would be mined down to 56 mRL, some 60 m below 
the current watertable (confirmed by recent drilling at around 115 mRL) and the north pit would be 
mined down to 80 mAL (Aquaterra, 2005). It is proposed to dewater the pits by in-pit sump pumping. 

As the two pits at Nim I are located off the main Nimingarra ridge, the watertable is some 25 m below 
ground level and below any surface alluvium and weathered basement. As such, the orebody aquifer 
remains confined by lower permeability basement rocks and there is no direct connection with aquifers 
outside the Nimingarra Iron Formation. Dewatering activities are not expected to have any impact 
beyond the immediate mine area (Aquaterra, 2005). 

Cattle Gorge 

One bench at Cattle Gorge would be mined below the groundwater table (10 m). The groundwater 
table at Cattle Gorge has recently been measured at 136 mRL (Aquaterra, 2005). Dewatering is 
proposed to be by in-pit sumps. 

Aquaterra (2005) have assessed the impact of dewatering at Cattle Gorge and concluded that as only 
minor dewatering is proposed, minimal impact is expected outside the immediate pit area. 

Water Supply 

Water supplies for the Goldsworthy operations are currently obtained from licensed dewatering 
operations and/or borefields. Water supply for the proposed Cattle Gorge operations would be 
provided by a pipeline extension from the existing Yarrie water supply system. Water supply for the 
proposed new activities and extensions to the Nimingarra and Yarrie operations (primarily haul road 
watering) would be provided by their existing water supply systems. Where possible, water abstracted 
from the proposed new operations that extend below the watertable would be used as make up raw 
water (ie. road watering and dust suppression in the crushing plants) in preference to water pumped 
from the Shay Gap Wellfield. 
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GROUNDWATER QUAUTY 

Location/Ode Date pH EC TDS TSS Alkalinity HCO, CO, Cl SO, Na I 	K Ca Mg I 	Fe Mn Zn Cu At Cd Pb As Hg Se Be Cr Ni Mo Sit), Hardness F NO, p10,-N N0,-N Keldatll N NH,-N TotaINI Total P PO4-P 

Shay Gap Production Bore P61 19100/2001 8.2 560 360 Il 120 140 95 10 63 5.3 23 14 <0.1 0.02 0.01 <0.01 <0.1 <0.001 <0.005 0.001 <0.0005 <0.01 0.06 0.01 <0.01 32 120 0.2 <0.2  

NMPB001 113092001 7.9 5/0 350 17 120 150 95 10 66 5.6 21 14 0.1 <0.01 002 <0.01 4.001 <0005 0.001 <0.0005 4.01 0.12 <0.01 <001 40 10 0.2 0.8  

19,'93:2702 8.1 590 340 <5 120 140 94 Ii 65 6.1 19 15 <0.1 0.01 0.01 <0.01 <0.1 <0.001 -0.005 0.001 <0.0005 <0.01 0.06 <0.01 <0.01 18 110 0.2 0.4  

201007002  
0,09:2002 8.1 520 330 15 100 130 97 16 50 5 21 14 0.3 <0.0< <0.01 <0.01 0.1 <0.001 -:0005 <0.001 <0.0005 <0.01 0.08 <0.01 -:0.01 4/ 110 0.2 0.4  

0<12.2072 15 540 350 11 110 140 93 11 55 4,7 22 15 0.3 <0.01 <001 <0.01 0.1 <0.001 -<0.005 <0.001 <0.0005 <0.01 0.05 <0.01 -:001 43 120 0.2 <0.2 <0.05  <0.1 .2 <0.05 <0.05 

10 0('2C('3 1.4 1 	680 420 1 	8 160 200 100 2 69 7.4 23 17 0.2 0.15 <001 0.01 T <0.001 5 Ti <0.0005 <0.01 0.09 <0.01 <0.01 45 130 0.2 0.4 0.09  0.9 7.9 02 <0.05 

AVERAGE 767 576.67 358.33 121.67 150.00 95.67 10.00 61.33 5.68 21,50 14.93 0.08 30.50 116.67 0.20 455 

MIN 7.40 520,00 330.00 -<5.00 100.00 130.00 93.00 2.00 saoo 4.70 19.00 14.00 <0.10 -<0.01 <0.01 <0.01 <0.10 <0.001 <0.005 <0.001 <0.005 <0.01 0.05 <0.01 <0.01 18.00 110.00 0.20 4.2 <0.00 1  <0.10 1.20 <0.05 <0.05 

MAX 8.20 680.00 42900 17.00 160.00 200.00 100.00 18,00 69.00 1.40 23.00 17.0 0.30 0.15 0.02 0.01 0.10 <0.001 <0.005 0.001 <0.0005 <0.01 0.12 0.01 <0.01 4520 130.00 0.20 0.80 0.09  6.90 7.90 	1 0.20 <0.05 

Shay Gap Production Bore P62 19 C6 2001 8 450 290 21 100 130 to <10 52 4.7 16 11 0.4 0,04 <0.01 <0.01 <0.1 <0.001 <0.005 0.002 <0(700< <0.01 0.07 <001 <0.01 11< 85 0.2 <0.2 

NMP8002 1 8 460 280 8 110 130 to 	' <tO 54 52 19 11 0.3 0.02 0.02 <0.01 <0.1 <0.001 <0.005 O.Col <o,000s <6,01 0.1 <0.01 001 29 95 0.2 <0.2 

8 470 280 19 ItO 130 /3 7 51 5.4 19 12 <0.1 0,01 0.01 <001 <0.1 <0.001 <0.005 0.001 <0.0905 <0.01 0.05 <0.01 <0.01 15 95 0.2 0.3  

18 C 9 2002 7.6 4/0 260 20 100 120 713 15 56 61 14 /8 0.1 <021 <0.01 <0.01 0.1 <0001 <O05 <0.901 <0.0005 <0.01 0.05 <0.01 <0.01 - 31 65 0.2 <0.2 <0.05  <0.1 <0.2 <0.05 <0.05 

A 7.90 462.50 282.50 17.00 105.00 127,50 72,75 5325 5.35 17,00 10,45 0.07 2320 85.00 0.20  

7.601 450.00 280.00 8.00 100,00 120.00 70.00 7.00 51.00 4.70 14,00 7.80 <0.10 <0.01 <0.01 <0,10 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 <0.01 4.01 15.00 65.00 0.20 <0.20 1 <0.05  <0.10 <0.20 <0.05 <0.05 

8.001 470.00 290.00 21.00 110.00 130.00 78.00 1 	15,00 50.00 6.10 19.00 12.00 0.40 0.04 0.02 <0.01 0.10 <0.001 <0.005 04202 <0.0005 <0.01 0.10 <0.01 0.01 38.00 1 05.00 0.20 0.30 <0.05  <0.10 <0.20 <0.05 <0.05 

Shay Gap Production Bore P63 191061997 6.9 350 230 0.00001  70 0.00001 5/ 0.00001 39 32 17 9.3 000001 0.00001 0.06 0,00001 0,00001 0.00001 0,00001 0,00001 0.00001 000001 0.59 0.00001 003 58 4.5 4.5 0.01 0.00001 0.00001 9.00001 0.00001 

NMP8003 09!1211997 6.5 350 230 <5  70 60 3 37 3.6 17 10 <0.1 6,05 0.01 0.01 0.1 <0.001 <0.005 0002 <11.0005 <0.01 0.25 0.01 10.01 

29.:01-1998 6.7 350 230 <5  75 59 3 37 34 17 9,4 <0.1 <00 4,01 <0.01 <0.1 0.004 0.005 <0.001 <0.0005 <0,01 0.11 <0.01 0.02 -- 
19iO2:1998 6.8 350 230 <5  70 59 3 38 3.4 17 10 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 4.0005 <0.01 0.14 <0.01 0.01 

24103.1998 7 350 230 <5  70 60 4 40 3.8 16 9,4 <0.1 <0.01 <0.01 <0.01 <0.1 0.003 <0005 <0.001 <0.0005 <0.01 0.11 <0,01 <0.01 

2&04.1998 71 350 230 <5  73 63 3 38 3.7 16 9.3 <0.1 0.01 0.95 0.2 <0.1 <0.001 <0005 <0.001 	1 0.0005 <0.01 0.08 0.01 <0.01 

29~05.1998 68 350 230 <5  70 72 3 38 4 16 9.1 <0.1 <00' 0.01 <0.01 <0.1 <0.001 <0005 <0.001 	1 0.0005 001 0.1 4,01 <0.01 

06.0711998 63 350 230 <5  75 64 <, 37 3.8 19 11 <0.1 <0.0' <0.01 <0.01 <0.1 <0.001 <0.005 <04201 	1 0.0005 <0,01 0.18 0.01 -,0,91 

29 09~1999 65 360 260 <5  65 60 5 36 3.7 23 9 0.1 <0.111 0.05 <0.01 0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 <0.01 <0.01 58 95 02 20 4.5 <0.1 5.3 0.05 	1 <0.05 

2903.'2000 62 350 260 <5  65 65 <10 35 3.6 16 8.6 <0.1 <0.01 <0.01 <0.01 -:0.1 <0,001 <0.005 <0.001 <0.0005 <0,01 0.1 <0.01 4.91 St 	1 75 0.2 21 	1 4,7 <0.1 4.7 	1 0.05 -:0.05 

]T'09~2000 66 370 240 <5  /5 45 <10 32 3.2 14 7.6 <0,1 	1 <0.01 	1,0.01 <0.01 0.2 <0.001 <0.005 -<0.001 -<0.0005 <0.01 0.10 <001 -<0,01 49 	1 65 0,1 12 	1 2.7 <0.1 2.7 	1 0.15 <0.05 

12 122000 06 370 

71,03 2001 6.7 360 230 <5 60 70 60 <10 38 3.6 16 10 4.1 <0,01 <0.01 <0.01 <0.1 <0.001 <0.005 0.001 <0.0005 4.01 0.1 <0.01 <0.01 00 80 0.1 20 	1 4,5 <9.1 5 0.05 <0.05 

18.429" 6.3 360 220 <5 70 85 60 <10 39 3.6 16 9 <0.1 <0,0' 0.01 <0.01 -<01 <0.001 <0.005 <0.001 <0.0005 <0.01 0,12 4.01 <0.01 511 75 0.1 16 3.5 <0.1 3.5 <0.05 <0.05 

2.03'P002 0.9 370 220 <5 60 70 61 3 37 3.4 15 8.4 4.1 0.01 <0.01 <0.01 <01 <0.001 <0.005 4.001 <0.0005 4,01 0.08 4.01 <0.01 58 70 0.1 18 4.1 <0.1 5 <0.05 <0.05 

('5.01/'2002 
<s.C:. 2002 

((342 2002 '1 370 200 <5 50 60 52 29 30 2.8 12 Il <0.1 <0,01 0.04 0.01 0.1 <0.001 <0.005 <0.001 <0.0005 4.01 0.00 -<0.01 <0.01 17 75 0.2 7.3 1.6 <0.1 1.6 4.05 <0.05 

5.032003 0.6 370 230 <5 55 70 63 3 32 3.3 16 8.8 <0.1 -<0.0' <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 4.01 <0.01 59 75 0.1 19 4.3 1 <0.1 4.7 <0.05 <0.00 

10.0/02003 6.5 370 220 70 85 64 6 43 3.6 16 0 <0.1 <0.01 <0,01 <0.01 <0.1 <0.001 <0.005 <0,001 <0.0005 4.01 0.09 <0.01 <0.01 4.1 75 0.1 20 

36'Cft'2003 6.5 370 230 60 75 64 5 37 3.2 16 9 <0.1 <0.0' -:0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0,01 0.3 4.01 <0.01 <0.1 75 0.2 20 

20 1,2003 6.6 380 260 55 65 64 5 37 3.2 (7 0.4 <0.1 <0.01 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.19 <0.01 <0.01 <0.1 80 0.2 19 

1002/2004 6.4 350 230 	1 60 70 60 5 3/ 3.7 15 8.8 <0.1 0.01 001 <0.01 <01 4.001 <0.005 <0.001 1 	00005 <0.01 0.17 <0.01 <0.01 <0.1 '/5 0.1 19 

27105/2004 6.9 350 220 57 70 74 (1 37 3.4 17 9.7 <0.1 <0,01 <0.01 <0.01 0.2 4.001 <0.005 <0.001 -:0.0005 <0.01 0.09 <0,1 -<0.01 <0.1 82 0.2 	1 20 

2705/2004 6.9 350 220 55 70 74 8 37 	1 3.4 	1 Il 5.7 <0.1 <0,01 <0.01 <001 0.2 <0,001 <0.005 <0.001 <0.0005 <0,01 0.09 <0,01 <0.01 <0.1 80 0.2 20 

28.09/2004 7 3/0 240 55 /0 61< 7 37 3.6 17 9 <0.1 -<0.01 <0.01 <0,01 <01 <0,001 <0.005 <0.001 <0.0005 <0.005 0.05 <001 <0.01 <0.1 85 0.2 19 

AVERAGE 6.68 359,17 231.30 58.97 71 22 62,13 36.87 3.47 16.43 9.33 0,10 51,25 76,20 0.15 17.18 3.82 0,01 0,00001 4.06 

MIN 6.20 355.00 200.00 0.00001 50.00 00.00 0.03001 45,00 0,00001 30.00 2.80 12,00 7,60 0,00001 0.00001 <0.01 0.09001 0.00001 0.00001 0.00001 0.00001 0,00001 0,00001 0.05 0.00001 1,0.01 <0,10 17.00 58.00 0,10 4.50 1.60 0,01 0.00001 0,00001 1.60 0.00001 0.00001 

MAX 7,10 380.00 260.00 <5.00 70.00 85.00 0 00001 74,00 29.00 43,00 4.00 23.00 11.00 0,10 0.05 0.06 0.20 0.20 0.004 0.005 0.002 <0.0005 0.01 0.59 0.01 0.03 <0.101 6000 95,00 0.20 21,00 4,70 0,01 000001 <0.10 5.30 0.15 <0.05 

Shay Gap Production Bore P64 10:02:199/ /4 300 230 80 61 37 3.9 17 8.7 0.1 002 65 4.5 4.5 0.01 1 0.05 

NMPB004 09/12:109/ 1.2 600 440 <5 140 120 15 83 7 29 17 <0.1 0,05 0.01 0.01 0.1 <0,001 <0.005 0.003 <0.0005 <0,01 0.29 <0.01 0.03 

29101,1998 1,3 600 440 <5 140 120 15 86 6 29 18 <0.1 <0.0' <0,01 4.01 <0,1 0.006 0.04 <0.001 <0.0000 <0,01 0.17 <0.01 0,01 

19/02.1998 7,2 680 440 <5 1 140 120 14 82 6.2 29 18 <0.1 <0,0: <0,01 <0.01 <0.1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.17 <0.01 <0,01 

24103.1998 7,2 670 430 <5 130 160 <1 95 6,7 28 17 <0.1 <0.0' <0,01 <0.01 <0,1 0.002 0.005 0.001 -<0.0000 <0.01 0,14 4.01 0,01 

21304:1998 7.5 680 440 <5 130 120 17 80 62 27 17 <0.1 <0.01 0.03 0.02 <0.1 <0.001 <0.005 <0,001 <0.0005 <0.01 0.13 0.01 <0,01 

29/05:1998 6.8 710 450 5 140 150 13 84 6.5 30 16 0,1 	1 <00' 0.05 1 	0.8 <0,1 <0.001 0.03 0.002 <00005 <0.01 0.12 0.01 <0,01 

06,07,1998 6.5 690 440 <5 140 130 16 77 6 29 17 <0.1 <001 <0.01 <0.01 <0.1 4.001 <0,005 <0,001 <0.0205 <0,01 0,18 0.01 <0,01 

29,'0911599 6.6 700 440 <5 120 120 16 79 59 36 16 <0.1 <0.01 0.06 0,01 <0,1 <0,001 4.005 0.001 <00005 <0,01 0,11 4.01 <0,01 64 160 0.3 33 7,4 <01 6.8 0.05 <0.05 

2700.2000 7 700 430 <5 130 120 10 83 6.2 30 18 <0.1 <001 <0,01 0,01 <0.1 <0,001 <0.005 0.001 <0.0005 <0.01 0.11 <0,01 <001 55 150 0.3 19 4,4 <0.1 4.4 0.05  

12,12,2000 71 700 

21103.2001 7 680 440 <5 110 130 120 10 81 7 29 17 <0.1 <001 <0.01 <0.01 <0.1 <0001 <0.005 0.001 <0.0005 <0,01 <0.1 <0,01 <0,01 65 140 03 34 /8 1 <0.1 8,7 <0.05 <0.0<, 

1805/2091 

19,"09,'2301 8.9 600 430 <5 110 130 120 15 78 6.1 28 10 -<0.1 -<0,07 0.01 <001 <0.1 <0,001 <0.005 0.001 <0.0005 <0,01 0.14 <0.01 <0,01 67 140 0.3 I / 3.9 <0.1 4.1 <0.05 <0.05 

710:1.2002 7.1 730 440 <5 120 140 120 13 81 <0.5 25 17 -:0.1 0.02 <0,01 <0.01 <0,1 <0,001 <0.005 0.002 <0.0005 <0.01 009 <0.01 <0,01 62 130 0.3 31 7 <0,1 7.6 <0.05 <0.05 

25.06/2002 

2506.2002 
18(09.2002 6.9 730 440 <5 110 140 120 1/ 73 6.5 25 18 0,1 0.03 <0.01 <0,01 0.1 <0,001 <0.005 <0.001 <0.0005 <0.91 0.00 <0,01 <0.01 62 140 0.3 34 7.1 <0,1 1.1 0.05 <0.05 

AVERAGE 7.05 673,33 423.07 112.50 130,71 121,50 78.50 27,93 16,48 6183 132,14 0.30 24,64 610 0,01 1.00 0.88 

MIN 6,50 360.00 230.00 <500 110.00 80.00 61.00 <1.00 37.00 -:0.5 17.00 8.70 <0.10 <0.01 <0.01 <0.01 <0.10 0.002 <0.005 <0,001 <0.0005 <0,01 <0.10 <0,01 <0.01 5500 65.00 0.30 4,50 3.90 0.01 1.00 <0.10 4.10 <0.05 <0.05 

MAX 7,50 730.00 450.90 5.00 125,00 140.00 160,00 7.00 9500 7.00 30.00 18.00 0.10 0.05 0.06 0.80 0,10 0.006 0.04 0.003 <00005 <0,01 0.29 0.02 0.03 68.00 160.00 0.30 34.00 7.80 0,01 1.00 <0,10 8.80 0.05 <0.05 

Nimingarra Dewatering Bore S7801 

NMS7BO1 

19/02.1997 7.4 650 420 120 97 40 55 5 40 18 0,15 0.03 100 32 3.2 0.01 1.5 

19106:1997 7.7 040 410 0.00001 120 0.00001 110 46 55 4.8 43 9 0.00001 0,00001 0.04 0.00001 0.00001 000001 0.00001 0,00001 0,00001 0,00051 0.32 0,00001 003 00 2,7 2.1 0.02 0,00001 07 0,00001 0.00001 

30/08/1997 7.6 040 410 130 110 48 52 5.1 40 18 0.02 0.02 0.02 0.09 0.02 0.01 110 2.5 2.5 

19'0912000 7 790 460 19 130 130 40 76 4.7 46 19 <0.1 0,01 <0.01 <0,01 <01 <0,001 <0.005 <0001 <0.0005 <0.01 0,1 <0,01 <0.01 21 190 0.2 4,0 

2003/2001 72 700 450 <5 90 110 120 50 65 51 46 20 <0,1 <0.01 <0.01 <0.01 <0.1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.08 -<0.01 <0.01 24 200 02 14 3,1 <0,1 3.9 <005 <0.05 

28/11/2001 7 750 480 <5 110 130 120 58 61 5.2 39 19 <0.1 <0.01 <0.01 <0,01 0,1 <0,001 <0.005 <0.001 <0.5005 <0,01 0.05 -<0.01 <0,01 19 180 0.2 0.6 1,5 <0.1 1.5 <0.05 <0.05 

7103,2903 /.2 720 440 <5 100 120 120 51 62 4.8 43 19 <0.1 0,01 <0,01 <0.01 0.1 <0,001 <0.005 <0,001 <0.0005 <0.01 0.06 <0,01 <0,01 28 190 0.2 5 1.1 <0.1 2.2 <0.05 <0.05 

1909,42992 7.1 720 450 <5 80 100 120 76 67 4.2 43 16 <0.1 0,04 0,01 0,01 <0,1 <0.001 <0.005 <0,001 <0.0006 <0,01 0,07 <0.01 <0.01 26 170 0,2 13 3 <0.1 3 <0.05 <0.05 

11-3/3,2003 6.4 740 460 <6 100 120 120 56 56 5 41 19 <0.1 <0.01 0.08 003 <0.1 <0.001 <0,995 <0.001 <0.0005 <0.01 0.07 <0.01 <0,01 26 180 0.7 3.9 0.88 <0.1 1.2 <0.05 <0.05 

0009(2003 7.5 /40 460 100 130 120 6/ 61 4.6 4/ 20 <0,1 200 6.2 

20072004 7.) 729 470 100 120 120 51 62 5.1 40 21 <0.1 210 9.5 

AVERAGE 7.22 710,00 440,36 97,14 120,91 0,00001 117,00 53.73 60,18 4,89 43.36 18.91 0.11 24,00 166.30 0.20 6.47 2.25 0.02 0.75 2.36 

MIN 6.40 640,00 410,00 0,00001 80.00 100,00 0,00001 97.00 '10.00 52.00 4.20 30.00 16.00 0,00001 0,00001 -<0.01 0,00001 0,00001 0.00001 0,00001 9.00001 0.00001 0.00001 0.00 0,00001 <0.01 1900. 100.00 0.20 2.50 0.88 0.01 06 00001 <0,10 1,20 0.00001 0.00001 

MAX 7,70 790.00 48000 19.00 110.00 130,00 0.00001 130.00 76.00 70.00 5.20 49,00 21.00 <0,10 004 0.08 9.03 0.10 <0.001 <0.005 <0,001 <0.0005 <0.01 032 0.03 0.03 28.00 210,00 0.20 14.00 3.20 0.02 1,50 0.70 3.90 <0.05 <0.05 

Nimingarra Dewatering Bore S7B02 

NMS7B52 

29:09(1999 7.1 6611 420 <5 140 120 43 59 5.4 41 19 <0.1 <0.0' <0.01 <0,01 <0.1 <0.001 <0.008 <0,001 <0.0005 <0.01 0.08 0,01 <0.01 

30:091990 7.1 690 410 <5 120 110 52 57 4,8 53 19 <0,1 0.02 0.04 <0,01 0.1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.09 <0,01 <0,01 24 210 0.2 5,7 1.3 <0.1 2.1 <0.05 <0.05 

12.12.2000 6.6 700 440 <5 110 30 20 85 61 57 52 20 <0.1 0.07 0.02 <0,01 0.1 <0001 <9.006 <0.001 <0.0005 <0.01 0.05 <0.01 <0.01 21 210 0.19 1,5 0.35 <0.1 0.3 <0.06 <0.05 

20:032001 7.2 680 440 <5 100 120 110 55 64 5.4 46 19 <13.1 <0.0< <0.01 <0,01 <0.1 <0001 <9.005 <0.001 <0.0005 <0.01 0.07 <0.01 <0,01 22 190 0.2 8.4 1,9 <0.1 2,4 <0.05 <0.05 

19/092001 7.3 720 450 <5 110 130 20 60 60 5.1 47 20 <9.1 <0.01 0.04 <0.01 <01 <0001 <0.005 <0.001 -:0.0005 <0.01 0.08 <0,01 <0,01 24 200 0.2 5.7 1.3 <0,1 1.3 <0.05 <0.05 

94292002 6.8 720 440 <5 50 110 120 70 69 4.1 52 17 <0.1 <0.01 0.09 0.01 <0,1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 <0,01 <0.01 26 200 0.2 7.4 1.7 <0.1 1,1 <0.05 <0.05 

19032003 6.8 720 400 <5 100 120 29 51 55 45 40 18 <0,1 <0.07 0.01 0.01 <0.1 <0.001 <0.005 <0,001 <00005 <0.01 0.06 <0.01 <0.01 20 1/0 0.2 47 1,1 <01 11 <0.05 <0.05 

06.05.2000 6.7 740 470 110 130 130 07 67 5 48 20 <0.1 200 5.1 

29,092004 7.2 720 4/0 95 125 120 54 63 5 48 21 <0.1 200 6.9 

AVERAGE 6.98 705,56 446.44 102.14 124,44 118.89 56,33 58.89 5.07 48.11 19.22 0.08 2383 197,50 0.20 568 1.28 1.48 

MIN 6.60 665.00 410.00 <5.00 90.00 110.00 110,00 43.00 49.00 4.50 40.00 17.00 <0.19 <0.1') <0.01 <0.01 <0.10 <0,001 <0.005 4,001 <0.0095 <0,01 0.05 <0.01 <0.01 i 21.00 170.00 019 1,50 0.35 4,10 0.30 <0.05 1 	0.05 

MAX 7.30 740.00 470.00 <5.00 1 	110,00 1 	140.001 1 130.001 70.00 1 	64.00 1 	5.70 53.00 21,00 <0,10 0.07 1 	0.09 0,01 1 	0.10 1 	<0,001 <0.005 <0,001 <0.0005 <0.01 0.10 0.01 1 <0.01 20.00 210,00 0.20 8,40 1.90 <0.10 2.40 <0.05 1 	<0.05 



TABLE 3-4 

GROUNDWATER QUALITY 

Location/Site Date pH BC TDS TSS Alkalinity HCO3 CO3 Cl T Na K Ca Mg I 	Fe Mn Zn I 	Cu AJ Cd Pb As Hg 0 a Cr k Mo 54 Hardness 7 N Kjeldahl N NHrN Total N Total P POeP 

Nimingarra Dewatering Bore S7B03 201 /1997 6.9 670 430 <5  150 110 49 59 5.6 46 24 _.L <0.01 50 2 1 JQL 0.1 <0.001 <0.005 <0.001 Q9-2O5 _.SQQ._ Q<!.  
NMS7BO3 2443/1998 7.6 670 430 <5  140 130 46 66 5.6 35 22 1 	<0.1 <0.51 0.16 <0.01 <0.1 0.001 <0.005 <0 001 <00005 <0.01 0.06 4.01 <0.01  

21005/1998 7.4 690 440 <5  150 110 44 60 5.6 47 21 <0.1 <0.01 0.03 <0.01 <0.1 <0001 <0.005 <0.001 <0 0005 <0.01 0.04 0.01 <0.01  

1009,2007 72 710 400 5 150 95 55 ;10  62 5 46 <0.1 4.01 4.01 --- 0.001 01 <0004, <0.01 0.03 <0.01 4.01 21 200 0.2 3 0.1--- <0.1 0/ 0.15 <0.05 

27/042001 7 720 470 <5 140 170 120 40 63 5.7 49 23 0.1 0.05 <0.01 0.02 <0,1 <0.001 <0.005 <0031 <00005 <0.01 0.02 4.01 <0.01 22 220 0.2 <0.2 <1005 -  <0.1 0<1 <0.05 <0.05 

1009/2001 7.3 700 440 <5 140 170 110 55 57 5.5 44 20 <0.1 <0.01 <0.01 <0.01 <0.1 4.001 4.005 <0.001 <0.0005 <0.01 0.03 4.01 <0.01 22 190 0.2 0.4 0.1 -  41 <0.7 <0.05 <0.05 

21/03 2702 73 710 420 <5 120 140 110 47 56 5.2 46 22 <0.1 0.01 <0.01 <0.01 4.1 4.001 <0.005 <0,001 <0.0005 <0.01 0.02 <0.01 4.01 26 200 0.2 1 0.23 -  <0.1 0.8 <0.05 <1005 

1007.2.7112 7 670 410 :5 100 120 100 64 57 56 37 15 <0.1 0.03 <0,01 <0.01 0,1 <0.001 <0.005 <0,001 <0.0005 <0.01 0.04 1 	<0.01 <0.01 26 150 0.2 	1 5.7 1.3 	1 -  <0.1 2 	1 <0.05 <0.05 

7.03.2073 67 720 450 <5 120 140 110 56 50 1 	4,6 42 19 4.1 <0.01 <0.01 0.01 <0,1 <0,001 <0005 <0.001 <0.0005 <0.01 <0.01 4.01 <0.01 1 21 180 0.2 <0,2 <1005 -  <01 <0.2 <0.05 <1005 

oo'o5"710701.4 /40 460 130 160 120 58 56 5.2 49 21 0.2 1 1 1 210 0.2  

29.09 2004 7 740 410 130 150 110 52 60 5.8 50 22 <0.1 220 <0.7  

AVERAGE 7.16 793.54 438.18 125.71 149.09 111.36 51.45 58.73 5.40 44.64 20.82 23.00 156.25 0.20  

MIN 6.10 570.00 400.00 <5.00 100.00 120.00 95.00 40.00 50.00 4.60 35.00 15.00 <0.10 <0.01 <0.01 <0.01 <0.10 <0.001 <0.005 <0.001 <0.0005 <0.01 <0.01 <0.01 <0.01 21.00 150.00 0.20 <0,2 <005 -  <0.10 <0.20 <0.05 <0.05 

MAX /.60 740.00 470.00 <5.00 140.00 170.00 130.00 64.00 66.00 5.80 50.00 24.00 0.20 0.00 0.16 0.02 0,10 0.001 <0.005 <0.001 <0.6005 <0.01 0.08 0.01 0.12 26.00 220.00 0.20 5.70 1.30  4.10 2.00 0.15 <0.05 

Yarrie Dewatering Bore YB02 6.8 320 210 <5  45 58 16 33 3.5 12 10 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 4001 <0.0005 <0.01 0.06 0.02 <0.01  
YAYB002 

29 ob, ~1998 

24olt 2WP 6.9 480 290 <5 50 60 77 23 46 2.8 14 14 <9,1 0.02 <0.01 0.01 <01 <0.001 <0.005 <0.001 <0.0005 <0.01 0.04 <0.01 4.01 24 95 0.1 33 7.5 -  <01 84 <0.05 <0.05 

15"fl9.'2 0.1 480 280 <5 40 50 77 36 53 2.8 23 17 <0.1 <0.01 0.03 0.04 0.3 <0.001 <0.005 <0001 <0.0005 <0.01 0.09 <0.01 0.06 21 130 01 42 9.6 -  <01 9.6 <0<15 <0.05 

7022, 4.1 540 340 <5 20 25 61 06 43 3.5 21 22 <0.' 4.01 4.01 0.01 <0.1 <0.001 <0.005 <0,001 <0.0005 <0.01 0.07 <0.01 <0.01 09 140 4.1 56 13  <01 14 4.06 4.05 

0/.09.2: 6.7 440 290 35 40 61 43 38 2.8 17 14 <0.1 100 47 1 

AVERAGE 6.64 452.00 282.00 36.25 44.00 66.80 42.80 42,80 3.08 17.40 15.40 0.07 21.33 116.25 4050 10.03 10.70 

MIN 6.10 320.00 210,00 <5.00 20.00 25.00 58.00 16.00 33.00 2.80 12.00 10.00 <0.10 <0.01 <0.01 <0.01 <0.10 4.001 <0.005 <0.001 <0.0095 <0.01 0.04 <0.01 <0.01 19.00 95.00 4.10 33.00 /.50 4 5 
MAX 6.90 540.00 340.00 <5.00 50.00 60.00 77.00 96.00 53.00 3.50 23.00 2200 <0.10 0.02 0.03 0.04 0.30 <0.001 <0.005 <0.001 <0.0005 4.01 0.09 0.02 0.06 24.00 140.00 0.10 56.00 13.00  <0.10 14.00 <0<15 <0<15 

Yarrie Dewatering Bore YBO3 6.5 3/0 240 <5  75 60 25 41 2.5 14 13 <0.1 0.06 <0.01 0.01 0,1 <0.001 <0.005 0.001 <0.0900 <0,01 0,18 <0.01 0.25  
9448003 6.8 380 250 <5  70 69 19 44 3.2 13 12 <0.1 <0.01 <0.01 <0,01 <0.1 <0.001 <0.005 <0,001 <00005 0,01 0.06 0.02 0.01  

6.9 350 210 <5  60 60 21 30 1,7 19 8.4 <0.1 <0.01 0.03 <0.01 <0.1 4.001 <0.005 <0,001 <0.0005 <0.01 0.08 0,01 <0.01 21 80 02 6.2 1.4 -  <0.1 2.4 <0<15 <0<15 

6.4 380 220 <5  75 70 15 39 2.4 14 11 <0.1 <001 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 0.01 <0.01 17 50 97 II 2,4 -  <0.1 2.4 <0<15 1005 

6.5 370 200 <5  05 65 15 40 2.3 13 10 <0.1 <0.01 0.01 <0,01 <0.1 <0.001 <0.005 <0.001 <0.0005 4.01 0.06 <0.01 <0.01 17 75 0.2 6.1 1.4 	1 -  <0.1 1.4 1105 <0<15 

6.3 480 310 <5 50 65 58303646 18 13 <0.1 0.01 0,01 <0.01 <0.1 4.001 <0.005 <0.001 4.0005 <0.01 0.07 <0.01 <0,01 17100024911  5.617<045<045 

20.03.2002 7 350 210 <5 45 55 52 24 33 3.4 Il 10 <0.1 0.03 <0.01 <0.01 <0.1 4.001 <0.005 <0.001 <0.0005 <0.01 0.01 <0.01 <0.01 22 70 0.1 9,4 2.1 -  4.1 2.4 <1005 <1005 

5.8 330 210 1 	<5 55 65 95 7 2242 18 6.4 <0.1 <1001<0.01 0,01 0.4 <0.001 0.005 <0.001 <0.0005 <0.01 0.08 <0.01 <0.01 56 /00.1194.4  <0.14.4045<005 

18., 062003 7 410 260 50 65 68 33 40 2.2 15 12 <0.1 85 5.5  
7.4 350 230 40 50 94 49 33 2.2 10 10 <0.1 1 65 5.4  

AVERAGE 6.66 37465 233.91 - 48,00 64.09 63,27 21.91 36.18 4.52 14.36 10./1 -- 0,07 25.00 78.13 0.17 13.95 3.78 5.00 

MIN 580 330.00 200.00 <5.00 40.00 50.00 52.00 3.00 22.00 1.70 10.00 6.40 <0.10 <0.01 <0.01 <0.01 <0.10 <0.001 <0.005 <0.001 <0.0005 <0.01 0.01 <0.01 <0.01 17.00 65.00 0.10 5.40 140 <0.10 1.40 <0.05 <0.05 

MAX 740 480.00 310,00 <5.00 55.00 75,00 75.00 49.00 44.00 23.00 19.00 13,00 <0.10 0.06 0.03 0.01 0.40 <0.001 0.005 0.001 0.000 0.01 0.18 0.02 0.25 56.00 100.00 0.20 49.00 11.00 5.60 17,00 0.05 <0.05 

Yarrie Dewatering Bore 9805 20092000 64 350 190 <5 45 55 lb 34 2.4 Ii 9.8 <0.1 <0.01 <0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <001 0.05 <0.01 <0.01 19 70 0.1 IS 3.4 <0.1 3.4 0.1 <0.05 

9448005 18.0107001 63 420 270 <5 40 50 60 45 39 3 IS 14 <0.1 0.06 0.05 <0.01 <0,1 <0.001 <0.005 <0.001 <0.0005 <001 007 <0.01 <0.01 22 95 <0,1 24 5.4 <0,1 5.4 <0.05 <0.05 

70.02 2002 58 7.10 440 <5 5 5 46 210 39 4 29 42 <0.1 0.79 0.01 0.09 0.1 <0.001 <0.005 <0.001 <0.0005 0.01 0.07 <0.01 0.04 22 240 0.1 69 16 <0.1 17 <0.05 <0.05 

18.0102003 6.5 580 300 20 25 55 110 39 3.1 27 26 -:0,1 170 67.00 

AVERAGE 550 522.50 315.00 21,87 31.25 54.00 95.00 37.50 3.13 20.50 22.95 0.06 21.00 143.75 43,75 8,27 8.60 

MIN 7.30 350.00 190.00 <500 5.00 500 46.00 15,00 34.00 2,40 11,00 9.80 <0,10 <0.01 <0,01 <0.01 <0.10 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 <0.01 <0.01 1900 70,00 <0.10 15.00 3.40 <0.10 3.40 <0.05 <0.05 

MAX 6.80 740,02 440.00 <5.00 40.00 50,00 60.00 210.0339.09 4,00 29,00 -1200 <0.10 0.79 0.05 0.09 0.10 <0.001 <0.005 <0.001 <0.0005 0,01 0.07 <0.01 0.04 22.00 240.00 0.10 69.00 16.00 <0.10 17.00 0.10 <0.05 

Yarrie Piezomeler YRP12 (YAYRP12) 21009.1999 6.3 590 360 2000 100 84 68 55 38 30 18 <0.1 1.8 0.1-0 0.01 0.2 <0.001 <0.005 <0.001 <0.0005 <0,01 0,61 <0,01 <0.01 39 ISO 0.2 6.8 

AVERAGE 6.30 680.00 360.00 2000.00 100.00 84.00 8800 5500 380 3000 1800 1 80 0,14 0,01 0.20 0.61 3800 159.00 0.20 6.80 

MIN 6.30 580.00 360.00 2000.00 100.00 84.00 8800 5500 3.80 3000 1809 <0.10 1.80 0,14 0.01 0.20 <0.001 <0.005 <0.001 <0.0005 <0.01 0,61 <0.01 <0,01 2590 150.90 0.20 6.80 

MAX 6.30 580.00 360.00 2000.00 100.00 94.00 0900 55.00 3.80 30.00 18.00 <0.10 .80 0.14 0.01 0.20 <0.001 <0.005 <0.001 <0.0005 <0.01 0.61 <0.01 <0.01 31000 150.00 0.20 6.80 

Yarrie Piezometer YRP14 01/ 10,1997 6.7 860 550 940 150 0.1 130 8 100 3.1 41 22 0.01 3.5 0.02 0001 0.01 0.0001 0.0005 0.001 0.00005 0,001 0.27 0001 006 30 0.4 04 0.07 2.1 0.2 0.005 0.005 

YAYRP14 29.09.1599 27 11000 19000 210 <5 85 14000 200 lb 650 /10 1600 540 4.2 5/ 910 0.03 <0.005 <0.001 <0.0005 <0,01 0.13 2 14 240 4500 <0.1 97 

29<13.2000 3,1 4400 5300 160 <5 80 7500 100 6.3 290 190 34 150 I 12 tOO <0.01 <0.01 <0.001 <0.0005 <0.01 0.04 0.30 3 1 100 1500 <0.1 34 

7//06 2000 27 22000 53000 1300 <5 130 35000 140 18 520 870 6500 250 1 130 2900 0.002 <00005 <0.01 12 20 230 4900 <0.1 28 

12"12.'2273 73 19000 13000 16 <5 <5 130 30000 150 45 600 830 6300 320 5.8 71 2300 0.006 <0.005 0.002 <0,2005 <0.01 0.06 /,2 20 280 4900 <0.1 7.9 

200320:/I i 5 06000 9900 25 <5 <5 110 24000 140 12 490 820 4600 260 3.9 68 1900 0.003 <0.005 0002 <00005 <0,01 0.05 4.6 0.07 260 4600 <0.1 64 

20.01'273) 74 16900 11000 600 <5 <5 120 25000 140 16 440 760 2500 150 4.3 72 1800 <0.005 <0.005 0.001 <0.0205 <0.01 0.05 5.5 18 200 4200 10.1 4 

1i699"20:iI 7,1 19401) 11000 28 <5 <5 140 24000 140 14 420 730 4000 250 4.3 59 1500 <0.005 <0.005 0.002 <0.0005 <0.01 0.11 0.09 0,1 210 4100 <0.1 6.3 

210)1.2001 7.3 0201) 11000 49 <5 <5 159 24000 150 14 400 750 3800 260 4.1 60 1600 0.011 <0.005 0097 <0.0005 <0.01 0.1 0.11 0.13 240 4100 <0.1 56 

20.00.2072 2.3 14600 9300 <5 <5 <5 140 71000 130 8.9 370 680 3400 250 3.6 60 1300 0006 0.005 0.002 <0.0005 <0.01 0.06 4.6 0.06 240 3700 <0.1 57 

25.002002 2,1 20000 12000 200 <1: <5 130 79000 100 7.7 440 720 5100 250 3.7 99 2100 0.008 <0.005 0,007 <0.0005 <0.01 0.2 8.8 0,1 260 4100 <0.1 59 

18 09.2002 2 15000 12000 120 <5 <5 12)) 7/000 02 5.3 10 20 5300 230 4.4 110 1800 0008 0005 0,001 <0.0005 <0,01 0.08 7,6 007 300 180 <0,1 57 

04.12.2002 16 17700 12000 lb <5 <5 120 2/000 170 8.2 -040 /50 3500 240 3.8 74 1500 0003 0.01 0.001 <0.0005 <0.01 0.04 6.8 20 240 4200 <0.1 57 

18.022003 2.2 14900 11000 29 <5 <5 85 211000 120 6 410 600 2700 240 4 59 1300 <0.91 9.005 0,091 <0.9905 -:001 004 4.2 1 / 210 3500 <0.1 57 

50002003 1 9 18500 10000 71 <5 <5 <I 1-10 7/000 94 4.4 470 960 3600 290 3.9 74 1800 0.01 <0.005 0.001 <0.0005 0.1 0.09 5000 57 

06052003 2 18300 11000 31 <5 <5 <I 140 26000 100 3.8 410 /80 4300 240 3.4 75 2100 0.007 <0.005 0.002 <0.0005 6.5 20 4200 58 

76.11.2003 21 16700 11000 25 <5 <5 <I 160 25000 120 5.7 460 800 3300 240 42 70 2000 0.008 0.005 0.001 <0.0005 5 9 4400 53 

200047004 2.5 5550 7600 530 <5 <5 <1 27 16000 32 2.7 160 380 2000 50 1,7 35 1300 0.004 <0.005 0.003 <0.0005 5 II 2000 3 

AVERAGE 2.47 14607,22 1275833 118.72 22090.78 118.78 10.89 388.94 631,78 24/4.11 229.08 3.74 95.83 1576.11 0.09 4.47 9.08 234.62 3567.22 42.53 0.40 0,07 2,10 020 0.005 0.005 

MIN 1.90 860,90 550.00 <5.00 <500 <5.00 0.10 27.00 98.00 32.00 2.70 40.00 20.00 0.01 3.50 0.02 0.00 0.01 0.0001 0.0005 <0.001 0.00005 0.001 0.04 0.00 0.04 100.60 130.60 <0.1 0.40 0.40 0.07 2,10 0.20 0.005 0.005 

MAX 6.70 22006.00 53000.00 1300.00 <5,00 150.00 <1.00 10000 35000.00 200.00 45.00 650.00 960.00 6500.00 540.03 7.00 130.00 2900.00 0.03 0.01 0.003 <0.0005 <0.01 0.27 12.00 20.00 300.60 5000.00 <0.1 97.00 0,40 0.07 2.10 0.20 0.005 0005 

Yarrie Piezorneler YRP15 0&02'1999 6.8 1200 7/0 45 55 95 430 100 3 85 48 0.46 0.03 0.28 410 

YAYRP15 1212,2000 64 220 140 350 10 10 50 20 30 0.9 5.2 5 1.4 0,12 <6.01 0.02 2,1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 0.02 71 35 0.3 6.2 

20.02.200) 6.9 640 290 1100 10 15 110 <16 57 1.1 9.5 12 <0.1 <0.0) 0.01 <0.01 0.4 <0.001 -<0.005 <0,001 <0.0005 <0.01 0.11 <0.01 <0.01 48 lb 0.4 22 

19.06/200) 6.9 1000 830 46000 50 60 270 110 120 3.8 43 40 0.7 1.2 0.01 <0,01 1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.62 <0.05 <005 28 2/0 0,4 27 

1809,2001 6 510 310 4200 30 35 120 25 55 1.7 12 14 <0,1 <0.01 0.06 <0.01 5.5 <0.001 <0.005 <0.001 <0.0005 <0.01 0.21 0.09 0.04 36 90 0.2 16 

21011:2001 5.8 510 330 6000 10 15 120 11 52 1.5 11 14 <0.1 1.5 0.04 0,01 0.0 <0.001 <0.005 <0.001 <0.0005 <0.01 0.32 <0,01 004 34 85 0.1 29 

20,03/2002 6.1 290 170 280 <5 <5 58 12 37 1 41 5.8 0.2 0.03 0.01 0.01 5.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 0.04 35 35 0.3 14 

25/66,2002 0.9 490 320 3900 5 5 110 27 60 2 9.3 11 0.2 0.25 0.01 0.91 03 <0.001 <0.005 <0.001 <0.0005 <0,01 0,31 <0,01 0.02 36 70 0.2 20 

18.09.2002 5.7 520 310 3100 <5 <5 120 35 25 08 13 24 <0.1 0.02 <0.01 0,01 3.7 <0.001 <0.005 <0,001 <0.0005 <0.01 0,24 <0,01 0.04 45 40 0.1 30 

0412/2002 52 490 320 7200 <5 <5 110 44 52 1.1 12 14 I 0.07 <0.01 <0,0' 0.2 <0.001 <0.005 <0.001 <0.0005 <0.01 0.38 <0.01 <0,01 39 90 0.1 24 

110032003 6.9 330 210 68 15 IS /0 57 39 1,3 75 7.8 <0.1 <0,01 0.05 0.02 1.2 <0.001 <0.005 <0,001 <0.0005 <0,01 0.12 <0.01 <0.01 43 50 0,4 14 

11006/2903 6.3 530 330 3100 <5 <5 <I 130 10 53 1 14 15 0.3 0.07 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <00005 <0.01 0.05 95 <0.2 

0608/2003 6.5 570 420 5300 <5 <5 <I 150 98 62 2.6 1.0 16 0.1 0.31 <0.01 <0.01 0.8 <0.001 <0.005 <0001 <0.0605 <0,01 0,05 100 22 

2511.2003 6.3 520 430 7300 10 10 <1 120 190 54 1,8 12 15 0.3 0.1/ 0.02 0.03 <0.) <0.001 <0.005 <0001 <0.0005 0.13 1.8 90 23 

17'97.2004 03 300 180 4200 10 10 <1 67 8 35 0.8 -16 78 <0.1 <091 0.01 <0.01 0.1 -<0.001 <0.005 <0,001 <0.0605 <0.01 <0.91 45 6.2 

2(005.2004 7.4 600 380 450 <5 <5 <1 150 11 65 1.4 13 16 0.2 0.01 0.01 <0,01 0.5 <0.001 <0.005 <0,001 <0.0005 <0.01 <0.01 100 21 

AVERAGE 6.34 532.50 358.75 6412.06 115.03 56.00 1,61 16.83 16.24 0.25 3680 101,25 0.25 

MIN 5.20 220.00 140.00 45.00 <5.00 <5.00 <1,00 50.00 8.00 25.00 0.80 4.10 2.40 <0.10 <0.0 <0.01 <0.01 <0,10 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 2100 15.00 0.10 <0.20 

M AX 7.40 1200.90 830.00 46000.00 50.00 90.00 <1.00 270.00 430.00 120.00 3.80 85.00 48.00 1.40 1.50 0.06 0.03 5.50 <0.001 <0.005 <0.001 <0.0005 <0.01 0.62 0.13 1,80 4800 410.00 0.40 30.00 



TABLE 3-4 

GROUNDWATER QUALITY 

Location/Site Dale pH BC TDS TSS Alkalinity HCO1 C01 Cl SO1 Na K Ca Mg Fe Mn Zn Cu Al Cd Pb As Hg Se Ba Cr Ni Mo Sr0 Hardness F NO1 NO,-N N01-N Kjeldahl N NHrN Total N Total P P0.-P 

Yarrie PiezometerYRP4l 12il2'2000 6.7 720 460 53 300 130 120 75 71 4.1 35 28 <0.1 0.19 0,03 <0.01 <0.1 <0.001 <0.005 <0.001 4.0005 <0.01 0.03 <0,01 0-011 35 200 0.19 0.2 

YAYRP41 2TO3:2001 6.6 750 490 330 100 120 120 lOS 76 3.2 35 34 4.1 <0.01 0.01 <0.01 <0.1 01 0,005 4.001 05 <0,01 '0.011 44 120 812 2.6  

2010612001 6.8 7/0 510 210 94 110 120 130 69 2.7 30 32 <0.1 <0.01 0.05 4.01 4.1 <0,001 <0.005 <0.091 <0.0005 <0.01 0.04 0.03 <0.051 34 210 0.1 09  

1&0a,2001 6.5 830 500 94 100 120 120 140 72 2.9 32 35 <0.1 <0.01 0.05 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 0.04 0.03 42 220 <0.1 3.8-- 
28,111;2001 6.5 840 540 36 60 95 110 140 74 2.6 30 35 <0.1 <0.01 0.02 <0.01 4.1 <0.001 <0005 <0.001 <0.0005 <0.03 0.08 <0.01 <0.01 30 220 0.1 10  

W 03/2002 / 850 510 34 60 95 110 140 72 2.4 35 35 0.2 0.05 <0,01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.03 0.05 <0.01 0.03 313 230 <0.1 88  

25~06'2002 7 870 560 34 70 85 110 160 73 3 33 36 <0.1 0.01 0.02 <0.01 <0.1 <0.001 <0.005 <0.001 4.0005 <0.01 0.08 <001 <001 42 230 <0,1 13  

1 &09, 2002 62 870 520 63 70 85 120 180 19 1.6 41 42 <0.1 <0.01 001 4,01 0.6 <0,001 <0.005 <0.001 <0.0005 <0.01 0.05 <0.01 0.05 45 280 <0.1 17 	1  

0412)2002 5.9 950 600 58 75 90 110 180 75 1.9 36 40 <0.1 <0,01 0.01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.01 43 260 <0,1 18  

18!03'2003 6.2 910 570 35 70 90 129 180 77 3 37 37 <0.1 <0,01 0.04 0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 0.02 <0.01 42 240 <0.1 19  

I&C62003 6.6 910 560 100 80 95 <1 310 180 85 2.4 37 40 <01 <0.01 0.02 <0.01 <0.1 <0,001 <0.005 <0.001 <0.0005 <0.01 0.02 270 21  

06/081"2003 6.6 930 600 66 65 80 <1 120 200 78 2.2 39 43 <0.1 <0.01 0,01 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 0.05 <001 270 21  

26. 11.;2003 6.4 950 590 100 60 75 <1 110 220 79 2.6 38 42 <0.1 0.02 0.02 0.01 <0.1 <81001 <0.005 <0.001 <0.0005 <0,01 0.35 270 21  

12112,2004 7.3 950 580 110 05 80 <1 110 210 73 2 36 44 <0,1 <0.01 0.02 0,01 <0.1 <0.001 <0.005 <0,001 <0.0005 <0.01 <0.01 270 20  

2605" 2004 0.7 950 590 49 65 80 <I 100 210 75 2.3 37 39 <0.1 <0.01 0.01 <001 0.2 <0001 <0.005 <0.001 <0.0005 <001 <0.01 250 24 

AVERAGE 6.60 872.67 544.67 91.60 78,27 9533 114.00 163.00 71.20 2.50 35.40 37.47 0.06 40.00 236.00 13.35 

MIN 5.90 720.00 460.00 34.00 60.00 75.00 <1.00 100.00 75.00 19.00 1.60 300 26.00 <0.10 <0.01 <0.01 <0.01 <0.10 <81003 <0.005 <0.001 4.0005 <0.01 0.03 <0.01 <0.01 30,00 120.00 <0.10 1 0.20 

MAX 7.30 1390.00 600.00 330.00 100.00 130.00 <1.00 120.00 220.00 85.00 4.10 41.00 44.00 0.20 0.19 0.05 0.01 0.80 <0.001 <0.005 <0.001 <0.0005 ' 	<0.01 0.06 0.05 0.35 45.60 280.00 0.20 24.00 

Yarrie Piezometer YRP43 12,'! 2!2000 6.4 1450 900 360 80 95 330 too 200 5.4 56 26 <0.1 0.07 0.04 <0.01 0.1 <0.001 <0.005 <0.001 <0.0605 <0.01 0.06 <0.01 0.01 19 250 0.3 9.7 

YAYRP43 201;03.2001 6.4 900 590 95 45 55 210 50 120 2.9 35 19 <0.1 <0,01 <0.01 <0.01 <0.1 <0001 <0.005 <0001 <0.0005 4.01 <0.1 <0.01 <001 24 55 0.1 21 

20'0&2001 6.3 930 610 85 38 45 220 55 320 2.6 29 19 4.1 0.01 <0.01 <0.01 <01 <0.001 <0.005 <0.001 <0.0005 <0.01 0.09 0.02 <0.05 19 150 0.1 17 

18/09 6 960 600 58 40 50 220 60 120 3 33 19 <0.1 0.01 0.02 <0.01 <0.1 <0.001 <0.005 <0.001 <0.0005 <0.01 0.1 0.02 <0.02 2< 160 0.1 16 

281' 1 6 990 770 170 55 55 270 72 150 3.8 36 21 <0.1 <0.01 0.02 <0.01 0.2 <9001 <0.005 <0.001 <0.0005 <0.01 0.1 <001 <0.01 11/ 180 0.2 24 

20/012012 64 1000 630 59 45 55 240 52 130 3.1 34 16 <0.1 <0.01 0.01 <0.01 0,1 <9,001 <0005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.91 20 160 0.2 32 

25.06.'2002 6.3 1050 770 140 55 65 280 66 150 4.8 38 21 <0.1 0.06 0.04 <0,01 <01 <0001 <0.005 <0.001 4.0005 <0.01 0,07 <001 <0.03 20 180 0.2 30 

1 a 09:2002 5.9 980 5130 130 35 45 230 58 140 4.1 40 27 <0.1 <0.01 0.02 001 0,1 <9,091 <0.005 <0.001 <0.0005 <0.01 0.08 <0.01 <0.01 24 210 	1 0.1 20 

04 * 12i2OO2 5.6 970 640 140 40 45 220 66 120 2.2 31 20 <0.3 4.01 0,01 <0,01 <0.1 4.001 <0.005 <0.001 <0.0005 1 <0.01 0.09 <0.03 <0.01 24 160 01 20 

18,03.' 6.3 1100 700 42 50 65 240 55 130 3.6 30 18 <0.1 <0.01 0.04 0,01 <01 <0.001 <0.005 <0.001 <0.0065 <0.01 0.05 002 <0.01 19 150 0.3 42 

181;0812003 61 1000 620 86 50 60 <I 230 50 130 2.8 31 19 <0.3 4,01 0,02 0.01 <01 <0.001 <9.005 <0,001 <00005 0,11 0.02 160 2/ 

06, Oa.2GO3 6.2 1000 640 33 35 45 <I 240 59 120 4,2 32 19 <0,1 <0.01 <0.01 <0.01 <0.1 <0,001 4.005 <0.001 <0.0005 I <0.03 <0.01 160 28 

26/11. 5.9 1000 620 170 35 40 <I 230 66 120 3.8 34 21 <0.1 0.66 0.06 <0.01 <0.1 <0.001 <0.005 <0,001 <0.0005 <0.01 0.04 170 27 

6.3 3000 650 200 40 50 <1 230 70 110 3 34 26 	1 0.1 0.01 0.03 1 <0.03 <0 1 <0,001 <0.005 <0,001 <810005 <0.01 <0.01 1130 29 

6.7 1 050 670 9 50 65 <1 250 65 140 3.7 34 22 <0.1 <0.01 9.03 <0.03 0.1 <0.001 <0.005 <0.001 <00005 <0.03 <0,03 180 31 

AVERAGE 6.19 1025.33 666.67 118.47 46.20 55.67 242.67 62.27 133.33 3,49 35,13 21.00 21.20 167.67 0.17 25.71 

MIN 5.60 900.50 550.00 9.00 35.00 40.00 <1,00 210.00 59.00 110.00 2.20 29.00 18,00 <0,10 <0.01 <0.01 <0.01 4.10 <0.001 <0.005 <0.001 <0.0005 <0.01 0.05 <0.01 <0.01 19.00 55.00 0.10 1 0.70 

MAX 6.70 3450.00 900.00 360.00 80.00 95.00 <3.00 330.00 300.00 200.00 5.40 56.00 27.00 <0.10 0.07 0.06 0.01 0.20 <0,001 <0.005 <0.001 <0.0005 4.01 0.10 0.11 0.04 24.30 250.00 0.30 42.00 

Yarrie PiezometerYRP44 17/12/7000 6.4 400 260 330 30 40 40 70 18 4.7 32 16 <0.1 14 0.06 4.03 0.1 <0.001 <0.005 <0003 <00005 <0.03 0.39 <0.01 0.02 1' 150 <0.1 21 

YAYRP44 28/11/2001 6.6 360 230 11000 110 140 25 2 15 4 19 4 1.8 0,34 0.01 4.01 <0.1 <3,001 <0.005 0,002 <0.0025 <0,03 0.06 <0.01 <0.01 24 65 0.1 <0.2 

200312002 6.6 190 110 260 20 25 20 7 16 1.8 5.9 3.8 <0.3 0,24 <0.01 <0.01 5.3 <0,001 <0.005 0,002 <00005 I <0,01 0.07 <0.01 <0.01 30 30 0.2 0.6 

250&12002 6.9 380 240 160 120 150 74 3 16 5.3 9.9 46 4.6 0.45 0.03 <0.01 0.1 <0.001 <0.005 <0.001 <0.0005 <0,01 0.03 <0.01 <0.01 30 45 0.1 0.4 

18.09.2002 6.8 1050 630 2000 410 500 29 13 16 12 16 5.3 0.9 03 <0.01 <0.01 1 <0.001 <0.005 <0.001 <0.0005 <0,01 0.02 <0.01 <0,01 3/) 60 0.2 0.3 

04.12/2002 6.3 1100 770 660 450 460 26 4 22 13 14 63 0.3 0.3 <0.01 <0.01 0.2 <0.001 <0.005 <0.001 <0.0005 <0.01 0.06 <0.01 <0.91 28 60 0.2 0.3 

8.0212003 6.4 120 70 310 15 15 15 5 10 1.6 42 28 10.1 0.05 0.02 <0.01 <0.1 <0.001 <0.005 0.001 <0.0905 <0.01 0.05 0.02 <0,01 24 20 0.2 1,8 

8062003 6.8 320 160 730 120 35 <I 28 3 14 4 93 54 0.4 on 0.03 <0.01 <0,1 <0,001 <0.005 <0.001 <0.0005 <0.01 <0.01 1 45 <0,2 

06/062003 6.9 390 210 1500 50 60 <1 35 7 17 6,7 13 76 1.6 0.43 <0.01 <0.01 04 <0.001 <5.005 4.003 <0.0005 <0.01 <0,01 65 1 	<0.2 

25.11/2003 6.7 500 340 10000 180 210 <1 34 7 18 6,7 16 8.6 <0.1 0.42 0.06 <0.01 <0,1 <0601 <0.005 <0.001 <0.0005 <0.01 0.03 75 <0.2 

1202.2004 6.5 500 30 250 <5 <5 <1 8 2 31 0.9 7.2 2,)) <0.3 0.02 0.02 <0.01 <0,1 <0003 <0.005 <0.001 <0.0005 4.01 <0.01 15 4 

26/05/2004 6.7 550 260 180 110 130 <I 51 4 43 4.5 21 12 <0.1 0.25 <0,01 <9,01 <0.1 <0.003 4.005 <0.001 <0.0005 <0,01 -0.01 100 <0.2 

AVERAGE 6.63 495.83 275.83 2240.00 1 1 27.92 10.58 17,34 5.43 13.54 6.61 0,37 0.07 2509 60.83 

MIN 6.39 120.00 30.00 360.00 <5.00 <5.01 <1,00 809 2.00 3,10 0.99 2.20 2.80 <0.10 1 	0.02 <0,01 <0.01 <9.30 <0.003 <0.005 <0.001 <0.0005 <0.01 0.02 <0.01 <001 1100 15.00 <0.10 <0.20 

MAX 6.90 1100,00 770.00 11000.00 450.00 500.00 <1.09 51,00 70.00 43.00 13.00 32.00 16,00 4.60 1.40 0.06 <0.01 5.30 <0.003 <0.005 0.002 <0.0005 <0.01 0.19 0.02 0.03 3000 150.00 0.20 21.00 

B Pit Western Runoll 20/,317000 2.3 9900 17900 <5 <5 110 1100)) 90 15 630 600 110-0 300 2.6 34 900 <0.01 <0,01 <0.001 <0.0005 <0.01 0.16 3.2 11 180 1 	4000 <0.1 89 

YASWO12 21.032002 3 3700 2200 18000 <5 <5 79 2800 66 7.5 220 250 0.6 6/ 1.7 5.3 169 0.023 <0.905 <0.001 <0.0005 <0,01 006 0.23 3.9 5.1 1600 04 100 

AVERAGE 2.65 6800.00 960000 94.50 6900.00 78.00 11.25 425.00 425,00 550.30 183,50 1.90 19.65 480.00 0.11 1,72 7,45 11/00 2800.00 94.59 

MIN 2.30 3700.00 220000 <5.00 <5.00 <5.00 79.00 2800.00 66.00 7,50 220.00 250.00 0.60 67.00 1.20 5.30 160.00 <0.01 -0.005 4.001 <0.0005 <0.01 0.06 0.23 3.90 54.00 1600.00 <0.10 89,00 

MAX 3.00 9900.00 1/000.09 18000.00 <5.00 <5.00 110.00 11000,00 90.00 10.00 630.00 600.00 1100.00 300.00 2.60 34.00 800.00 0.02 <0,03 <0.001 <0.0005 4.01 0.16 3.20 11,00 18000 4000.00 0,40 100.00 1  

YarrieJDPl l212'2000 2.3 12000 8100 630 <5 <5 35 15000 160 75 589 530 1800 390 2.1 44 980 0.001 <0005 <0.001 <0.0605 <0.01 0.06 4.3 96 210 3500 <0.1 6,7 

YAJDPOI 29/03/7001 2 15009 9900 64 <5 <5 120 23000 120 19 440 	1 740 4709 130 7.3 63 1700 0.003 0.005 0.009 <0.0005 <0.01 0,21 4 0.07 210 4100 <0.1 5.1 

20/062001 23 17200 11000 18 <5 <5 120 25000 110 18 440 740 3700 320 3.8 73 1800 <0.005 <0.005 0.004 <0.0005 <0,01 0.05 5.7 19 240 4100 <0.1 3.2 

19,09.7071 2 16300 11600 <5 <5 <5 130 23000 109 19 390 720 3409 69 3.3 55 1600 1 	<0001 0005 0.002 <0.0005 <0.01 0.09 0.08 0.11 170 3900 <0.1 2.3 

78,117001 2.1 16300 Ticao 7 <5 <5 150 23900 310 18 360 730 3800 130 4,3 54 1600 0.608 0,035 0.002 <00005 <0.01 1 	0.06 0.11 0.1 1 210 3900 <0.1 55 

70,03'2002 22 13000 8100 <5 <5 <5 120 17000 92 6.2 280 430 3100 66 2.3 65 3100 0.022 0.905 0.002 <00005 <0.01 0.04 5.4 0.03 170 2500 <0.1 70 

25/96.2007 2.4 8900 5400 150 <5 <5 68 9600 310 65 220 280 1309 51 1.5 31 600 0.002 <0.005 <0,001 <00005 <0.01 0.07 2,4 0.06 150 1700 <0.1 70 

1809/2002 1.9 17700 110-00 8 <5 <5 140 25000 92 4.9 370 730 3900 330 3.8 93 190o 0.007 0.005 0.001 <0.0005 <0.01 0.07 6.8 0.06 280 3900 <0.1 66 

94,17.2092 1.6 16400 12000 6 <5 <5 140 74900 94 4.8 380 710 3600 350 3 63 1490 <0.001 <0.005 0.001 <00005 <0.01 0.03 6 19 260 3900 <0.1 67 

29112003 2.1 16400 10000 <5 <5 <5 <I 170 23000 85 3.7 330 830 2600 120 3.9 03 1900 0.006 <0.005 0.001 0.0005 4.4 19 4200 63 

AVERAGE 2.09 14920,00 9750.00 120.30 20760.00 107.30 10.76 379,00 642.00 3190.00 11560 3.54 80.20 1458.00 0.08 392 6.70 211,11 3570.00 40.83 

MIN 1.60 8900.00 5400.00 <500 <5.00 <5.00 <1.00 35.05 9600.00 85.00 3.70 220.00 280.00 1300.00 51.00 1.50 31.00 600.90 <0.001 <0.005 <0.001 <0.0005 <0,03 0.03 0.08 0.03 150.00 1700.00 <0,10 2.30 

MAX 2.40 17700.00 12000.00 610.00 <5.00 <5.00 <1.00 170.00 26000.00 160.00 19.00 580.00 830.00 4700.00 190.00 1 	7.30 93.00 1900.00 0.022 0.015 0.009 1 <0.0005 <0.01 0.21 6.80 19.00 280.00 4200.00 <0.10 70.00 

YarrieJDP2 12.12.2000 5.5 560 350 1500 <5 <5 00 65 64 1.9 22 13 0.3 01/ 0.1 0.03 0.4 <0.001 <0.005 <0.001 <0,0005 <0.01 0,12 <0.01 0.02 37 110 <0.1 22 

YMOP02 20/062001 6.7 770 520 900 300 320 65 20 64 4,2 36 27 1 7 0.85 0.03 <0.01 <0.1 .0,001 <0.095 <0.001 4.0005 <0.01 0.3 <0.05 <0.05 32 200 0.2 0.4 

18/09/2001 6.1 570 300 1300 100 120 75 55 55 3.2 18 15 <0.1 0.4/ 0,04 4.01 4.2 <0001 <0.005 0.002 4.0005 <0.01 0.17 0.02 0.05 34 110 0.1 15 

28/11/2001 6.2 570 350 890 50 65 77 67 54 2.3 17 14 <0.1 05 0.04 0.01 0.4 <0001 4.005 <0.001 <0.0005 <0.01 0.2 <0.01 <9.01 3') 109 0.1 33 

20.03.2002 5.8 450 270 740 30 10 55 67 48 2.2 14 9.2 0.2 0.25 <0.01 <0.01 1 0.901 <0.005 <0.001 <0.0005 <0.01 0.09 <9.91 0.02 39 75 <0.1 40 

25'96.'2002 58 460 290 2300 5 5 62 110 42 3 33 10 0.8 0.63 0.06 0.03 0.1 <0003 <0.005 <0.001 <0.0005 <0.01 0,15 <9,01 0.02 2) 75 <0.1 4.6 

1809.0092 6.1 445 260 340 <5 <5 73 72 00 2.2 12 7,6 <0.1 0.29 0.01 <0.01 3.7 <0001 <0.905 <0.001 <0.0005 <9.01 0.11 4,01 0.08 3.3 60 0.1 41 

0417,0002 3.8 450 290 370 20 25 69 97 57 2.4 17 10 <0,1 0.28 0.04 10.01 2.5 <0.001 <0.005 <0,001 <0.0005 <0.01 0.16 0.01 <0.01 3') /5 0.1 40 

18'0/42093 4.4 440 250 2200 <5 <5 31 92 46 2.2 14 II 1 	0.2 1 	053 0.03 0.1 <0,1 <0.091 <0.005 4001 1 <00005 <0.01 <0.1 4.01 0.02 33 80 <0,1 42 

1806.2003 5.9 480 290 180 25 30 <1 64 62 59 2.5 14 10 0.1 0.2 0.04 0.01 <0.1 <0.001 <0.005 <0,001 <0.0005 <0.01 <0.01 85 38 

0608.2003 6.3 470 300 110 30 35 <1 65 61 53 1.4 15 Il <0.1 0.19 4.01 <0.01 0.5 <0.001 <0.005 <0,001 <09005 <0,01 <0.01 1 	85 41 

26.11,7993 33 475 389 360 15 20 <1 73 260 52 1.6 12 9.9 0.7 0.12 0.03 002 <0.1 <0.001 <0.005 <0.001 <0.0005 0.01 1.8 70 39 

2605/2004 6.6 550 339 /60 120 140 <I 24 100 47 2.5 24 19 0.1 0.78 <0.01 <001 <0.1 <0.001 <0.005 <0.003 <0.0005 <0,01 0,01 140 2.1 

AVERAGE 5.78 514.23 323.85 926.1S 53.31 86.77 53.92 2.43 17.54 12.82 0.40 3500 97.33 28,01 

MIN 3.80 440.00 250.00 11000 <5.00 <5,00 <1.00 24.00 20.00 42.00 1.40 12.00 7.60 <0.10 0.12 <0.01 <0,91 <0.10 <0.001 <0.005 <0.001 <0.0005 <0.01 0.09 <0.01 <0.01 30.00 60.00 <0.10 0,40 

MAX 6.70 77000 52000 2300.90 300.00 320.00 <100 90.90 260.00 64.00 4.20 36.00 2700 1,20 0.85 0,10 0,10 4.20 <0.001 <9.005 0.002 <0.0005 I 	<0.01 I0.30 0.02 1,80 39.00 200.00 9.20 42.00 
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Pilbara Region Biological Survey 

Early flora survey work in the Pilbara region was carried out by Royce (1948) and Burbidge (1959) 
while broad scale vegetation mapping was first carried out by Burbidge (1945) and later refined by 
Beard (1975; 1979). However it was not until the increased development of mineral resources in the 
region during the last twenty years that any site-specific detailed flora and fauna surveys have been 
conducted in the Pilbara region. 

BHPBIO is one of several companies that are contributing to the Pilbara Biological Survey 2002 - 
2007. The $12.5 million biological survey is being used to discover and document the flora, fauna, 
aquatic life and ecosystems of the Pilbara and is being carried out at approximately 800 sites across 
the region. The survey is funded by the WA Government, primarily through CALM with assistance 
from the WA Museum and industry. 

The objectives of the Survey are to investigate the biodiversity of the region and assist with: 

developing a framework to guide land-use and conservation planning in the Pilbara; 

appraising the region's conservation reserve system; 

improving the environmental impact assessment of developments; 

verifying distributional information for threatened species and ecological communities; 

providing detailed information on stygofauna; and 

documenting new information about plants, reptiles, frogs, mammals, bats, birds, spiders, 
scorpions and aquatic invertebrates. 

The regional sampling component of the survey began in 2002 and is expected to continue until mid 
2006. It will then take approximately one year for the survey data to be sorted, analysed and the 
results published. Whilst the results of the Pilbara Biological Survey are still some years away from 
being published, BHPBIO has included in its assessment of the Project, a comparison of the results of 
the Project flora and fauna surveys (ecologia, 2005) with the results from other areas in the Pilbara 
(i.e. Mining Area C, Jimblebar-Wheelarra Hill, 01324, East Ophthalmia) (eco/ogia, 1997; 2004a, b, c). 
This has enabled the potential impacts of the proposed Project on flora and fauna environmental 
values, and regional biodiversity to be evaluated in a wider context, and to assist with cumulative 
impact assessments. 

Previous Environmental Assessments and Flora Surveys in the Goldsworthy Area 

A summary of the previous environmental impact assessments and flora surveys conducted in the 
Goldsworthy area is provided below: 

The Goldsworthy Extension Project NOl for the Nimingarra mine site GML (1986) broadly 
described the vegetation in the NimingarralSunrise Hill area as being covered by Spinifex (Triodia 
sp.) and native grasses, with stunted eucalyptus occurring sparsely on the slopes and ridges, but 
sometimes clustering along the banks of Egg Creek, minor streams and depressions. Detailed 
vegetation mapping and flora surveys of the proposed disturbance areas were not conducted as 
part of the NOI. 
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A vegetation and flora survey of the proposed hard rock mining areas at Yarrie (ie. Y2/3) and 
associated supporting infrastructure areas (ie. railway extension route, transmission line corridor, 
airstrip, village, office and workshop areas) was conducted in August and October 1992 as part of 
the CER for Phase II of the Goldsworthy Extension Project (Dames and Moore, 1992). The 
survey also included an area of the Callawa ridgeline, which is located approximately 2 km to the 
south of the Yarrie plateau. 

Dames and Moore (1992) described the vegetation of the study area as characteristically being a 
snappy gum (Eucalyptus Ieucophloia) and Bloodwood (E. terminalis) tree steppe on the higher 
rocky areas, and a shrub steppe dominated by Grevilea wickhamii, Acacia inaequilatera, and 
other Acacia species on the slopes, plains and broad valleys. Major drainage lines and 
watercourses on the plateau and plains below were described as having belts and groves of 
eucalypt woodland. 

More than 200 herbarium collections were made during the survey, with approximately 150 
species being identified. The potential number of vascular plants occurring in the area was 
estimated to be in the order of 250 to 300 (Dames and Moore, 1992). None of the species 
recorded during the 1992 survey were listed as Declared Rare Flora (DRF) or Priority flora 
species. 

As part of the EIA for the 1995 proposal to mine the Yarrie Yb 0 crustal deposit, Ecologia (1994) 
conducted a botanical survey of the planned disturbance area in November 1994. The YlO study 
area occupied approximately 1.5 km2  and is located approximately 5 km to the north east of the 
Y2/3 open pit. The YlO study area was described by Ecologia (1994) as being characterised by 
low to high ridges and hills with a small gorge, minor drainage lines and a single ephemeral creek 
line. The hills and ridges, which constituted the majority of the study area, were dominated by 
Triodia spp. steppes with sparse to no overstorey. The small gorge within the study area featured 
scattered low trees/shrubs of E. leucophloia, Ficus platypoda and A. tumidia. The minor drainage 
lines and ephemeral creek line were dominated by E. microtheca and/or tall Acacia species over 
a mixed shrub and sparse understorey. 

Nine vegetation associations were mapped and a total of 56 plant species were identified in the 
study area. The number of recorded species was lower than the nearby survey of the Y2/3 area 
by Dames and Moore (1992) due to the relative homogeneity and smaller size of the study area, 
and the timing of the survey. No weed species, DRF or Priority flora were recorded. 

Halpern Glick Maunsell (1998a) conducted a baseline biological survey of the planned 
disturbance areas for the other Yarrie crustal deposits (ie. Yb to Y9) in April 1998.   The study 
covered a total area of approximately 5.2 km2  on the Yarrie plateau. It involved vegetation, flora 
and soil surveys of each of the planned pits, and a desktop appraisal of previous fauna records 
on the Yarrie plateau. 

Two main vegetation types were identified by Halpern Glick Maunsell (1998a). These were a 
Shrub steppe of Grevillea wickhamii and Acacia inaequilatera over Triodia basedowii and T. 
pungens on the low hills, and a dense tall shrubland of A. tumida over dense T. pungens in the 
minor drainage lines. 

A total of 59 plant species were identified in the study area. No weed species were recorded. A 
Priority 2 species (Euphorbia clementii) was recorded, as well as one species which was not 
confirmed, but was considered by Halpern Glick Maunsell (1998a) to possibly represent the 
Priority 1 species Triumfetta maconochieana. Both of these records were in the vicinity of the Y9 
crustal deposit. It should be noted that subsequent to the 1998 HGM survey, Triumfetta 
maconochieana has been widely recorded in the northern and eastern Pilbara (including 
elsewhere at Goldsworthy [ecologia 2005]) and it is no longer regarded as a Priority species. 
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Ecologia (1999) conducted a larger and more comprehensive biological survey and assessment 
of the Yarrie plateau and the adjoining slopes and plains in June 1998. The study involved 38 
sampling quadrats, covered a total area of approximately 36 km2, and encompassed all of the 
planned disturbance areas for the Yarrie crustal pits as well as a substantial area of the 
surrounding plateau. The study involved: soil sampling, analysis and mapping; systematic 
vegetation surveying and mapping; and systematic and opportunistic fauna sampling. 

Ecologia (1999) identified 12 vegetation associations in the study area. The vegetation of the 
study area was described as being relatively homogeneous compared with other surveyed 
locations in the Pilbara of similar area (ecologia, 1999). A total of 209 taxa were recorded, 
including four weed species (Cenchrus ciliaris - buffel grass, 	javanica - kapok bush, 
Acacia farnesiana - mimosa bush, and Chioris gayana - Rhodes grass). No DRF species were 
recorded, however two Priority 2 species (ie. Euphorbia clementii and E. drummondii subsp. 
Pilbara) were recorded. 

In February and March 2004 ecologia conducted a biological study of the proposed Cattle Gorge 
mining area and planned connecting railway corridor. The study involved field surveys of flora 
and fauna, and a desktop review of soils. A total of 26 systematic flora sampling quadrats were 
established, with the sites chosen based on field observations, study of aerial photographs and 
topographical features. 

Seven vegetation associations were mapped by ecologia (2004d) in the study area. A total of 
126 plant species were recorded. No DRF, Priority species, or weed species were recorded. 

In March 2004 ecologia conducted a rare and Priority flora search of a relatively small area 
required for a proposed 10.3 ha extension to the existing OSA at Nim B (ecologia, 2004e). The 
survey area included part of the western slope of the Nimingarra ridge and an area of the 
adjoining plain. The survey was carried out via a series of transects, with the entire study area 
being covered in a grid pattern. Twenty six plant species were recorded during the survey. No 
weed species of DRF were recorded; however two Priority species were found (ie. two plants of 
E. clementii, only one of which was within the planned disturbance area; and a single plant of 
Goodenia hartiana outside the planned disturbance area). BHPBIO subsequently consulted with 
CALM an obtained permission to disturb the Priority species within the planned disturbance area 
prior to extending the Nim B OSA. 

Vegetation Surveys and Mapping of the New Project Areas 

In order to allow a comprehensive impact assessment of the proposed new Project areas on 
vegetation and flora, BHPBIO commissioned ecologia to undertake additional surveys, desktop 
reviews and assessments in the Goldsworthy area (ecologia 2005). Analysis of the previous surveys 
(as described above) indicated that whilst the majority of the Yarrie and Cattle Gorge areas had 
previously been adequately assessed, limited survey work had been conducted at Nimingarra and at 
Sunrise Hill and Shay Gap. Additional surveys were therefore scoped and undertaken to fill these 
gaps in the baseline information dataset. 

Rather than limit the scope of the additional Project survey work to the planned additional disturbance 
areas at Nimingarra (ie. proposed Nim I pits and OSAs), BHPBIO commissioned ecologia to survey 
and map the vegetation of the entire Nimingarra ridgeline as well as the Sunrise Hill ridgeline. 
Additional vegetation surveying of proposed the Cattle Gorge haul road was also conducted. This 
approach was adopted in order to allow a wider assessment of the local significance of vegetation 
associations and species found in the planned new disturbance areas. The additional work has 
substantially expanded the amount and coverage of biological information for the Goldsworthy area. 
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The vegetation and flora survey of the Nimingarra and Sunrise Hill ridgelines commenced in October 
2004 and was concluded in January 2005. It was conducted in accordance with EPA Guidance 
Statement No. 51, Terrestrial Flora and Vegetation Surveys for Environmental Impact Assessment in 
Western Australia (EPA, 2004d), with a total of 29 and 46 quadrats being sampled in the Nimingarra 
and Sunrise Hill ridgelines respectively. The ecologia (2005) report presents the findings of these 
surveys as well as summarising the previous work in the Goldsworthy area (in particular, the 2004 
Cattle Gorge surveys and the 1998 surveys of the Yarrie areas). Specific attention was given to 
assessing the potential impacts of the Project on species of conservation significance. 

As required by the EPA's Draft Guidance Statement No. 51, ecologia (2005) conducted an 
assessment of the potential limitations and constraints of the Project surveys. The assessment 
included evaluation of the following; survey scope; the proportion of flora collected and identified; 
sources of information; the proportion of tasks achieved; timing/weather/season/cycle; disturbances; 
intensity; completeness; resources; access problems; availability of contextual information; and 
experience levels. Of these, only the timing of the most recent surveys was identified as a constraint 
(ranked as moderate) (Appendix D). This assessment by ecologia (2005) was based on the fact that 
the Nimingarra and Sunrise Hill surveys were conducted at the end of the dry season in 2004, and as 
a result the full compliment of annuals and semi-perennials that occur in the area may not have been 
recorded. The surveys of the Cattle Gorge in 2004 and the Yarrie area in 1998 were conducted in 
more favourable times, and timing for these areas was not considered to be a constraint. 

BHPBIO has committed to undertaking pre-clearance flora/fauna surveys for the planned Project 
areas at Nimingarra and Yarrie at the appropriate time of year (ie. following local rain in the wet 
season) and prior to ground disturbance activities. These additional surveys would address the above 
constraint by targeting annuals and semi-perennials, as well as species of conservation significance. 
Further discussion of the scope and timing of these additional surveys is provided in Section 3.7.2. 

The complete ecologia (2005) report is attached to this EPS as Appendix D. A summary of the 
existing flora in each of the proposed Project areas is provided below, further detail is provided in 
Appendix D. 

Vegetation Communities and Species Identified. 

Yarrie 

Some 209 flora species from 47 families and 105 genera have been recorded at Yarrie (ecologia, 
2005). The most common families recorded were Poaceae, Papilionaceae, Mimosaceae, Malvaceae 
and Myrtaceae. The most commonly recorded species were Acacia, Eucalyptus, Ptilotus and 
Eriachne. The 12 vegetation communities identified as occurring within the Yarrie area are shown on 
Figure 3-3 and the key characteristics of each are provided in Table 3-5. 
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Table 3-5 
Vegetation Communities- Yarrie Area 

Community 

01 

Community Description  

Scattered Coiymbia hamersleyana over sparse Acacia inaequilateralGrevillea pyramidalis and sparse to moderately 
dense Triodia wiseana on caicrete base plains 

02 Triodia wiseana steppes 

03 Sparse emergents over open Triodia pungensir. wiseana on steep rocky slopes 

04 Triodia pungens dominated steppes 

05 Open density emergents over moderately dense Triodia pungens 

06 Triodia basedowii steppes 

07 Sparse mixed shrubs over sparse Triodia pungens on low rocky slopes 

08 Sparse Eucalyptus leucophloia and other Eucalypts over Acacia tumida, mixed soft grasses and Triodia pungens on 
gullies 

09 Open to dense Acacia tumida over Triodia pungens on major drainage lines 

10 Eucalyptus camaldulensis/E. victrix over sparse to moderately dense tall shrubs and mixed soft grasses and spinifex 

11 Dense Sesbania formosa over dense Cyperus vaginatus on minor spring 

12 Sparse Corymbia hamersleyanalEucalyptus candida over Indigo fera monophylla and mixed shrubs and lpomoea 
muelleri on sandplains 

The majority of the proposed additional disturbance at Yarrie in the Y4A, Y7 West and Vi 0 North 
crustal pits would occur within the Triodia basedowii steppes (ie. Community 6). Some Community 2 
vegetation would be disturbed at YlO North and a small amount of Community 12 would be disturbed 
at Y4A. 

Cattle Gorge Mining Area and Haul Road 

A total of 126 flora species from 23 families and 33 genera have been recorded in the Cattle Gorge 
area (ecologia, 2005). The most common families recorded were Poaceae, Papilionaceae, 
Mimosaceae, Malvaceae and Tiliaceae. The seven vegetation communities identified as occurring at 
Cattle Gorge are shown on Figure 3-4 and the key characteristics of each are provided in Table 3-6. 

The planned Project mining and overburden placement activities at Cattle Gorge would require the 
clearing of areas of vegetation communities 1, 2 and 9 which are located on the top of the Cattle 
Gorge plateau. Clearing associated with the proposed laydown and stockpile areas to the south 
(Figure 3-4) would primarily be located in vegetation Community 7, with some clearing of Community 2 
which occurs in the minor drainage lines. 
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Table 3-6 
Vegetation Communities - Cattle Gorge 

tS.1imh,llhi1R] 

01 Open to scattered Grevillea wickhamii tall shrubland, over Acacia tumida var. pilbarensislfephrosia spechtii 
medium shrubs, over moderately dense Triodia epactia hummock steppe on hill crests and gentle slopes. 

02 Moderately dense Grevillea wickhamii tall shrubland, over Acacia tumida var. pi/barensis, often with scattered 
Corymbia hamersleyana low trees, over moderately dense Triodia epactia hummock steppe along moderate to 
gentle gullies and hill slopes. 

03 Scattered Grevillea pyramida/is subsp. pyramidal/s/A cacia pyrifolia/Senna glutinosa subsp. glutinosa tall to medium 
shrubs, over sparse medium to low shrubs, over Acacia ptychophylla dwarf shrubs, over open to moderately dense 
Triodia wiseana hummock steppe on steep scarp slopes. 

04 Moderately dense to dense Acacia tumida var. pi/barensis tall shrubland, over sparse to scattered medium/low 
shrubs, over soft grasses such as Cymbopogon ambiguus, over open to sparse Triodia epactia hummock grassland 
at rocky outcrops on steep upper scarp slopes. 

05 Scattered Eucalyptus leucophloia with scattered Corymbia hamersleyana or Grevillea wickhamii subsp. apr/ca, over 
Acacia spondylophylla with open to moderately dense Triodia epactialTriodia wiseana on moderately steep hill 
slopes. 

06 Scattered Acacia inaequilatera/Grevi/lea pyramidal/s low trees, sometimes with Corymbia hamersleyana low trees, 
over scattered Grevillea wickhamii subsp. aprica/Acacia ptychophylla, and other medium to low shrubs, over 
moderately_dense_Triodia_wiseana/Triodia_wiseana_hummock_steppe. 

07 Scattered Acacia inaequi/atera, sometimes with Corymbia hamersleyana or Corymbia flavescens low trees, over 
scattered mixed Acacia species as medium to low shrubs, over moderately dense Triodia wiseana hummock 
steppe on gentle lower hill slopes. 

Nimingarra and Sunrise Hill 

A total of 183 flora species were recorded at Nimingarra from 41 families and 149 genera (ecologia, 
2005). The most common families recorded were Poaceae, Papilionaceae, Mimosaceae, Malvaceae 
and Amaranthaceae. The most commonly recorded species were Acacia, Sida, Pti/otus, Tephrosia, 
Eriachne and Solanum. 

A total of 201 flora species were recorded in the Sunrise Hill area from 45 families and 10 genera 
(ecologia, 2005). The most common families recorded were Poaceae, Mimosaceae, Papilionaceae, 
Amaranthaceae, Asteraceae, Myrtaceae and Tiliaceae. The most commonly recorded species were 
Acacia, Ptilotus, Eriachne Triodia, Senna, Triumfetta and Sida. 

Ecologia (2004) classified and the vegetation communities at Nimingarra along with those of Sunrise 
Hill area due to their close proximity and because they have very similar landform types. A total of 26 
vegetation communities were identified as occurring in the Nimingarra and Sunrise Hill areas. The 
vegetation communities were categorised as forest, woodland, scattered trees over shrubland and 
various shrubland types over grasses and spinifex (Triodia spp) (Figure 3-5). The vegetation 
communities are shown on Figures 3-6 and 3-7 and the key characteristics of each community are 
provided in Table 3-7. 
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Forest 

Molaleuca argen tea / Eucalyptus vicfr/x tall to medium forest, over Atalaya hemiglauca and Ficus spp. low trees and other shrubs, over 
Typha domingensis rushes, over Cyperus vaginatus sedgeland. 

Corymbia hamersleyana / Corymbia flavescensl Eucalyptus victrix medium forest to woodland, sometimes with Melaleuca argentea, 
over Acacia tumida var. pilbarensis /Acacia colei var. co/el  tall to low shrubland, often with mixed herbs and Cyperus spp. sedges. 

Ficus virens / Ficus brachypoda and other associated species mixed dense medium to low forest with Tinospora sm//ac/na 
lianas and Stemodia sp. Shay Gap. 

Woodland 

Eucalyptus teucophloia medium woodland, over mixed shrubs such as Senna glutinosa subsp. glut/nosa / Acacia inaequilatera 
/ Acacia adoxa var. adoxa / Indigofera monophylla (small calyx form), over Triodia epactia hummock. 

Acacia ampliceps / Sesbania formosa ICorymbia hamersleyana open medium trees, over Ficus opposita var. indecora, over 
Typha domingensis and Cyperus vaginatus rushes and sedges. 

Corymbia hamersleyana low woodland, over Grey/lIsa wickhamü subsp. apr/ca / Corchorus aft. parviflorus 
(2) and other medium to low shrubs, over Acacia hilliana dwarf shrubs, over Triodia epactia open hummock grassland. 

Corymbia hamersleyana 1 Coiymb/a ftavescens low trees over mixed Acacia spp. and other shrubs over 
Acacia adoxa var. adoxa / Ind/gofera monophylla (small calyx form) 
I Bonamia spp.I Tephrosia sp. Bungaroo Creek / Isotropis atropurpurea, over Triodia epactia hummock grassland. 

Corymbia hamersleyana low trees, often found with Eucalyptus odontocarpa mallee, over Acacia tum/da var.pi/barensis tall shrubland, 
over Templeton/a hookeri and other shrubs and herbs including Acacia adoxa var.adoxa, over Triodia epactia hummock grass. 

Corymbia zygophylla low trees, over Acacia tumida var.p//barensis I Acacia anc/strocarpa / Jackson/a aculeata / Jasminum didymum 
- - 	- Bulbo sty/is barbata medium to low shrubs, with sedges, over Triodia epactia or T wiseana or T schinz// hummock grassland. 

- 	Eucalyptus leucophloia I Grey//lea pyramidal/s subs p.pyramidalis scattered low trees. over Acacia co/el var.co/e/  and So/anum horridum 
medium/low shrubs over Triodia epactia hummock grassland. 

Acacia inaequ/latera low trees with or without Corymbia hamersleyana, over Grevlllea subsp. aprica, over Acacia hilliana / Acac/a adoxa 
var. adoxa dwarf shrubs, over Triodia epactia open to moderately dense hummock grassland. 

- Acacia /naequilatera low trees over Grey/lisa wickham/i subsp.aprica medium shrubs over Acacia ptychophy/la over Triodia epactia 
hummock grassland. 

Acacia /naequ/tatera scattered low trees with Acacia pyr/folia and Eucalyptus leucophlo/a. over Acacia sp. 
I: 	I Ruddall River(B.R.Maslin 2046A) scattered medium shrubland, over Triodia epactia moderately dense hummock grassland steppe. 

Acacia /naequilatera low trees, over Gre v//lea wickham// var. apr/ca I Acacia tum/da var. pilbarensis and other shrubs including 
Acacia hilliana, with Fimbristyl/s simulans / Goodenia sfobbsiana over Triodia epactia moderately dense hummock grassland. 

Ficus brachypoda or Ficus virens low trees, over Ata/aya hemiglauca over Jasm/num didymum, over Triumfetta maconochieana 
and other shrubs and herbs, with Stemodia sp. Shay Gap. 

Shrublands 

Acacia tum/da var.pilbarensis tall to low shrubland with or without Corymbia hamersleyana / Grevillea w/ckham// subsp. apr/ca, over 
Acacia hilliana / Acacia adoxa dwarf shrubs, over Triodia epactia hummock grassland. 

i Acacia orthocarpa tall/medium shrubland with Acacia /naequ/latera, over Acacia adoxa var. adoxa I Acacia hilliana dwarf shrubs, over 
Triodia epactia open to moderately dense hummock grassland. 

Acacia tum/da var. pilbarensis I Acac/a cole/ var. colel tall to low shrubland, over other Acacia spp. / Pt/lotus spp. 
and other shrubs, including Saisola tragus, over Ar/stida spp. and Cymbopogon amb/guus 	grasses, with lianas over 
Triod/a epactia / Tr/od/a lan/gera / Triodia w/seana hummock grass on rehabilitated areas. 

Mixed medium to tall shrubland including Tephros/a specht/i. over Acacia adoxa var.adoxa / Acacia hilliana 
sparse to moderately dense dwarf shrubland, over sparse to open Triodia epactia hummock grassland. 

Mixed medium shrubs over Acacia inaequi/atera low shrubs or Acacia adoxa var. adoxa dwarf shrubs, over ind/gofera monophylla 
(small calyx form) aft. / Corchorus parv/florus / Bonamia med/a var. vitlosa, over Triodia epactia or Triodia w/seana hummock grassland. 

Grey//lea w/ckham/i subsp. apr/ca open to scattered medium - low shrubland usually with Corymbia hamersleyana low trees, over 
t Acacia adoxa var. adoxa dwarf shrubland over Triodia epactia open hummock grassland. 

I Acacia inaequi/atera scattered medium shrubland over Acacia ste/lat/ceps / Acacia hilliana / Acacia adoxa var. adoxa, Acacia sp. 
L._.J Ruddalt River(8.R. Maslin) / Acacia tum/da var. pilbarensis / Pt/lotus catostachyus. over Triodia epactia moderately dense hummock grassland. 

Acacia ptychophy/ta, Acacia anc/strocarpa, Acacia pyrifot/a, Grey//lea w/ckhami/ subsp. apr/ca scattered low shrubland over Dodonaea cor/acea 
Acacia co/e/ var. co/el  dwarf shrubs over Trium let/a maconoch/eana over Triodia w/seana moderately dense hummock grassland. 

- - 
	Me/ateuca glomerata sparse medium shrubland with Ficus opposita var. indecora, over Typha domingensis and Cyperus vaginatus 

rushes and sedges, over F/aver/a austra/as/ca herbs. 

Mixed shrubs including Tr/um fe/ta spp. over Trachymene o/eracea over Ego/vu/us a/s/no/des var. v/ltos/ca/yx, over Bulbosty/is barbata 
sedges, over Triodia epactia / Triodia w/seana hummock steppe. 

Areas of no vegetation - cleared (Open-cut mine pits, tracks, roads, active waste rock dumps etc.) 

= 16 (small squares of cleared areas linked together into a roughly triangular shape) 

IIrn!TITIiTIri,.IrrJTunI 
FIGURE 3.5 

Vegetttion legend 

Niniingorru and Suraise Hi(( 
bhpbllU ton 

OS 



LEGEND 

• Vegetation Site 

Floro spedes of Conservation 
Significance and/or Acia Species of Interest 

A Foono 

• Fauna Spostes of Conversation Significoese 

o Cove 

Proposed Pits 
- - - Proposed OSAs and Infrastructure 

0 	200 	 1000 
7 742 SOON 

tterres 
Souae: Ear/orki (2005) 

/ - 

	

Gorrdev/o heytf 	 - 	L 	 - -. 	-.-. 	—ELjph/eurn of/uvv/athyc 

- 	 ------ 	- 
- 	

- - - 	
- )-• 	- 	- 	- 	/ 	7750 

- - 	- 	/ 	 - 

- -- 	'T 	

- - 
AL  Ar 	

' 

Nirriiingarra 

- - 	- 
	BJ 

	

I 	7 	I-- 	
- 	-. 	I  

77405000 

IT Nm 

7737 SOON

At  

lb 

.6 •1 	
•27/\ 	

/ 

- 

.24 	 - 	 - 	

- 

H 	
(

/ 
7735 0000 	 _ 

-' 	 I 	- 	

- 	 ATIT1l PS 
2 / 	 __ 

FIGURE 
	
and Vegetation 

 

i 	FonaSooIing Sites - Nimingarro bhpbiW 
ton 

tel 7473 Gi 745 07tH 



( 

S) 	 \\ 	7735 900 

1/ 

7 735 000!l 

IN 

r 

suns5! •'- 	, 	 •34 

- ir1 
 

A / 	
\ 

.32 	 -- 	 840  

d unden  
Storage AieaW4

Sunrise Hillf  
stptstiwi 

 

Overburden 	
.46 

 \, 	StoregeArea5 
Sunrise Hill 	•5d 	 -----... - - - 	 West Pit 3 (SHW3) 	 1 

unr ise  
S- West Pit 4 (SHW'4) 	 I 

ISI

:44 tPtSS.4•4T \ 

.45 SunnkeH3l 	Sunrise Hill 
Pit 6H 	 -.( 

) 

.SunnieeHill 	Sunriseil 	 .1 	 31'. 	
' 	

S 

Ps13(SH3) 	P1t4(5H4)  

LEGEND 

: :::5tte 2ShsypPd7 	 1 	- 
.6/ 	.37 

0 200 	 1000 	
/ 	

S 	 S __ - 

/1
Meltes 

&o/OO5) 	
/ 	

( 	 5X0/ 	

I. 

77325060Y 

 

tp 

FIGURE 3-7a 
Vegetulioti Cosuiouoitics nod 
Fauna Sampling Sites 	 (II 
Sunrise Hill 	 bhpbilliton 



I 

/) 

/ 
7 /32500N, 

Pit 7 

2' 

/ . 
 

.47 

 SniodiaspShoyp 	 . 

 

(SG1&2) .60 	

1 .72 	 J \\J 
?l 	

i Shay 	.61 ,s3 	 73\0000N 
tb  

.62 

- 	/ 	) 
-63 

 / 	
/( 	 SIemodChp 

LEGEND Al- 

D flora species of Conservation 
ins ost 

069 

Metres 
7121 50014 	 Souice fto/ogi (2005) 

Sunrise 
'iPit4 

.36/ 

7 73Qt00l 

2 

2 trIrnrIlrTmrarrIrma1i 

I 	,... 	FIGURE 3-7b 
/ 	Vegetation Consniunities and 

Fauna Sonipliirg Sites - 
Sunrise Hill 	 bhpbittiton 



I 
bhpbiWton 

BHPBiIIiton Iron Ore 
Environmental Protection Statement 

Table 3-7 
Vegetation Communities - Nimingarra and Sunrise Hill 

Category EIf.1i,1i,1h111Fl 

Forest Al Mela/euca argentea/Eucalyptus victrix dense to moderately dense tall to medium forest, over 
Atalaya hemiglauca/Ficus brachypodalFicus opposifa var. indecora low trees, over Typha 
domingensis rushes, over Cyperus vaginatus sedgeland on peaty sand in shaded/sheltered 
locations near cliffs/gorge bases. 

A2 Corymbia hamersleyana and/or Corymbia f/avesceris and/or Eucalyptus victrix moderately 
dense to scattered medium forest to woodland, sometimes with Me/aleuca argentea, over 
Acacia tumida var. p//barensis/Acacia co/el var. co/el  tall to low shrubland, often over 
Bonamia pannosa, Trachymene oleracea. Waltheria md/ca herbs, sometimes with Cyperus 
spp. sedges, on sand to sandy clay creek beds and gully confluences that may be degraded 
or disturbed by cattle grazing or hydrology change from roads. 

A3 Ficus virens dense medium forest over Ficus brachypoda over Atalaya hemiglaucal 
Corymbia 1/avescens open low trees over Ficus opposifa var. indecoralGrevil/ea pyramida/is 
subsp. pyramidalis over Tinospora smilacina lianas, at base of sheltered gorge/cliff, with 
Stemodia sp. Shay Gap and Corymbia sp. 

Woodland Bl Eucalyptus leucoph/oia medium woodland, over mixed shrubs such as Senna glutinosa 
subsp. g/utinosafAcacia mnaequi/ateralAcacia adoxa var. adoxalindigofera monophy/la (small 
calyx form), over Triodia epactia hummock. 

B2 Acacia ampliceps/Sesbania formosa/Corymbia hamersleyana open medium trees over Ficus 
opposita var. indecora, over Typha domingensis rushes, over Cyperus vaginafus sedges in 
areas disturbed by cattle. 

B3 Corymbia hamersleyana scattered low woodland over Grevil/ea w/ckhamii subsp. apr/ca 
medium shrubs over Corchorus aff. paiviflorus (2) sparse low shrubs over Acacia h/I/lana 
dwarf shrubs over Triodia epactia open hummock grassland on cream/brown/pale yellow 
sandy clay with gravel on undulating plains. 

B4 Corymbia hamersleyana/Corymbia f/a vescens low trees over mixed Acacia spp. and other 
shrubs over Acacia adoxa var. adoxa/Indigofera monophy/la (small calyx form)/Bonamia 
roseafrephrosia sp. 	Bungaroo Creek (ME. Trudgen 	11601)/8onamia linearis/Isotropis 
atropurpurea, over Triodia epactia hummock grassland on sand to clayey sand plain. 

B5 Corymbia hamersleyana scattered low trees, often found with Eucalyptus odontocarpa 
mallee, over Acacia tumida var. pilbarensis open tall shrubland, over Temp/eton/a hookeri, 
over Pterocau/on sphaerantho/des, Acacia adoxa var. adoxa, over Triodia epactia hummock 
grass on broad gullies and minor channels. 

B6 Eucalyptus /eucophloia/Grevi//ea pyramida/is subsp. pyramidal/s scattered low trees/medium 
shrubs over Acacia co/el var. co/el  and Solanum horridum medium/low shrubs over Triodia 
epactia hummock grassland on hilltops that are sometimes dust and rock blast affected. 

B7 Acacia inaequilatera scattered low trees with or without Corymbia hamersleyana, over 
Grevi/lea subsp. apr/ca, over Acacia hil//ana/Acacia adoxa var. adoxa dwarf shrubs, over 
Triodia epactia open to moderately dense hummock grassland. 

B8 Acacia /naequllatera low trees over Grey//lea wickhamii subsp. apr/ca medium shrubs over 
Acacia ptychophy/la over Triodia epactia hummock grassland on scarp plateaux. 

B9 Acacia inaequl/atera scattered low trees, over Acacia sp. Ruddall River (BA. Maslin 2046A) 
scattered medium shrubland, over Triodia epactia moderately dense hummock grassland 
steppe, with Acacia pyrifo/ia and Eucalyptus /eucophlo/a on gentle slopes to gravel plains. 

Bi 0 Acacia inaequi/atera scattered low trees, over Grevi/lea wickhamii var. aprica/Acac/a tumida 
var. 	pilba rensis/G rev//lea 	pyramida/is 	subsp. 	pyramidalis/Dodonaea 	coriacea/Pti/of us 
ca/ostachyus, over Acacia hi//lana sparse dwarf shrubland, over Bonamia med/a var. v/l/osa/ 
Goodenia stobbsiana/Fimbristy/is simu/ans over Triodia epactia moderately dense hummock 
grassland on gentle hillcrestlscarp plateaux. 

Bi 1 Ficus brachypoda or Ficus virens low trees, over Atalaya hem/g/auca over Jasminum 
didymum over 	Triumfefta 	maconochieana 	over 	Nicotiana 	benihamiana, 	Pferocau/on 
sphaeranthoides herbs in shallow gorges with Stemodia sp. Shay Gap. 
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Table 3-7 (Continued) 
Vegetation Communities - Nimingarra and Sunrise Hill 

.cll.Lh EIf.],,1,,IuI,1R 

Shrublands Cl Acacia tumida var. pilbarensis scattered to sparse tall to low shrubland with or without 
Corymbia hamersleyanaiGrevi/lea wickhamli subsp. aprica, over Acacia hihianalAcacia adoxa 
dwarf shrubs over Triodia epactia open to moderately dense hummock grassland. 

C2 Acacia orthocarpa sparse to scattered tall/medium shrubland with Acacia inaequllatera over 
sparse to scattered Acacia adoxa var. adoxa/Acacia hi//lana dwarf shrubs over Triodia 
epactia open to moderately dense hummock grassland. 

C3 Acacia tumida var. pi/barensis/Acacia co/ei var. co/el  tall to low shrubland, over Acacia 
inaequilateraiAcacia pyrifolia over Pti/otus ca/os tachyus often over Sa/sola tragus over 
Aristida 	contorta, 	Aristida 	ho/athera/Cymbopogon 	ambiguus 	grasses 	over 	lpomoea 
muel/eri/Mukia maderaspatana lianas over Triodia epactiaIrrlodia Ianigera/rriodia wiseana 
hummock grass on rehabilitated soil or waste rock dumps. 

C4 Mixed medium to tall shrubland including Tephrosia spechtii over Acacia adoxa var. adoxa/ 
Acacia hi//lana sparse to moderately dense dwarf shrubland over sparse to open Triodia 
epactia hummock grassland on hillcrests, slopes / breakaways and gullies. 

C5 Mixed medium shrubs over Acacia inaequi/atera low shrubs or Acacia adoxa var adoxa dwarf 
shrubs, over /ndigofera monophy//a (small calyx form)/Corchorus aft. parvif/orus/Bonamia 
media var. vi/losa  over Triodia epactia or Triodia wiseana hummock grassland on steep 
slopes and breakaways. 

C6 Grevi//ea wickhamli subsp. aprica open to scattered medium - low shrubland usually with 
Corymbia hamers/eyana low trees, over Acacia adoxa var. adoxa dwarf shrubland over 
Triodia epactia open hummock grassland along drainage lines. 

C7 Acacia inaequi/atera scattered medium shrubland over Acacia ste/laticeps/Acacia hi//lanai 
Acacia adoxa var. adoxa, Acacia sp. Ruddall River (B.R. 	Maslin)/Acacia tumida var. 
p1/ba rensisI Ptilotus ca/ostachyus, over Triodia epactia moderately dense hummock grassland 
on low undulating slopes to plains and spurs. 

C8 Acacia ptychophy/Ia, Acacia ancistrocarpa. Acacia pyrif0/ia, GreviI/ea wickhamli subsp. aprica 
scattered low shrubland over Dodonaea coriacea, Acacia co/el var. co/el  dwarf shrubs over 
Triumfetta maconochieana over Triodia wiseana moderately dense hummock grassland on 
steep south-facing scarp slopes. 

C9 Mela/euca g/omerata sparse medium shrubland with Ficus opposita var. indecora. over 
Typha domingensis rushes over Cyperus vaginatus sedges, over F/averia austra/asica herbs 
on clay loam to peat soil in swampy channels. 

Cl 0 Mixed shrubs including Triumfetta spp. over Trachymene o/eracea over Evo/vu/us a/sinoides 
var. vi//osica/yx  over Bu/bostylis barbata over Triodia epactiafrriodia wiseana hummock 
spinifex steppe on moderate slopes, minor channels and granite plains. 

The vegetation communities that would be affected by the planned Project mining and overburden 
placement activities at Nim I are shown on Figure 3-6. All of the affected communities were widely 
recorded in the 2004 surveys of the Nimingarra and Sunrise Hill ridgeline surveys by ecologia (2005). 

Along the south-western side and south-eastern end of the Sunrise Hill ridgeline, there are a number 
of pockets of vegetation associated with accumulated water and shaded environments at the base of 
cliff/gorge systems. These areas have been mapped by ecologia (2005) as two vegetation 
communities which are dominated by Melaleuca argentea, Eucalyptus v/ctrix, and/or Ficus 
brachypoda. The two communities were recorded at survey sites 41, 47, 65 and 71 (Figure 3-7b) and 
appear to be very restricted in local distribution. They are therefore considered by ecologia (2005) to 
have local conservation significance. None of the proposed Project disturbance areas would affect 
these two vegetation community types. 
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Regional Comparison 

Specialist botanists Ted Griffin and Malcolm Trudgen were commissioned by ecologia (2005) to 
analyse the floristic variation present in the vegetation quadrat data recorded during the Project area 
surveys, and to compare to other vegetation surveys in the sub-region. The data was compared with 
similar survey data collected by Trudgen et a! (2001) from an area approximately 125 km to the south 
west of the Yarrie operations and adjacent to the Shaw River and Gorge Range (referred to as the 
Panorama area based on the name of the Project for which the data was collected). The floristic 
analysis allowed ecologia (2005) to assess the significance of the vegetation types present in the 
Project areas and wider Goldsworthy region. A summary of the key findings is presented below. 

It should be noted that the number of species for each of the Project areas used in the sub-regional 
analysis is less than the total number per site recorded by ecologia (2005). This is due to the fact that 
the sub-regional analysis only uses species that were recorded in quadrat survey sites. That way it 
can compare like with like when the different areas are analysed. Additional plant species that were 
opportunistically observed/collected by ecologia (2005) during the survey (ie. outside the quadrat 
survey sites) were not included. These extra species are not considered to be significant in terms of 
the sub-regional analysis as they do not represent dominant species. 

The numerical classification package PATN (Belbin, 1987) was used for the analysis. Two modules 
were run: the first module compared the number of species at each site; and the second module 
compared the number of floristic community types. Network diagrams were used to provide a visual 
tool for comparing the sites (Figure 3-8). At a sub-regional level, the results indicated that there were 
significant differences in the flora composition of the different survey areas (ie. Nimingarra, Sunrise 
Hill, Yarrie, Cattle Gorge, and the Panorama area which is located some 125 km from Yarrie). 

There was a high proportion of species not shared between the areas which indicated that strong 
regionalisation exists. Ecologia (2005) considered that this effect may have been related to different 
numbers of survey quadrats in each of the areas, the wide variation in the types of landscapes found 
in each of the areas, and the temporal variation of sampling between the areas. 

The analysis found that the Nimingarra and Sunrise Hill areas were the sites most similar to each 
other (ie. they shared about half of their site groups and more than half their total species) 
(Figure 3-8). This finding is considered to be due to the close proximity of the two areas. Sunrise Hill 
was also found to have much in common with Yarrie (Figure 3-8). 

Cattle Gorge was found to have least in common with the other areas at Goldsworthy but showed 
some similarities with the Panorama area. It also was the least species diverse (ie. only 75 plant 
species were recorded, in contrast to 153 recorded at Nimingarra, and 185 recorded at Sunrise Hill). 
Much of the vegetation at Cattle Gorge (ie. most of the ridgeline area) was classified as one floristic 
community type, which was not represented in the other survey areas. Whilst this floristic community 
type was not recorded in the other Project areas, the species which make it up are common, and 
qualitative observations made in the wider Goldsworthy region indicate that the landscape 
characteristics and sparsely vegetated floristic community type found on the Cattle Gorge ridgeline are 
similar to adjoining ridgelines to the east, as well as the Cundaline ridgeline which extends from Shay 
Gap to Yarrie. 
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Flora of Conservation Significance 

Environment Protection and Biodiversity Conservation Act, 1999 

Flora species of National conservation significance are protected at the Federal level by the 
Environment Protection and Biodiversity Conservation Act, 1999 (EPBC Act). The Act contains a list 
of species that are considered to be Critically Endangered, Endangered, Vulnerable, Conservation 
Dependant, Extinct or Extinct in the Wild. No flora species listed under the EPBC Act have been 
recorded at Goldsworthy in the surveys conducted to date. 

Wildlife Conservation Act, 1950 

Flora species of conservation significance are protected at the State level by the Wildlife Conservation 
(Rare Flora) Notice 2003 of the Wildlife Conservation Act, 1950. The notice lists protected flora taxa 
that are extant and considered likely to become extinct or rare. Generally speaking, species of flora 
are considered as being of Declared Rare Flora (DRF) or Priority conservation status where their 
populations are restricted geographically or threatened by local processes (ecologia, 2005). 

DRF taxa that are specifically protected by the Wildlife Conservation (Rare Flora) Notice 2003 cannot 
be removed or impacted in any way without approval of an "Application to Take" by the Minister for the 
Environment. DRF are regarded as taxa which have been adequately searched for and are deemed 
to be in the wild either rare, in danger of extinction or otherwise in need of special attention (ecologia, 
2005). No DRF species have been recorded at Goldsworthy in surveys conducted to date. 

Priority species are maintained on a "Reserve List", which is reviewed on an annual basis, and 
assigned to one of four Priority categories (Atkins, 2003). These categories are summarised below: 

Priority 1 - Poorly known taxa from one or a few populations (generally less than five) which are 
under threat, either due to small population size, or being on lands under immediate threat. 

Priority 2 - Poorly known taxa which are known from one or a few populations (generally less 
than five), at least some of which are not believed to be under immediate threat (ie. not currently 
endangered). 

Priority 3 - Poorly known taxa which are known from several populations, at least some of which 
are not believed to be under immediate threat (ie. not currently endangered), either due to the 
number of populations, or known populations being large, and either widespread or protected. 

Priority 4 - Taxa that have been adequately surveyed and whilst rare, are not threatened by 
identifiable factors. 

Four Priority flora species (Euphorbia clement/i, E. Drummondii, Goodenia hartiana, and Acacia 
glaucocaesia) have been recorded at Goldsworthy. A description of these species and their location 
in relation to the planned Project disturbance areas is provided below. 

Euphorbia drummondii (Priority 2) 

E. drummondii is a small much branched prostrate herb with ovate to oblong leaves 3-10 mm by 
1 .5-5 mm placed opposite each other along the stems. The style is notched and the capsule is 
approximately 2 mm diameter and green. 
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E. drummondii was not recorded at any of the planned Project areas during the most recent 
surveys in October 2004 to January 2005 (ecologia, 2005), however it has been recorded at 
Yarrie previously (ecologia, 1999) (Figure 3-4). None of the previous records of this species are 
within the planned disturbance areas for the Project. 

. 	Euphorbia clement/i (Priority 2) 

E. clement/i is a small upright herb with the ovate leave 10-20 x 4-10 mm placed oppositely along 
the sometimes red-brown stems. The capsule is approximately 2 mm diameter and green. 

This species has been previously recorded at Yarrie (ecologia, 1999) (Figure 3-4) and Nim B 
(ecologia, 2004e) (Figure 3-6). None of the previous Yarrie records are within the proposed 
Project disturbance areas, and no additional recordings of this species were made at Yarrie 
during the most recent surveys by ecologia (2005). 

One of the previous records for this species was within the vicinity of the Nim B OSA, however, it 
was not re-recorded in this area (or any of the other planned Project areas) during the most 
recent surveys by ecologia. 

Goodenia hartiana (Priority 2) 

Goodenia hart/ana is a small multi-stemmed shrub, which produces blue flowers during August. 
This species was recorded by ecologia (2004e) at a site approximately 1 km north east of the 
existing Nim B mining area (Figure 3-6). It has not been recorded in any of the planned 
disturbance areas for the Project. 

Acacia glaucocaesia (Priority 3) 

Acacia glaucocaesia is a dense shrub or tree, which normally grows to a height of between 2 and 
3 m, and sometimes to 7 m. It produces yellow flowers in July to September. It grows in sandy 
loam on flood plains and commonly forms almost monospecific stands. 

At Goldsworthy it was recorded by ecologia in 2005 at two sites along the planned Cattle Gorge 
access road. Both of the sites where it was recorded were somewhat degraded through cattle 
grazing. Targeted pre-clearance surveys along the proposed haul road are scheduled to occur in 
May/June 2005 to confirm the records. The pre-clearance surveys will include searches in 
nearby areas in order to further assess the local occurrence and significance of this species. 

Priority plant species that have not been recorded at Goldsworthy during the current or previous 
surveys, but have been recorded in the wider area (ie. within 50 to 100 km) include: 

Fimbristylis sp. Shay Gap (K.R. Newbey 10293) (Priority 1); 

. 	Pt/lotus mo//is (Priority 2); and 

Bu/bostylis burbidgeae (Priority 3). 

None of these species are known to occur in the proposed Project disturbance areas. 

Other Flora of Interest 

Eco/ogia (2005) recorded two possible undescribed flora species at the Sunrise Hill ridgeline (ie. 
Stemodia sp. Shay Gap and Corymbia sp), and one record of Erythrophleum chlorostachys at 
N imingarra. 
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Stemodia sp. Shay Gap was recorded at three locations on the Sunrise Hill ridgeline (Figure 3-7). 
Ecologia (2005) concluded that the species seemed to have a very clear preference for cracks and 
crevices on steep near vertical to slightly overhanging cliffs at an aspect of south to west. The species 
is a herb in general growth of about 30 to 50 cm in height, with serrated lush to dark green leaves that 
are quite conspicuous in comparison to other plants growing in the same cliff environment. The 
flowers are slightly tubular in form, asymmetrical in shape and purple to dark lilac in colour (ecologia, 
2005). 

Corymbia sp. was recorded from a single plant growing on the Sunrise Hill ridgeline at survey site 
No. 71 (Figure 3-7b) as a small shrub in an overhanging ironstone cliff environment near Ficus forest. 

Erythrophleum chiorostachys is considered by ecologia (2005) to be of regional significance as it 
appears to be a new record for the east Pilbara. It was recorded on the Nimingarra ridgeline at survey 
site No. 19 (Figure 3-6) which is situated near Nim A on an area of flat red-orange soil sandplains with 
the vegetation community dominated by an Acacia tumida/Acacia ancistrocarpa open medium 
shrubland over Bonamia rosea sparse dwarf shrubs over Triodia schinzii open hummock grassland. 

None of the above species were recorded within areas that are proposed to be disturbed by the 
Project. Notwithstanding, searches for these species within the proposed Project disturbance areas 
will also be conducted as part of the planned May/June 2005 pre-clearance surveys. 

3.7.2 	Potential Impacts and Management Strategies 

Potential Impacts 

The main potential impacts of the Project on flora would be through the direct loss of vegetation due to 
the proposed additional land clearing required for the development of the new mining areas and 
OSAs. Other potential impacts could arise from dust deposition on vegetation in adjoining undisturbed 
areas, the spread of weed species, and potential changes to the frequency and/or intensity of 
bushfires. 

EPA Objectives 

To maintain the abundance, species diversity, geographic distribution and productivity of vegetation 
communities through the avoidance or management of adverse impacts and improvement in 
knowledge. 

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

Protect other flora species of conservation significance. 

General Flora Management Strategies 

BHPBIO's overall principles for managing the potential impacts of its Pilbara operations on flora are 
documented in its Land Management Manual (BHPBIO, 2003a) and include the following: 

baseline surveys should be undertaken at each mining operation prior to land disturbance; 

land clearing should be minimised; 
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potential impacts on rare flora should be identified and managed; and 

existing and potential weed issues should be assessed and managed. 

These overriding principles would be applied during the life of the Project through the implementation 
of specific management strategies documented in the Project EMP (Appendix A) and summarised 
below: 

Pit and OSAs would be designed to limit land clearing to the practicable minimum. This would be 
achieved through the consideration of mine sequencing across the whole lease (ie. use of mined 
out scree and hard rock deposits for overburden disposal rather than clearing new areas). 

Where clearing of new areas is necessary, prior approval by BHPBIO via the PEAHR land 
clearing procedure (Section 3.3 and Appendix A) would be required before works commence. 
The PEAHR procedure includes an assessment of the presence or absence of DRF or Priority 
flora species based on the baseline flora surveys of the Project area (ie. ecologia, 2005). 

Plans showing the extent of the areas authorised to be cleared would be prepared prior to 
clearing taking place and monitoring would be undertaken regularly by BHPBIO to assess 
whether these plans are being adhered to. 

A condition prohibiting unauthorised clearing would be included in all contracts. 

Vehicles and machinery would be parked only in designated locations and off-road recreational 
activities would be prohibited. 

The environmental component of the site induction would be used to raise workforce awareness 
of local flora specifies of interest and relevant conservation issues. 

Dust control measures such as road watering, use of sprays on the main ore transfer points, and 
progressive rehabilitation of disturbed areas would be used to minimise dust generation from the 
site. 

Specific management measures regarding plant species of conservation significance, weeds and fire 
regimes are provided in the Project EMP (Appendix A) and are summarised below. A discussion of 
plant species of cultural significance and their management is also provided. 

Management of Species of Conservation Significance 

In order to minimise potential impacts of the Project on flora/fauna species of conservation 
significance, BHPBIO would implement the management strategy illustrated on Figure 3-9 and 
summarised below. 

Significant flora/fauna species, vegetation associations and/or habitat areas identified during the 
baseline surveys of the Project area would be recorded on the relevant databases and mine 
plans, and awareness of these records would be promoted at mine planning and operational 
levels. 

Where possible planned clearing boundaries would be adjusted to avoid disturbance to known 
significant flora/fauna species, vegetation associations and/or habitat areas. 

Where it is not practicable to avoid known significant flora/fauna species, vegetation associations 
and/or habitat areas, BHPBIO would consult with CALM regarding the proposed land disturbance. 
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Additional targeted pre-clearance surveys of the proposed Project areas at Nimingarra and Yarrie 
would be undertaken to identify/improve BHPBIO's knowledge of the distribution of flora species 
of conservation significance identified during the baseline flora surveys of the Project area. 

Where required, management strategies for known locations of significant flora/fauna species, 
vegetation associations and/or habitat areas that cannot be avoided would be developed in 
consultation with, and to the satisfaction of CALM prior to the commencement of clearing 
activities in these areas. These management strategies would be included as operational 
requirements in the PEAHR authorisation form for the relevant planned disturbance area. 

No DRF have been recorded within the Project area to date, however if subsequent surveys 
identify DRF, and they cannot be avoided by adjusting the planned disturbance areas, BHPBIO 
would prepare and submit an application(s) to take DRF pursuant to the Wildlife Conservation 
Act, 1950. Any land disturbance in these areas would then be subject to Ministerial approval. 

. 	BHPBIO would maintain appropriate records of impacted flora/fauna species, vegetation 
associations and/or habitat areas of conservation significance. 

Management of Species of Cultural Significance 

During the EPS consultation process for the GEP, representatives of the Njamal people indicated that 
some plants in the area have particular cultural significance to them. Since these species were not 
generally known to the Njamal people by their scientific names, during one of the Project update 
meetings BHPBIO presented representative photographs of the vegetation associations and plant 
types found at each of the Project areas. The photographs were used to identify whether any plants of 
cultural significance were present in the planned disturbance areas. The representatives of the 
Njamal people indicated that none of these particular plants appeared to be within the planned 
disturbance areas, and that they were satisfied that the impact of the Project on vegetation could be 
managed through the implementation of the overall management measures described above. 

Management of Weed Species 

Weed species have evolved to grow quickly and usually in response to disturbance. They have a 
competitive advantage over local native species that grow slowly and do not tolerate disturbance well. 
No 'declared' weeds listed under the Agriculture and Related Resources Protection Act, 1976 have 
been recorded in the Project area. Environmental or otherwise recognised weed species have been 
recorded previously in the Project area (ie. Cenchrus ciliaris, *Aerva  javanica, Acacia farnesiana, 
Chloris gayana, Ma/vast rum americanum, Oleander sp.). 

Management measures that would be undertaken at the Project to minimise the potential for the 
spread of weed species are listed below. 

Areas of known weed infestation would be shown on mine plans and marked on the ground in 
order to minimise the potential for inadvertent access and spread of weeds. 

Mobile machinery and equipment would be cleaned on a regular basis, with particular attention 
being given to machinery that operates in areas of known weed infestation. 

Topsoil that is stripped from areas known to be infested with weeds would be treated before use. 

Regular inspections for the presence of weeds within areas of disturbance would be conducted. 
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. 	Treatment programmes for weed infested areas would be developed and implemented in 
consultation with CALM. These programmes may include, but are not restricted to, the 
application of herbicides and pre-emergent treatments. 

An example of BHPBIO's consultation with CALM and the local pastoralist regarding the development 
and enactment of a weed treatment programme at Goldsworthy is provided below. 

Kapok (*Aea  javanica) occurs widely in the Goldsworthy area. It is recognised by CALM as an 
invasive weed and is widespread through many areas of the Pilbara, particularly in and around 
pastoral leases. In the 1992 CER for the development of the Yarrie Y2/Y3 deposits (Section 1 .3), 
BHPIO committed to establishing a programme to monitor and evaluate the health of vegetation down 
slope of the railway embankment, Yarrie access road, and rehabilitation areas to ensure no weed 
infestation is occurring. In accordance with this commitment BHPBIO undertook Kapok control along 
the Yarrie-Nimingarra access road in 2003. The control method adopted was to collect and dispose of 
the fruit, cutback the plant and apply Roundup herbicide. 

In early 2004 when BHPBIO consulted the owner of the Yarrie pastoral station about the control of 
Kapok at Goldsworthy, he indicated that it is one of the preferred feedstocks for his cattle and stated 
that he does not want any Kapok weed control to occur. In order to resolve this apparent conflict in 
management requirements BHPBIO consulted CALM personnel at the Karratha office in July 2004. 
CALM advised that if Kapok already occurred in the adjoining pastoral leases, the benefits of 
undertaking a Kapok control programme would be negligible, and it would not have any significant 
objections if BHPBIO wished to discontinue the Kapok control programme. CALM did state however, 
that if other weed species such as Ruby Dock were to appear, it would expect control measures to be 
enacted. 

Management of Fire Regime 

While fire is accepted to be a part of the natural Pilbara landscape, BHPBIO has implemented several 
control measures at the Goldsworthy operations to minimise the potential for significant anthropogenic 
changes to the local fire regime. These include the following: 

Fire hazard awareness and management training is provided to BHPBIO personnel and 
contractors. 

Fire-fighting equipment is provided in work areas according to fire hazard. 

Fire-fighting equipment is regularly inspected and maintained. 

Where necessary, controlled burns are conducted in consultation with relevant government 
agencies in order to reduce local fuel loads. 

Fire breaks surrounding the electricity transmission line and dewatering pipeline are graded as 
required. 

The above control measures would continue to be implemented during the life of the Project. 

As described in Section 3.7.1, BHPBIO is contributing to the WA Government's Pilbara Biological 
Survey, which is being conducted from 2002 to 2007. Once results from the Survey are published 
BHPBIO will review, and where appropriate, update its flora and fauna management practices at its 
Pilbara mining operations (including the Goldsworthy operations) to reflect the increased knowledge of 
biodiversity in the region. 
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3.8 	TERRESTRIAL FAUNA 

3.8.1 	Existing Environment 

Regional Context 

The Interim Biogeographic Regionalisation of Australia (IBRA) divides the Australian continent into 85 
biogeographic regions based on their climatic, faunal, vegetation, landform and geological features 
(Environment Australia, 2004). The Project area falls within the Pilbara region, which is further 
subdivided into the Hamersley, Fortescue Plains, Chichester and Roebourne sub-regions. The 
Project is located within the Roebourne sub-region. 

A description of the characteristics of all four sub-regions found in the Pilbara IBRA region is provided 
in Environment Australia (2004) and is summarised below: 

Hamersley. Mountainous area of Proterozoic sedimentary ranges and plateaus with Mulga low 
woodland over bunch grasses on fine textured soils and Snappy Gum over Triodia brizoides on 
skeletal sandy soils of the ranges. 

Fortescue Plains. Alluvial plains and river frontages. Salt marsh, mulga-bunch grass, and short 
grass communities on alluvial plains. River Gum woodlands fringe the drainage lines. This sub-
region represents the northern limit of Mulga (Acacia aneura). 

Chichester. Archaean granite and basalt plains supporting shrub steppe characterised by Acacia 
pyrifolia over Triodia pungens hummock grasses. Snappy Gum tree steppes occur on ranges. 

Roebourne. Quaternary alluvial plains with a grass savanna of mixed bunch and hummock 
grasses, and dwarf shrub steppe of Acacia translucens over Triodia pungens. Samphire, 
Sporobolus and Mangal occur on marine alluvial flats. Arid tropical with summer rain. 

Previous Environmental Assessments and Fauna Surveys in the Goldsworthy Area 

A summary of the previous environmental impact assessments and fauna surveys conducted in the 
Goldsworthy area is provided below. 

In the Goldsworthy Extension Project NOI for the Nimingarra mine site, GML (1986) noted the 
occurrence of kangaroos, lizards, snakes, and birds in the NimingarralSunrise Hill area, 
particularly in the vicinity of Egg Creek. The comments contained in the NOl were based on 
observations rather than site specific fauna surveys. 

A fauna survey of the proposed Y2/Y3 mining areas at Yarrie and associated supporting 
infrastructure areas was conducted in October 1992 as part of the CER for Phase II of the 
Goldsworthy Extension Project (Dames and Moore, 1992). The survey also included an area of 
the Callawa ridgeline, which is located approximately 2 km to the south of the Yarrie plateau. All 
major habitat types in the planned disturbance areas were examined. 
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Thirty-five birds, five mammals, one amphibian and seven reptiles were recorded during the 1992 
surveys. Evidence of the following four species of conservation significance was also noted: a 
single mummified specimen of the Ghost Bat (Macroderma gigas) was recorded on a barb wire 
fence near the proposed rail loop; apparently active mounds of the Pebble-mound Mouse 
(Pseudomys chapmani) were observed to the east of the planned mining areas; an apparently 
disused burrow system possibly belonging to the Bilby (Macrotis lagotis), was recorded in an area 
of friable, loamy soil adjacent to a creek bed in the south eastern section of the proposed rail 
loop; and an individual Pilbara Olive Python (Liasis olivacea barroni) was recorded in a rock pool 
at the head of a gully on the Callawa mesa. Only one feral animal (Donkey, Equus asinus) was 
recorded during the survey. 

Pebble-mound Mouse monitoring on the Yarrie plateau was conducted by Enviroscan Australia 
between 1993 and 1994 (Piggott, 1993; 1 994a, 1 994b; 1995). A study on the activity status of 
the species in the same area was conducted by Chapman (1995). Fauna trapping was 
undertaken at Yarrie during 1996 and 1997 as part of the monitoring programme (HGM, 1997a, 
1997b, 1997c, 1997d, 1997e; 1998b). 

Halpern Glick Maunsell (1998a) conducted a baseline biological survey of the planned Yarrie 
crustal deposits (ie. Yl to Y9) in April 1998. The study involved a desktop appraisal of previous 
fauna records on the Yarrie plateau as well as opportunistic fauna observations during the 
vegetation, flora and soil surveys of each of the planned pits. 

Using all the available data, the Halpern Glick Maunsell (1 998a) desktop assessment concluded 
that a total 38 birds, 13 mammals, one amphibian and ten reptiles were recorded during the 1992 
surveys. No new species of conservation significance were added to those previously identified 
by Dames and Moore in 1992. 

Ecologia (1999) conducted a comprehensive biological survey and assessment of the Yarrie 
plateau and the adjoining slopes and plains in June 1998. The study involved 38 sampling 
quadrats, covered a total area of approximately 36 km2, and encompassed all of the planned 
disturbance areas for the Yarrie crustal pits as well as a substantial area of the surrounding 
plateau. The study involved: soil sampling, analysis and mapping; systematic vegetation 
surveying and mapping; and systematic and opportunistic fauna sampling over a seven day 
period. 

During the survey 87 fauna species were recorded, including 14 native and three introduced 
mammals, 43 birds, 24 reptiles, three amphibians and one fish. Three species of conservation 
significance were recorded during the June 1998 surveys by ecologia: Pebble-mound Mouse 
(Pseudomys chapman,), Desert Mouse (Pseudomys desertor), Lakeland Downs Mouse 
(Leggadina lakedownensis). 

In February and March 2004 ecologia conducted a biological study of the proposed Cattle Gorge 
mining area and planned connecting railway corridor (ecologia, 2004d). The study involved 
opportunistic field surveys of fauna, systematic sampling and mapping of flora, and a desktop 
review of soils. 

Eighteen bird species, four reptiles, and one amphibian were recorded at cattle Gorge. Two 
species of conservation significance were recorded during the surveys: Pilbara Olive Python 
(Liasis olivacea barroni) and the Australian Bustard (Aredeotis australis). No feral animal species 
were recorded. 
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Fauna Surveys of the New Project Areas 

Fauna surveys of the new Project areas and surrounds were included as a component of the 
biological surveys conducted by ecologia (2005) in order to supplement the previous surveys at 
Goldsworthy. As per the Project vegetation surveys (Section 3.7.1), the additional fauna work 
included sites situated along the Nimingarra and Sunrise Hill ridgelines. It also included sites at Cattle 
Gorge. 

The Project fauna surveys commenced in October 2004 and were completed in January 2005. They 
were conducted in accordance with EPA Guidance Statement No. 56, Terrestrial Fauna Surveys for 
Environmental Impact Assessment in Western Australia (EPA, 2004e). A combination of trapping, 
opportunistic searching and bird census, as well as nocturnal work and bat recording, was conducted. 
The ecologia (2005) report presents specific details of the methodology used, and the findings of 
these surveys. It also summarises the previous work in the Goldsworthy area (in particular, the 2004 
Cattle Gorge surveys and the 1998 surveys of the Yarrie areas). During the surveys specific attention 
was given to searching for species of conservation significance that had been previously recorded at 
Goldsworthy or were considered to be likely to occur based on fauna database searches. 

A total of 193 fauna specimens were collected or observed during the surveys. These included 92 
birds, 62 reptiles, four frogs, three fish, and 32 amphibians (ecologia 2005). Only one mammal 
(Planigale sp.) and one skink (Eremiascincus sp.) that were collected were unable to be identified 
beyond the genus level. Both of these groups have been under review for some time, and neither of 
the collections is thought to be a species of conservation significance (ecologia 2005). 

Fauna Habitats Identified in the Project Areas 

Yarrie 

Five habitat types, ranging from mesa top to creek bed have been identified as occurring within the 
Yarrie area (ecologia, 1999). 

Riverine - Eucalypt species on stony to sandy substrate in channel and Acacia thicket on 
sandy soils on banks; 

Gorge - steep-sided gorge with scattered Eucalyptus leucophloia over Triodia species. 
Skeletal, sandy or stony soils. Pools in base; 

Shrubland - Grevillea pyramidalls shrubland over Triodia; 

Scree slope - Scattered mixed shrubs over Triodia. Substrate stony to rocky. Thick shrubs in 
minor drainage lines; and 

Plateau/hilltop - Scattered mixed shrubs over Triodia on skeletal soils. 

The proposed additional Project disturbance at Yarrie in the Y4A, Y7 West and YlO North crustal pits 
would occur within the plateau/hilltop habitat type. 

Cattle Gorge 

Four of the habitat types identified at Yarrie were also recorded by ecologia (2005) as also occurring in 
the Cattle Gorge area (ie. gorge, shrubland, scree slope and plateau/hilltop). The riverine habitat type 
found at Yarrie in the vicinity of Eel Creek was not recorded at Cattle Gorge study area; however it 
does occur immediately to the east in Cattle Gorge itself. 

May 2005 	 3-67 



. 
I il 

bhpbilUton 
BHPBiIIiton Iron Ore 
Environmental Protection Statement 

The majority of the planned Project mining and overburden placement activities at Cattle Gorge would 
affect the scree slope and plateau/hilltop habitat types which dominate the top surface of the Cattle 
Gorge plateau. 

The proposed ROM pads, hardstand areas and haul road to Yarrie are primarily located within a 
sandplain habitat type, which is characterised by sparse tall/medium sized shrubs (primarily acacias) 
over mixed low shrubs (affected by cattle grazing and fire), over Triodia hummocky grassland. 

Nimingarra 

Four habitat types were recognised and surveyed by eco/ogia (2005) at Nimingarra. 

Sandplain/Alluvial Outwash Plain - typically patchy stands of Acacia tumida var. pilbarensis/ 
A. co/el var. co/el  tall/medium shrubs over dense to moderately dense Triodia epactia 
hummock grassland. 

Gullies/Major Drainage Lines - typically vegetated with Corymbia hamers/eyana trees over 
mixed mid level shrubs, mainly Acacia tumida var. pilbarensis, A. co/el var. co/el,  Grevi/lea 
wickhamii subsp. aprica and Peta/osty/is labicheoldes. The slopes of these drainage lines are 
dominated by Triodia epactia. A number of these drainage lines also have large stands of 
Ficus spp. which provide an additional specific sheltered microhabitat. 

Slopes/Triodia Steppe - these slopes are typically with rocky substrate, mainly vegetated with 
Triodia epactia hummock grass. 

Riverine: The substrate ranges from sand through to loose stones and rocks. Vegetated by 
very sparse Corymbia hamers/eyana trees, with open Mela/euca argentea woodland, that is 
quite dense in places, with disjunct beds of Typha domingensis rushes 

The proposed Project mining and associated activities at Nimingarra (ie. overburden disposal and 
haulage of ore to the existing Nimingarra processing and loading facility) would primarily involve 
disturbance to the slopes/Triodia steppe habitat type. Some disturbance to the sandplain/alluvial 
outwash plain habitat type would occur along the base of the Nimingarra ridgeline (ie. Nim I haul road) 
and some minor gullies that occur in the planned pit and OSA areas would be affected. 

Sunrise HiI/ 

Due to the close proximity of Sunrise Hill to Nimingarra, there is considerable similarity and overlap of 
habitat types, although some distinct differences were noted by eco/ogia (2005). The six habitat types 
identified as occurring in the area were: 

Sandplain/Alluvial Outwash Plain: vegetation is typically patchy stands of Acacia tumida/ 
A. co/el over dense to moderately dense Triodia epactia hummock grassland. 

Gullies/Major Drainage Lines: typically vegetated with Conjmbia hamers/eyana over mixed 
mid 	level shrubs, mainly Acacia tumida, A. co/el, Gre viI/ea wickhamii and Petalosty/is 
/abicheoides. The slopes of these drainage lines are dominated by Triodia epactia. A number 
of these drainage lines also have large stands of Ficus spp. which provide an additional 
specific sheltered microhabitat. 

Slopes/Triodia Steppe: these slopes are typically with rocky substrate, mainly vegetated with 
Triodia epactia. 
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Riverine: The substrate ranges from sand through to loose stones and rocks. Vegetated by 
very sparse Corymbia hamersleyana, with open Melaleuca sp., which in places becomes quite 
dense, with disjunct beds of Typha domingensis. 

Gorges: Often vegetated similarly to the riverine habitat, the gorge systems in the Project 
area were defined by being much deeper, with high rock walls, and often containing pools of 
water. 

Melaleuca Woodland: situated at the base of Gorges, this habitat was often inundated by 
water at ground level, either through runoff, or from permanent seeps out of the rocks. 

The melaleuca woodland habitat type was recorded by ecologia (2005) as only occurring in a few 
small pockets along the Sunrise Hill ridgeline (ie. survey sites 41, 47, 65 and 71 - Figure 3-7b). The 
Project does not involve additional disturbance along the Sunrise Hill ridgeline (ie. beyond that which 
is approved under the existing approvals), and as a result, the melaleuca woodland habitat type is not 
proposed to be disturbed. 

Fauna of Conservation Significance 

Environment Protection and Biodiversity Conservation Act, 1999 

Four fauna species listed under the EPBC Act, 1999 have been recorded at Goldsworthy. A 
description of these four species and their location in relation to the planned Project disturbance areas 
is provided below. Possible evidence of a fifth species (the Bilby - Macrotis lagotis) was recorded in 
the early 1990s, however it was in the form of a single, apparently disused, burrow system in the 
vicinity of the Yarrie rail loop, and no actual sightings of this species were recorded then or since. 

Pilbara Olive Python (Liasis olivaceus barroni) - Listed as Vulnerable (EPBC Act) 

Distinguished as a separate species in 1981 by WA Museum herpetologist Laurie Smith, Liasis 
olivaceus barroni can grow up to 4.5 m long and weigh more than 15 kg. It is pale fawn to brown 
or olive-brown above merging with a white or cream ventral surface. It has smooth scales, in 55-
80 rows at midbody (Cogger 2000). 

The Pilbara subspecies of Olive Python is geographically distinct from the Kimberley subspecies 
(Liasis olivaceus olivaceus) and its apparent rarity has caused it to be classified as a species of 
conservation significance under the EPBC Act. Despite this, a recent study (Eco/ogia 2004a) 
indicates that Liasis olivaceus olivaceus is widespread across the Pilbara and that there are a 
number of sizeable populations. 

A nocturnal ambush predator, Liasis olivaceus olivaceus is generally (although not exclusively) 
associated with permanent water, such as riverine woodland areas, large rock holes and 
swamps. This association is due to the permanent water being an important lure for suitably sized 
prey. Liasis olivaceus olivaceus has been known to make long excursions into rocky-flat topped 
hills neighbouring water sources. Large specimens have been seen to feed on a variety of birds 
(corellas, pigeons, ducks) and mammals (fruit bats, small euros, rock wallabies), with smaller 
snakes probably feeding mainly on reptiles and frogs (Ecologia, 2004a). 

Liasis olivaceus olivaceus breed during June to August. Males track females by scent and when 
they have found one, they usually retire to a cave for up to three weeks during which time they 
probab'y mate numerous times. The male then leaves the female, who lays her eggs during 
October. Nothing is known of the number of eggs laid, although the young hatch and disperse in 
January. 
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During fauna surveys undertaken at Goldsworthy it has been recorded at the Callawa mesa 
(Dames and Moore, 1992), which is located approximately 2 km to the south of the Yarrie 
plateau, as well as being recorded at Cattle Gorge during the February/March 2004 surveys 
(ecologia, 2004d), and more recently during an investigation of potential bat caves conducted by 
ecologia in April 2005. There are also several anecdotal records of this species being observed 
by BHPBIO employees and contactors in and around the Yarrie accommodation area. 

Figure 3-4 shows the locations where the Pilbara Olive Python has been recorded at Cattle 
Gorge. Neither of the locations is within the planned disturbance area for the Project, and more 
importantly the habitat types found in the proposed disturbance footprint (at Cattle Gorge, and 
also Nimingarra and Yarrie) are not core habitat for this species. 

Orange or Pilbara leaf-nosed bat (Rhinonicteris aurantius) - Listed as Vulnerable (EPBC Act) 

A description of the distribution and habitat of Rhinonicteris aurantius as provided in the 
Commonwealth Department of Environment and Heritage's Action Plan for Australian Bats (1999) 
is provided below. 

The Pilbara population of Rhinonicteris aurantius is geographically the most isolated population of 
this species, as it is separated from the northern Australian populations by nearly 400 km of sand-
ridge desert. It differs from the Northern Australian population in terms of its wing-shape and call 
frequency (Coles and Guppy 1989). 

Scattered records of the species have been recorded from less than 10 localities across the 
Pilbara Region since 1925, and from a single locality in the north-western corner of the adjacent 
Gascoyne Region. Known colonies in the Pilbara occupy abandoned, deep and partially flooded 
mines that trap pockets of warm, humid air in the mine's constant temperature zone (Hall et al. 
1997). For at least part of the year, the species is thought to also occupy smaller, less complex 
mines nearby. 

Two natural roosts have been located in the Gascoyne region. One is a cave more than 30 m 
deep, and the other a horizontal fissure beneath an ephemeral waterfall. Both are in the Barlee 
Range National Park. 

Rhinonicteris aurantius hunts food during slow maneuverable flight. It hawks flying prey close to 
clutter, and gleans from foliage and the ground in riparian vegetation in gorges, and in open 
hummock grasslands and sparse tree and shrub savanna. 

A call record of this species was recorded using an Anabat detector at a cave on the Nimingarra 
ridgeline during the most recent Project surveys (ecologia, 2005) (Figure 3-6). Two further 
individual records of Pilbara Leaf-nosed Bat were made in the vicinity of Cattle Gorge during the 
same survey, including one accidental road kill that was subsequently vouchered to the Museum 
of Western Australia. The other individual was also opportunistically observed foraging in the 
sandplain habitat type located to the south east of Cattle Gorge (ie. in the vicinity of the proposed 
haul road). 
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As a result of recommendations made during subsequent consultation with CALM Karratha and 
the EPASU, BHPBIO conducted targeted habitat assessments for this species in the proposed 
Project disturbance areas and surrounds during April 2005. 	The assessment involved 
comprehensive searching for cave sites that would be potentially suitable for this species. 
Several potential caves within a 10 km radius were identified, and one of the caves at Cattle 
Gorge is located within the proposed OSA situated to the south of the proposed open pit. In 
addition, the species was again opportunistically observed foraging in the sandplain habitat type 
located to the south east of Cattle Gorge. BHPBIO has commissioned ecologia to undertake 
targeted surveys at these sites in May/June 2005 using methodologies developed in consultation 
with CALM. 

The surveys will be used in particular to determine whether the cave at Cattle Gorge within the 
proposed OSA footprint is used by the species. In the event that it is recorded in this location, 
BHPBIO would develop and implement appropriate management measures in consultation with, 
and to the satisfaction of CALM. Further detail of these additional studies and development of 
management measures is provided in the Bat Management Plan, which is included in the EMP 
(Appendix A). 

. 	Mulgara (Dasycercus cristicauda) - Listed as Vulnerable (EPBC Act) 

The Mulgara is a rare marsupial with sand coloured fur on its back and pale grey fur on its 
underbelly and chin. The first half of its tail has the same coloration as the body; the second half 
of the tail is covered in bushy, black fur. The tail of the Mulgara averages 100 mm, the head and 
body together average 180 mm, and the total body weight is approximately 130 grams. 

The diet of the Mulgara consists of large invertebrates, small rodents and reptiles. Its breeding 
season occurs during winter and it is believed that gestation lasts for at least one month. A single 
littler can produce up to eight young. When young reach about four months of age they are 
completely weaned from their mother. 

The extreme daytime heat of the desert is avoided by the Mulgara by taking refuge in an 
extensive warren system. The species prefers sandy substrates vegetated with Triodia spp. 
Populations are thought to contract to core habitat areas during harsh years and have been 
documented as undergoing expansion in response to good conditions. 

The Mulgara has been observed during biological surveys in the Goldsworthy area on one 
occasion. This observation was recorded by ecologia (2005) whilst spotlighting in the sandplain 
habitat type located to the south east of the Cattle Gorge mining area. It has not been recorded 
in the proposed Project disturbance areas at Nimingarra or Yarrie. 

. 	Northern Quoll. (Dasyurus hallucatus) - Listed as Endangered (EPBC Act) 

The Northern Quoll is found in a disjunct range throughout northern Australia, including the 
Pilbara and Kimberley regions in WA. It is generally found in treed habitats, preferring broken, 
rocky country or open eucalypt forest within 150 km of the coast. Northern Quolls tend to be 
most successful near creek lines where they have a ready supply of water and often have dens in 
hollow creekside eucalypts. They are also known to spend some time on the tops of termite 
mounds. The diet of the Northern Quoll includes small mammals such as dunnarts, rodents and 
antechinuses, as well as reptiles, invertebrates and fruit. 

At Goldsworthy this species has been recorded at Yarrie (Dames and Moore, 1992), Cattle Gorge 
(ecologia, 2004d), and at both Nimingarra and Sunrise Hill (ecologia, 2005). 
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Wildlife Conservation Act, 1950 and Other Fauna of Interest 

The Pilbara Leaf-nosed Bat, Pilbara Olive Python and Mulgara are also listed as Schedule 1 species 
under the Wildlife Conservation Act, 1950. No other Schedule 1 fauna have been recorded at 
Goldsworthy. 

Seven fauna species listed by CALM as Priority species have been recorded at Goldsworthy. A 
description of these species and their location in relation to the planned Project disturbance areas is 
provided below. 

. 	Western Pebble-mound Mouse (Pseudomys chapman!) (Priority 4 - CALM) 

The Pebble-mound Mouse inhabits hummock grassland areas of Triodia, Cassia, Acacia and 
Ptilotus on skeletal soils containing an abundance of small pebbles. These conditions are found 
on the ridgelines, plateaus and their lower slopes in the Goldsworthy area. The Pebble-mound 
Mouse uses the pebbles to construct its mound. The purpose of the mounds is unknown, 
however it has been speculated that they are used by the mouse to escape from the heat of the 
day. 

When first described, it was thought that the range of the Pebble-mound Mouse had decreased 
substantially due to the occurrence of unused mounds in the Murchison and Gascoyne. This 
decline was attributed to foxes, cats and cattle. As such, it was classified as a Schedule species 
'fauna that is likely to become extinct or is rare'. Since then, it has been found on many sites 
associated with development projects, particularly iron ore mining in the Pilbara and is possibly 
the most abundant small mammal in the region. Its status has subsequently been downgraded to 
Priority 4 by CALM. 

The Pebble-mound Mouse has been recorded at Yarrie on numerous occasions. It has not been 
recorded at Cattle Gorge, Nimingarra or Sunrise Hill to date, although suitable habitat (eg. 
plateaus and scree slopes with suitably sided pebbles) is known to occur in these areas. 

In the 1990s, BHPBIO developed and implemented a comprehensive Pebble-mound Mouse 
Research and Translocation Programme at Yarrie (Piggott, 1993; 1994a, 1994b; 1995) (HGM, 
1997a, 1997b, 1997c, 1997d, 1997e; 1998b). This programme was developed in consultation 
with CALM and was considered to be best practice at the time when the mouse was classified as 
a Schedule 1 species. Since the conservation status of the species has been revised, the level of 
conservation management has been adjusted so that relocation programmes like the one 
undertaken in the 1990s are no longer undertaken. BHPBIO has, however, continued to consult 
with CALM with regard to management of the species at its Pilbara operations. Currently these 
measures are focused on ongoing monitoring and avoidance of active mounds where possible. 

. 	Lakeland Downs Short-tailed Mouse (Leggadina lakedownensis) (Priority 4 - CALM) 

The Lakeland Downs Short-tailed Mouse (Leggadina lakedownensis) inhabits and and semi-arid 
Australia. It is an omnivorous, solitary species, which shelters in burrows during the heat of the 
day (Moro & Morris, 2000). It is known to occur on sandy soils and cracking clays in Western 
Australia, and tropical tussock grasslands or woodlands in Queensland. The taxonomy of the 
Pilbara form of this species is currently unresolved, though it is considered that there is enough 
genetic difference to allocate full subspecific status (Morris, 2000). 

This species was recorded at Goldsworthy by ecologia (1999) in the shrubland habitat type found 
along the Yarrie railway line (ie. Sampling Site No. 3 - Figure 3-3b). It has not been recorded at 
Cattle Gorge, Nimingarra or Sunrise Hill to date. 
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Star Finch (Neochmia ruficauda subc!arescens) (Priority 4 - CALM) 

The western race of the Star Finch (Neochmia ruficauda subclarescens) was recorded by 
ecologia (2005) in the area between Cattle Gorge and Yarrie. This area supports the sandplain, 
shrubland, and riparian habitat types which are associated with Eel Creek and its tributaries. The 
recording of the species in this area is consistent with its preferred habitat, which is generally in 
and around grassland near water (Slater etal., 2003; Simpson and Day, 2004). 

Pictorella Mannikin (Heteromunia pectoralis) (Priority 4 - CALM) 

The Pictorella Mannikin (Heteromunia pectora/is) was also recorded by ecologia (2005) in the 
area between Cattle Gorge and Yarrie. Pictorella Mannikins are found near water in Acacia spp 
shrublands that have a grassy understorey and in Triodia spp hummock grassland, where they 
feed on seeds on the ground, as well as insects (Keast, 1958; lmmelmann, 1982; Blakers eta!, 
1984). The presence of the species at Goldsworthy is considered by ecologia (2005) to be 
significant, as it is very rarely recorded in the Pilbara and was recorded in high numbers, which 
indicates that it may be an established population. 

Australian Bustard (Ardeotis australis) (Priority 4 - CALM) 

This large, ground-dwelling bird is fairly widespread throughout Australia and generally inhabits 
grassy plains, although it is also often seen in areas of low shrub adjacent to grassland (ecologia, 
2005). This species is nomadic, varying in abundance and group size from one solitary bird to 
family groups (Johnstone and Storr, 1998). 

The species was opportunistically recorded at Goldsworthy in the area between Cattle Gorge and 
Yarrie (ecologia, 2004d). 

Bush Stone-curlew (Burhinus gra/!arius) (Priority 4 - CALM) 

The Bush Stone-curlew, is a large (52 to 58 cm), slim, mainly nocturnal, ground-dwelling bird. 
The species was formerly found in most grassy woodlands in Australia and Tasmania; but is now 
generally scarce except in the north (WAM, 2004). Its decline in numbers is attributed to loss of 
habitat and predation (primarily by foxes and feral cats). 

Bush Stone-curlews have a wide-ranging diet, but prefer to feed on insects, molluscs, small 
lizards, seeds and occasionally small mammals. Feeding takes place at night. During the 
breeding season, nesting birds will search for food in the vicinity of the nest site, while at other 
times, birds may travel large distances. 

At Goldsworthy it has been recorded in the Cattle Gorge area (ecologia, 2004d) and at 
Nimingarra (ecologia, 2005). 

Ghost Bat (Macroderma gigas) (Priority 4 - CALM) 

The Ghost Bat (Macroderma gigas) is the largest Microchiropteran bat in Australia. Ghost Bats 
occur in a variety of habitats, from and spinifex hillsides, to open tall forest and tropical rainforest 
(Churchill, 1998). Their distribution is determined by the availability of suitable roosting sites. 
The preferred roosting habitats of Ghost Bats in the Pilbara are caves beneath bluffs of low 
rounded hills composed of Marramamba geology and granite rock piles. They have also been 
known to roost in large colonies in sandstone caves, under boulder piles and in abandoned mines 
(Churchill, 1998). In addition to being classified as Priority Four by CALM (in need of monitoring), 
the Ghost Bat is classed as VU A2c by the IUCN. 
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In 1992 a single mummified specimen of the Ghost Bat (Macroderma gigas) was recorded at 
Goldsworthy by (Dames and Moore, 1992) on a barb wire fence near the Yarrie rail loop. No 
other records for this species were recorded at Goldsworthy until April 2005 when several calls 
were recorded using an Anabat detector at a cave on the Nimingarra ridgeline (Figure 3-6). 

Fauna species listed under the International Union for Conservation of Natural Resources (IUCN) that 
have been recorded at Goldsworthy include the following. Six of these species are recognised as 
species of conservation significance at a Commonwealth and/or State level and are described above. 
A description of the remaining species and its location in relation to the planned Project disturbance 
areas is provided below: 

Orange or Pilbara leaf-nosed bat (Rhinonicteris aurantius) (Vulnerable - IUCN); 

Lakeland Downs Short-tailed Mouse (Leggadina lakedownensis) (Lower Risk/Near Threatened - 
IUCN); 

Mulgara (Dasycercus cristicauda) (Lower Risk/Near Threatened - IUCN); 

Star Finch Neochmia ruficauda subclarescens) ( Lower Risk/Near Threatened - IUCN); 

Pictorella Mannikin (Heteromunia pectoralis) (Lower Risk/Near Threatened - IUCN); 

Yellow-bellied Sheathtail Bat (Saccolaimus flaviventris) ( Lower Risk/Near Threatened - IUCN); 

Northern Quoll. (Dasyurus hal/ucatus) (Lower Risk/Near Threatened - IUCN); and 

Delicate Mouse (Pseudomys de/icatulus) (Lower Risk/Near Threatened - IUCN). 

The Delicate Mouse is a tropical species, distributed across much of northern Australia (Strahan, 
1998; Cole & Woinarski, 2000). This species is primarily granivorous, feeding mainly on the 
seeds of native grasses. As a result of this, populations can undergo dramatic fluctuations in 
response to climatic conditions (Strahan, 1998). 

At Goldsworthy this species was recorded from one individual captured at Yarrie (eco/ogia, 
2004d). 

Two international agreements address components of the Australian fauna, with a focus on protecting 
migratory species. These two agreements are the Japan-Australia Migratory Bird Agreement 
(JAMBA) and the China-Australia Migratory Bird Agreement (CAMBA.). A total of seven bird species 
recorded at Goldsworthy during previous surveys are listed under these agreements. These are the: 
Wood Sandpiper (Tringa glareola), Fork-tailed Swift (Apus pacificus), Great Egret (Ardea a/ba), 
Common Sandpiper (Actitis hypoleucos), Marsh Sandpiper (Tringa stagnati/its), Greenshank (Tringa 
nebularia), Snipe (Gallinago sp.). 
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3.8.2 	Potential Impacts and Management Strategies 

Potential Impacts 

General Impacts on Fauna 

The additional disturbance associated with the proposed Project development has the potential to 
impact local fauna through direct impacts during land clearing (ie. fauna mortalities) and through the 
loss of fauna habitat. More mobile fauna species such as birds, macropods and larger lizards are 
considered likely to move away from disturbed areas into adjoining areas of similar habitat; however 
the Project has the potential to result in the temporary loss of local populations of less mobile species 
(ecologia, 2005). 

There is the potential for feral animals to be attracted to the Project by the creation of new habitat 
opportunities (eg. stockpiled timber and/or rocks from cleared mine and OSA areas), discarded food 
scraps and other rubbish. These factors could result in an increase in the population or the 
introduction of new feral species in and around the Project area. The proposed additional land clearing 
would also have the potential to leave native fauna more exposed to predation (particularly by feral 
fauna). 

Impacts on Species of Conservation Significance 

The potential impacts of the Project on species of conservation significance are discussed below. 

Pilbara Olive Python (Liasis olivaceus barroni) 

Impacts on the Pilbara Olive Python may come in the form of loss of habitat (mainly gorges and major 
gullies/drainage lines) and from increased traffic in the area. 

OranQe or Pilbara leaf-nosed Bat (Rhinonicteris aura ntius): 

Impacts to this species may come from disturbance to roost caves, as this species is extremely 
selective on roost microhabitat and requires caves with high humidity (Strahan, 1998). 

Mulgara (Dasycercus cristicauda) 

A single Mulgara (Dasycercus cristicauda) was observed moving across a road adjacent the Cattle 
Gorge impact area. This species prefers sandy substrates vegetated with Triodia spp which are 
common on the floodplains surrounding the ridgelines of Goldsworthy. Populations are thought to 
contract to core habitat areas during harsh years and have been documented as undergoing 
expansion in response to good conditions (Woolley, 1995; Pearson, 1991). 

The loss of habitat associated with the construction of the Cattle Gorge haul road is not considered 
likely to significantly impact the Mulgara. However, there is potential for secondary impact to the 
species due to fauna deaths from haul road traffic. Restrictions on vehicle speed and a heightened 
awareness of the presence of Mulgara can reduce impact to this species. 
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Various Bird Srecies 

There are large reed beds at Eel Creek, which provide habitat for a number of species of migratory 
waterbirds and shorebirds listed under international agreements (eg. CAMBA and JAMBA). No 
impacts to the reed beds themselves are proposed as part of the Project, however the Cattle Gorge 
haul road do pass within several hundred metres of them. Potential impacts to woodland bird species 
such as the Bush Stone-curlew (Burhinus grallarius) include loss and clearing of suitable woodland 
habitat on the sand plain areas, as well as the potential for increased predation by introduced species 
such as Feral Cats (Fe/is catus). 

EPA Objective 

To maintain the abundance, species diversity, geographic distribution and productivity of terrestrial 
fauna at species and ecosystem levels through the avoidance or management of adverse impacts and 
improvement in knowledge. 

Management Strategies - Species of Conservation Significance 

In order to minimise potential impacts of the Project on fauna species of conservation significance, the 
management strategy illustrated on Figure 3-9 would be implemented. 

Management plans/programmes for individual fauna species of conservation significance would be 
developed and implemented in consultation with CALM where necessary. Management measures 
developed for species of conservation significance are discussed below. 

Management Plan for Bat Siecies 

An outcome of consultation with CALM (through the EIA process), was the preparation of a draft 
management plan in order to minimise the potential impacts of Project on the Pilbara Leaf-nosed Bat 
(Rhinonicteris aurantius), and the Ghost Bat (Macroderma gigas). The draft management plan for bat 
species has been prepared to document the management measures that will be implemented by 
BHPBIO during the Project and is provided as an appendix to the Project EMP (Appendix A). 

The management and monitoring measures outlined in the draft management plan include roost cave 
surveys, establishment of buffer zones, management of mining activities and monitoring/reporting 
requirements. These are summarised below. 

Roost Cave Surveys 

BHPBIO has committed to undertake acoustic and observational recordings at previously identified 
caves during May 2005. The results of the surveys will be forwarded to CALM and other relevant 
Government agencies within two weeks of them becoming available. 
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Establishment and Management of Buffer Zones 

BHPBIO has committed to establishing buffer zones between mining activities at Cattle Gorge and 
Nimingarra and caves where the Pilbara leaf-nosed Bat and/or Ghost Bat are recorded. A buffer zone 
with a minimum width of 400 m will be established on the eastern side of the Cattle Gorge mining area 
and the Gorge itself. A second buffer zone with a minimum width of 200 m will be established around 
the bat cave identified as occurring to the south east of the existing Nim B open pit. In addition to 
these buffer zones, other buffer zones may be established around caves where the Pilbara leaf-nosed 
Bat and/or the Ghost Bat are recorded during the May 2005 survey of potential roost caves. 

The following management measures will be enacted to enforce the buffer zones: 

. 	Relevant mine plans will show the buffer zones. 

Signposts will be installed on access roads at the edge of the buffer zones. The signposts will 
state that the buffer zone is a restricted area, and that permission from BHPBIO is required 
before proceeding. 

Only employees and contactors authorised by BHPBIO will be allowed within the buffer zones. 
Authorised employees and contactors will be advised of the significance of the area, and the 
management requirements when entering the area (including this management plan, and any 
other cultural heritage or environmental requirements of relevance). 

Authorised access within the buffer zones will be on foot or light vehicle only. 

No land clearing, or operation of heavy equipment is permitted within the buffer zones. 

Entry into all caves within the buffer zone for scientific (ie. monitoring/research) or cultural 
purposes is prohibited, except where specific authorisation is provided by CALM and the Njamal 
Aboriginal people. 

The Goldsworthy induction process will be used to promote awareness of the known roost caves, 
buffer zones, and their management requirements. 

Management of Mining Activities 

The draft management plan for bat species describes how blasting and night-time lighting at mining 
areas adjacent to buffer zones will be managed to minimise potential impacts (eg. restricting blasting 
to daylight hours and use of directional lighting). 

Monitoring and Reporting 

In accordance with the draft management plan for bat species, known roost sites (ie. the Nim B cave, 
plus any additional caves identified in the May 2005 survey) would be monitored on a quarterly basis 
during operations. The results of the quarterly monitoring programme would be provided to CALM 
within four weeks of the monitoring being undertaken. Bat monitoring results would also be reported in 
annually in the AER. 
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Pilbara Olive Python (Liasis olivaceus barroni) 

BHPBIO has developed specific management measures for the Pilbara Olive Python (Liasis olivaceus 
barroni) including: 

Minimising disturbance of core habitat (ie. riverine woodland areas, gorges, gullies) during mine 
planning. 

In circumstances where the avoidance of core habitat is not possible, BHPBIO would conduct 
inspections and remove individuals prior to clearing taking place. 

Only employees and contactors authorised by BHPBIO and trained in snake handling would be 
permitted to handle individuals if required (ie. relocation from roads). 

Maintenance of a database where opportunistic sightings of the species would be recorded. 

Use of the Goldsworthy induction process to promote awareness of the Pilbara Olive Python and 
its known habitat. 

Mulciara (Dasycercus cristicauda) 

BHPBIO has developed specific management measures for the Mulgara (Dasycercus cristicauda) 
including: 

Disturbance to Triodia grasslands over loamy soils would be minimised. 

Vehicle speeds on the Cattle Gorge Haul road would be kept below 50 km/hour. 

Maintenance of a database where opportunistic sightings of the species would be recorded. 

Use of the Goldsworthy induction process to promote awareness of the Mulgara and its known 
habitat. 

Northern Quoll (Dasyurus hallucatus) 

BHPBIO has developed specific management measures for the Northern Quoll (Dasyurus ha/lucatus) 
including: 

Minimisation of disturbance areas. 

Maintenance of a database where opportunistic sightings of the species would be recorded. 

Management and minimisation of waste materials and rubbish. 

Use of the Goldsworthy induction process to promote awareness of the Northern Quoll and its 
known habitat. 

Waterbird Species 

The haul road from Cattle Gorge to Yarrie would be designed and constructed, so that the flow regime 
of creeks in the area would not be altered. 
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General Fauna Management Strategies 

BHPBIO's overall guiding principles for managing the potential impacts of its Pilbara operations on 
fauna are documented in its Land Management Manual (BHPBIO, 2003a) and include the following: 

baseline fauna assessments should be undertaken at each mining operation prior to land 
disturbance; 

land clearing should be minimised; 

fauna monitoring sites should be established during operations; and 

the return of fauna to rehabilitated areas should be promoted. 

These overriding principles would be applied during the life of the Project through the implementation 
of the site-specific management strategies documented in the Project EMP (Appendix A), which are 
summarised below: 

The disturbance footprint of new mining areas and OSAs would be designed to limit land clearing 
to the practicable minimum. 

Where clearing is necessary, prior approval by BHPBIO via the PEAHR land clearing procedure 
(which includes consideration of potential impacts on fauna species and key habitat areas 
recorded in baseline surveys) would be required before works commence. 

Plans showing the extent of the areas authorised to be cleared would be prepared prior to 
clearing taking place and monitoring would be undertaken regularly by BHPBIO to assess 
whether these plans are being adhered to. 

A condition prohibiting unauthorised clearing would be included in all contracts. 

Vehicles and machinery would be parked only in designated locations and off-road recreational 
activities would be prohibited. 

The environmental component of the site induction would be used to raise workforce awareness 
of local flora specifies of interest and relevant conservation issues. 

Domestic animals would be prohibited on site and a clean, rubbish-free environment would be 
maintained across the site to minimise the potential for colonisation by feral animals. 

Should any 'Declared' species listed under the Agriculture and Related Resources Protection Act, 
1976 be identified in the Project area during the mine life, suitable control measures would be 
developed in consultation with CALM to eradicate, reduce or contain the species. 

Firearms will be prohibited on site, except where they are to be used by suitably trained and 
authorised personnel to control declared pest species pursuant to the Agriculture and Related 
Resources Protection Act, 1976. 

The capture of fauna will be prohibited except where required for baseline surveys. 
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3.9 	SUBTERRANEAN FAUNA 

Subterranean fauna are typically adapted for subterranean environments with features such as lack of 
pigment, elongated appendages and reduced or absent eyes. Two groups of subterranean fauna (ie. 
stygofauna and troglofauna) are addressed in this section. 

Stygofauna are obligate, groundwater-dwelling fauna with 'primitive' features which link them to 
geological periods when the Pilbara was covered with rainforest and are therefore regarded as 
'relict' fauna that has survived in aquifers over geological timeframes (Biota, 2001 a). 

Troglo fauna occur in air chambers in underground caves or other smaller voids. Troglofaunal 
invertebrates include spiders, scorpions, centipedes, millipedes, insects and crustaceans. 
Troglofauna are sometimes easily observed and are readily sampled, but more commonly they 
occur under rocks and in crevices and small cavities in the cave systems. Humid micro-
environments, which occur even in the arid zone, are a requirement (Humphreys, 2000). 

Stygofauna have not been extensively studied in the past due to the technical difficulty and cost of 
sampling (Biota and Aquaterra, 2001). However, the study of subterranean fauna in Western Australia 
has advanced significantly in the late 1990s and early 2000s, with the WA Museum being heavily 
involved in research in the Cape Range area and subsequently in the Kimberley, Pilbara, Yilgarn and 
the south-west areas of the State. 

Recent work by the WA Museum has shown that the Pilbara and Yilgarn regions contain stygofaunal 
communities in calcrete and alluvial aquifers while Cape Range contains rich cave stygofaunal and 
troglofaunal communities (Humphreys, 1999 and 2001). The coastal karst systems of the Swan 
Coastal Plain, Leeuwin-Naturaliste Ridge and Nullarbor Plain also contain rich subterranean 
communities, and both sandstone and limestone environments in the Kimberley have similar values 
(Humphreys, 1995). Moreover, suitable habitats are found in palaeodrainages in the inland deserts, 
where locally endemic faunas occur, particularly in groundwater calcretes (Watts & Humphreys, 2001; 
Cooper etal., 2002). 

Most stygal and troglobitic species in Western Australia are invertebrates, although stygal fish and 
troglobitic snakes do occur in subterranean caves. Crustaceans form the richest group of stygofaunal 
invertebrates, with the greatest biogeographic significance. 

Under applicable State and Commonwealth legislation, subterranean fauna are assigned the same 
protection as terrestrial fauna. However, the relative lack of historical study and assessment of these 
organisms has resulted in only limited knowledge on their speciation and distribution. As the 
Goldsworthy mining operations initially commenced in 1972, and subsequent approvals were granted 
in the 1980s   and early 1990s, stygofauna were not assessed or considered during the approval 
processes for the existing approved GEP mining operations. 

A significant component of the Pilbara Biological Survey (Section 3.7) is a stygofauna survey and 
assessment programme. The stygofauna sampling component of the Survey commenced in 
November 2002. The Goldsworthy area was surveyed by CALM in September 2003 with a second 
validation survey being conducted in May 2004. A total of seven bores were sampled for stygofauna. 
These bores were located near the Mount Goldsworthy mine, the Shay Gap borefield, south of the 
Yarrie mining operations, and near to Eel Creek. Positive stygofauna identification was possible in 
three of bores sampled (Table 3-8). 
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Table 3-8 
Stygofauna Sampling Programme Details 

Bore Iiif1i,t 

GWGWOO1 
Mount 

I 

23 

I 
2/09/2003 

I 
No n/a 

Goldsworthy  13/05/2004  

GWGWOO2 
Mount 14 

2/09/2003 
No n/a 

Goldsworthy  13/05/2004  

GWGW003 
Mount 

40 
2/09/2003 

Yes Crustacea Copepoda 
Goldsworthy  13/05/2004  

SG1 
Shay Gap Bore 

28 
2/09/2003 

No n/a 
Field  14/05/2004  

SGOB1 
Shay Gap Bore 

105 
2/09/2003 

No n/a 
Field  14/05/2004  

Crustacea Copepoda 

YOB 1 
Yarrie (West of 

50 
3/09/2003 

Yes 
Crustacea Amphipoda 

Railway) 14/05/2004 Crustacea Ostracoda 
Arachnida_Acarifomies 

3/09/2003 
Crustacea Copepoda 

YWB17 Eel Creek 25 Yes Crustacea Amphipoda 
14/05/2004 

Crustacea_Ostracoda 

3.9.1 	Potential Impacts and Mitigation Measures 

EPA Objective 

To maintain the abundance, diversity and geographic distribution of subterranean fauna. 

Potential Impacts 

The EPA's Guidance for the Assessment of Environmental Factors: Consideration of subterranean 
fauna in groundwater and caves during environmental impact assessment in Western Australia (EPA, 
2003) indicates the following could potentially have a significant impact on stygofauna or troglofauna 
and their habitats: 

lowering the watertable sufficiently to dry out the zone in which some species live, or otherwise 
artificially changing watertables; 

changing water quality (e.g. increasing salinity levels or altering haloclines, increasing nutrient 
levels or the availability of organic matter, or introducing other pollutants); or 

destroying or damaging caves (including changing their temperature and humidity). 

Mining below the watertable is proposed at the new Cattle Gorge (east pit) and at Nimingarra (Nim I 
pit) mining operations. The extent to which the Cattle Gorge and Nim I pits would extend below the 
watertable is limited both in depth (i.e. generally only one or two benches) and duration (i.e. less than 
24 months). In addition, BHPBIO has committed to backfilling these two pits to a level above the pre-
mining watertable once mining is completed. 
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Management Strategies 

BHPBIO has conducted a comprehensive drilling programme in the proposed Project areas. Drilling 
results have indicated that any suitable habitat for troglofauna (subterranean caves or cavities) in the 
proposed GEP Project areas have been filled in the last 60 to 100 million years with milled tertiary 
pisolites or remobilized aluminous and calcareous materials. As such, there is unlikely to be suitable 
habitat for troglofauna in the proposed Project areas. 

The groundwater drawdown effects of the proposed mining below the watertable at Cattle Gorge and 
Nimingarra are expected to be very localised. Operational experience at other Goldsworthy pits mined 
below the watertable has indicated that drawdown effects are limited to the immediate pits areas (i.e. 
within several hundred meters). This is a reflection of the local hydrogeological conditions in which the 
orebody aquifers are enveloped by low permeability footwall and hanging wall sequences, and lower 
permeability unmineralised Banded Iron Formation (BIF) along the strike. The hydrogeological 
features and habitat characteristics of BIF orebody aquifers like the ones found at Goldsworthy are not 
known to be particularly favoured by stygofauna. 

Notwithstanding the above BHPBIO acknowledges that further sampling and assessment of 
stygofauna at the Project is required, given that the sampling as part of the Pilbara Biological Survey 
which has been undertaken at the GEP has been limited to the Yarrie and Shay Gap areas, and the 
generally limited knowledge relating to the potential impacts of anthropogenic groundwater variations 
on stygofauna. BHPBIO would therefore commit to undertaking stygofauna sampling at the Cattle 
Gorge and Nimingarra areas (ie. as part of the Pilbara Biological Survey, and/or site-specific studies if 
necessary) in order to improve the understanding of the local distribution, species composition and 
potential effects of Project activities on stygofauna. The objectives of the programme would be to: 

. 	Assist with the identification of stygofauna species in the proposed Project areas. 

. 	Assess the conservation significance of species found. 

. 	Map the local distribution of species sampled. 

Prepare and implement a Stygofauna Assessment Plan that provides a description of stygofauna 
found in the Project area assesses threats on stygofauna of conservation significance. The 
Stygofauna Assessment Plan would be reviewed and revised as necessary during the mine life. 

In the event that Stygofauna Assessment Plan identifies that the planned Project activities may 
adversely affect stygofauna species of conservation significance, BHPBIO would adopt the 
management strategy for species of conservation significance and implement control measures (as 
agreed with CALM) to minimise the potential impacts of the Project. 
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3.10 SHORT RANGE ENDEMIC FAUNA 

Background 

Endemism refers to the restriction of fauna species to a particular area, whether it is at the continental, 
national or even local level (Allen et al., 2002). Species that exhibit tight local range restrictions are 
known as short-range endemics. Short-range endemic fauna is dominated by invertebrate species, a 
group which is poorly studied and contains a number of undescribed species (ecologia, 2005). It is 
only relatively recently that extensive, reliable taxonomic evaluation of these species has begun and 
thus, the availability of literature relevant to short-range endemic fauna is scarce. Short-range 
endemics occur in most of the 26 biogeographic regions of Western Australia, including the Pilbara 
region in which the Goldsworthy mining operations are located (ecologia, 2005). 

Recent taxonomic and survey work has revealed that short-range endemics are more common in 
Australia than was originally thought, and that some taxonomic groups are made up entirely of these 
types of species, although this is rare (Harvey, 2002). It has also been demonstrated that many taxa 
that appear to be rare are often just poorly documented and may be more widespread than originally 
thought (ecologia, 2005). 

A number of factors, including the ability and opportunity to disperse, life history, physiology, habitat 
requirements, habitat availability, biotic and abiotic interactions and historical conditions, will influence 
not only the distribution of a taxon, but also the tendency for differentiation and speciation (Ponder and 
Colgan, 2002), and all of these factors influence whether or not a species is endemic (ecologia, 2005). 
However, physical barriers that prevent migration between adjacent populations of the same species 
are perhaps the strongest determinant for endemism. Islands, mountains, aquifers, lakes and caves 
are examples of the types of landscapes that promote endemism. Thus, those taxa that exhibit short-
range endemism are generally characterised by poor dispersal, reliance on habitat types that are 
discontinuous, low growth rates and low fecundity (Harvey, 2002). 

The EPA's Guidance Statement No. 56, Terrestrial Fauna Surveys for Environmental Impact 
Assessment in Western Australia (EPA, 2004e) requires that the EIA of proposals consider the 
potential impacts on the conservation of short-range endemic fauna. In particular, the principles and 
objectives for the protection of biodiversity as outlined in The National Strategy for the Conservation of 
Australia's Biological Diversity (Department of the Environment, Sport and Territories, 1996). 

There is a potential risk that the proposed mining and development activities associated with the 
proposed GEP mining activities may have an influence on local populations of short-range endemic 
fauna species, with any possible influence on locally endemic species resulting in the consequential 
loss of biodiversity. 

Literature Review 

To assess this aspect BHPBIO commissioned ecologia in March 2005 to undertake a desktop 
literature review, database searches, and consult with key specialists at the WA Museum in order to 
evaluate the potential for short-range endemic fauna occurring in the Goldsworthy area. A description 
of the results of the review is provided in Appendix D (ecologia, 2005) and is summarised below. 
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The desktop literature review revealed that there is only one specific study of a potential short-range 
endemic that may occur in the vicinity of the Goldsworthy operations. Johnson et al. (2004) describes 
the genetic and morphological characteristics of several populations of the pulmonate gastropod 
species assemblage of Rhagada that occur in the north west Pilbara, and on the Dampier 
Archipelago. However, the study showed that although mainland populations were allotopic in their 
distribution, there was insignificant genetic or morphological variation within species and between 
populations on the mainland (ecologia, 2005). 

Despite the lack of other published records or other survey results, it is not possible to definitively say 
that short-range endemic species do not exist in the Goldsworthy area, or would not be detrimentally 
affected by the proposed mining activities. Consequently, an initial assessment of the physical 
characteristics of the Project area, and consideration of landscape attributes that promote short-range 
endemism was conducted in order to evaluate the potential risk of mining to the maintenance of 
biodiversity of local fauna species. The assessment focused on the main fauna groups of vertebrates, 
freshwater fish and invertebrates. 

Vertebrates 

The vertebrate fauna of Australia is generally too mobile to allow the maintenance of genetic variation 
between population fragments. Thus, among mammals, birds, reptiles and amphibians, short-range 
endemism is rare, and no short-range endemic vertebrates are expected to occur in the proposed 
GEP areas. 

Freshwater Fish 

Short-range endemism is common among freshwater fishes, as they are limited in their dispersal by 
terrestrial surroundings and radiations of congeneric species have resulted from geographic barriers 
and geographic isolation within and between drainage systems (Allen et al., 2002), particularly in 
northern regions where inland water bodies arise seasonally and only persist for short periods. 
Speciation among the freshwater fishes of Australia can occur on finer scales in response to new 
geological barriers or drying of water bodies isolating local populations (Phillips, 2004). 

It is not considered likely by ecologia (2005) that any short-range endemic fish species that are 
currently protected species occur within the Goldsworthy Extension Project area. Both Mi/yeringa 
veritas and Ophisternon candidum occur in the Pilbara, however, both are restricted to wells, 
sinkholes, caves and bores. These habitat types are not known to occur within the proposed 
disturbance footprint for the GEP. 

Several isolated and disjunct pools/creeks occur in the wider vicinity of the Goldsworthy mining 
operations (eg. pools found in Cattle Gorge itself), and these may support species that are divergent 
either genetically or morphologically. The extent of this divergence is likely to be very much 
dependent on the connectivity of the water ways in the area (ecologia 2005). Most of the larger 
creeks would flow prolifically after heaving rain, allowing the capacity for dispersal of offspring and a 
general mixing of the gene pool. The proposed GEP does not involve disturbance to pools or creeks, 
and it is therefore considered unlikely that populations of freshwater fish would be significantly 
influenced (ecologia 2005). 
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Invertebrates 

Short-range endemics are more common among the invertebrates than the vertebrates (ecologia 
2005). Widespread and uniform short-range endemism is found in both freshwater and terrestrial 
molluscs, onychophorans, millipedes, some arachnids and some crustaceans. Short-range endemism 
also occurs in other groups but is not uniform throughout (Harvey, 2002). Due to the lack of 
knowledge of the extent of endemism among this group there is a perceived risk of influencing local 
populations of specific taxa. However, this risk is slight due to the fact the physical characteristics of 
the proposed GEP disturbance areas do not specifically promote endemism. For instance, there are 
no known physical barriers to dispersal. The typical mesa physiography of the deposits is contiguous 
with rugged terrain on most sides, and the alluvial outwash plains adjacent to the mesas are well 
represented in the wider area. Therefore, any species that occupy either of these main landform types 
where GEP activities are proposed are not limited in their distribution beyond the disturbance footprint. 

Risk Assessment 

Following the completion of the review, an environmental risk assessment was conducted to evaluate 
the potential risks associated with the Project and, if necessary allow BHPBIO to formulate additional 
management actions to reduce the potential risks. The risk assessment concluded that the 
combination of existing environmental control measures to limit impacts on flora and fauna (Sections 
3.7.2 and 3.8.2 respectively), BHPBIO's mine planning processes for limiting disturbance areas, and 
the absence of records of short range endemic species within the Project area or immediate surrounds 
(as determined through the desktop review and consultation with key specialists at the WA Museum), 
combined to reduce the risk to an acceptable level. In addition to these controls, the application of the 
management strategy for species of conservation significance (Figure 3-9) would allow BHPBIO to 
periodically review the status of short-range endemic species (i.e. through regular reviews of the 
relevant fauna databases, published research, surveys or monitoring in the area) and if necessary 
implement control measures to further reduce the impact of the Project. 
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4.1 	AIR QUALITY 

4.1.1 	Existing Environment 

The GEP is located in a remote area, approximately 90 km from Marble Bar and some 11 km to the 
nearest non-BHPBIO residence (Yarrie Homestead). The area has limited vegetation cover and 
experiences extended periods of low rainfall. As a result, dust is naturally generated during dry windy 
conditions or dust storms. 

Given the lack of public receptors in the vicinity of the Project, dust levels are managed to comply with 
occupational health and safety conditions (Mine Safety and Inspection Regulations, 1995). A range of 
control techniques are implemented to minimise dust generation including the use of water trucks on 
exposed areas and haul roads, water sprays on stockpiles and transfer points, dust curtains and dust 
collectors. 

The sources of greenhouse gas emissions at the Project are restricted to the burning of fuels in mining 
and haulage equipment, blasting fumes from explosives, organic decay emissions of cleared native 
vegetation from new disturbance areas and decay emissions from the putrescible landfill. There is no 
on-site power generator and electricity for the Project is supplied via a 66 kV powerline from Port 
Hedland. 

4.1.2 	Potential Impacts and Management Strategies 

Potential Impacts 

The types of potential air quality impacts of the Project are expected to be similar to the existing GEP. 
However, the proposed Project would include additional land clearing, which would increase the 
overall area susceptible to wind and water erosion. 

Project dust generating activities would include the following major activities: 

clearing of vegetation and stripping of topsoil; 

drilling and blasting; 

hauling ore and overburden to stockpiles and OSAs; 

operation of the Cattle Gorge and Sunrise Hill haul roads to transfer ore to the Yarrie and 
Nimingarra crushers; 

loading and unloading operations (loaders, trucks and conveyor transfer points); 

ore crushing and material handling; 

rail load out operations; and 

movement of light vehicles. 

The main sensitive receptors would be restricted to personnel working at the Project. The Muccan 
and Yarrie Homesteads are located at such distances that they are considered unlikely to be affected 
by mine-generated dust and/or other emissions. 
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Dust deposition also has the potential to result in adverse impacts on the environmental values of 
surrounding areas (eg. other land users, flora, fauna, and Aboriginal heritage sites in the areas 
immediately adjacent to disturbance and operational areas). 

Greenhouse gas emissions from the Project are expected to remain largely unchanged by the Project 
as the production rate (ie. approximately 8.5 Mtpa) and power demand would be unchanged. 

EPA Objective 

To ensure that emissions do not adversely affect environment values of the health, welfare and 
amenity of people and land uses by meeting statutory requirements and acceptable standards. 

Management Strategies 

The general principles for managing dust related impacts at BHPBIO's Pilbara operations are provided 
in the Land Management Manual (BHPBIO, 2003a). These principles include: 

Watering or using chemical suppressants on haul roads and other potential dust generating 
areas. 

Using collectors to extract dust from potential dust generating fixed equipment. 

Using water sprays at strategic points in the processing circuit (e.g. primary crusher bins and 
stackers). 

Rehabilitating disturbed areas as they become available. 

Project specific mitigation measures for minimising dust generation and potential impacts on 
environmental values are documented in the Project EMP (Appendix A) and are summarised below. 

Dust levels at the GEP are controlled by the implementation of the following measures: 

	

- 	Watering of haul roads and other operating areas with significant potential to generate 
dust, including unsealed roads and construction areas. 

	

- 	Use of chemical dust suppressants on haul roads (where practicable). 

	

- 	Dust extraction via collectors installed at the crushing plants. 

	

- 	Use of water sprays on ore stackers and crushers. 

	

- 	Use of dust curtains around hoppers. 

	

- 	Moisture conditioning of ore prior to transport. 

	

- 	Enclosing ore transfer points and/or fifing them with water sprays (where practicable). 

	

- 	Minimising areas of exposed soil (where practicable). 

	

- 	Progressive rehabilitation. 

Dust suppression equipment would continue to be maintained in efficient operating condition in 
accordance with relevant regulations and contract requirements. 

During the site induction process employees and contractors would be informed of the 
importance of minimising ambient dust levels. 
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The above measures combine to reduce the overall dust emissions from the mining areas and restrict 
impacts on surrounding land users and flora and fauna. The moisture conditioning sprays used on 
GEP ore handling equipment also increases the moisture content of the ore which has led to positive 
flow on effects with dust emissions at Port Hedland. 

BHPBIO and the mining contractor would continue to implement the control measures summarised 
above and documented in the EMP (Appendix A) during the life of the Project. 

Greenhouse gas emissions at the Project would be minimised by adopting the following management 
strategies: 

restricting the amount of native vegetation that is cleared to a practical minimum; 

progressively rehabilitating mine landforms and disturbed areas as they become available; 

regularly maintaining and replacing fixed and mobile equipment to minimise fuel consumption; 
and 

minimising haulage distances and grades. 

BHPBIO would aim to reduce the amount of greenhouse gas emissions during the course of 
operations by adopting available technologies which may improve the efficiently of mining and 
crushing and screening, resulting in a reduction in energy usage and greenhouse gas emissions. 

Greenhouse gas related issues are managed at BHPBIO operations in accordance with the BHP 
Billiton-wide HSEC Guideline - Energy and Greenhouse (BHP Billiton, 2002). 

4.2 	NOISE 

4.2.1 	Existing Environment 

Noise generated at the GEP is primarily caused by blasting activities, operation of the mining mobile 
fleet and the ore crushing and screening equipment. Rail noise is also generated by the loading and 
ore transport. Due to the remote location (Section 4.1) the potential impact of noise from these 
sources is primarily restricted to impacts on workers at the mine and the accommodation village. 

Given the absence of sensitive receptors in the vicinity of the GEP, noise levels at the mine are 
currently managed to comply with occupational health and safety conditions (Mine Safety and 
Inspection Regulations, 1995). 

4.2.2 	Potential Impacts and Management Strategies 

Potential Impacts 

The Project has some potential to alter the existing noise emissions of the GEP as a result of the 
following: 

drilling, blasting and mining activities would commence at Cattle Gorge and Nim I; 
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ore haulage would commence from Cattle Gorge to Yarrie, and from Nim I to the Nimingarra 
crusher; and 

mining and haulage operations would continue at the Yarrie crustal deposits. 

Although operations at the Project would potentially alter the distribution of noise sources at the GEP, 
the Cattle Gorge and Nimingarra mining areas are not significantly closer to any sensitive receptors 
and no additional noise impacts would be anticipated at non BHPBIO-owned residences. 

As the production rate at the GEP (approximately 8.5 Mtpa) would remain unchanged by the Project, 
no additional train movements are required and rail noise levels are expected to remain unchanged. 

During BHPBIO's consultation with the local pastoralist at Yarrie station, concerns were raised about 
the potential for the proposed mining and blasting at Cattle Gorge adversely affecting the natural 
gorge located approximately 500 m to the east. This gorge has high scenic values, contains a good 
water source for stock and native fauna, and is used to provide relatively easy access from one side of 
the Cattle Gorge range to the other (e.g. during mustering). 

EPA Objective 

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

Management Strategies 

The following management measures would continue to be implemented to reduce noise levels and 
blasting-related impacts at the Project: 

use of low-noise equipment where practicable; 

restricting all blasting activities to daylight hours; and 

designing blasting operations at Cattle Gorge such that there are no significant impacts on the 
natural gorge located to the east of the mining area. 

Operations at the Project would comply with the Environmental Protection (Noise) Regulations, 1997 
and noise generated by the Project would be managed in accordance with the Mine Safety and 
Inspection Regulations, 1995. 

The Project EMP (Appendix A) describes the performance indicators and monitoring programme that 
would be used at the Project to assess noise-related impacts during the mine life. In the event that 
noise-related complaints are received (eg. from the local pastoralist or the Aboriginal people), BHPBIO 
would investigate and, if necessary, implement appropriate response measures so that noise levels 
meet statutory requirements and acceptable standards. 
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4.3 	WASTE MANAGEMENT 

4.3.1 	Existing Environment 

Mining operations at the GEP generate a range of waste materials which require disposal. These 
include: 

. 	washdown water; 

sewage; 

scrap metal; 

non-metal scrap (e.g. uncontaminated piping, plastic, fibreglass or wood); 

general refuse; 

domestic putrescible wastes; 

tyres and conveyor belts; 

explosives and chemical packaging and wastes; 

batteries; and 

hydrocarbons (waste oil) and hydrocarbon contaminated waste. 

Washdown water and water from bunded facilities is directed to bioremediation landfarms located at 
Yarrie and Nimingarra/Sunrise Hill. These landfarm areas are also used for treatment of hydrocarbon 
contaminated soils that are collected when hydrocarbon spills occur. 

Domestic sewage at the Yarrie accommodation village is treated in a small plant adjacent to the 
village. Treatment is via two anaerobic septic tanks in series with an aerobic digester. Effluent from 
the plant is chlorinated and then irrigated into a designated area adjacent to the plant. Sludge from 
the plant is collected periodically by a contractor and transported to Port Hedland for disposal. 

Controlled wastes under the Environmental Protection (Controlled Waste) Regulations, 2001 that are 
generated at the GEP include tyres, batteries, electrical waste and waste oils. Discarded tyres are 
deposited in the on-site tyre dump in a mined out crustal pit at Yarrie where they are buried in 
accordance with license requirements. Other controlled wastes such as batteries and waste oil are 
removed from site by a contractor for recycling and/or disposal in accordance with the requirements of 
the Environmental Protection (Controlled Waste) Regulations, 2001. 

Other solid wastes (ie. non-controlled wastes) are disposed in an on-site landfill located at Yarrie in 
the Wi OSA (Figure 1-3). Regular inspections of the landfill site and bioremediation landfarms are 
carried out to identify if any inappropriate waste materials are entering the waste stream. 

4.3.2 	Potential Impacts and Management Strategies 

Potential Impacts 

The types of waste materials generated by the Project would be similar to those generated at the 
current operations. These wastes, including controlled and non-controlled wastes, have the potential 
to adversely affect the environment (e.g. contamination of soil and water resources) if improper 
managementltreatment procedures are applied. 
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EPA Objective 

To ensure that disposal/management of wastes do not adversely affect environmental values, or the 
health, welfare and amenity of people and land uses by meeting statutory requirements and 
acceptable standards. 

Minimise the risk to the environment resulting from potentially acid forming materials. 

Mining Operations Waste Management Programme 

Management of waste is governed by the BHPBIO Mining Operations Waste Management 
Programme which describes the following objectives for BHPBIO mining operations: 

To observe the waste management hierarchy of elimination, reduction, reuse, recycling, 
treatment and disposal. 

To manage all waste generated in a manner that minimises potentially detrimental effects to the 
environment. 

To ensure that BHPBIO mining operations comply with applicable licence conditions and 
commitments at all times. 

GEP Waste Management Practices 

Management practices that are implemented at the GEP to minimise impacts from waste generation 
are documented in the Project EMP (Appendix A) and are summarised below: 

Materials such as batteries and scrap metal are recycled. 

Materials to be recycled are neatly stored in a designated area until they are removed from the 
site. 

All waste collecting systems are designed for ease of use and prevention or capture of spillage. 

Oily wastes generated at site are collected and disposed of in accordance with the Environmental 
Protection (Controlled Waste) Regulations, 2001. 

All soil contaminated by hydrocarbons is removed to the bioremediation landform for 
bioremediation in accordance with Oil Farming for Oily Wastes (EPA, 1990). 

Controlled wastes that are transported off-site for disposal are managed in accordance with the 
Environmental Protection (Controlled Waste) Regulations, 2001. 

Non-controlled solid wastes will be disposed of in the site landfill in accordance with the licence 
conditions. 

The above management practices would continue to be implemented at the Project. The Project EMP 
(Appendix A) describes performance indicators and a monitoring programme that would be used to 
assess waste management practices. 
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4.4 	DANGEROUS GOODS AND HAZARDOUS SUBSTANCES 

4.4.1 	Existing Environment 

A number of potentially hazardous materials are stored and used at the GEP including hydrocarbons, 
detergents, glues, paints and explosives. Where applicable, these materials are transported to the 
mine in accordance with the Dangerous Goods (Transport) (Road and Rail) Regulations 1999 and the 
Australian Code for the Transport of Dangerous Goods by Road and Rail. 

Hydrocarbon storage and usage at the GEP is described in section 2.8.5. Diesel and lubricating oil is 
transported to the mine in road train fuel tankers. 

Explosive detonators and general explosives are kept in designated areas at Yarrie and Nimingarra 
that are remote from the mining activities and above flood level in accordance with the Explosives and 
Dangerous Goods Act, 1961. 

PCBs, CFC's or halons are not used at the GEP. 

4.4.2 	Potential Impacts and Management Strategies 

Potential Impacts 

The use of hazardous materials, such as fuels, lubricants, detergents, explosives and paints at the 
Project has the potential to cause atmospheric, ground or water contamination. However the types 
and amounts of hazardous materials used is not expected to change significantly from the existing 
GEP consumption levels as the ore production rate (8.5 Mtpa) would remain unchanged. 

EPA Objective 

To ensure that dangerous or hazardous goods are transported, stored and used in accordance with 
applicable legislation or standards. 

Management Strategies 

The strategies for minimising impacts from hazardous substances and dangerous goods at BHPBIO's 
mining operations are described in the Project EMP (Appendix A) and are summarised below: 

Compliance with all regulations relating to the storage, handling, use and disposal of hazardous 
materials. 

Storage of bulk fuel in above ground tanks within impermeable, bunded enclosures and minor 
storage vessels in accordance with licence conditions and applicable Australian Standards (eg. 
AS 1949 -1993). 

Storage of explosives in remote magazines. 

Storage of all toxic or hazardous mining or process materials within weatherproof enclosures, 
with impervious flooring and perimeter bunding. 

Transportation of all hazardous materials (including controlled wastes) is to comply with the 
provisions of a Licence to Transport Dangerous Goods. 
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The above control measures would continue to be implemented during the life of the Project. 

The Project EMP (Appendix A) describes the performance indicators and monitoring programme that 
would be used to assess the effectiveness of BHPBIO management strategies for hazardous goods 
and dangerous substances during the Project life. 
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5.1 	ABORIGINAL HERITAGE 

EPA Guidance Statement No. 41, Assessment of Aboriginal Heritage (EPA, 2004c) provides advice to 
proponents and the public where Aboriginal heritage is considered to be a relevant environmental 
factor' (ie. circumstances where heritage values are linked directly to the physical and biological 
attributes of the environment, and when the protection and management of those attributes are 
threatened as a result of a proposed development). The following sub-sections describe the existing 
environmental values of relevance to Aboriginal heritage (as identified through surveys in the 
Goldsworthy area and consultation with the cultural heritage custodians and spokespeople), potential 
impacts on these values, and management measures that would be used to minimise these potential 
impacts. Where relevant, advice contained in EPA Guidance Statement No. 41 has been factored into 
the impact assessment. 

5.1.1 	Existing Environment 

Early Surveys 

The Project area lies within the traditional lands of the Njamal speaking people, whose territory was 
centred on the Oakover, lower Nullagine and central De Grey Rivers (BHPBIO, 1992). Prior to the 
development of the European pastoral industry in the 1860s, archaeological evidence indicates 
Aboriginal people inhabited the Pilbara for at least 20,000 years. 

BHPBIO commissioned a number of archaeological and ethnographic Aboriginal heritage surveys and 
consulted widely with principle Njamal heritage custodians (and others from the neighbouring 
language groups such as the Nyangumarta) during the planning and development for earlier mining 
activities associated with the Goldsworthy mining operations, The following Aboriginal heritage survey 
reports were produced as a result of this work: 

O'Connor, R. and Quartermaine, G. (1988) Survey for Aboriginal Sites - Kimberley Gap, Near 
Shay Gap. Prepared for Goldsworthy Mining Limited. 

O'Connor, R., Quartermaine, G. and Mattner, C.J. (1991) Report on a Survey for Aboriginal Sites 
at Shay Gap, Pilbara Region. Prepared for BHP Iron Ore on Behalf of Nomads Management Pty 
Ltd. 

O'Connor, R. and Quartermaine, G. (1992a) Report on Survey of Aboriginal Sites Yarrie Mine 
Development Area. Prepared for BHP Iron Ore. 

O'Connor, R. and Quartermaine, G. (1992b) Report on Survey of Aboriginal Sites Callawa Area. 
Prepared for BHP Iron Ore. 

The above heritage surveys were conducted within leases E45/1072, ML249SA, M263SA Sec7, 
M263SA Sec6, ML249SA Sec5, M263SA Sec4, M263SA Sec8, ML249SA Sec4, M45/592, M45/573, 
M45/558, M45/594. 

During heritage surveys conducted during the early 1980s and 1990s, 23 sites and 7 non-disturbance 
areas were identified and recorded. These sites are shown in Table 5-1 
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Table 5-1 
Sites Recorded - 1988 to 1992 

Year 

1988 

Archaeological Sites

P05930-34 

_________________ 

P05958&P05959 

7 non disturbance areas 

1991 P06653-62  

1992a P07013,14,16,17  

1992b P07015  

The seven non-disturbance areas identified during the early surveys are considered to be areas of 
ethnographic significance (O'Connor and Quartermaine, 1991). In order to provide protection to the 
ethnographic sites, the Heritage Custodians outlined the areas that are not to be disturbed by mining 
operations. Additionally, BHPBIO consulted with the Heritage Custodians with regard to proposed 
mining areas. 

During 2004, one site, Cattle Gorge 9, was identified by BHPBIO personnel during a PEAHR 
inspection. One additional site, the Nimingarra Shelter was also identified during the previous 11 years 
by BHPBIO personnel. 

Records also exist for an additional eight archaeological sites (P00001-4, P00226, P00228-9, P02442) 
and three ethnographic sites (P00227, P00229, P00230) located within the Goldsworthy area. It is 
unknown when these sites were recorded however due to the site numbers it is likely they were 
recorded during the 1970s.   

Under Section 18 of the Aboriginal Heritage Act 1972 consent has been granted to use the land 
containing three of these sites (P06653, P05932, P0701 3). The remaining sites have to be protected 
from disturbance and will be fenced, as appropriate and in accordance with applications under Section 
16 of the Aboriginal Heritage Act, 1972, to act as a physical measure of protection. 

Project Surveys 

A number of the Project orebodies and existing infrastructure areas were subject to the earlier 
archaeological surveys and assessments in the past, however some of areas proposed as part of the 
Project might require further archaeological assessment in order to prevent the unintentional 
disturbance of any Aboriginal site. BHPBIO is currently assessing the need for further archaeological 
work and will approach the Pilbara Native Title Service to coordinate additional archaeological work as 
required. 

In addition BHPBIO commissioned the Pilbara Native Title Service to conduct ethnographic surveys 
over the Shay Gap, Cattle Gorge, Nimingarra, Yarrie and Sunrise Hill areas (ML249SA Sec 3, 
ML251 SA, M263SA Sec 5, M263SA Sec 1, M263SA Sec 2, M263SA Sec 3). 
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The first stage of this work was conducted at Nimingarra, Sunrise Hill (ML249SA Sec 3, ML251SA, 
M263SA Sec 5, M263SA Sec 1, M263SA Sec 2, M263SA Sec 3) and Cattle Gorge (E45/1072, 
M263SA Sec8, M45/592, M45/573, M45/558, ML249SA Sec6) between the 16 and 18 February, 
2005. The survey was conducted by Ms Carolyn Macdonald (Consultant Anthropologist, Pilbara 
Native Title Service) with Njamal (WG6028/98) claimants Mr Peter Coppin, Mr Teddy Allen, Mr Gavin 
Snook, Mr Ross Allen, Mr Les Ball and Mr Adrian Allen, Mr Kevin Allen of the Pilbara Native Title 
Service and Sally McGann of BHPBIO. The field survey was conducted following a Site Identification 
Survey model and assessed the potential impact of mining activities on newly and previously recorded 
sites in the vicinity of the leases. 

As a result of the 2005 survey, two new sites were recorded and one site was redefined. These sites 
are provided in Table 5-2. Buffer zones of 150 and 100 m radii respectively, were established at each 
of the two new sites. In addition, the western non-disturbance area boundary at Cattle Gorge was 
adjusted. 

Table 5-2 
Sites Recorded - 2005 

Ochre Source 	 ML249SA Sec3 

Water Source 	 ML249SA Sec3 

P00002 	 ML249SASec4 

The survey team also expressed concern regarding water catchment areas and it is expected that 
further recommendations regarding the management of these areas will be included in the final 
ethnographic report as well as being the subject of ongoing discussions between Njamal claimants 
and BHPBIO personnel at the working group meetings facilitated by the Pilbara Native Title Service. 
The first of these discussions was held on March 16, 2005, in Port Hedland and Mr Peter Waters, 
BHPBIO Mine Environmental Projects Co-ordinator, presented specific project information to the 
Njamal claimants and invited discussion. 

5.1.2 	Potential Impacts and Management Strategies 

Potential Impacts 

The potential impacts of the Project on Aboriginal heritage sites are related primarily to direct 
disturbance of sites and include: 

damaging sites during mining operations and construction of Project infrastructure; 

collecting or excavating artefacts from heritage sites; 

damaging artefacts by off-road use of vehicles; and 

trespassing on sites by unauthorised personnel and culturally inappropriate behaviour (including 
defacing artefacts or artworks). 

Although recent surveys have determined that there are no Aboriginal sites located within the Project 
disturbance areas and therefore potential impacts would be minimised, management strategies at the 
Project would continue to be implemented (ie. fencing of ethnographically significant areas). 
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EPA Objective 

Ensure that the proposal complies with the requirements of the Aboriginal Heritage Act, 1972. 

To ensure that changes to the biophysical and physical environment resulting from the Project do not 
adversely affect cultural associations within the area. 

Management Strategies 

Prior to any development, all areas to be disturbed are the subject of ethnographic and archaeological 
site surveys and consultation with cultural heritage custodians and spokespeople. All subsequent land 
disturbance activities are to be subject to Aboriginal heritage management and assessment measures 
through BHPBIO's PEAHR process. The PEAHR, includes a project summary, location of works, and 
anticipated environmental, land access and Aboriginal heritage impact. 

All employees and contractors undergo a compulsory induction into their responsibilities under the Act 
and appropriate management measures, including protective measures, are maintained for recorded 
Aboriginal sites. 

It is a standing requirement that all employees and contractors promptly report any potential Aboriginal 
sites discovered in the vicinity of operations to BHPBIO. Sites are avoided and preserved, wherever 
possible. For sites that cannot be avoided, approval for disturbance is sought under Section 18 of the 
Aboriginal Heritage Act, 1972. 

The above Aboriginal heritage management practices will continue throughout the development of the 
Goldsworthy Extension Project. 

Land Management Manual 

The general guiding principles for managing Aboriginal heritage and minimising potential impacts at 
BHPBIO's mining operations are described in the Land Management Manual (BHPBIO, 2003a) and 
include: 

managing land clearance activities through the PEAHR land clearing procedure (Appendix A); 

undertaking Aboriginal heritage surveys at disturbance areas in consultation with the Njamal 
cultural heritage custodians and representatives; 

avoiding Aboriginal sites where possible and revising the mine plan if significant Aboriginal 
heritage sites are identified; and 

obtaining appropriate approvals and permits under the Aboriginal Heritage Act, 1972 prior to 
disturbing any sites. 

In addition, employees and contractors undergo compulsory inductions regarding their responsibilities 
under the Aboriginal Heritage Act, 1972. Appropriate management measures, including protective 
measures, are maintained for recorded Aboriginal sites. The above Aboriginal heritage management 
practices would continue to be used during the life of the Project. 
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Native Title Claimants 

There are two Native Title Claimant Groups that have native title claims within the Project area, the 
Njamal (WG6028/98) and Birrimaya (NNTT95I60). BHPBIO has reached agreement with both 
claimant groups and is entering into the Yarrie Continued Operations and Infrastructure Works 
Agreements which contain agreed Aboriginal Heritage Protocols as well as an agreed process to 
consult on other matters with respect to the Project area. Examples include: 

Contracting and employment opportunities that may arise. 

Business opportunities for the claimants. 

Environmental submissions lodged with respect to the Project area. 

Training opportunities with BHPBIO. 

Training opportunities with external providers such as TAFE. 

Mine Access procedures. 

Mine developments. 

Aboriginal Relationships and Investment Programmes 

BHPBIO recognises that, for the business to be sustainable, local communities must share in and 
benefit from the Company's success. It is also acknowledged that addressing deep-seated problems 
such as the under-representation of indigenous people in the workforce is a complex matter requiring 
partnership and engagement with a range of stakeholders. 

For well over a decade BHPBIO has been developing relationships with its host indigenous 
communities and other partners. Commencing in 1992, a dedicated Aboriginal Affairs Department was 
established 

In 2000, the company instigated the 'Investment in Aboriginal Relationships' program, a key initiative 
driven by the Aboriginal Affairs Department to ensure a spread of benefits to the indigenous people of 
the Pilbara and further improve and develop relationships with them. 

It is a long-term program aimed at benefiting the Company, indigenous people and the community 
through activities focusing on increasing opportunities for education, training and employment as well 
as assisting with indigenous enterprise and community development and cultural heritage 
management. 

Many aspects of the program, such as those concerned with increasing indigenous employment, are 
long-term projects and, in order to be successful and sustainable, need corporate endorsement and 
support. BHP Billiton signed the Corporate Leaders for Indigenous Employment statement in October 
1999 and later BHP Billiton Iron Ore signed a Memorandum of Understanding with the then 
Commonwealth Department of Employment, Workplace Relations and Small Business. 

BHPBIO also decided as part of the launch of the 'Investment in Aboriginal Relationships' program to 
publicly commit the business to a target of achieving 12 per cent indigenous employment within its 
Pilbara operations by 2010, reflecting the proportion of indigenous people in the region. 
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Recognising that there is no easy solution to the challenge of increasing indigenous employment, the 
program's strategies and actions are diverse and the scope all-encompassing. The program takes in 
all operational areas: mining, port, railway and Boodarie Iron. It includes a raft of associated initiatives 
in the areas of education and direct and indirect (contractor-based) employment. Contractors 
represent around 50 per cent of the workforce and the biggest opportunity for increasing indigenous 
employment is at the entry-level skill area. Other initiatives focus on developing indigenous 
businesses and improving their contracting opportunities with BHPBIO. 

The company also recognises that for these actions and initiatives to get off the ground and be 
successful, they require a significant cultural change in the business. Dealing with this was part and 
parcel of the overall program. 

Today, BHP Billiton Iron Ore employs 55 Aboriginal and Torres Strait Islander apprentices in 
engineering, mechanical and electrical trades and trainees in clerical and mine production roles and 
has, at the time of writing this document, increased its indigenous employment levels from 3% in 2000 
to between 7 and 10% across its operations. 

The importance of education initiatives to the overall success of the program cannot be 
underestimated. BHP Billiton Iron Ore is now the primary sponsor of two education programs that we 
conduct in partnership with the Western Australian Department of Education & Training, the 
Commonwealth Department of Employment & Workplace Relations, the Commonwealth Department 
of Education, Science & Training, the local indigenous community and the Graham (Polly) Farmer 
Foundation. One of the programs is in Port Hedland and another recently commenced at Newman. 

The Port Hedland Partnership program is now into its third year. Through mentoring, homework 
supervision and work experience, the program aims to assist indigenous children to achieve their full 
potential. Students attending school in Years 8 to12 can apply to be selected. A compact is 
established with the selected students, their families and the partners, which includes a commitment to 
work towards set educational and personal growth goals. A dedicated coordinator is jointly funded by 
the partners. In addition, we have provided a building that is available for student use after school. It 
contains computer equipment and facilities for tutoring, homework, recreation and dining. A bus is 
available for student pick up and drop off as well as for excursion activities. 

Overall, there has been a noted improvement in grades and school attendance by the participating 
students and they are becoming role models among their colleagues, family and the broader 
community. BHPBIO's commitment to developing and supporting local indigenous businesses has 
seen some real success. An example is the support provided to Ngarda Civil and Mining, a 
partnership between mining contractor Henry Walker Eltin, Indigenous Business Australia and the 
Ngarda Ngarli Yarndu Foundation, which represents all indigenous groups in the ATSIC (now ICC) 
Ngarda Ngarli Yarndu Regional Council region. The partnership agreement stipulated that Ngarda had 
to employ local people for local jobs but it also had to be commercially successful. After initially 
providing a number of small miscellaneous housing maintenance contracts to Ngarda, in 2003 BHP 
Billiton Iron Ore awarded two significant and long-term 'open book' contracts at the Boodarie Iron mine 
and on Finucane Island, with a collective worth of over A$1 Urn per year. 
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The aim of this support is to enable Ngarda to develop and demonstrate efficiencies over the duration 
and become competitive in the mainstream marketplace. All contracts awarded to Ngarda have a 
minimum requirement for 85 per cent indigenous employment. Ngarda's performance has been 
remarkable; for example, at Finucane Island where it has a mobile plant and equipment contract, the 
business continues to achieve very satisfactory loading rates and demonstrate a high level of 
compliance with occupational health and safety standards and has received a BHPBilliton Iron Ore 
Audit Safety Award and a 2003 IFAP (Industrial Foundation for Accident Prevention) Award for six 
months without a lost time injury. 

Partnerships have been crucial in achieving higher levels of indigenous employment. One of the most 
significant has been a partnership that developed out of the Memorandum of Understanding with the 
Department of Workplace Relations (DEWR). In 2003, BHPBIO signed a Structure Training and 
Employment Program contract with the provision of A$1 .2 million for subsidising its indigenous 
employment programs. 

The subsidies have enabled BHPBIO invest in further indigenous employment, training and education 
initiatives, the overall success of which led to BHP Billiton Iron Ore being a finalist in the 2003 
Corporate Leaders For Indigenous Employment awards. 

These initiatives would continue to be implemented where appropriate at the Project. 

5.2 	ECONOMIC AND SOCIAL EFFECTS 

5.2.1 	Existing Environment 

The GEP is located in a remote area with no significant public settlements or towns in the vicinity of 
the operations. Muccan and Yarrie homesteads are the closest privately owned residences. BHPBIO 
regularly consults with the owner of these stations to minimise the impacts of the mining operations on 
their pastoral enterprises. 

Due to the remote nature of the GEP mining operation, the majority of the workforce operates on a fly-
fly-out basis from Perth and the majority reside in the greater Perth area. In addition to the Perth 
workforce, BHPBIO engages local contractors for work at the Project were available. The GEP 
therefore contributes to the Perth and local economies through employee expenditure and provision of 
goods and services for the mine. 

5.2.2 	Potential Impacts and Management Strategies 

EPA Objective 

To ensure that the Project minimises any adverse impacts to the local and regional community. 

Potential Impacts and Management Measures 

The construction workforce of approximately 80 people would also be required for a period of 
approximately 3 months to install the new infrastructure at Cattle Gorge. The operational workforce 
would not be significantly altered by the Project, however mining activities would continue for a longer 
period of time. Continuation of the mining operations under the Project would result in a slight 
increase in employment numbers to approximately 290 people and continued associated expenditure. 
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5.3 	GOVERNANCE AND SUSTAINABILITY 

5.3.1 	Existing Environment 

BHP Billiton has demonstrated a commitment to sustainable development over a long history of 
operational experience. BHP Billiton has recognised the benefits of successful management of 
environmental and social performance while delivering economic benefits. As an example of this 
commitment in May 2003, BHP Billiton was recognised, through the Banksia Environmental 
Foundation Award, for Leadership in Sustainability in the Minerals Industry as a result of its health, 
safety, environment and community (HSEC) Management Standards. The HSEC Management 
Standards are discussed further in the EMP (Appendix A). 

BHP Billiton participates in a number of initiatives that relate to sustainable development and 
maintaining biodiversity. 

These are summarised below: 

The Company is a signatory to the United Nations Global Compact, establishing aspirational 
principles addressing global issues such as human rights, labour standards and the environment. 

BHP Billiton was a founding member of the Global Mining Initiative and is a member of the World 
Business Council for Sustainable Development. 

BHP Billiton is a founding member for the International Council on Mining and Metals (ICMM). 

BHP Billiton, through the Minerals Council, is involved with a research project in conjunction with 
the World Wildlife Fund for Nature to evaluate the potential to certify mine sites on the basis of 
their Sustainable Development Performance. 

5.3.2 	Potential Impacts and Management Strategies 

Potential Impacts 

The Project could potentially impact on the sustainability of the surrounding environment if appropriate 
mitigation measures were not implemented. BHPBIO's Sustainability Framework aims to minimise 
these impacts. 

No adverse or cumulative impacts on Port Hedland are anticipated as the overall production rate from 
the mine would not change from the current 8.5 Mtpa (ie. the number of trains and ship movements 
from the Project would remain the same). 

EPA Objectives 

Ensure that the health, diversity and productivity of the environment is maintained or enhanced 
for the benefit of future generations. 

Conservation of biological diversity and ecological integrity. 
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Management Strategies 

BHP Billiton has developed and adopted a Company Charter, HSEC Policy and HSEC Management 
Standards in support of sustainable development, which exist as a hierarchy of systems and 
documents. These systems and documents, along with a commitment to the ICMM sustainable 
development principles, form the Sustainability Framework to which the company operates. 

The ICMM principles are incorporated into BHP Billiton's Corporate Sustainability Framework. 
Figure 5-1 outlines the key components of the Framework. In summary: 

The Charter is the company's "overriding commitment to health, safety environment, community 
responsibility and sustainable development". It presents BHP Billiton's purpose, which is "to 
create value through the discovery, development and conversion of natural resources, and the 
provision of innovative customer and market-focused solutions." In doing so, BHP Billiton values 
an overriding commitment to health, safety, environmental responsibility and sustainable 
development. 

Supporting the Charter is the BHPB HSEC Policy, which outlines a commitment to sustainable 
development and to continual improvement in performance, efficient use of natural resources and 
aspires to zero harm to people and the environment. 

The Charter is implemented via the HSEC Management Standards and guidelines. 

The implementation of the HSEC Management Standards and associated guidelines is measured 
through Assessment and Targets Reporting processes. 

The principles of sustainable development are implemented across BHPBIO's operations through the 
use of the HSEC Management Standards. These Management Standards are discussed further in the 
EMP (Appendix A). 

5.4 	ROAD TRANSPORT 

In order to reduce risks to light vehicle drivers and minimise cattle mortalities, the following haul road 
management measures would be implemented for the Cattle Gorge haul road: 

drivers would be trained to be aware of and minimise risks to cattle and general pastoral 
activities; 

haul trucks would be operated to comply with a 50 km/hr speed limit on the haul route; 

the local pastoralist would be consulted regularly in order to discuss aspects such as mustering 
times and operating procedures; 

watering points for stock would be established at locations at least 1 km from the haul road in 
consultation with the local pastoralist in order to minimise the number of stock in the general 
vicinity of the haul road. 

the haul road verges would be designed and constructed to minimise the development of 
standing water and minimise roadside fodder for stock; 

trees located immediately adjacent to the road would be trimmed as necessary to maximise verge 
visibility; and 

the haul road route would, where practicable, avoid existing stock movement routes. 
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5.5 	WORKFORCE INDUCTION AND TRAINING 

Employee and contractor training are conducted at the GEP to minimise potential impacts arising from 
a lack of knowledge regarding sensitivities of the environment, inadequate application of site 
management procedures and inappropriate behaviour with regard to Aboriginal heritage. 

BHPBIO Management Standard 5 provides workforce induction and training programmes based upon 
risk assessment and management systems including: 

induction programmes for all employees, contractors which address relevant objectives, hazards, 
risks, controls and behaviours at the commencement of their employment or site visit; 

the establishment of systems to enable the identification, prioritisation, planning, documentation 
and monitoring of training needs so that employees and contractors are able to fulfil their 
responsibilities; 

the management of periodic refresher courses using induction and environmental training records 
maintained on site; and 

cross-cultural training for employees and contractors who interact with people from different 
cultures, including indigenous peoples. 

Additional general environmental induction and training of the workforce at the GEP, but are not 
limited to: 

vegetation clearing and land disturbance protocols; 

identification of weed species, reporting of infestations and hygiene procedures to prevent the 
introduction and spread of weeds; 

protection of flora and fauna; 

protection of Aboriginal sites and areas of significance; 

waste management, storage and handling of hydrocarbons/chemicals; and 

spill response and clean up procedures. 

The above workforce training and induction practices would continue during the life of the Project. 
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The broad strategies for decommissioning infrastructure and support facilities at the Project are 
described in the following subsections. Further detail is provided in the Decommissioning and 
Rehabilitation Plan (Appendix B). The decommissioning process will typically involve the removal of 
infrastructure for off-site reuse, recycling or where possible resale. Once the infrastructure is 
removed, the land surface will be reprofiled where necessary to integrate with the surrounding 
topography, prior to topsoiling and revegetation. 

Prior to decommissioning, land contamination assessments will be undertaken in accordance with the 
requirements of the DoE and relevant technical guidelines. Any potentially contaminated soils 
identified by this assessment will be managed in accordance with regulatory requirements. 

6.1 	DECOMMISSIONING 

6.1.1 	General Surface Treatment and Rehabilitation 

Following the removal of infrastructure and re-profiling of the land surface additional surface treatment 
works will be implemented including: 

Deep ripping of hard surfaces that do not require re-profiling. 

Application of soils to a depth of up to 100 mm (depending on available soil resources) to provide 
a growth medium. 

Light ripping of surfaces to maximise rainfall infiltration, reduce erosion potential and enhance 
vegetation establishment. 

Application of native seed. 

Installation of biodegradable jute mesh material (or equivalent) to provide stability to surfaces 
likely to have a high erosion potential (e.g. reprofiled drainage lines). 

Erection of sediment fences (or equivalent) where required to reduce the potential for the 
migration of sediments. 

Detail of the decommissioning of various infrastructure components of the GEP is provided below. 

6.1.2 	Administration, Ore Processing and Rail Loadout Infrastructure 

As described in Sections 1.3 and 1 .4, ore is transferred from mining areas to the two ore crushing, 
stockpiling and train loadout areas. The main components of each of the ore handling areas are as 
follows: 

primary crusher/screen; 

stacker conveyors; 

ore stockpiles; and 

train loading system or rail siding. 

Mining operations at the GEP are also supported by a range of ancillary infrastructure including mine 
offices, workshop, explosives storage and fuel facilities. 
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Decommissioning of administration, ore processing and rail loadout infrastructure will require: 

. 	removal of conveyors, workshops, sheds, ore processing and rail loadout infrastructure and all 
buildings and mechanical plant not required for the rehabilitation process; and 

removal (ie. breaking up) of concrete footings and slabs and placement within areas of general 
backfill or in-situ burial to a minimum depth of 1.5 m below the rehabilitated surface. 

General surface treatment and rehabilitation works will then be implemented as described in 
Section 6.1.1. 

6.1.3 	Haul Roads 

A network of haul roads has been constructed at the GEP to allow transport of overburden and ore to 
OSAs and the ore handling areas. This road network will continue to be developed over the life of the 
mine. 

At the completion of mining operations, haul roads that have not been rehabilitated as part of the 
progressive rehabilitation programme will be reprofiled (including removal of portions of haul road 
embankment where necessary) to blend in with surrounding topography. Where necessary, road 
surfaces will be re-profiled to allow free drainage and minimise interference with of surface flows. 

General surface treatment and rehabilitation works will then be implemented as described in 
Section 6.1.1. 

6.1.4 	Rail Infrastructure 

The Yarrie to Port Hedland rail line is not part of the Project. 

At the completion of mining operations, the Nimingarra rail spur will be decommissioned in the 
following manner: 

. 	rail infrastructure will be removed, including lines and sleepers; 

concrete sleepers will be broken up and placed within areas of general backfill or buried in-situ to 
a minimum depth of 1.5 m below the rehabilitated surface; and 

the rail corridor (including removal of portions of rail embankments where necessary) will be 
reprofiled to blend in with surrounding topography. 

General surface treatment and rehabilitation works will then be implemented as described in 
Section 6.1.1. 

6.1.5 	Dewatering Borefields and Pipelines 

Following mine closure all infrastructure associated with the pit dewatering and monitoring bores and 
the Shay Gap borefield (including powerlines, bores and pipelines) will be removed unless otherwise 
agreed with the administering authority and other relevant stakeholders. 
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Rehabilitation works to be undertaken include: 

collapse or filling of boreholes; and 

. 	concrete footings and slabs associated with pumping equipment will be broken up and placed 
within areas of general backfill or buried in-situ to a minimum depth of 1.5 m below the 
rehabilitated surface. 

General surface treatment and rehabilitation works will then be implemented as described in 
Section 6.1.1. 

6.1.6 	Power Supply Infrastructure 

Power is reticulated throughout the operation via a network of overhead powerlines. 

At the conclusion of mining, all power supply infrastructure will be decommissioned and removed from 
site. This will include the breaking up of concrete footings and slabs for placement within areas of 
general backfill or burial in-situ below the rehabilitated surface (to a minimum depth of 1.5 m). 
Following the removal of power supply infrastructure the land surface will be reprofiled to blend with 
surrounding topography. 

General surface treatment and rehabilitation works will then be implemented as described in 
Section 6.1.1. 

6.1.7 	Accommodation Village and Amenities 

The Yarrie accommodation village and associated amenities will be decommissioned and removed 
from site at the completion of mining unless otherwise agreed with the administering authority and 
other relevant stakeholders. 

Decommissioning works to be undertaken include: 

. 	removal of accommodation units and supporting buildings; and 

. 	removal (ie. break up) of concrete footings and slabs and placement within areas of general 
backfill or in-situ burial to a minimum depth of 1.5 m below the rehabilitated surface. 

General surface treatment and rehabilitation works will then be implemented as described in 
Section 6.1.1. 

6.1.8 	Access Roads and Airstrip 

At the completion of mining operations at the Project, access roads that have not been rehabilitated as 
part of the progressive rehabilitation programme will be reprofiled (including removal of portions of 
road embankment where necessary) to blend in with surrounding topography. Where necessary road 
surfaces will be profiled to allow free drainage and minimise interference with surface flows. 

The future of the Shay Gap airstrip following closure of the GEP will be determined in consultation with 
the administering authority and other relevant stakeholders. 
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General surface treatment and rehabilitation works will then be implemented as described in 
Section 6.1.1. 

6.2 	REHABILITATION 

6.2.1 	Regulatory Requirements 

Rehabilitation criteria for mines in arid regions of Western Australia are established on a site by site 
basis through consultation with DOIR. 	Broad recommendations for developing rehabilitation 
objectives and principles have been addressed in Guidelines for Mining in Arid Environments (DME, 
1996), the Best Practice Environmental Management in Mining booklet series (EA, 1998), and the 
Mine Rehabilitation Handbook(MCA, 1998). 

A summary of the current rehabilitation criteria applicable to mining in Western Australia is provided in 
the following sub-sections. 

Physical Stability 

Slope, rock type, slope length and rainfall generally determine the physical stability of mine landforms. 
The current DOIR guidelines recommend slopes of no greater than 200  with back sloped benches 4 to 
5 m wide every 7 to 10 m of vertical height. Properly constructed and revegetated, the final surface 
should be self sustaining and able to resist the natural force of erosion. 

In arid areas where mine waste dumps are constructed of competent (non-erosive) rock, steeper 
slopes may be used (MCA, 1998; EPA, 1998). 

Biological/Revegetation Standards 

In semi-arid Western Australia, the re-establishment of resilient, self-perpetuating vegetation, 
integrated with the surrounding ecosystem is the common biological rehabilitation objective (DME, 
1996). The site specific completion criteria to assess revegetation success and biological recovery is 
generally developed through consultation with DOIR and other relevant agencies, and may be based 
upon, for instance, the regeneration of dominant species assessed against cumulative rainfall (DME, 
1996). 

Site Safety 

Site safety and clean up criteria generally require all infrastructures to be dismantled and removed 
during decommissioning (unless otherwise agreed with the determining authority). Unauthorised 
access to shafts, pits and other hazardous areas needs to be restricted. An assessment of potentially 
contaminated areas and suitable clean up strategy needs to be developed in accordance with the 
relevant Contaminated Lands legislation. 

6.2.2 	Rehabilitation Principles and Objectives 

BHPBIO would undertake progressive and appropriate rehabilitation of areas disturbed by the Project. 
BHPBIO's principle rehabilitation objective is to rehabilitate sites as close as possible to their original 
state in order to minimise long term environmental impacts. 
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Overall Rehabilitation Completion Criteria 

BHPBIO's Land Management Manual (BHPBIO, 2003a) describes a number of broad completion 
criteria which are applied to the rehabilitation of the BHPBIO's mine sites including: 

No significant, physical off-site impacts. 

Post-mining landform should be geotechnically stable and responsive to erosion agents in a 
similar manner to naturally occurring landforms. 

Surface water quality should fall within guidelines for specific-end land use (eg. stock watering 
requirements). 

Established vegetative cover should be self-sustaining and similar to the surrounding undisturbed 
vegetation in terms. 

Landforms remaining after mining should be consistent with others in the region. 

Project Rehabilitation and Mine Closure Objectives 

The EPA's stated objective for mine closure is to ensure, as far as practicable, that rehabilitation 
achieves a stable and functioning landform which is consistent with the surrounding landscape and 
other environmental values. In order to document how BHPBIO would rehabilitate the Project in a 
manner that considers this objective, a Decommissioning and Rehabilitation Plan has been developed 
and is included as Appendix B of this EPS. The Plan describes: 

The current rehabilitation status of the areas disturbed by previous and current mining activities at 
the Project. 

The rehabilitation and decommissioning standards that will be applied to the previous and current 
mining activities at the Project. 

The risk assessment that has been conducted by BHPBIO for closure-related aspects at the 
Operations. 

The decommissioning and rehabilitation closure concepts for the proposed new activities at Nim I, 
the Yarrie crustals and YlO North pit and Cattle Gorge. These concepts are based on guiding 
closure principles that have been developed to define the overall objectives for the development 
and closure of any new mine areas at the Operations. 

Indicative timing of rehabilitation works during the remaining life of the mine, proposed 
revegetation trials, ongoing research activities, and the mine rehabilitation and closure monitoring 
programme. 

6.2.3 	Rehabilitation Programme 

Rehabilitation and mine closure requirements would be integrated with mine planning during the life of 
the Project. Landforms such as the proposed OSAs and detrital mining areas would be designed with 
due consideration of the current DOIR guidelines (DME, 1996; EA, 1998; MCA, 1998). OSAs would 
be designed to blend in with the surrounding landforms. It is not proposed to modify the slopes of final 
voids. Progressive rehabilitation of mine landforms would be undertaken, where practicable 

May 2005 	 6-7 



BHPBiIIiton Iron Ore 	

S 

Environmental Protection Statement 	 bhpbi Ri ton 

The guiding closure principles for the design and revegetation of final mine landforms are outlined in 
the Decommissioning and Rehabilitation Plan (Appendix B) and include the following: 

There will be no significant, physical off-site impacts. 

Baseline surface water quality and flow regimes in Eel Creek and Egg Creek will be maintained. 

The established vegetative cover will be self-sustaining and show progression towards the 
surrounding undisturbed vegetation in terms of species diversity and plant density. 

The post-mining landform will be designed to be stable and respond to erosive forces in a manner 
to suit the end land use. 

There will be no unsafe areas where members of the general public could inadvertently gain 
access. Access to potentially unsafe areas will be impeded by safety bunds built to comply with 
the applicable DOIR guidelines. 

The number and size of out of pit overburden storage areas in new mining areas will be 
minimised. 

Residual pit voids will be left as mined where geotechnically stable, and profiled as necessary to 
achieve long-term closure objectives. 

Final overburden storage areas will be sympathetic with regional landforms. 

Ecosystem Function Analysis (EFA) or an equivalent long-term systems-based monitoring 
approach will be used to track the trajectory of rehabilitated areas towards self-sustaining status. 

The end land use for the area will be determined in consultation with stakeholders, and agreed 
with the administering authority ongoing during the life of the mine. 

The following sub-sections describe the rehabilitation programme for key elements of the Project. 

Overburden Storage Areas 

General design concepts for the out of pit OSAs are as follows: 

Drainage on the tops of the ridge would be diverted such that the major flow is towards a natural 
drainage feature rather than the top of the OSA. 

Tops of the dumps would be constructed such that they will harvest water and have perimeter 
bunds to minimise the flow of water onto the OSA slopes and prevent the ponding of water on the 
edge of the OSAs. 

Slopes of OSAs would be reshaped from an angle of repose to approximately 15 degrees (where 
possible). 

Outer slopes of the OSAs would be treated to increase the surface roughness to minimise 
erosion and provide microenvironments for vegetation. 

Slopes that have vertical heights of over 40m would have mid slope berms constructed to reduce 
the flow of any surface run-off, whereas slopes with vertical heights of 60 m or more would have 
two intermediate berms created. 
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Moonscaping has been extensively employed on the OSAs rehabilitated to date, throughout the Shay 
Gap, Sunrise Hill and Nimingarra areas. The results achieved are that little erosion has been observed 
and that vegetation is growing on the slopes. Whilst it is considered that moonscaping has been 
generally successful in the area, it is the only method that has been used to date. Previous 
moonscaping ventures have encountered operational difficulties, as the creation of moonscaped 
landforms requires a skilled operator. 

In early 2005 BHPBIO established a trial on a section of the Wi OSA at Yarrie to assess the stability 
and vegetation success of alternative surface treatments. The trial will allow assessment of four 
different treatments; moonscaping, contour ripping, a hybrid of moonscaping and ripping and also 
leaving the surface as a battered down face. Figure 6-1 is an aerial photograph that has been 
annotated to show the location of the trial. The objectives of the trial are to: 

Assess the slope stability of the various surface treatments 

Assess the vegetation success of the various surface treatments 

Understand the costs associated with the surface treatments to assist with future rehabilitation 
planning within all BHPBIO operations 

Understand the operational aspects of the different methods of construction. 

Results of the trial will be collected and interpreted following each wet season. The first summary will 
be provided in the July 2004 to June 2005 AER once they are available, and relevant findings will be 
applied to future rehabilitation activities at Goldsworthy (including the new Project areas) where 
relevant. 

Final Voids 

The overall final landform concept for the mine voids would be for a stepped landform which contains 
a combination of flat/undulating surfaces with connecting sloped ramps interspersed with elongated 
rocky scarps. The final design may include ramps and sloped areas so as to facilitate safe entry to the 
pit voids (eg. for post-closure monitoring). In areas where the pit crest is highly visible from the plain 
level, the crest of the pit may be re-contoured to provide a softer profile.. 

The Mines Safety and Inspection Act, 1994 and associated regulations describe the legal 
requirements for the closure of open pits, including precautions to be taken to prevent inadvertent 
access to open pit workings. 

At the completion of the Project the perimeter of the final voids would be bunded to a height of 2 m to 
prevent unauthorised access in accordance with the DOIR guideline Safety Bunds Around Abandoned 
Open Pit Mines (DME, 1997). 

Surface Water and Groundwater 

Operations at the Goldsworthy operations have the potential to impact the surface water resources by 
changing local surface water flow patterns (i.e. new landforms affecting catchment areas), or by 
affecting surface water quality as a result of erosion from disturbed areas or contamination from 
chemicals or hydrocarbons. 
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The closure principles relating to surface water that would be employed at the Project are: 

Baseline surface water quality and flow regimes in Eel Creek and Egg Creek will be maintained. 

There will be no significant, physical off-site impacts. 

Rehabilitation procedures for landforms affecting catchment areas and the groundwater table are 
discussed in the Decommissioning and Rehabilitation Plan (Appendix B). 

Surface Infrastructure 

Rehabilitation of other disturbance areas such as roads and infrastructure disturbance areas would 
also be undertaken. Rehabilitation works would include: 

Re-profiling of the land surface (if required). 

Ripping (light or deep) of surfaces to maximise rainfall infiltration, reduce erosion potential and 
enhance establishment of vegetation. 

Application of native seeds. 

Erection of sediment fences to reduce potential migration of sediments. 

Rehabilitation procedures for these minor disturbance areas are discussed in the Decommissioning 
and Rehabilitation Plan (Appendix B). 

6.2.4 	Rehabilitation Monitoring and Maintenance 

The progress of rehabilitation would continue to be reported annually in the AER during the life of the 
Project. BHPBIO would progressively develop and implement monitoring programmes with the 
objective of evaluating the performance of rehabilitated mine landforms to assess whether they have 
met its guiding closure principles, or are showing satisfactory progress towards meeting these 
principles. It is expected that the following areas would be monitored during the life of the Project. 

biological processes in rehabilitated areas (flora and fauna), including weeds; 

surface water quality and flows within the area; 

groundwater levels and quality in the underlying aquifer; 

public safety; 

off-site impacts; and 

stability of mine landforms. 

A description of the monitoring programmes that have been established by BHPBIO to date to assess 
rehabilitation success are described in Appendix C and are summarised below. 

Biological Monitoring 

The progress of revegetation on rehabilitated landforms would be undertaken regularly to asses the 
success or otherwise of particular techniques. Revegetation monitoring results would be used to refine 
the rehabilitation programme on an ongoing basis. 
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BHPBIO is currently undergoing trials to determine the effects of using alternative forms of growth 
media and also the effect of different surface treatments on slopes. These trials include: 

a topsoil substrate trial at Yarrie; and 

an OSA Slope Surface Treatment Trial 

These trials are discussed in the Decommissioning and Rehabilitation Plan (Appendix B). 

Flora and fauna monitoring of rehabilitated landforms are currently undertaken at the Project. 
Revegetation areas would be monitored using EFA (or an equivalent long-term systems-based 
monitoring programme) on a regular basis to assess the success or otherwise of particular vegetation 
techniques, with the results utilised to further refine the life of mine rehabilitation plan. The 
methodology used to assess performance would be reviewed and implemented in consultation with 
CALM. 

Water Monitoring 

A surface water monitoring programme has been established to investigate the on site and 
downstream effects of the Goldsworthy operations. Future additional monitoring would be undertaken 
to assess the success of rehabilitation (i.e. long term stability) of mine landforms, such as the OSAs, 
infill areas and pit lakes (post-mining), with a focus on suspended solids and salinity. 

A post mining groundwater monitoring programme would be developed in consultation with the 
relevant authorities prior to completion of mining. 

Public Safety 

The condition of safety bunds erected around the perimeter of final voids would be inspected on a 
regular basis. Bund maintenance would be performed as required. 

Off-Site Impacts and Landform Stability 

Rehabilitated landforms would be inspected after significant rainfall to assess stability and to monitor 
for areas where unacceptable erosion has occurred. Where necessary, maintenance works would be 
performed to improve performance. 

6.2.5 	Post Mining Land Use 

The Project is located in the Pilbara where pastoral operations are marginal and reliant on grass-fed 
beef production, particularly off river/creek flats in good seasons. While the post mining land use is 
likely to revert to low intensity grazing, the land would be rehabilitated to bushland and may also have 
significant nature conservation values. It is envisaged that the final land use of the mine area would 
not conflict with those values. 

It is expected as a minimum requirement upon rehabilitation and closure, the post mining landforms 
would be stable, have final shapes that are similar to those found naturally in the region, with 
vegetation communities that are consistent with local native vegetation. 
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This section presents the objectives and broad details of the environmental management and 
monitoring programmes that would be implemented during the Project to assess the performance of 
the operation. The programmes have been formulated from the experience gained through the 
current operations at Goldsworthy, the results of baseline studies conducted as part of the EIA and 
consideration of the potential impacts resulting from the Project. 

Environmental management commitments for the Project are proposed in Section 7.6. These 
commitments would be refined in consultation with the EPA and other stakeholders during 
assessment of the Project. 

7.1 	ENVIRONMENTAL MANAGEMENT STANDARDS 

Environmental Management System 

As described in the EMP (Appendix A) BHP Billiton has developed and implemented an 
Environmental Management System (EMS) for its operations that is certified to Australian Standard 
AS/NZS ISO 14001:1996. The EMS describes the organisational structure, responsibilities, practices, 
processes and resources for implementing and maintaining environmental objectives at all BHP 
Billiton sites (including the GEP). 

The principal components of the EMS include: 

environmental policy; 

planning; 

implementation and operation; 

monitoring and corrective action; and 

management review. 

The relationship between the components of the EMS and BHPBIO operations at the Project is 
discussed below. 

Implementation and Operation 

The implementation and operation of the EMS comprises the following components: 

clearly defining the EMS structure and delegation of responsibility; 

implementing training and awareness programmes and improving competence; 

maintaining communication channels; 

maintaining the document controls system; and 

refining emergency contingency procedures and response plans. 

Management Standard and Policies 

BHPBIO has developed a Health Safety, Environment and Community Management Policy (HSEC) 
Policy for its operations. The HSEC Policy is a guiding resource for implementing and maintaining 
environmental objectives at all BHPBIO sites. 
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To interpret and support the HSEC Policy, BHPBIO has developed a series of HSEC Management 
Standards. These Standards form the basis for the development and application of HSEC 
management systems at all levels of BHPBIO operations. 

The objectives of the HSEC Management Standards are to: 

Provide a risk-based management system framework, consistent with the BHPBIO Enterprise-
Wide Risk Management Policy, and with internationally recognised standards including 
ISO 14001, OHSAS 18001, and SA 8000. 

Set out and formalise expectations for the progressive development and implementation of 
detailed HSEC Management Systems at all levels of BHPBIO. 

Provide benchmarking, against which HSEC management systems across BHPBIO operations 
can be measured. 

Provide a basis from which to drive continuous improvement towards leading industry practice. 

The principles of the HSEC Management Standards have been incorporated into the Project EMP 
(Appendix A). 

Risk Assessment and Management System 

Risk management is recognised as an integral part of management practices and is integral to 
managing environmental impacts at BHPBIO operations. BHPBIO has developed a risk assessment 
and management system to be implemented at all operations. The process is iterative and consists of 
steps, which when undertaken in a sequence, enable continuous improvement in decision making. 

The main elements of the risk assessment and management process are as follows: 

establish the context; 

identify risks; 

analyse risks; 

evaluate risks; 

control risks; 

monitor and review; and 

communicate and consult. 

BHPBIO's risk assessment and management system would continue to be implemented during the life 
of the Project. Further details are provided in the Project EMP (Appendix A). 

7.2 	ENVIRONMENTAL MANAGEMENT PLAN 

The Project EMP has been reviewed and revised to incorporate management of the Project over the 
remaining life of mine. The EMP is an operational document that provides a description of potential 
impacts, establishes management objectives, outlines relevant strategies/practices/procedures to 
minimise impacts, establishes performance indicators and sets out monitoring requirements. 
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The EMP describes the environmental management measures to minimise potential impacts of the 
Project on key aspects of the environment. These include: 

soil resources, 

landforms, 

surface water, 

groundwater, 

air quality, 

noise, 

vegetation clearance; 

flora; 

fauna; 

waste; 

hazardous goods and chemical substances; and 

Aboriginal cultural heritage. 

7.3 	ENVIRONMENTAL MONITORING 

Environmental monitoring programmes that would be used during the life of the Project are 
documented in the Project EMP (Appendix A). A summary of environmental monitoring data is 
presented annually in the AER and would continue during the life of the Project. 

7.4 	ENVIRONMENTAL RESEARCH PROGRAMMES 

Environmental research programmes and/or trials would be commissioned in instances where 
baseline environmental surveys and/or on-going monitoring indicated the need for additional studies 
on specific topics. Where additional research activities are required, the objectives, scope of work, 
schedule and available results would be summarised in the AER. 

7.5 	ENVIRONMENTAL REPORTING AND REVIEW 

7.5.1 	Annual Environmental Report 

An AER is prepared annually by BHPBIO, and includes a component that describes activities at the 
GEP. BHPBIO would continue to prepare an AER during the life of the Project. The objectives of the 
AER are to: 

Address all legislative requirements and commitments applicable to the Project (ie. conditions of 
the Ministerial Statement of Approval and the DoE operating licence conditions). 

Document the major mining activities for the reporting period and the proposed activities for the 
upcoming year. 

Record environmental management and rehabilitation activities for the reporting year and 
proposed activities and developments for the upcoming year. 
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Provided a mechanism for BHPBIO to monitor the environmental performance of the Project. 

Provide information to stakeholders about the environmental performance of the Project. 

The AER would be prepared in accordance with the relevant EPA, DoE and DOIR's guidelines and/or 
requirements for the preparation of AERs. 

	

7.5.2 	BHP Billiton Corporate HSEC Reporting 

As part of BHP Billiton's Corporate reporting programme, all BHPBIO operations (including the GEP) 
complete HSEC questionnaires every 6 months. These questionaries require each site to report on 
matters such as environmental management measures, initiatives and incidents. Annually, BHP 
Billiton releases a whole of enterprise HSEC Report based on the 6 monthly data provided by each 
site. 

	

7.5.3 	Internal Environmental Incident Reporting and Management 

The Project has an existing system for environmental incident reporting. The incident reporting 
mechanisms include: 

all employees and contractors are required to report environmental occurrences and hazards via 
their supervisor for notification and follow-up investigation and assessment; 

non-compliance or emergency events are reported to regulatory authorities as per the 
requirements of relevant licences and approvals; and 

significant incidents are also reported to BHPBIO at a corporate level by the Site Manager. 

Employees and contractors would continue to be trained in incident reporting procedures though the 
induction programme, and would be encouraged to report all environmental incidents to the relevant 
manager(s). The AER would present a summary of all environmental incidents recorded by the 
incident reporting system. 

	

7.5.4 	Notification of Emergencies and Incidents 

As soon as practicable after becoming aware of an emergency or incident resulting in a release of 
contaminants or other potentially harmful effect on the environment, not in accordance with this EPS 
or other environmental approvals, BHPBIO would notify the DoE of the incident. 

The notification procedure would include but not be limited to the following information: 

the name, position and company of the person reporting the incident; 

location of the incident or emergency; 

the name and telephone number of the designated company contact person; 

a best estimate of the time the incident occurred; 

the time the company or individual became aware of the incident; 
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• 	the suspected cause of the incident; 

environmental harm and/or nuisance caused, threatened or thought likely to occur as a result of 
the incident; and 

action to be undertaken to minimise environmental harm and/or nuisance caused by the incident. 

Within the statutory timeframe, BHPBIO would provide written advice of the information listed above 
and in addition: 

proposed actions to prevent recurrence of the incident or emergency; 

outcomes of actions taken to minimise environmental harm or nuisance; and 

results of any subsequent environmental monitoring undertaken to ascertain the impacts of the 
incident. 

In the event that there is an incident or emergency involving a site or area of Aboriginal heritage 
significance, BHPBIO would also notify the relevant indigenous group(s) using the above notification 
procedure or as otherwise agreed with the relevant group(s). 

7.6 	PROPOSED ENVIRONMENTAL MANAGEMENT COMMITMENTS 

Table 7-1 provides a summary of BHPBIO's commitments for the Project. These commitments would 
be refined in consultation with the administering authority during the assessment of the Project. 
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Table 7-1 
Proposed Environmental Management Commitments 

Number  Objective .t1L.]I Timing Advice2 ______ 

Environmental Prepare and implement an BHPBIO will implement an Environmental Management Plan for the Project that includes the following: Revised at DoE 
Management 
Plan. 

Environmental Management 
Plan that describes procedures 

A description of key components of the Project (ie. mining method, overburden management, ore processing, intenials of no 
more than five 

DOIR 

and practices for protection of 
ore loading and transportation, water and power supply, and service infrastructure), 

years during CALM 
key environmental aspects A description of the Environmental Management System, and the Environmental Risk Assessment and operations. 
during all phases of mining. Management systems that will be used at the Project. This Section shall include a description of the findings of 

BHPBIO's most recent Environmental Risk Assessment of the GEP operations. It shall also include a 
description of how best practicable environmental measures have been applied to risks that are identified 
(through the Risk Assessment Process) as requiring this level of management to reduce residual risk to an 
acceptable level. 

A description of the environmental management procedures and practices to be used to minimise impacts on 
key environmental aspects. These aspects are to include, but are not necessarily limited to: soil resources, 
landforms, surface water, groundwater, flora (including priority species and species of interest), fauna (including 
priority species and species of interest), air quality, noise, waste, dangerous goods and hazardous materials. 
and Aboriginal heritage. 

For each environmental aspect the Environmental Management Plan will describe the overall management 
objective, potential impacts, management measures, and monitoring programme to track performance. 

The Environmental Management Plan will be reviewed and revised at intervats of no more than five years. or when 
Significant changes occur at the Mine. 

A copy of each new revision of the Environmental Management Plan will be provided to key Stakeholders, and to 
other_interested_parties_if_requested.  

2 Annual Annually prepare reports on BHPBIO will prepare Annual Environmental Reports (AER5) that discuss environmental management actions, Annually during - 
Environmental environmental management, summarise monitoring results and describes rehabilitation activities at the Project over the 12 month reporting period. operations. 
Report. monitoring and rehabilitation. 

The AERs will be made publicly available to key stakeholders and copies will be provided to other interested parties if 
requested.  

3 Disturbance to To minimise the potential for BHP8I0 will manage its proposed mining activities at the Cattle Gorge mining area to minimise the potential for direct During 
Cattle Gorge direct or indirect disturbance to or indirect disturbance to the Cattle Gorge through the implementation of the following measures: operations 

the Cattle Gorge, which is 
located approsimately 400 to 

a buffer zone of approximately 400 ma will be established between all mining and land disturbance activities at 

500 m east of the proposed 
the Cattle Gorge mining area and the Gorge itself. Permission to enter the buffer zone will be restricted to 

Cattle Gorge mining area. 
employees and contactors authorised by BHPBIO. 

employees and Contractors will be made aware of the environmental, heritage and land use values of Cattle 
Gorge, _and _theirobligations_to_protect_these_values,_via_  the _Goldswortfiy_induction_programme.  
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BHP Billiton Iron Ore Pty Ltd (BHPBIO) operates the Goldsworthy Extension Project (GEP), which is 
located approximately 200 kilometres by road east-southeast of Port Hedland in the Pilbara region of 
Western Australia. The GEP is owned by the Mt Goldsworthy Mining Associates Joint Venture. The 
Joint Venture participants are BHP Billiton Minerals Pty Ltd (85%), Cl Minerals Australia Pty Ltd (8%) 
and Mitsui Iron Ore (7%). BHPBIO manages the Goldsworthy mining operations on behalf of the Joint 
Venture participants. The majority of mining activity is undertaken within mining lease M 263SA. 

The GEP is operated in accordance with the Iron Ore (Goldsworthy) Agreement Act 1964, and the Iron 
Ore (Goldsworthy-Nimingarra) Agreement Act 1972. Environmental operating requirements for the site 
are specified in the Goldsworthy Extension Project Notice of Intent (NOl) (GML, 1986), and the 
conditions of Statement of Approval No. 303 issued by the Minister for the Environment, and Licences 
5611/7 and 4412/8 issued under Parts IV and V of the Environmental Protection Act, 1986 (EP Act), 
respectively. 

As part of a wider programme of evaluating the expansion of its Pilbara iron ore mining operations, 
BHPBIO has reviewed its development and closure plans for the Goldsworthy area. This review has 
involved the detailed appraisal of the remaining iron ore resources at the existing Yarrie, Nimingarra 
and Sunrise Hill areas, plus the potential for mining in previously undeveloped areas. 

The review has indicated that there is now only limited iron ore remaining in the approved mining areas 
if mining continues at current rates. In order to extend the mine life, BHPBIO would need to 
supplement this ore with lower grade ore from the existing approved operations, as well as lower grade 
ore from some of the previously undeveloped deposits in the area. 

The Goldsworthy Feasibility Study has evaluated the various mining and closure options for the 
Goldsworthy operations (ie. from closure in six months, through to the development and mining of 
various low grade alternatives). BHPBIO's preferred option, and the one for which it is now seeking 
approval under the EP Act, is to mine several of the 'new' areas at Goldsworthy during the next three 
years. The ore from these new areas would be blended with the remaining higher grade ore that would 
be mined from the existing approved areas to produce a final product. Once these new areas are 
mined out, the Goldsworthy operations would be decommissioned and closed. 

As part of the environmental conditions of approval for the current mining operation, BHPBIO is 
required to prepare and implement a detailed environmental management programme. The first 
Yarrie-Nimingarra Environmental Management Plan (EMP) was prepared in 1999 to fulfil the 
requirements of Ministerial Statement of Approval No. 303 for the Proposal to Mine Yarrie Crustal 
Deposits. The original Yarrie-Nimingarra Iron Ore Project EMP (BHPIO, 2000) provided procedures 
and practices to be used to protect the environment during mining operations at the GEP. 

This revision of the EMP replaces the EMP prepared in 2000. It addresses the remaining life of the 
GEP, and incorporates the development of the remaining orebodies to allow BHPBIO to continue to 
meet its production and ore quality commitments. 

The EMP describes the environmental management programme that will be used to manage potential 
impacts of the GEP on environmental aspects relevant to the site. These include soil resources, 
landforms, surface water, groundwater, air quality, noise, flora, fauna and Aboriginal heritage. For 
each, the EMP identifies potential impacts, establishes management objectives, outlines relevant 
strategies/practices/procedures to minimise impacts, establishes performance indicators and sets out 
monitoring requirements. 
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The EMP also contains an overview of how the site specific environmental management measures are 
linked to BHP Billiton's Environmental Management System, Health, Safety, Environment and 
Community Policy and Management Standards. The EMP includes a description of the main 
components of the Environmental Management System and its application to the GEP, including 
employee and contractor responsibilities, training, auditing and reporting systems as well as risk 
assessment and management processes. 
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1.1 	BACKGROUND 

The Goldsworthy iron ore deposits have been progressively mined since the mid 1960s. Mining 
operations initially took place at Mount Goldsworthy approximately 100 kilometres (km) east of Port 
Hedland in the northern Pilbara Region of Western Australia, and have progressively expanded east to 
include the Shay Gap, Nimingarra, Sunrise Hill and Yarrie mining areas. 

BHP Billiton Iron Ore Pty Ltd's (BHPBIO) current Goldsworthy mining operations are centred at Yarrie, 
Nimingarra and Sunrise Hill deposits. The Mount Goldsworthy and Shay Gap mining areas are no 
longer operational, with the majority of activities at these sites directed towards the monitoring and 
maintenance of rehabilitated mine landforms. These operations are collectively referred to as the 
Goldsworthy Extension Project (GEP). 

BHPBIO's Goldsworthy mining operations are conducted under the Iron Ore (Goldsworthy) Agreement 
Act 1964, and the Iron Ore (Goldsworthy-Nimingarra) Agreement Act 1972. Environmental operating 
requirements for the site are specified in the Goldsworthy Extension Project Notice of Intent (NOl) 
(GML, 1986), and the conditions of Statement of Approval No. 303 issued by the Minister for the 
Environment, and Licences 5611/7 and 4412/8 issued under Parts IV and V of the Environmental 
Protection Amendment Act, 2003 (EP Act), respectively. 

Figure 1-1 provides a regional overview of BHPBIO's iron ore mines and major infrastructure in the 
Pilbara region. 	Figure 1-2 shows the main deposits, mining areas, infrastructure facilities and 
BHPBIO's mining tenements in the Goldsworthy area. 

Over the past year BHPBIO has undertaken an extensive feasibility study and environmental impact 
assessment (EIA) to evaluate the continued mine development and closure plans for the entire 
Goldsworthy area. BHPBIO has developed a proposal to mine the remaining ore resources at Yarrie, 
Nimingarra, and Sunrise Hill and to develop a new mining area to the northwest of Yarrie (Cattle 
Gorge). 

1.2 	HISTORICAL DEVELOPMENT OF THE ENVIRONMENTAL MANAGEMENT PLAN 

Following the submission to the Department of Environmental Protection (DEP) of a Proposal to Mine 
Yarrie Crustal Deposits (under the Goldsworthy Extension Project Phase II Expansion) (BHPIO, 1998), 
approval was granted by the DEP in March 1998 subject to a requirement to prepare a detailed 
environmental management programme. 

The original Yarrie-Nimingarra Iron Ore Project Environmental Management Plan (EMP) (BHPIO, 
2000) provided procedures and practices to be used to protect the environment during mining 
operations at the GEP. BHPIO also committed to a periodic review process and updating of the EMP 
as required during the life of the operation. 

May2005 	 1-3 



N 

NELSON POINT I 
FINUCANE ISLAND I 

YARRIE 
PORT HEDIAND 	 RAIflyy 	

GOLDS WORTHY 
EXTENSION PROJECT 

/ 

llI6/1V4y 

MARBLE BAR • 

3 

PORT 
HEDUNO

MAP 
______________I 

IAREA 	 NEWMAN 

FIGURE 1-1 ir 	

L&otion Map BHPBIO Operanons 

oTIost 	V 	 Kilomeltes 	 bhpbi1ton 



/ ToShoyGap 

Borefield 	 LEG[ND 

dw 	Ow Deposit! Pit 

NIMINGARRA 	
Nimingorro Iron Formation 

Mt 263 SA 	
Highway! Road 

FmAt 263 SA 
 

Railway Line 
AiNtip 	

I '

Tenement Boundary 

4 	SUNRISE 0 	1 

Kilorneties 

SHAY GAP 

(ATTLE GORGE 
I 

/ 
/

(UNDALINE RIDGE 	

1j4YARRIE 

\ 
Mucan L Homestead 	 I, 

e' 	 --- 
Yarrie 	 l c. 
Honrestecd 	 CALLAWA 

iDThWiUFi 
145/1072 	 FIGURE 1-2 

Gerreral Piuject Area 

bhpbittiton 
e0.04.03 Odds t)' 0211 



I 
bhpbil.titon BHPBiIIiton Iron Ore 

Environmental Management Plan 

1.3 	PURPOSE OF THIS DOCUMENT 

As part of a wider programme of evaluating the expansion of its Pilbara iron ore mining operations, 
BHPBIO has reviewed its development and closure plans for the Goldsworthy area. This review has 
involved the detailed appraisal of the remaining iron ore resources at the existing Yarrie, Nimingarra 
and Sunrise Hill areas, plus the potential for mining in previously undeveloped areas. 

The review has indicated that there is now only limited iron ore remaining in the approved mining areas 
if mining continues at current rates. In order to extend the mine life, BHPBIO would need to 
supplement this ore with lower grade ore from the existing approved operations, as well as lower grade 
ore from some of the previously undeveloped deposits in the area. 

The Goldsworthy Feasibility Study has evaluated the various mining and closure options for the 
Goldsworthy operations (ie. from closure in six months, through to the development and mining of 
various low grade alternatives). BHPBIO's preferred option, and the one for which it is now seeking 
approval under the EP Act, is to mine several of the 'new' areas at Goldsworthy during the next three 
years. The ore from these new areas would be blended with the remaining higher grade ore that would 
be mined from the existing approved areas to produce a final product. Once these new areas are 
mined out, the Goldsworthy operations would be decommissioned and closed. 

The Goldsworthy Extension Project Environmental Protection Statement (EPS) and Decommissioning 
and Rehabilitation Plan describe the new Project developments and closure planning respectively. 

This document represents the first revision to the original Yarrie-Nimingarra Iron Ore Project EMP 
(BHPIO, 2000). It has been prepared to enable the environmental management practices described in 
the original document to be updated and applied to the remaining life of the GEP. Where necessary, 
management practices have been reviewed and revised to accommodate advances in best practice 
since submission of the original EMP in 2000, and to enable BHPBIO to continue to meet the 
environmental management objectives for the site. 

1.4 	STRUCTURE OF THIS DOCUMENT 

Section 1: 	Provides a brief background to the GEP and the development of the original EMP. 

Section 2: 	Provides a description of the key elements of the GEP over the remaining mine life. 

Section 3: 	Provides an overview of the environmental management system, and risk 
assessment and management systems to be adopted at the GEP, including 
minimum environmental standards for employees and contractors, identification of 
responsibilities, training, communication, consultation and participation, auditing 
and reporting requirements. Section 3 also describes how the site specific 
environmental management measures contained in this EMP are linked to the BHP 
Billiton Corporate Health, Safety, Environment and Community (HSEC) Policy and 
Management Standards. 
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Section 4: 	Describes the environmental management procedures and practices to be used by 
BHPBIO to protect the environment during all phases of mining at the GEP. For 
each environmental aspect (i.e. soil resources, landform, surface water, 
groundwater, flora, fauna, air quality, noise, waste, dangerous goods, hazardous 
materials management and Aboriginal heritage) the EMP describes the overall 
management objective, potential impacts, management measures, performance 
indicators and monitoring programme to track performance. 

Section 5: 	Provides a reference list for the EMP. 
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2.1 	OVERVIEW 

New Components of the Project 

The Project includes the development of a new mining area (Cattle Gorge), an additional pit and 
associated overburden storage area (OSA) at the Nimingarra I mining area (Nim I) and opening up of 
new crustal pits at Yarrie (Y4A, Y7 West and YlO North). These areas have not been subject to prior 
environmental assessment and approval. Assessment and approval under the EP Act is currently 
being sought for these new components through the Goldsworthy Extension Project EPS. 

The key characteristics for the new components of the Project are presented in Table 2-1. 

Table 2-1 
Key Characteristics - New GEP Mining Components 

Current Ore Reserves 

Mining Area 

11 Mt 

and Y10 North 

2.2 Mt 1 Mt 

Overburden and Low Grade Ore 12 Mt 1 Mt 7.3 Mt 

Approximate Pit Depth 95 m 20 m 94 m 

New Pit Disturbance Area 32 ha 22 ha 11 ha 

Additional OSA Disturbance Area 25 ha N/A 7 ha 

Ore Production Rate up to 6 Mtpa As required for ore 
blending 

As required for 
ore blending 

Previously Approved Components of the Project 

Previously approved components of the GEP are also considered in the EMP. These previously 
approved mining activities include: 

mining and overburden placement at existing Nimingarra mining areas; 

mining and overburden placement at Sunrise Hill and Sunrise Hill West; 

mining and overburden placement at Yarrie (Yl 0, and crustal ore areas); and 

. 	use of the existing Nimingarra and Yarrie rail loading facilities and support infrastructure (ie. 
workshops, administration areas, laydown areas, accommodation village, aerodrome, power and 
water supply). 

The following subsections provide an overview of the Project. 

2.1.1 	Mining Method 

The mining method employed at the Goldsworthy mining operations involves the selective removal of 
overburden and the mining of ore using conventional drill, blast and haul mining methods. Mining is 
undertaken in benches and following drilling and blasting, broken ore and waste rock is loaded by 
hydraulic excavators or front end loaders to off-highway dump trucks for transport to the 
crushing/screening facilities, temporary stockpiles or OSAs. 
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2.1.2 	Ore Crushing Screening and Transport 

The primary crushing facilities at Yarrie and Nimingarra would continue to be used for ore extracted at 
the Yarrie, Nimingarra, Sunrise Hill, Sunrise Hill West and Cattle Gorge mining areas. Crushed ore at 
Yarrie and Nimingarra is loaded onto the ore trains after being reclaimed from the crushed ore 
stockpiles and conveyed to the train load out bins. 

	

2.1.3 	Cattle Gorge Ore Transport 

Ore would be hauled from the Cattle Gorge pits directly to the Yarrie crusher via a new haul road to be 
constructed in the existing approved infrastructure and access road corridor located to the south west 
of Elephant Rock. A fleet of six haul trucks would be used to transport the ore and would operate 
24 hours per day. It is estimated that each round trip would take approximately 1 hour. A water cart 
would be used for watering the haul road to Yarrie and for dust suppression on roads in the Cattle 
Gorge mine area. 

	

2.1.4 	Overburden Management 

BHPBIO would manage overburden in the new mining areas to maximise the infilling of pits and 
minimise out of pit dumping. The Cattle Gorge and Nim I pits would be backfilled to at least 5 m above 
the natural groundwater table in order to minimise potential long term impacts on groundwater 
resources. An overburden storage plan would be developed for each new OSA. 

Acid Rock Drainage 

Exploration drilling in the new Project areas to be mined has not intersected any pyritic shale. As a 
result, none of the overburden that is to be mined in the proposed new pits is expected to be acid 
forming. Each mining area is described in further detail below. 

The depth of weathering encountered within the iron formations in the Yarrie/Nimingarra area is some 
80-100 m below the current surface. All rock types occurring above the weathering horizon are 
oxidised. Hence, this natural weathering process has leached any potential sulphide minerals. In the 
Nimingarra—Yarrie area, potential sulphide bearing minerals only occur in the interbedded mudstone 
and chert horizons of the lower (basal) member of the Nimingarra Iron Formation. 

Y4A, YlWest and YlO 

All mining activities at these locations are within 30 m of the surface, and above the weathering 
horizon. Exploration drilling and routine geochemical assaying of materials confirms that no material 
types with elevated sulphur values can be expected. Geochemical analyses from the shale units 
intersected at Yl 0 recorded low sulphur values (<0.010%). 

Cattle Gorge 

The majority of mining is within 50 m of the surface, and above the weathering horizon. The exception 
is the deep extension of the eastern pit, where mining will go about 100 m below the surface, and up to 
10 m below the water table. Exploration drilling and routine geochemical assaying of materials 
confirms that only jaspilite and minor kaolinised dolerite dykes will be intersected, and that no material 
types with elevated sulphur values are expected. Mineralisation is distant from the mudstone/shale 
horizons. 
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Mining is expected to extend to 56 mRL (South pit) below the current ground water table (115 mRL). 

Exploration drilling and routine geochemical assaying of materials confirms a footwall mudstone, 
mineralized BIF and minor dolerite dykes have been intersected. However, pit designs will not expose 
the footwall shale horizon below the water table. Hence the potential for exposure of potentially acid 
generating materials is remote. 

Regardless, routine monitoring of blast holes is undertaken, including sulphur analysis. In the unlikely 
event that potentially acid generating material is encountered, management options include backfilling 
this material either below the water table at Nim I, or Nim F east. 

2.1.5 	Ancillary Infrastructure 

Existing infrastructure at the GEP includes: 

a fly in fly out accommodation village at Yarrie; 

airstrip; 

mine offices; 

workshops and laydown areas; 

fuel farm and fuelling facilities; 

electricity substations and reticulation; 

telecommunications; 

water supply; and 

explosives and hydrocarbon stores. 

The following subsections outline the Project use of these facilities and their upgrades where 
appropriate. 

Power Supply 

The existing power supply system at the GEP includes a 66 kilovolt (kV) line from Port Hedland to 
Shay Gap and 22 kV lines to Yarrie, Sunrise Hill and Nimingarra. Electricity requirements at the Cattle 
Gorge mining area would be provided by extending the existing 22 kV electricity line from Yarrie to a 
22 kV substation located at the crusher area. 

Water Supply 

Water supplies for each mining area are obtained from licensed dewatering operations and/or 
borefields. Water supply for Cattle Gorge would be provided by a pipeline extension from the existing 
Yarrie water supply system. Up to 1.5 megalitres (ML) of water per day would be required at the 
Project. 
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Offices, Workshops and Other Amenities 

The existing offices, workshops and other general amenities located at the Nimingarra and Yarrie 
mining areas would continue to be used for the Project. The main office and workshop at Yarrie would 
continue to be the primary facilities at the GEP. 

Accommodation Village 

An upgrade of the Yarrie village is proposed as part of the Project. The dry and wet mess areas would 
be renovated to contemporary standards. Cyclone-proofing of some of the shared facilities may also 
be undertaken. Approximately 24 rooms would be replaced and some 400 additional phone lines 
would be provided. 

Hydrocarbon Use and Storage 

The existing fuel storage facilities are located at Nimingarra and Yarrie. These facilities are above 
ground, bunded and constructed and operated in accordance with applicable Australian Standards. 
Current fuel consumption is approximately 14.5 ML of diesel per annum (BHPBIO, 2004a). 

Road Transport 

With the exception of the haulage of ore from Cattle Gorge to Yarrie, no significant new roads or 
changes to the existing access road system would be required for the Project. Relatively minor 
extensions to existing roads or connecting roads would be established to access the new mining pits 
(Nim I, Y10 North, Y7 West and Y4A) in the existing Nimingarra and Yarrie mining areas and at the 
new Cattle Gorge mining area. 

Airstrip 

The fly-in/fly-out operations from the existing Shay Gap airstrip would remain unchanged. The airstrip 
would be maintained and licensed to Civil Aviation Safety Authority (CASA) standards (including 
fencing, to minimise access by cattle and native fauna). 

2.2 	WORKFORCE 

Approximately 80 contract workers would be required during the construction of the additional Cattle 
Gorge supporting infrastructure. During operation of the Project, the workforce is expected to be 
approximately 290 people. 
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3.1 	OVERVIEW 

The following sub-sections provide an overview of how the site specific environmental management 
measures contained in this EMP are linked to the BHP Billiton HSEC Policy and Management 
Standards. They describe the Environmental Management System (EMS) used by BHPBIO, including 
employee and contractor responsibilities, training, auditing and reporting systems as well as risk 
assessment and management processes at all BHPBIO sites (including the GEP). 

3.2 	ENVIRONMENTAL MANAGEMENT SYSTEM 

3.2.1 	Summary of the Environmental Management System 

The principal components of the EMS include: 

environmental policy; 

planning; 

implementation and operation; 

monitoring and corrective action; and 

management review. 

Corporate Sustainability Framework 

The BHP Billiton Sustainability Framework is structured as follows: 

The Framework is the Company's "overriding commitment to health, safety, environment, 
community responsibility and sustainable development". It presents BHP Billiton's purpose, which 
is "to create value through the discovery, development and conversion of natural resources, and 
the provision of innovative customer and market-focused solutions". In doing so, BHP Billiton 
values an overriding commitment to health, safety, environmental responsibility and sustainable 
development. 

Supporting the Framework is the HSEC Policy, which outlines a commitment to sustainable 
development and to continual improvement in performance, efficient use of natural resources and 
aspires to zero harm to people and the environment. 

The Framework is implemented via the HSEC Management Standards and associated guidelines. 

The implementation of the HSEC Management Standards and Guidelines is measured through 
BHP Billiton's Assessment and Targets Reporting processes. 

Figure 3-1 illustrates the BHP Billiton Sustainability Framework. 

Environmental Policy and Standards 

The BHP Billiton HSEC Policy is presented on Figure 3-2. 

The BHP Billiton HSEC Management Standards have been developed to interpret and support the 
HSEC Policy. These standards form the basis for the development and application of HSEC 
management systems at all levels of BHP Billiton operations. 
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WORKING RESPONSIBLY AT BHP BILLITON: 
OUR HEALTH, SAFETY, ENVIRONMENT 
AND COMMUNITY POLICY 

At BHP Billiton, we are committed to sustainable development. Health, 
safety, environment and community responsibilities are integral to the way 
we do business. 

We commit to continual improvement in our performance, efficient use of 
natural resources and aspire to zero harm to people and the environment. 

Wherever we operate we will: 

Develop, implement and maintain management systems for health, safety, environment 

and the community that are consistent with internationally recognised standards and enable us to: 

identify, assess and manage risks to employees, contractors, the environment and communities 

strive to achieve leading industry practice 

meet and, where appropriate, exceed applicable legal and other requirements 

set and achieve targets that include reducing and preventing pollution 

develop our people and provide resources to meet our targets 

support the fundamental human rights of employees, contractors and the communities 

in which we operate 

respect the traditional rights of indigenous peoples 

care for the environment and value cultural heritage 

advise on the responsible use of our products. 

Seek opportunities to share our success by: 

working with communities to contribute to social infrastructure needs through the development 

and use of appropriate skills arid technologies 

developing Dart nerships that Inrus on creating sustainable value for everyonv 

Communicate with, and engage, employees, contractors, business partners, suppliers, 

customers, visitors and communities to: 

build relationships based on honesty, openness, mutual trust and involvement 

share responsibility for meeting the requirements of this Policy. 

We will review regularly and report publicly our progress and ensure this policy 

remains relevant to the needs of our stakeholders. We will be successful when we 

achieve our targets toward our goal of zero harm and are valued by the communities 

in which we work. 

Chip Goodyear 

Chief Executive Officer 

January 200 
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The objectives of these Management Standards are to: 

provide a risk-based management system framework, consistent with the BHP Billiton Enterprise-
Wide Risk Management Policy, and with ISO 14001, OHSAS 18001, SA 8000 and other 
internationally recognised standards, that support the implementation of the BHP Billiton Charter 
and the HSEC Policy across BHP Billiton; 

set out and formalise expectations for the progressive development and implementation of 
detailed HSEC management systems at all levels of BHP Billiton; 

provide benchmarking, against which HSEC management systems across BHP Billiton operations 
can be measured; and 

provide a basis from which to drive continuous improvement towards leading industry practice. 

These Management Standards are described in full in the document Health Safety, Environment and 
Community Management Standards (BHP Billiton, 2002a) under the following 15 headings: 

Leadership and Accountability. 

Legal Requirements and Document Control. 

Risk and Change Management. 

Planning, Goals and Targets. 

Awareness, Competence and Behaviour. 

Health and Hygiene. 

Communication, Consultation and Participation. 

Business Conduct, Human Rights and Indigenous Affairs. 

Design, Construction and Commissioning. 

Operations and Maintenance. 

Suppliers, Contractors and Partners. 

Product Stewardship. 

Incident Reporting and Investigation. 

Crisis and Emergency Management. 

Monitoring, Audit and Review. 

Where appropriate, extracts of these Management Standards are summarised in the following 
subsections. 

Planning 

BHP Billiton Management Standard 4 requires the development of plans and programmes that include 
allocation of responsibilities, resources and time frames to facilitate the achievement of HSEC goals 
and targets, with systems to monitor and report on progress. These plans and programmes are 
updated as changes, modifications or new developments occur. 

The Goldsworthy area EMP is a planning document which establishes environmental management 
objectives and formalises the environmental management programme for the Goldsworthy area 
operations. The EMP also provides the control measures that employees and contractors must utilise 
to achieve the agreed environmental management objectives specified in the environmental approvals, 
along with the monitoring and performance indicators to be met by the operation. 
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Implementation and Operation 

The implementation and operation of the EMS comprises the following components: 

clearly defining the EMS structure and delegation of responsibility; 

implementing training and awareness programmes and improving competence; 

maintaining communication channels; 

maintaining the document controls system; and 

refining emergency contingency procedures and response plans. 

These components are addressed by the BHP Billiton Management Standards and a series of 
procedures, protocols, guidelines and toolkits that have been developed by BHP Billiton. The 
hierarchical structure of BHP Billiton management documents is illustrated on Figure 3-3. 

BHPBIO and operation based management documents are developed and implemented within the 
broader BHP Billiton standards and procedures (Figure 3-3). 

Checking, Corrective Action and Management Review 

The checking and corrective action component of the EMS involves regular review of environmental 
monitoring records and assessment of the performance in relation to environmental objectives. 
Monitoring records are collated and reported annually in BHPBIO's combined Annual Environmental 
Report (AER) for all of its Pilbara Mining Operations (including the GEP). 

Section 4 provides details of the specific environmental management measures that are used at the 
GEP to meet the environmental management objectives, the operating conditions and statutory 
requirements relevant to the Project. These programmes, procedures and management measures will 
continue to be reviewed and updated as necessary in accordance with the EMS continuous review and 
improvement process. 

Where necessary, this EMP will be revised in consultation with stakeholders to incorporate these 
updates. 

Environmental Approvals Dossier 

BHPBIO maintains a dossier that contains copies of all environmental approvals, licences and permits 
relevant to the Project. The dossier is updated as necessary to include new operating approvals and 
updated licences. 

3.2.2 	Responsibilities 

Site Manager 

Overall environmental management of operations in the Goldsworthy area is the responsibility of the 
BHPBIO Site Manager. The responsibilities of the Site Manager are as follows: 

implement BHP Billiton HSEC Policy and Management Standards at the site; 

ensure that the management aims and monitoring responsibilities of the EMP are met; 
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. 	understand environmental requirements and ensure compliance; 

set environmental objectives and targets; 

assign an individual responsible for environmental management who has direct access to the Site 
Manager; 

direct the activities of company employees, contractors and subcontractors on-site to ensure that 
environmental requirements are met; 

obtain goods and services that conform with relevant legal, permit and contract requirements, 
accepted standards and BHPBIO specifications; 

provide information/training to employees and contractors regarding their environmental 
obligations; and 

liaise with the contractor, other BHPBIO staff and government agencies, as required. 

As described in Section 3.2.1, the EMP will be periodically reviewed and revised during the life of the 
GEP to incorporate the results of environmental monitoring, regular auditing, improving industry 
practices or any major change to mining practices at the various operations. An effective feedback 
system is an integral part of this improvement process. In order to provide this feedback, the Site 
Manager will be responsible for: 

undertaking scheduled and documented inspections of key aspects that are highlighted in the 
EMP; and 

reporting and rectifying environmental incidents (e.g. major hydrocarbon spills) should these 
occur. 

Contractors 

The intent of BHP Billiton Management Standard 11 is that activities such as the contracting of 
services, the purchase, hire or lease of equipment and materials, and activities with partners, are 
carried out so as to minimise any adverse HSEC consequences and, where possible, to enhance 
community development opportunities. 

The contracting company undertaking the mining operation at the GEP is required to designate an 
Environmental Representative. The main responsibilities of the Environmental Representative are: 

maintain routine contact with the Site Manager to ensure the integration of environmental 
objectives with the mining operation; 

provide monthly reports to site management on environmental issues; 

conduct regular audits; and 

ensure compliance with environmental operating conditions. 

Minimum environmental standards and responsibilities will continue to be incorporated into all written 
contracts for the GEP. These minimum standards include, but are not necessarily limited to, a 
requirement that contractors comply with this EMP and BHP Billiton HSEC Policy and Management 
Standards, as well as relevant legislative and licensing requirements. 
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Contracts include an environmental clause to ensure contractors comply with the environmental 
practices detailed in this EMP. This documentation is kept on a file at the operation site and with the 
BHPBIO Site Manager. In additional to contractual requirements, the following management measures 
are implemented at the GEP to ensure that contractors comply with the management practices 
outlined within this EMP: 

As part of BHPBIO's commitment to ensure waste materials removed from site are disposed of or 
recycled in an environmentally acceptable manner, contractors are required to provide a copy of 
the licence, which stipulates their authority to handle the material to be removed from the site. 

BHPBIO considers the environmental performance of tenderers with reference to price, timing, 
experience and other criteria, including: 

- 	number of environmental incidents that the tenderer has had in last three years; 

- 	presence of an implemented environmental management system; 

- 	environmental management procedures that the tenderer has in place; 

- 	dust prevention measures that the tenderer will use on site; and 

- 	spill prevention and response procedures are in place. 

Contractors will be required to apply appropriate environmental management practices in carrying 
out the contracted work to minimise environmental risks. 

Contractor employees will be required to undergo site induction that includes the environmental 
requirements of the GEP. 

Monitoring of contractors' activities will be carried out to ensure compliance with issues raised 
during the audit process and conditions specified in contracts. 

3.2.3 	Training 

BHP Billiton Management Standard 5 requires employees, contractors and visitors to receive 
inductions that address relevant HSEC objectives, hazards, risks, controls and behaviours at the 
commencement of their employment or site visit. BHP Billiton Management Standard 5 also requires 
the establishment of systems to enable the identification, prioritisation, planning, documentation and 
monitoring of training needs so that employees and contractors are able to fulfil their HSEC 
responsibilities. The identification, documentation and periodic review of HSEC competencies are also 
required for all positions. 

Employee and contractor training will be conducted at the GEP to minimise potential impacts arising 
from a lack of knowledge regarding sensitivities of the environment or inadequate application of site 
management procedures. In accordance with BHP Billiton Management Standard 5: 

Initial environmental training will be provided to all BHPBIO personnel and contractors via the site 
induction process. 

Specific training on environmental management issues will be based on the outcomes of a needs 
analysis for each work area/employee. 

Induction and environmental training records will be maintained on-site to allow for management 
of periodic refresher courses. 

Cross-cultural training will be provided for employees and contractors who interact with indigenous 
groups and traditional owners. 
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General workforce environmental induction and training will include, but is not necessarily limited to: 

vegetation clearing and disturbance protocols; 

identification of weed species, reporting of infestations and hygiene procedures to prevent the 
introduction and spread of weeds; 

protection of flora and fauna; and 

waste management, storage and handling of hydrocarbons/chemicals and spill response and 
clean up procedures. 

	

3.2.4 	Communication, Consultation and Participation 

BHP Billiton Management Standard 7was established with the intention of facilitating the maintenance 
of effective communication with stakeholders associated with BHP Billiton activities, while encouraging 
stakeholder participation in and commitment to HSEC performance improvement initiatives. BHP 
Billiton Management Standard 7 establishes performance requirements for communication, 
consultation and participation across BHP Billiton operations. These performance requirements 
include the establishment of systems to identify and work with stakeholders, including participation in 
the development, implementation, review and improvement of HSEC initiatives and programmes, 
regular dissemination of relevant policies and standards to employees, contractors and external 
stakeholders, and maintenance of open consultation and communication with government and other 
organisations in order to contribute to the development of public policy initiatives. 

In accordance with BHP Billiton Management Standard 7, HSEC information is shared across BHP 
Billiton operations. Provision is also made for the recording, acknowledgement, investigation and 
reporting of concerns, complaints and other communications related to HSEC aspects of BHP Billiton 
operations. Communication, consultation and participation processes are regularly reviewed in 
collaboration with stakeholders. 

Communication and consultation with stakeholders at the GEP is undertaken at a variety of levels and 
includes employees, contractors and regulatory authorities as well as other external parties. The 
dissemination of BHP Billiton HSEC policies and objectives is an essential part of the employee and 
contractor training programme (Section 3.2.3). At the same time, participation of employees and 
contractors is an integral part of the review and verification of HSEC performance at the GEP. 

	

3.2.5 	Auditing 

BHP Billiton Management Standard 15 establishes a number of requirements in relation to auditing of 
compliance with the BHP Billiton Management Standards and the management of HSEC risk. In 
particular BHP Billiton Management Standard 15 establishes a requirement for inspections and audits 
to be conducted at frequencies appropriate to the level of HSEC risk. Systems must also be in place 
to respond to and manage instances of non-conformance. Annual self-assessments are conducted at 
each site to assess the extent of compliance with BHP Billiton Management Standards. The suitability, 
adequacy and effectiveness of HSEC management systems are assessed through documented 
annual management reviews. BHP Billiton Management Standard 15 requires that all sites and 
organisations be audited at a minimum frequency of once every three years (more frequent if 
warranted by HSEC risk profile and performance history) to establish the extent of compliance with the 
Management Standards. Non-conformances are addressed through the preparation and execution of 
performance improvement plans. 
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Both internal and external auditing provides a method for assessing whether BHPBIO employees and 
contractors are fulfilling their environmental responsibilities in accordance with the Project EMP. 
Where the auditing process identifies sub-optimal performance or non-compliance, BHP Billiton 
Management Standard 15 requires the development of an action plan to rectify the problem. 

The auditing and review processes that will be used at the GEP are as follows: 

BHPBIO will undertake internal audits and facilitate audits by government agencies to assess 
compliance with licence requirements and environmental obligations. Management personnel 
from government agencies may audit the site on an annual or three yearly basis as a component 
of Annual or Triennial report reviews. 

BHPBIO conducts an annual compliance audit. This includes, but is not necessarily limited to: 

- 	all aspects of the operation that potentially result in pollution and processes that result in 
emissions; 

- 	effluent or wastes; 

- 	land rehabilitation; 

- 	site closure; 

- permits; 

- 	programmes to enhance community and government relations; 

- 	effects on natural systems; 

- 	effects on archaeological, palaeontologic or historic artefacts; and 

- 	management systems to identify, control and monitor environmental risks arising from 
operations. 

BHPBIO and/or the auditing organisation prepares environmental performance/compliance 
reports that describe the status of compliance with environmental conditions at the time of the 
audit. These environmental performance/compliance reports are submitted to the administering 
authority where required by the operating approvals for the GEP. 

3.2.6 	Reporting 

BHP Billiton Management Standard 15 requires HSEC performance to be regularly measured, 
monitored, recorded and analysed with results reported to stakeholders as appropriate. Systems are 
also required to be in place to respond to and manage non-conformances. 

Reporting to Government 

In accordance with the requirements of the EP Act operating licences, an AER is provided to the EPA, 
DoIR, DoE and other relevant authorities. The AER provides results of the environmental monitoring 
programmes and assessment of compliance with licence requirements. Where appropriate, 
environmental monitoring data is summarised and/or submitted in full in an appendix to the AER. 

The AER also includes the results of the Progress and Compliance Reports in accordance with the 
requirements of Condition 7 of the Minister for the Environment's Statement of Approval No. 303. 
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Incident Reporting 

The following incident reporting mechanisms are implemented for the GEP: 

all employees and contractors are required to report environmental occurrences and hazards via 
their supervisor for notification and follow up investigation assessment; 

non-compliance or emergency events are reported to regulatory authorities as per the 
requirements of relevant licences and approvals; and 

significant incidents are reported to BHPBIO at a corporate level by the Site Manager. 

Reporting to Non-Government Stakeholders 

The BHPBIO AER is available to non-government stakeholders through the DoE. BHP Billiton and 
BHPBIO also undertake public annual environmental reporting at a corporate level, which is distributed 
to interested parties and made available on the BHP Billiton website. 

3.3 	RISK ASSESSMENT AND CONTROL MECHANISMS 

3.3.1 	Overview 

BHP Billiton Management Standard 3 requires the application of HSEC risk management processes in 
order to prioritise and manage risks and to drive continuous improvement in HSEC performance. 
People with relevant knowledge and experience, including employees, contractors and other 
stakeholders are involved in the HSEC risk assessment process. Evaluation of identified risks is 
undertaken by the level of management that is consistent with the significance of the risk. HSEC risks 
are reviewed annually (at a minimum) and are recorded and maintained in a risk register. Risk 
management decisions are also documented and resulting actions tracked. 

The primary objective of the BHPBIO environmental risk assessment and management system is to 
minimise environmental risk in all aspects of its operations. The risk assessment process and the 
development of a risk profile are undertaken in accordance with the BHP Billiton Enterprise Wide Risk 
Management Policy, the BHPBIO Risk Management Guidelines, and the BHP Billiton HSEC Policy, 
Management Standards and Guidance Notes. The risk standards have been developed in accordance 
with AS/NZS 4360:1999 - Risk Management and ISO 14001. 

Risk management is recognised as an integral part of good management practice. It is an iterative 
process consisting of steps, which when undertaken in a sequence, enable continuous improvement in 
decision making. The main elements of the risk management process are as follows (AS! 
NZS 4360:1999): 

establish the context; 

identify risks; 

analyse risks; 

evaluate risks; 

control risks; 

monitor and review; and 

communicate and consult. 

May2005 	 3-13 



oilI 

bhpbiWton BHPBiIIiton Iron Ore 
Environmental Management Plan 

The BHPBIO Environmental Management Standards require systems to be in place to identify, assess 
and document actual and potential risks. A summary of the major components of this process is 
provided in the subsections below. 

	

3.3.2 	Risk Identification 

AS/NZS 4360:1999 emphasises the importance of a comprehensive and well-structured risk 
identification step, since a potential risk not identified at this stage is excluded from further analysis. 
Where possible, the risk identification step should identify all risks whether or not they are under the 
control of the organisation, and each activity or project should have the identified risks separated into a 
set of elements (e.g. environmental, health and safety and business). 

Identification of environmental risks at the GEP is undertaken in collaboration between BHPBIO site 
staff and mining contracting personnel from each different department on-site including operational 
staff. This process will continue to be implemented to review existing risks previously identified, and 
when necessary assess new risks based on new activities, processes and new incidents reported. 

A variety of different approaches to risk identification are suggested in AS/NZS 4360:1999. These 
include the use of checklists, judgements based on experience and records, flow charts, brainstorming 
sessions, systems analysis, scenario analysis and systems engineering techniques. Once a list of risk 
events has been identified, consideration needs to be given to possible causes and scenarios for each 
event. 

Environmental risks at BHPBIO operations are evaluated using the standard BHPBIO matrix to 
determine risk rating. A database has been developed in accordance with BHPBIO's Risk 
Management Guideline to facilitate a consistent approach to risk assessment. 

	

3.3.3 	Risk Analysis and Evaluation 

The overall objective of the risk analysis step is to separate the minor acceptable risks from the major 
risks, and provide data to assist in the evaluation and treatment of risks. Risk analysis typically 
involves consideration of the sources of risk, their consequences and the likelihood that those 
consequences may occur. The analysis may be qualitative, semi-quantitative or quantitative, or a 
combination of these depending on the circumstances. 

The risk evaluation process at BHPBIO operations typically involves comparing the level of risk found 
during the analysis process with previously established risk criteria. The output of the risk evaluation 
process is a prioritised list of risks that require further action. 

Risk analysis at the GEP will generally in the form of a Risk Register Review Workshop attended by 
BHPBIO site staff and contractor representatives. 

Prior to the Risk Register Review workshop, attendees will be issued with a Risk Awareness leaflet 
which outlines the Risk Review Process and the current site specific risk issues to be discussed. 
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3.3.4 	Risk Treatment and Management 

AS/NZS 4360:1999 defines the risk treatment step as 'identifying the range of options for treating risk, 
assessing those options, preparing risk treatment plans and implementing them'. 

In establishing risk management methods, the principles of best practice management are adopted. 
Risk can be managed through the development and implementation of measures that aim to: 

minimise the likelihood and impact of an environmental hazard occurring; and 

minimise the impact of an environmental hazard should it occur. 

The BHPBIO risk assessment and management system is designed to: 

identify cost-effective controls and management strategies that minimise the risk of environmental 
hazards occurring; 

implement risk control measures that minimise the impact of a hazard should it occur; 

meet organisational environmental objectives and targets; and 

demonstrate a commitment to protection of the environment. 

	

3.3.5 	Communication, Consultation and Monitoring Review 

The outputs of the BHPBIO Risk Assessment process are used to generate a site Environmental Risk 
Register, which typically contains the following generic categories: 

List/description of environmental aspects/hazards. 

Description of potential environmental impacts (consequences). 

Management measures in place (or proposed in the case of planned projects). 

Environmental consequence severity rating. 

Likelihood/frequency rating. 

Risk Rating (residual risk left after applying management measures). 

The Risk Register is a management tool that is used for communication, consultation and monitoring 
of risks, and is reviewed and updated regularly in accordance with BHP Bill/ton Management 
Standard 3. 

The GEP Risk Register will continue to be used to assess potential risks against a range of 
environmental aspects and present measures that are in place or are to be adopted to treat and/or 
manage identified risks. 
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4.1 	OVERVIEW OF THE ENVIRONMENTAL MANAGEMENT PLAN 

BHPBIO manages environmental issues at its mining operations within the BHP Billiton HSEC 
framework. 

The principle document for managing environmental issues at the GEP is the EMP. The EMP 
describes the potential environmental impacts of the Project on the surrounding environment including: 

soil resources; 

landforms; 

surface water; 

groundwater; 

air quality; 

noise; 

flora; 

fauna; 

waste management; 

dangerous goods and hazardous materials; and 

Aboriginal heritage. 

The EMP provides management practices to minimise and/or mitigate potential environmental impacts, 
monitoring programmes, and performance indicators. 

The EMP is a guiding document which incorporates principles from BHPBIO Pilbara-wide 
environmental management programmes to minimise and/or mitigate environmental impacts at the 
GEP. The management programmes included in the EMP are the Mining Operations Land 
Management Programme, Mining Operations Water Management Programme and Mining Operations 
Waste Management Programme. 

In addition to the management programmes, BHPBIO prepares and regularly revises technical 
environmental manuals for its Pilbara mining operations which cover specific issues including topsoil 
management, fauna management and borrow pit management. Principles from these environmental 
manuals are also incorporated into the management measures and monitoring programmes developed 
for the GEP and described in the EMP. 

The BHPBIO environmental management programmes and manuals are described in Sections 4.1.1 
and 4.1 .2 below. 

4.1.1 	BHPBIO Environmental Management Programmes 

Mining Operations Land Management Programme 

The BHPBIO Mining Operations Land Management Programme (MOLMP) focuses on the 
management of land clearing, rehabilitation and mine closure. The objectives of the MOLMP are to: 

ensure all land clearing is planned, including compliance with the Project Environmental and 
Aboriginal Heritage Review (PEAHR) land clearing procedure (Section 4.1.2); 
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ensure mine closure plans are developed and finances accounted for; 

ensure rehabilitation is progressive when land becomes available; 

establish and communicate the management structure, including defined roles and 
responsibilities, in relation to land management; 

establish a framework of continuous improvement in land management; and 

. 	establish key performance Indicators and monitoring schedules to measure against targets. 

The objectives of the MOLMP are implemented through two components: the Land Management 
Manual and site-specific Land Management Plans. 

The Land Management Manual outlines the management of clearing and rehabilitation across all of 
BHPBIO's mining operations. The manual describes roles and responsibilities, management 
procedures and performance indicators. 

Site-specific Land Management Plans are developed for individual mining operations. These plans 
provide details of clearing, rehabilitation and closure principles including estimated costs, management 
initiatives and targets associated with these aspects. The site-specific land management plan for the 
GEP has been developed and implemented. The plan will be periodically reviewed and updated as the 
GEP progresses to ensure BHPBIO continues to meet its GEP land management objectives and 
targets. 

Mining Operations Water Management Programme 

The objectives of BHPBIO's Mining Operations Water Management Programme (MOWMP) are to: 

establish and communicate the management structure, including defined roles and 
responsibilities, in relation to the management of water; 

ensure that water use, efficiency and associated costs are monitored; 

ensure water efficiency improvements are instituted in BHPBIO operations and business planning; 

minimise the use of freshwater where possible by maximising water recycling; and 

establish the framework for continuous improvement of water management. 

The MOWMP consists of two parts: a Water Management Manual and site-specific Water 
Management Plans. 

The Water Management Manual outlines objectives and strategies for the management and 
conservation of water at BHPBIO Mining Operations. 

Site-specific Water Management Plans provide descriptions of water management/supply schemes, 
current practices, reduction initiatives (including costs and responsibilities) and performance indicators. 
The site-specific water management plan for the GEP has been developed and implemented. The 
plan will be periodically reviewed and updated as the GEP progresses to ensure BHPBIO continues to 
meet its water management objectives and targets. 
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Mining Operations Waste Management Programme 

As part of BHPBIO waste management commitments, a Mining Operations Waste Management 
Programme has been developed. The objectives of the programme are: 

. 	To observe the waste management hierarchy of elimination, reduction, reuse, recycling, treatment 
and disposal as the last resort. 

. 	To manage all waste generated in such a manner that minimises any detrimental effects it may 
have to the environment. 

. 	To ensure that BHPBIO mining operations comply with all applicable licence conditions and 
commitments, at all times. 

The objectives of the programme are implemented through two components: the Waste Management 
Manual and site-specific Waste Management Plans. 

The Waste Management Manual outlines objectives and strategies for the management of wastes at 
BHPBIO's mining operations. 

Site-specific Waste Management Plans cover reduction initiatives, costs, critical risk issues and 
performance indicators that aid in achieving waste reduction targets. The site-specific waste 
management plan for the GEP has been developed and implemented. The plan will be periodically 
reviewed and updated as the GEP progresses to ensure BHPBIO continues to meet its waste 
management objectives and targets. 

4.1.2 	Environmental Manuals 

BHPBIO has developed a series of manuals to provide environmental personnel and others, with easily 
accessible information regarding the management of specific environmental issues. These manuals 
are generally applicable to all of BHPBIO's Pilbara operations and are intended to be used as guiding 
documents only. 

Examples of environmental manuals used at the GEP include: 

Topsoil Management Manual. This manual describes the overall objectives and strategies relating 
to the four main components of soil management: baseline soil surveys, soil stripping, stockpiling 
and soil utilisation. 

. 	Borrow Pit Management Manual. This manual outlines the principles and objectives for the 
planning, development and subsequent rehabilitation of borrow pits. 

. 	Fauna Management Manual. This manual outlines the overall objectives and strategies for fauna 
management at BHPBIO mining operations. 
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4.1.3 	Project Environmental and Aboriginal Heritage Review Procedure 

BHPBIO has developed a Project Environmental and Aboriginal Heritage Review (PEAHR) land 
clearing procedure to manage the implementation of its environmental, Aboriginal Heritage and legal 
commitments prior to and during land clearing. Additionally, the PEAHR procedure provides a 
mechanism whereby technical and professional advice provided regarding environmental issues, land 
access and Aboriginal heritage planning and management issues is sought where necessary. 

The objectives of the PEAHR procedure are to: 

Identify the significant environmental, Aboriginal heritage and legal aspects of BHPBIO 
operations. 

Ensure that, through appropriate environmental Aboriginal heritage and land access planning and 
management, BHPBIO Project activities comply with all legislative and regulatory requirements, 
BHP Billiton HSEC Policy, industry standards and Codes of Practice. 

Reduce the number and nature of environmental and Aboriginal heritage incidents and improve 
the environmental performance of BHPBIO operations. 

Provide improved planning and management throughout a Project, from the planning stage to 
completion. 

A summary of the PEAHR procedure is presented in Figure 4-1 and described in detail in BHPBIO 
Work Instruction (WIN-ENV-PEAHR-001). 

4.2 	SOIL RESOURCES 

4.2.1 	Existing Environment 

As a result of the sparse vegetation cover and the erosive force of the heavy summer rains, soil 
resources on the hills and ranges where the Goldsworthy ore bodies occur are generally limited to very 
thin, poorly developed skeletal soils in between rocky outcrops. Much of the soil on the hill slopes 
tends to be transported downwards, and hence, soils on the adjoining plains are generally deeper and 
show more pronounced development of horizons (ecologia, 2005). 

Notwithstanding the generally limited depth of soil resources at Goldsworthy, operational experience 
has shown that where they have been stripped from disturbance areas and used in rehabilitation they 
provide valuable nutrient and seed resources. This proven success of topsoil, prompts the recovery of 
soil reserves wherever possible prior to disturbance by mining activities. At the Project, studies into the 
use of laterite subsoils have indicated that they are potentially valuable for use in rehabilitation 
(Outback Ecology, 2004) and are also recovered, where possible, to be used as an alternative growth 
medium to topsoil. 
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4.2.2 	Potential Impacts 

Potential impacts of the Project on soil resources are summarised below: 

clearing of established vegetation may increase the likelihood of soil erosion by both wind and 
water; 

inappropriate stockpiling of topsoil and other soil resources has the potential to reduce the viability 
of seeds, nutrients, organic matter and micro-organisms; 

. 	alteration of soil structure and/or chemistry beneath infrastructure items, hardstand areas and 
roads (e.g. through compaction, spillage of hydrocarbons or chemicals); and 

. 	alteration of soil structure, changes to soil chemistry, and changes to the natural soil 
evolution/forming processes caused by stripping, stockpiling and reusing topsoil from disturbed 
areas in rehabilitation. 

Table 4-1 provides a summary of the additional disturbance areas associated with the Project. 

Table 4-1 
Additional Project Disturbance Areas 

Yarrie 	 Extension to Y4. Y7 and YlO mining areas. 22 
(Y4A, Y7 West and YlO North)  

Cattle Gorge 	 New mining area, OSA and associated 57 
infrastructure.  

Nimingarra 	 New mining areas, OSA and associated 18 
(Nim I) 	 infrastructure.  

Total 97 

	

4.2.3 	EMP Objective 

To conserve and re-use the soil resources which contain seeds, nutrients, organic matter and micro-
organisms required for re-establishing vegetation on rehabilitated areas. 

	

4.2.4 	Management Practices 

Minimising the impact of mine operations on the surrounding environment (i.e. flora and fauna habitats, 
landform and drainage systems) is accomplished at Bl-IPBIO's operations through the adoption of a 
policy of minimum disturbance. Where disturbance is unavoidable, it is undertaken in a manner which 
limits the area cleared to the minimum necessary, reduces the potential for erosion, and uses 
rehabilitation to promote the natural return of vegetation and fauna consistent with agreed closure 
criteria and commitments. 

As discussed in Section 4.1.1, BHPBIO has prepared a Land Management Manual for its Pilbara 
mining operations. The purpose of the manual is to outline the aspects relevant to the management of 
clearing and rehabilitation of land. 
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The Land Management Manual contains a generic topsoil management section and refers to 
BHPBIO's Topsoil Management Manual for details. The Topsoil Management Manual describes the 
overall objectives and strategies relating to the four main components of soil management at 
BHPBO's Pilbara operations. These components are centred on the following directives: 

baseline topsoil surveys should be undertaken prior to disturbance; 

stripping of soil resources should be to appropriate depths and at appropriate times; 

stripped soils should be stockpiled in an appropriate manner; and 

appropriate planning should be undertaken so that stripped topsoil can be efficiently and 
effectively used during rehabilitation. 

BHPBIO's Topsoil Management Manual has been prepared to provide environmental personnel and 
others, with easily accessible information regarding the management of topsoil. The information 
provided relates to baseline topsoil assessment methodologies, consideration of topsoil resources 
during mine planning, generic topsoil stripping and stockpiling procedures, topsoil use in rehabilitated 
areas, and reporting requirements. 

Borrow pit management procedures are described in BHPBIO's Borrow Pit Management Manual. The 
manual includes management procedures for the planning and construction of proposed borrow pits 
and rehabilitation of old borrow pits. These procedures will be followed at the Project. 

Specific land clearing management practices undertaken at the Project to minimise the effect of land 
disturbance on the environment include. 

All activities that require land clearance are to be authorised by BHPBIO via the PEAHR land 
clearing procedure described in Section 4.1. Land clearing cannot take place until the PEAHR 
form is authorised by BHPBIO. 

Employees and contractors will be advised of the land clearing authorisation processes via the 
induction. 

Once planned land disturbance activities have been authorised, the following specific soil resource 
management practices will be used at the Project to minimise soil loss through erosion and to 
maximise the potential for re-using stripped materials in rehabilitation programmes. 

The site contractor must complete a Land Clearance/Disturbance Permit that is to be signed off 
by a BHPBIO representative after checking with the corresponding PEAHR. A plan will be 
prepared showing areas requiring topsoil removal before stripping occurs as part of the PEAHR 
procedure (Figure 4-1). 

Where practicable, topsoil and other identified suitable growth medium subsoil materials (e.g. 
laterite material) will be stripped prior to the commencement of mine operation activities. 

Where mine scheduling allows, stripped topsoil and other materials will be directly applied to 
areas being rehabilitated. Where this is not possible, stripped materials will be stored in separate 
stockpiles for later use. The stockpiles (both long and short-term) will be constructed and 
managed in a manner that encourages the continuation of the soil's biological activity. 
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Where practicable, the storage and reuse of topsoil is conducted in a manner that minimises the 
potential for significant changes to the structure and chemical properties of the soil, and allows 
natural soil evolutionary processes to continue once the soil is replaced in rehabilitated areas. 

Topsoil details will be recorded on the Topsoil Stockpile Datasheet and stored into a central 
database or spreadsheet. 

Locations of topsoil storage stockpiles will be recorded on BHPBIO's Spatial Mine Planning 
Programme (i.e. Vulcan or equivalent). The locations of soil stockpiles will be planned so that 
potential sites for future mine and infrastructure disturbance areas are taken into consideration. 

Stockpiles will be clearly identified on the relevant site plan and where appropriate, sign-posted in 
the field. Plans indicating the location and volume of topsoil and other materials stockpiled will be 
updated as necessary. 

Regular inspections will be undertaken to assess erosion and sediment migration from topsoil 
stockpiles. Where unacceptable rates of erosion are identified, remedial works will be 
undertaken, or the stockpile will be relocated. 

Mining contractors will be closely supervised and will be subject to periodic audits by BHPBIO to 
assess conformance with these soil management procedures. 

A condition prohibiting unauthorised clearing will be included in all relevant contracts. 

Historical GEP Soil Management Issues 

It is acknowledged that soil resource management at the Goldsworthy operations during early mine 
development was insufficient to meet current BHPBIO standards (i.e. at many of the earlier pits and 
OSAs, no stripping or stockpiling of soils was undertaken). To address this issue, recent mining 
practice at Goldsworthy has included the recovery and separate storage of laterite subsoil material that 
overlies mined iron ore reserves in some areas (up to 10 m thick). 

This laterite material has suitable characteristics for use as a growth medium during rehabilitation 
(Outback Ecology, 2004). As part of the Project, laterite material recovery will continue to be used in 
the rehabilitation of new landforms, as well as some designated existing landforms where success is 
considered sub-optimal. 

	

4.2.5 	Performance Indicators 

Comparison between the information recorded in the topsoil database and the relevant PEAHR 
form to determine whether specific management measures, disturbance areas and stockpile 
locations nominated in the PEAHR form have been followed. 

	

4.2.6 	Monitoring 

BHPBIO will conduct inspections to confirm that soil resources are being removed and stockpiled 
in the appropriate locations and the relevant plans and databases are updated. 
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4.3 	LANDFORMS 

4.3.1 	Existing Environment 

The landforms of the Goldsworthy area are dominated by rocky ridges and plateaus, separated by the 
wide plains and floodplains of the De Grey River and its tributaries. To the north-east is the 
predominantly flat expanse of the Great Sandy Desert. 

The ridges and plateaus of the Goldsworthy area typically rise sharply from the surrounding plains, and 
in many areas cliffs and steep escarpments that are up 100 m high have formed. Scree slopes 
typically form below the escarpments, and areas of the ridges and plateaus are heavily dissected with 
steep V-shaped valleys, gorges and dendritic drainage patterns. The wide plains to the south of the 
Goldsworthy area gently slope towards the De Grey River, which is situated some 10 to 20 km to the 
south. 

The elevation of topographical features in the Goldsworthy area ranges from approximately 280 m 
AHD (Australian Height Datum) at the Yarrie Plateau, to approximately 80 m AHD at the De Grey River 
south of Nimingarra. The Yarrie accommodation village lies at approximately 130 m AHD as does the 
Shay Gap borefield to the north on the edge of the Sandy Desert. Coonjeena Creek at Shay Gap is at 
an elevation of approximately 120 m AHD. 

Elevations at Cattle Gorge range from approximately 250 m AHD on the plateau to approximately 
130 m on the adjoining plain. Sunrise Hill and Nimingarra Ridges are lower than Yarrie and Cattle 
Gorge with elevations generally below 210 and 200 m AHD respectively. 

The existing mining operations have altered the natural landforms at Nimingarra, Sunrise Hill, Shay 
Gap and Yarrie through the creation of mine voids and out-of-pit OSAs. The majority of the pits have 
been mined into the top surface of the ridges and plateaus (i.e. rather than coming in from the side). 
As a result, in most cases they are not visible from the surrounding plains, and can only be clearly seen 
when on the ridge itself or from the air. Some of the open pits have been mined below the water table. 
In those areas where mining has ceased, permanent lakes have developed within the pits. 

Several of the mined-out pits in the Yarrie area have been used to store overburden from adjoining 
pits. Once full, the final surfaces of these in filled pits have been re-contoured to be a close as 
possible to the pre-mining situation before being rehabilitated. 

The existing out-of-pit OSAs at Goldsworthy have generally been constructed near to the pits by 
placing overburden over the edge of the natural escarpments. These OSAs are therefore much more 
visible than the pits. Notwithstanding, the OSAs have been designed and rehabilitated to have similar 
shapes to the naturally occurring scree slopes, and in most cases blend in with the pre-mining 
topography (particularly where revegetation of the area is advanced). 

4.3.2 	Potential Impacts 

The natural topography would be affected by the proposed new and expanded mining operations at 
Nim I, Cattle Gorge and the Yarrie pits Y4A, Y7 West and YlO North. These effects would primarily be 
in the vicinity of the new and extended open pits and OSAs where areas of the ridges and plateaus 
would be locally reduced in elevation in the pits and the OSAs would extend existing escarpment faces. 
The open pits would generally not be visible from the surrounding plains as they are shielded by the 
OSAs and the escarpments. 
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The new out-of-pit OSAs will be constructed to adjoin existing ridge and mesa landforms where 
practicable to minimise their contrast with existing landforms and will be designed to have final slopes 
and shapes that are similar to the surrounding naturally occurring landforms. 

Changes to existing landforms will also occur as a result of cut and fill works associated with the 
required service infrastructure (i.e. access and haul roads, and the service infrastructure at Cattle 
Gorge). Once these areas are no longer required, all equipment and infrastructure will be 
decommissioned and removed (unless otherwise agreed with the administering authority) and the 
areas will be re-contoured to blend with the surrounding topography and then rehabilitated. 

4.3.3 	EMP Objectives 

The following objectives for minimising the effect of the Project on landforms have been developed. 

. 	Final Iandform designs will be sympathetic with regional Iandforms. 

. 	The number and size of out-of-pit overburden storage areas will be minimised. 

Residual pit voids will be left as run-of-mine (ROM) where geotechnically stable, and profiled as 
necessary to achieve long-term closure objectives. 

4.3.4 	Management Practices 

Management practices to minimise the effect of BHPBIO's operations on landforms at the GEP during 
the mine life are described below. Closure concepts for the mine landforms at the Project are 
described in the Decommissioning and Rehabilitation Plan. 

Mine infrastructure (i.e. access tracks, borrow pits, topsoil stockpiles, buildings, etc.) that is no 
longer required will be decommissioned, and the disturbed area re-contoured to blend with the 
surrounding topography, topsoiled and contour ripped (or equivalent) in preparation for seeding 
with native species as necessary. 

Where possible, the location and layout of infrastructure areas and mine landforms will be 
designed in a manner such that environmental impacts (including potential changes to existing 
landforms and drainage channels, and Aboriginal heritage values) are kept to a minimum. 

Erosion within and around infrastructure areas will be managed through the minimisation of 
clearing, rehabilitation, and the installation of appropriate drainage controls, where necessary. 

Where necessary, drainage features such as cut-off drains and bunds will be incorporated in the 
design of cuts and dumps to stop water running down the sides and causing erosion. 

The layout of infrastructure will be designed to take into account impacts on drainage lines. 

An overburden storage construction plan for new OSAs will be developed and incorporated into 
the life of mine plan prior to the commencement of out-of-pit dumping activities. All overburden 
placement in the new OSAs will be undertaken in accordance with this plan. 

The final rehabilitated designs of OSAs will be sympathetic with the surrounding landforms and 
consistent with the relevant guiding closure principles contained in the Decommissioning and 
Rehabilitation Plan. 
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4.3.5 	Performance Indicators 

Overburden preferentially placed into mined out areas where practicable. 

Overburden storage areas conform to approved site plans. 

Overburden storage areas conform to BHPBIO guidelines for characterisation and placement of 
overburden. 

4.3.6 	Monitoring 

The BHPBIO Site Manager or delegate will regularly inspect operational areas to assess whether 
they are being developed as per the relevant life of mine plans. 

Monitoring of the rehabilitated areas will be undertaken until it can be demonstrated that the 
vegetation is progressing towards a stable condition. Ecosystem Function Analysis (EFA) or 
similar systems will be evaluated and implemented to assess progress. 

4.4 	SURFACE WATER 

4.4.1 	Existing Environment 

The Goldsworthy area is located in the De Grey River catchment. The De Grey River basin covers an 
area of 49,440 km2  and extends nearly 410 km inland in the north-west region of Western Australia 
(WRC, 2004). The De Grey River is a major river system with an extensive sediment filled floodplain 
and numerous tributary rivers and creeks. The river is located some 10 to 20 km to the south of the 
mining areas. 

Most rivers and creeks in the De Grey basin are intermittent and only flow following cyclonic activity 
over the summer months and can have several years of no flow, followed by flood events. Drainage 
channels in the Goldsworthy area collect and direct overland flow to the various tributary creeks of the 
De Grey River including Egg Creek, Eel Creek and Coonjeena Creek. 

These creeks are generally dry and sandy with broad channel beds in the order of 20 m to 100 m wide. 
Significant flows occur during sustained high intensity rainfall events associated with cyclones and rain 
depressions. On a regional scale, the local creeks at the GEP are very minor tributaries of the De 
Grey River. 

Runoff from the Cattle Gorge area either flows to the adjoining plains to the north and west, or flows 
into Cattle Gorge Creek to the east and south of the deposit. A narrow gorge has been formed where 
Cattle Gorge Creek flows through the main ridge/plateau. This gorge is well outside of the proposed 
mining area. Cattle Gorge Creek flows in a generally south easterly direction and is a tributary of Eel 
Creek. 

BHPBIO has current licences to discharge excess water generated by mine dewatering activities into 
the creeks adjacent to the Sunrise Hill - Nimingarra and Yarrie mining areas. The water is transferred 
to the approved discharge points from turkeys nest dams that act as stilling ponds to reduce sediment 
loads prior to discharge. Table 4-2 provides a summary of the volumes of excess water released in 
the last three years. 
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Table 4-2 
Surface Water Discharge Volumes 

Source: 	Aquaterra (2005) 

4.4.2 	Potential Impacts 

The proposed mining operations at Nim I, Cattle Gorge, Y4A and YlO North have the potential to 
impact surface water resources by changing local surface water flow patterns (i.e. through the 
construction of the new open pits, OSAs, and the Cattle Gorge haul road), or by affecting surface water 
quality or quantity as a result the discharge of mine dewatering water, or erosion and sedimentation 
from new disturbance areas or contamination from chemicals/hydrocarbons. The new Cattle Gorge 
haul road would require a number of crossings of watercourses that are already traversed by the Yarrie 
to Port Hedland railway line. 

The continuous discharge of surface water at a single location, as occurs during dewatering 
operations, has the potential to encourage the temporary establishment of vegetation communities that 
are dependent on a continuous supply of water. Once dewatering operations cease, the vegetation 
communities are likely to return to a pre-mining condition. 

4.4.3 	EMP Objectives 

To prevent or minimise impacts on the quality of surface water resulting from mining operations 
and contain any contaminated water on site. 

To ensure that the quality of water returned to local and regional surface water resources will not 
result in significant deterioration of those resources. 

4.4.4 	Management Practices 

The surface water management practices described below will continue to be implemented throughout 
the life of the Project. 

Mining Operations Water Management Manual 

The Mining Operations Water Management Manual (MOWMP) establishes that the active 
management of water is the responsibility of each of the operating sites and presents a number of 
factors that are to be taken into account in the development of a site specific water management 
strategy, including: 

conservation of water resources; 

improvement of water use efficiency; 
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reduction or prevention of pollution; 

managing impacts on groundwater and surface water quality and quantities; 

monitoring extraction rates; 

managing impacts on flora and fauna associated with groundwater extraction or use of surface 
waters; and 

managing onsite usage and offsite discharge. 

Project Water Management 

The water management practices that will be used to minimise impacts on local surface water 
resources are presented below: 

Sediment reduction controls will be designed and implemented as required within drainage lines 
downstream of active mine areas, OSAs and other disturbance areas. 

Wherever practicable, water use will be minimised and recycling undertaken. 

Approvals will be obtained from the relevant government agencies prior to disturbance within any 
named watercourse (e.g. permit to interfere with bed and banks as required by the Rights in 
Water and Irrigation Act, 1914). 

Controlled wastes, as defined by the Environmental Protection (Controlled Wastes) Regulation 
2001, will be properly handled prior to removal from the site. 

On-site solid waste disposal will be minimised and properly managed. 

Process and wash down water will be collected and re-used or transferred to the bioremediation 
landfarm in accordance with the relevant licences issued by the DoE under the EPAct. 

Emergency response procedures will be used to manage incidents involving hazardous 
substances. 

Hazardous substances will be stored in properly bunded sites to minimise the potential for land, 
surface water or groundwater contamination. 

The majority of mine dewatering water will be used for dust suppression and process water where 
practicable. The balance of dewatering water will be discharged at licensed discharge points. BHPBIO 
will review the water balance for the Project and evaluate potential mechanisms to improve water use 
efficiency over time (i.e. maximise re-use of mine dewatering and minimise pumping from the Shay 
Gap borefield). 

4.4.5 	Performance Indicators 

Monthly reports to be up to date and contain current water monitoring data. 

Regular comparison of monitoring data against nominated water quality trigger values. 

No breaches of environmental licence conditions. 
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4.4.6 	Monitoring 

Water samples are collected from discharge points to assess compliance with the requirements of the 
DoE Licence and at locations upstream and downstream of the mining areas. Table 4-3 summarises 
the surface water monitoring programme for the GEP. 

Table 4-3 
Surface Water Monitoring Programme 

Water Release Volume Yarrie Y2/3 pit and Wi Continuously when ieleases occucnng 
(reported in monthly increments). 

Water Release Quality 
(Hydrochemistry) 

Yarrie Y2/3, SHW7 and Nim B Quarterly 

Wi Nim B West Monthly when discharge is occurring. 

Surface Water Flows - Quality 
(hydrochemistry) 

Egg Creek (upstream and downstream), 
Eel Creek (upstream and downstream), 
De Grey River, Cattle Gorge Creek  

Quarterly if flow is occurring. 

pM, EC. I US, 166, I t-'H, As, Cr, Cu, Hg, Mn, Zn, Hb, be, Al, Ca, Mg, Na and K. 

Monitoring results will be reported in the AER. 

4.5 	GROUNDWATER 

4.5.1 	Existing Environment 

Local aquifers in the Nimingarra ridge/plateau are associated with the hematite orebodies that have 
developed within the BIF horizons. The permeability of the local aquifers varies and is a function of the 
nature of the mineralisation and the degree of fracturing within each deposit. The local aquifers tend to 
be more continuous along strike than they are wide (i.e. comparable to strip aquifers) and are 
enveloped by lower permeability unmineralised or subgrade BIF, and very low permeability granites 
and mudstones. The orebodies themselves form 'pods" of higher permeability within the local 
aquifers. 

Recharge to the local aquifers is primarily through direct infiltration at the points where the orebodies 
outcrop. Groundwater modeling and water level monitoring results indicate that there is no significant 
hydraulic connection between the orebody aquifers and the shallow alluvial aquifers and fractured rock 
aquifers that occur in the sandy plains and drainage channels that surround the Nimingarra 
ridge/plateau. 

Groundwater monitoring results for the area show groundwater extracted from mine dewatering bores 
is typically at or near neutral (i.e. pH 6 to 8) and fresh (Total Dissolved Solids [TDS] of 700 mg/L or 
less) with little variation recorded over time. 

Process water is sourced from pit dewatering activities, and potable water is sourced from shallow 
wells in the Shay Gap borefield. 
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4.5.2 	Potential Impacts 

Potential impacts of the Project on groundwater resources include: 

drawdown of local water tables where mine dewatering and borefield pumping is undertaken; 

adverse impacts on groundwater quality as a result of potential contamination by hydrocarbons, 
chemicals or mine wastes (ie. PAF overburden); and 

permanent modification of groundwater quality and/or groundwater levels as a result of the 
creation of long term pit lakes that operate as groundwater sinks. 

These potential impacts are discussed below. 

Dewatering 

Mining below the groundwater table is proposed at Cattle Gorge and Nim I. The potential impacts of 
mining below the groundwater table at each area is discussed below. 

Nim I 

Two pits would be mined at Nim I. The south pit would be mined down to 56 mRL and the north pit 
mined down to 80 mRL, both below the current water table (confirmed by recent drilling at around 
115 mRL) (Aquaterra, 2005). It is proposed to dewater the pits by in-pit sump pumping. 

As the two pits at Nim I are located off the main Nimingarra ridge, the water table is some 20-25 m 
below ground level and below any surface alluvium and weathered basement. As such, the orebody 
aquifer remains confined by lower permeability basement rocks and there is no direct connection with 
aquifers outside the Nimingarra Iron Formation. Dewatering activities are not expected to have any 
impact beyond the immediate mine area (Aquaterra, 2005). 

Cattle Gorge 

One bench at Cattle Gorge would be mined down to 126 mRL below the ground water table (10 m). 
The groundwater table at Cattle Gorge has recently been measured at 136 mRL (Aquaterra, 2005). 
Dewatering is proposed to be by in-pit sumps. 

Aquaterra (2005) have assessed the impact of dewatering at Cattle Gorge and concluded that as only 
minor dewatering is proposed, minimal impact is expected outside the immediate pit area. 

Water Supply 

Water supplies for the Goldsworthy operations are currently obtained from licensed dewatering 
operations and/or borefields. Water supply for the proposed Cattle Gorge operations would be 
provided by a pipeline extension from the existing Yarrie water supply system. Water supply for the 
proposed new activities and extensions to the Yarrie operations (primarily haul road watering) would be 
provided by their existing water supply systems. Where possible, water abstracted from the proposed 
new operations that extend below the water table would be used as make up raw water (ie. road 
watering and dust suppression in the crushing plants) in preference to water pumped from the Shay 
Gap Weilfield. 
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Pit Voids 

At the Cattle Gorge and Nim I pits, it is proposed to backfill the mined pits with overburden to above the 
pre-mining water table (approximately 5 m). This will eliminate evaporative losses from the post-mining 
water balance and the water table will recover to pre-mining levels, as such no potential impacts on 
groundwater flows or quality are predicted (Aquaterra, 2005) 

Groundwater Contamination 

A number of management measures are currently used at the Goldsworthy mining operations to 
minimise the potential to contaminate the groundwater table with hydrocarbons or chemicals. These 
management measures are discussed in the sections below and would continue to be implemented for 
the life of the Project. 

	

4.5.3 	EMP Objectives 

To minimise the short and long-term impacts on groundwater resources caused by mining 
operations and groundwater use. 

To ensure the maximum volume of water abstracted for mining operations does not exceed the 
relevant licences. 

To minimise impact on groundwater levels and quality and to minimise potential impacts on the 
surrounding environment. 

	

4.5.4 	Management Practices 

The following measures will be used to minimise impacts on groundwater resources at the GEP: 

All groundwater abstraction will be managed in accordance with the relevant water extraction and 
discharge licenses under the Rights in Water and Irrigation Act 1914 and part V of the EP Act. 

Advanced dewatering will be achieved by installing and pumping from dewatering bores and/or 
from pit sumps. Where possible, the water produced will be used in dust suppression and site 
water requirements in preference to discharge. 

Excess water produced by the dewatering operations will only be released in accordance with 
licence requirements at the designated release locations. 

All storage areas for hazardous substances will be designed and operated in accordance with the 
relevant legislation and standards. 

Emergency response procedures will be used to contain spills and remediate affected areas, 
where necessary. 

Controlled wastes, as defined by the Environmental Protection (Controlled Wastes) Regulation 
2001, will be properly handled and stored prior to removal from the site by licensed waste removal 
contractors. 

Non-controlled wastes will be either collected and temporarily stored prior to being removed for 
off-site disposal, or are disposed in an on-site landfill area. 
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4.5.5 	Performance Indicators 

Monthly reports to be up to date and contain current monitoring data. 

Regular comparison of monitoring data against water quality trigger values. 

. 	No breaches of environmental licence conditions. 

. 	Relevant corporate water reduction targets achieved (i.e. reducing water use per tonne of 
production of ore). 

4.5.6 	Monitoring 

In accordance with the conditions of applicable licences and conditions, pumping rates and 
groundwater levels will be monitored regularly. 

Table 4-4 describes the parameters, monitoring sites and frequency of the groundwater monitoring 
programme. 

Table 4-4 
Groundwater Monitoring Programme 

Abstraction Shay Gap Borefield, Egg Creek Welifield, Cundaline Welifield and Eel Monthly and Annually 
Creek Wellfield.  

Water Levels Borefields and Pit Lakes Monthly 

Salinity (EC) and pH Yarrie Dewatering Bores, Yarrie Pyritic Shale Dump Monitoring Sites Monthly 
Shay Gap Borefield, Sunrise Hill West 7 dewatering bores.  

Hydrochemistry* Yarrie Dewatering Bores, Yarrie Pyritic Shale Dump Monitoring Sites Quarterly 
Shay Gap Borefield and Sunrise Hill West 7 dewatering bores.  

Hydrochemistry Yarrie Dewatering Bores, Yarrie Pyritic Shale Dump Monitoring Sites Annually 
Shay Gap Borefield and Sunrise Hill West 7 dewatering bores.  

* 	pH, EC, TDS, Na, Ca, Mg, K, Cl, SO4, HCO3, NO3, I-b, Cu, Mn, Ln and be. 

The results of the groundwater monitoring programme will be reported annually in the AER. 

4.6 	AIR QUALITY 

4.6.1 	Existing Environment 

The GEP is located in a remote area, approximately 90 km from Marble Bar and some 11 km to the 
nearest non-BHPBIO residence (Yarrie Homestead). The area has limited vegetation cover and 
experiences extended periods of low rainfall. As a result, dust is naturally generated during dry windy 
conditions or dust storms. 

Given the lack of public receptors in the vicinity of the Project, dust levels at Goldsworthy are managed 
to comply with occupational health and safety conditions (Mine Safety and Inspection Regulations, 
1995). A range of control techniques are implemented to minimise dust generation including the use of 
water trucks on exposed areas and haul roads, water sprays on stockpiles and transfer points, dust 
curtains and dust collectors. 
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The sources of greenhouse gas emissions at the Project are restricted to the burning of fuels in mining 
and haulage equipment, blasting fumes from explosives, organic decay emissions of cleared native 
vegetation from new disturbance areas and decay emissions from the putrescible landfill. There is no 
on-site power generator and electricity for the Project is supplied via a 66 kV powerline from Port 
Hedland. 

4.6.2 	Potential Impacts 

The types of potential air quality impacts of the Project are expected to be similar to the existing GEP. 
However, the proposed Project would include additional land clearing, which would increase the overall 
area susceptible to wind and water erosion. Activities that will have the potential to generate dust 
include: 

clearing of vegetation and stripping of topsoil; 

drilling and blasting; 

hauling ore and overburden to stockpiles and OSAs; 

operation of the Cattle Gorge and Sunrise Hill haul roads to transfer ore to the Yarrie and 
Nimingarra crushers; 

loading and unloading operations (loaders, trucks and conveyor transfer points); 

ore crushing and material handling; 

rail load out operations; and 

movement of light vehicles. 

Non-BHPBIO owned residences (Muccan and Yarrie Homesteads) are sufficiently distant from the 
Project that they are considered unlikely to be affected by mine-generated dust and/or other emissions. 

Dust deposition also has the potential to result in adverse impacts on surrounding flora, fauna and 
Aboriginal heritage values in the areas immediately adjacent to disturbance and operational areas. 

Greenhouse Gases 

Mining operations at the GEP have the potential to generate greenhouse gases as a result of 
operations undertaken throughout the production cycle. Greenhouse gas related issues are managed 
at BHPBIO operations in accordance with the following: 

BHP Billiton-wide HSEC Guideline - Energy and Greenhouse (BHP Billiton, 2002b). 

Mining Operations Greenhouse Gas and Energy Management Plan - Draft (BHP Billiton, 2003). 

The GEP mining operation currently does not trigger the BHP Billiton-wide HSEC Guideline 
greenhouse gas emission threshold which would require development of site specific emission 
reduction controls. This will be reviewed annually to ensure compliance with the BHP Billiton HSEC 
Working Responsibly Policy. 

May 2005 	 4-20 



. 
il 

BHPBiIliton Iron Ore 
Environmental Management Plan 	

bh pbi lii ton 

4.6.3 	EMP Objectives 

To take all reasonable and practicable measures to prevent or minimise the generation of dust 
from all handling operations, stockpiles, open areas and transport activities. 

To ensure that nuisance dust levels are not experienced by other land users. 

To minimise the generation of greenhouse gas emissions. 

4.6.4 	Management Practices 

Mining Operations Land Management Manual 

The MOLMP contains a dust management component that is used to guide the management of dust at 
BHPBIO mining operations. The dust management component of the MOLMP aims to minimise and 
monitor the generation of dust from mining operations and identifies dust control methods that may be 
adopted at BHPBIO mine sites, including: 

watering of haul roads; 

use of chemical suppressants on haul roads; 

dust extraction via collectors; 

water sprays at strategic points in the processing circuit (e.g. primary crusher bins and stackers); 
and 

rehabilitation of disturbed areas as they become available. 

Project Dust Management Practices 

Dust management practices to be used throughout the life of the Project are described below: 

Dust levels at the GEP will be controlled by the implementation of the following measures: 

- 	Watering of haul roads and other operating areas with significant potential to generate dust, 
including unsealed roads and construction areas. 

- 	Chemical dust suppressants will be applied to haul roads. 

- 	Dust extraction via collectors installed at the crushing plants. 

- 	Water sprays will be used on ore stackers and crushers. 

- 	Dust curtains will be installed around hoppers. 

- 	Ore will be moisture conditioned prior to transport. 

- 	Transfer points will be enclosed and/or fitted with water sprays where practicable. 

- 	Areas of exposed soil (land disturbance) will be minimised where practicable and unused 
areas rehabilitated. 

Dust suppression equipment will be maintained in efficient operating condition in accordance with 
relevant regulations and contract requirements. 

All employees and contractors will be informed of the importance of minimising ambient dust 
levels during site inductions. 
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Project Greenhouse Gas Management Practices 

Management measures to minimise greenhouse gas emissions at the Project include: 

minimising haulage distances and grades; 

progressively rehabilitating mine landforms and disturbed areas as they become available; 

restricting land clearing to the practicable minimum; and 

using efficient plant equipment and conducting regular maintenance. 

4.6.5 	Performance Indicators 

No excessive dust emissions from haul roads. 
Dust deposition in areas adjoining disturbance areas does not significantly impact environmental 
values (eg. flora, fauna and/or Aboriginal heritage sites). 

Sprays and water control mechanisms are functioning adequately. 

4.6.6 	Monitoring 

The moisture content of the ore will be monitored during processing. Dust control equipment will 
be inspected regularly to assess its effectiveness. 

Greenhouse gas emissions will be reported annually as a component of the HSEC annual report. 

Dust deposition in areas adjoining disturbance areas will be periodically assessed. 

4.7 	NOISE 

4.7.1 	Existing Environment 

Noise generated at Goldsworthy is primarily caused by blasting activities, operation of the mining 
mobile fleet and the ore crushing and screening equipment. Rail noise is also generated by the loading 
and transport of ore. Due to the remote location the potential impact of noise from these sources is 
primarily restricted to impacts on workers at the mine and the accommodation village. 

Given the absence of sensitive receptors in the vicinity of the GEP, noise levels at the mine are 
currently managed to comply with occupational health and safety conditions (Mine Safety and 
Inspection Regulations, 1995). 

4.7.2 	Potential Impacts 

The Project has some potential to alter the existing noise emissions of the Goldsworthy mining 
operations as a result of the following: 

drilling, blasting and mining activities would commence at Cattle Gorge; 

ore haulage would commence from Cattle Gorge to Yarrie; and 

operations would continue at Sunrise Hill and Nimingarra. 
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Although operations at the Project would potentially alter the distribution of noise sources at the 
operations, the Cattle Gorge and Sunrise Hill mining areas are not significantly closer to any sensitive 
receptors and no additional noise impacts would be anticipated at non-BHPBIO residences. 

As the production rate at the GEP (approximately 8.5 Mtpa) would remain unchanged by the Project, 
no additional train movements are required and rail noise levels are expected to remain unchanged. 

	

4.7.3 	EMP Objectives 

To take all reasonable and practicable measures to prevent or minimise the generation of noise 
from the mining, processing and rail operations. 

To ensure that noise generated does not result in neighbourhood annoyance, consistent with 
noise regulations. 

	

4.7.4 	Management Practices 

Mining Operations Land Management Manual 

The Land Management Manual contains a noise management component that is used to guide the 
management of noise at BHPBIO mining operations. The noise management component of the Land 
Management Manual aims to ensure that measures are undertaken to minimise the potential for 
environmental impact. The Land Management Manual outlines a Buy Quiet Policy to minimise the 
operational noise emanating from a site, and impacts on employees. 

Project Noise Management Practices 

The Mine Safety and Inspection Regulations, 1995 set an action level for noise exposure of 85 dB(A) 
over an eight hour period in relation to occupational health and safety. The regulations require that 
noise levels above the action level associated with the construction and operation of the mine must be 
reduced as much as practicable by engineering noise controls. Based upon the requirements of these 
regulations the following measures will continue to be implemented at the Project to minimise impacts 
on acoustic amenity: 

Preferential purchase and use of low-noise equipment where practicable. 

Fitting silencers and exhaust mufflers, where necessary. 

Undertaking blasting during daylight hours only. 

Designing blasting operations at Cattle Gorge such that there will be no significant impacts on the 
natural gorge located to the east of the mining area. 

	

4.7.5 	Performance Indicators 

Blasting is conducted at specified times during daylight hours. 

Compliance with the provisions of the Mine Safety and Inspection Regulations, 1995. 
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4.7.6 	Monitoring 

Noise monitoring for employee protection will be undertaken as required to assess whether noise 
exposure levels of 85 dB(A) over an eight hour period are being exceeded. 

4.8 	FLORA 

4.8.1 	Existing Environment 

In a regional context, the Project is situated in the Fortescue Botanical District with the majority located 
within in the Eremean Botanical Province (ecologia, 2005). The Shay Gap borefield lies to the north 
and is located in the Canning Botanical district. The Fortescue Botanical District is characterised by 
tree and shrub steppe with some short grass savannah on the coast, and is divided into eight 
subdistricts. The relevant subdistrict to the Project area is Gorge Range. This subdistrict has been 
described as isolated sections of ranges of highly metamorphosed Archaean and lower Proterozoic 
rocks of sedimentary and volcanic origin, with tree steppe on rocky grounds of ranges, replaced by 
shrub steppe in the valleys and lower slopes (Beard, 1975). 

Baseline vegetation and flora survey work was undertaken in 1986, 1992, 1994, 1998, 2004 and 2005 
to classify the vegetation associations in the Project area. These surveys are described in the Project 
EPS. 

Four Priority flora species have been recorded within the Goldsworthy area: Euphorbia c/ementii 
(Priority 2), Euphorbia drummondii (Priority 2), Goodenia hartiana (Priority 2) and Acacia glaucocaesia 
(Priority 3). Two possible undescribed flora species were recorded at the Sunrise Hill ridgeline: 
Stemodia sp. Shay Gap and Coymbia sp. (ecologia, 2005). Etythrophleum chlorostachys is also 
considered by ecologia (2005) to be of regional significance. 

4.8.2 	Potential Impacts 

The potential impacts generated by vegetation clearance will be generally limited to the proposed Y4A, 
Y7 West and Nim I extensions as well as development at the Cattle Gorge mining area. Vegetation 
clearing and disturbance associated with the Project may reduce species abundance at a local level, 
but is expected to have negligible impact on a regional scale as the habitats in disturbance areas are 
well represented in the region. 

Other potential impacts could arise from dust deposition on vegetation in adjoining undisturbed areas, 
the spread of weed species, and potential changes to the frequency and/or intensity of bushfires. 

4.8.3 	EMP Objectives 

. 	To ensure that the conservation status of all flora species is not threatened. 

. 	To restrict clearing of vegetation to the practicable minimum. 
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4.8.4 	Management Practices 

Flora Management Practices 

BHPBIO's overall principles for managing the potential impacts of its Pilbara operations on flora are 
documented in its Land Management Manual and include the following: 

baseline surveys should be undertaken at each mining operation prior to land disturbance; 

land clearing should be minimised; 

potential impacts on rare flora should be identified and managed; and 

existing and potential weed issues should assessed and managed. 

These overriding principles will be applied during the life of the Project through the implementation of 
specific management strategies presented below: 

Pit and OSAs will be designed to limit land clearing to the practicable minimum. This will be 
achieved through the consideration of mine sequencing across the whole lease (ie. use of mined 
out pits for overburden disposal rather than clearing new areas). 

Where clearing of new areas is necessary, prior approval by BHPBIO via the PEAHR land 
clearing procedure is required before works commence (Figure 4-1). The PEAHR procedure 
includes an assessment of the presence or absence of Declared Rare Fauna (DRF) or Priority 
flora species based on the baseline flora surveys of the Project area (ie. Eco/ogia, 2005). 

Plans showing the extent of the areas authorised to be cleared will be prepared prior to clearing 
taking place and monitoring will be undertaken regularly by BHPBIO to assess whether these 
plans are being adhered to. 

A condition prohibiting unauthorised clearing will be included in all contracts. 

Vehicles and machinery will be parked only in designated locations and off-road recreational 
activities will be prohibited. 

The environmental component of the site induction will be used to raise workforce awareness of 
local flora species of interest and relevant conservation issues. 

Dust control measures such as road watering, use of sprays on the main ore transfer points, and 
progressive rehabilitation of disturbed areas will be used to minimise dust generation from the 
site. 

Specific management measures regarding species of conservation significance, weeds and fire 
regimes are presented below. 
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Management of Species of Conseivation Significance 

In order to minimise potential impacts of the Project on flora/fauna species of conservation 
significance, BHPBIO will implement the management strategy illustrated on Figure 4-2 and 
summarised below. 

Significant flora/fauna species, vegetation associations and/or habitat areas identified during the 
baseline surveys of the Project area will be recorded on the relevant databases and mine plans, 
and awareness of these records will be promoted at mine planning and operational levels. 

. 	Where possible planned clearing boundaries will be adjusted to avoid disturbance to known 
significant flora/fauna species, vegetation associations and/or habitat areas. 

. 	Where it is not practicable to avoid known significant flora/fauna species, vegetation associations 
and/or habitat areas, BHPBIO will consult with CALM regarding the proposed land disturbance. 

. 	Additional targeted pre-clearance surveys will be undertaken where necessary to identify/improve 
BHPBIO's knowledge of the distribution of flora species of conservation significance identified 
during the baseline flora surveys of the Project area. 

Where required, management strategies for known locations of significant flora/fauna species, 
vegetation associations and/or habitat areas that cannot be avoided will be developed in 
consultation with, and to the satisfaction of CALM prior to the commencement of clearing activities 
in these areas. These management strategies would be included as operational requirements in 
the PEAHR authorisation form for the relevant planned disturbance area. 

No DRF have been recorded within the Project area to date, however if subsequent surveys 
identify DRF, and they cannot be avoided by adjusting the planned disturbance areas, BHPBIO 
will prepare and submit an "application to take" DRF pursuant to the Wildlife Conservation Act 
1950. 

. 	BHPBIO would maintain appropriate records of impacted flora/fauna species, vegetation 
associations and/or habitat areas of conservation significance. 

Management of Weed Species 

No 'declared' weeds listed under the Agriculture and Related Resources Protection Act, 1976 have 
been recorded in the Project area. However, environmental or otherwise recognised weed species 
have been recorded previously in the Project area (i.e. Cenchrus ciliaris, *Aerva  javanica, Acacia 
farnesiana, Chloris gayana, Ma/vastrum americanum, Oleander sp.). 

Specific management measures that will be undertaken at the Project to minimise the potential for the 
spread of the previously recorded weed species (plus other species that may be introduced in the 
future) are listed below. 

Areas of known weed infestation will be shown on mine plans and marked on the ground in order 
to minimise the potential for inadvertent access and spread of weeds. 

Mobile machinery and equipment will be cleaned on a regular basis, with particular attention being 
given to machinery that operates in areas of known weed infestation. 

Topsoil that is stripped from areas known to be infested with weeds will be treated before use. 
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Regular inspections for the presence of weeds within areas of disturbance will be conducted. 

Treatment programmes for weed infested areas would be developed and implemented in 
consultation with CALM. These programmes may include, but are not restricted to, the application 
of herbicides and pre-emergent treatments. 

Management of Fire Regime 

While fire is accepted to be a part of the natural Pilbara landscape, BHPBIO will implement the 
following control measures to minimise the potential for significant anthropogenic changes to the local 
fire regime: 

Fire hazard awareness and management training will be provided to BHPBIO personnel and 
contractors. 

Fire-fighting equipment will be provided in work areas according to fire hazard. 

Fire-fighting equipment will be regularly inspected and maintained. 

Where necessary, controlled burns will be conducted in consultation with relevant government 
agencies in order to reduce local fuel loads. 

Fire breaks surrounding the electricity transmission line and dewatering pipeline will be graded as 
required. 

	

4.8.5 	Performance Indicators 

Restriction of land clearing to approved site plans. 

Clearing complies with relevant PEAHR procedure forms (Figure 4-1). 

Implementation of the Significant Flora/Fauna Management Strategy (Figure 4-2). 

Compliance with the provisions of the Wildlife Conservation Act 1950. 

Maintenance of records of impacted flora/fauna species, vegetation associations and/or habitat 
areas of conservation significance. 

Implementation of weed management measures. 

Implementation of fire regime management measures. 

	

4.8.6 	Monitoring 

Regular inspections will be undertaken to ensure that vegetation is being cleared and stockpiled in the 
appropriate locations and that relevant plans are updated. Specifically: 

that only authorised clearing is being undertaken; 

that vegetation and topsoil is being removed and stockpiled in appropriate locations; and 

that areas to be cleared comply with design specifications. 
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4.9 	FAUNA 

4.9.1 	Existing Environment 

Regional Context 

The Interim Biogeographic Regionalisation of Australia (IBRA) divides the Australian continent into 85 
biogeographic regions based on their climatic, faunal, vegetation, landform and geological features 
(Environment Australia, 2004). The Project area falls within the Pilbara region, which is further 
subdivided into the Hamersley, Fortescue Plains, Chichester and Roebourne sub-regions. The Project 
is located within the Roebourne sub-region. 

A description of the characteristics of all four sub-regions found in the Pilbara IBRA region is provided 
in Environment Australia (2004) and is summarised below: 

Hamersley. Mountainous area of Proterozoic sedimentary ranges and plateaus with Mulga low 
woodland over bunch grasses on fine textured soils and Snappy Gum over Triodia brizoides on 
skeletal sandy soils of the ranges. 

Fortescue Plains. Alluvial plains and river frontages. Salt marsh, mulga-bunch grass, and short 
grass communities on alluvial plains. River Gum woodlands fringe the drainage lines. This sub-
region represents the northern limit of Mulga (Acacia aneura). 

Chichester. Archaean granite and basalt plains supporting shrub steppe characterised by Acacia 
pyrifolia over Triodia pungens hummock grasses. Snappy Gum tree steppes occur on ranges. 

Roebourne. Quaternary alluvial plains with a grass savanna of mixed bunch and hummock 
grasses, and dwarf shrub steppe of Acacia translucens over Triodia pungens. Samphire, 
Sporobolus and Mangal occur on marine alluvial flats. Arid tropical with summer rain. 

Project Area Surveys 

A number of fauna and biological surveys were conducted of the Project area and surrounds between 
1986 and 2004. The results of these surveys are summarised in the Project EPS. 

In addition to the previous fauna surveys, ecologia (2005) conducted baseline surveys of the Project 
area and these were included as a component of the EPS. 

Fauna of Conservation Significance 

A number of fauna species of conservation significance have been recorded in the Project area. 

Environment Protection and Biodiversity Conservation Act, 1999 

Four fauna species listed under the EPBC Act, 1999 have been recorded at Goldsworthy. A 
description of these four species is provided below. 

. 	Pilbara Olive Python (Liasis olivacij.c hrroni) - Lit&J as Vtilnerahk (EPRC Ar.t) 

Distinguished as a separate species in 1981 by WAM herpetologist Laurie Smith, Liasis olivaceus 
barroni can grow up to 4.5 m long and weigh more than 15 kg. It is pale fawn to brown or olive-
brown above merging with a white or cream ventral surface. It has smooth scales, in 55-80 rows 
at midbody (Cogger 2000). 
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A nocturnal ambush predator, Liasis olivaceus olivaceus is generally (although not exclusively) 
associated with permanent water, such as riverine woodland areas, large rock holes and swamps. 
This association is due to the permanent water being an important lure for suitably sized prey. 
Liasis olivaceus olivaceus has been known to make long excursions into rocky-f at topped hills 
neighbouring water sources. Large specimens have been seen to feed on a variety of birds 
(corellas, pigeons, ducks) and mammals (fruit bats, small euros, rock wallabies), with smaller 
snakes probably feeding mainly on reptiles and frogs (Pearson 2003). 

Liasis olivaceus olivaceus breed during June to August. Males track females by scent and when 
they have found one, they usually retire to a cave for up to three weeks during which time they 
probably mate numerous times. The male then leaves the female, who lays her eggs during 
October. Nothing is known of the number of eggs laid, although the young hatch and disperse in 
January. 

During fauna surveys undertaken at Goldsworthy it has been recorded at the Callawa mesa 
(Dames and Moore, 1992), which is located approximately 2 km to the south of the Yarrie plateau, 
as well as being recorded at Cattle Gorge (ecologia, 2004a), and during an investigation of 
potential bat caves (ecologia, 2005). There are also several anecdotal records of this species 
being observed by BHPBIO employees and contactors in and around the Yarrie accommodation 
area. 

Orange or Pilbara leaf-nosed bat (Rhinonicteris aurantius) - Listed as Vulnerable (EPBC Act) 

A description of the distribution and habitat of Rhinonicteris aurantius as provided in the 
Commonwealth Department of Environment and Heritage's Action Plan for Australian Bats (1999) 
is provided below. 

The Pilbara population of Rhinonicteris aurantius is geographically the most isolated population of 
this species, as it is separated from the northern Australian populations by nearly 400 km of sand-
ridge desert. It differs from the Northern Australian population in terms of its wing-shape and call 
frequency (Coles and Guppy 1989). 

Scattered records of the species have been recorded from less than 10 localities across the 
Pilbara Region since 1925, and from a single locality in the north-western corner of the adjacent 
Gascoyne Region. Known colonies in the Pilbara occupy abandoned, deep and partially flooded 
mines that trap pockets of warm, humid air in the mine's constant temperature zone (Hall et al. 
1997). For at least part of the year, the species is thought to also occupy smaller, less complex 
mines nearby. 

Two natural roosts have been located in the Gascoyne region. One is a cave more than 30 m 
deep, and the other a horizontal fissure beneath an ephemeral waterfall. Both are in the Barlee 
Range National Park. 

Rhinonicteris aurantius hunts food during slow maneuverable flight. It hawks flying prey close to 
clutter, and gleans from foliage and the ground in riparian vegetation in gorges, and in open 
hummock grasslands and sparse tree and shrub savanna. 

A call record of this species was recorded using an Anabat detector at a cave on the Nimingarra 
ridgeline (ecologia, 2005) and an individual was also opportunistically observed foraging in the 
sandplain habitat type located to the south east of Cattle Gorge (ie. in the vicinity of the proposed 
haul road). 
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As a result of recommendations made during subsequent consultation with CALM Karratha and 
the EPASU, during the Project EPS, BHPBIO conducted targeted habitat assessments for this 
species in the proposed Project disturbance areas and surrounds. The assessment involved 
comprehensive searching for cave sites that would be potentially suitable for this species. No 
potential caves were identified within the proposed Project disturbance areas; however several 
potential caves within a 10 km radius were identified. In addition, the species was again 
opportunistically observed foraging in the sandplain habitat type located to the south east of Cattle 
Gorge. BHPBIO has commissioned ecologia to undertake targeted surveys at these sites in 
May/June 2005 using methodologies developed in consultation with CALM. 

. 	Mulgara (Dasycercus cristicauda) - Listed as Vulnerable (EPBC Act) 

The Mulgara is a rare marsupial with sand coloured fur on its back and pale grey fur on its 
underbelly and chin. The first half of its tail has the same coloration as the body; the second half 
of the tail is covered in bushy, black fur. The tail of the Mulgara averages 100 mm, the head and 
body together average 180 mm, and the total body weight is approximately 130 grams. 

The diet of the Mulgara consists of large invertebrates, small rodents and reptiles. Its breeding 
season occurs during winter and it is believed that gestation lasts for at least one month. A single 
littler can produce up to eight young. When young reach about four months of age they are 
completely weaned from their mother. 

The extreme daytime heat of the desert is avoided by the Mulgara by taking refuge in an extensive 
warren system. The species prefers sandy substrates vegetated with Triodia spp. Populations 
are thought to contract to core habitat areas during harsh years and have been documented as 
undergoing expansion in response to good conditions. 

The Mulgara has been observed during biological surveys in the Goldsworthy area on two 
occasions. One observation was recorded by ecologia (2005) whilst spotlighting in the sandplain 
habitat type located to the south east of the Cattle Gorge mining area. The second observation 
was one accidental road kill that was subsequently vouchered to the Museum of Western 
Australia. It has not been recorded in the proposed Project disturbance areas at Nimingarra or 
Yarrie. 

. 	Northern Quoll. (Dasyurus hallucatus) - Listed as Endangered (EPBC Act) 

The Northern Quoll is found in a disjunct range throughout northern Australia, including the Pilbara 
and Kimberley regions in WA. It is generally found in treed habitats, preferring broken, rocky 
country or open eucalypt forest within 150 km of the coast. Northern Quolls tend to be most 
successful near creek lines where they have a ready supply of water and often have dens in 
hollow creekside eucalypts. They are also known to spend some time on the tops of termite 
mounds. The diet of the Northern Quoll includes small mammals such as dunnarts, rodents and 
antechinuses, as well as reptiles, invertebrates and fruit. 

At Goldsworthy this species has been recorded at Yarrie (Dames and Moore, 1992), Cattle Gorge 
(ecologia, 2004d), and at both Nimingarra and Sunrise Hill (ecologia, 2005). 
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Wildlife Conservation Act, 1950 and Other Fauna of Interest 

The above four species are also listed as Schedule 1 species under the Wildlife Conservation Act, 
1950. No other Schedule 1 fauna have been recorded at Goldsworthy. 

Seven fauna species listed by CALM as Priority species have been recorded at Goldsworthy. A 
description of these species and their location in relation to the planned Project disturbance areas is 
provided below. 

Western Pebble-mound Mouse (Pseudomys chapman!) (Priority 4 - CALM) 

The Pebble-mound Mouse inhabits hummock grassland areas of Triodia, Cassia, Acacia and 
Ptilotus on skeletal soils containing an abundance of small pebbles. These conditions are found 
on the ridgelines, plateaus and their lower slopes in the Goldsworthy area. The Pebble-mound 
Mouse uses the pebbles to construct its mound. The purpose of the mounds is unknown, however 
it has been speculated that they are used by the mouse to escape from the heat of the day. 

When first described, it was thought that the range of the Pebble-mound Mouse had decreased 
substantially due to the occurrence of unused mounds in the Murchison and Gascoyne. This 
decline was attributed to foxes, cats and cattle. As such, it was classified as a Schedule species 
fauna that is likely to become extinct or is rare'. Since then, it has been found on many sites 
associated with development projects, particularly iron ore mining in the Pilbara and is possibly the 
most abundant small mammal in the region. Its status has subsequently been downgraded to 
Priority 4 by CALM. 

The Pebble-mound Mouse has been recorded at Yarrie on numerous occasions. It has not been 
recorded at Cattle Gorge, Nimingarra or Sunrise Hill to date, although suitable habitat (eg. 
plateaus and scree slopes with suitably sided pebbles) is known to occur in these areas. 

Lakeland Downs Short-tailed Mouse (Leggadina lakedownensis) (Priority 4 - CALM) 

The Lakeland Downs Short-tailed Mouse (Leggadina lakedownensis) inhabits arid and semi-arid 
Australia. It is an omnivorous, solitary species, which shelters in burrows during the heat of the 
day (Moro & Morris, 2000). It is known to occur on sandy soils and cracking clays in Western 
Australia, and tropical tussock grasslands or woodlands in Queensland. The taxonomy of the 
Pilbara form of this species is currently unresolved, though it is considered that there is enough 
genetic difference to allocate full subspecific status (Morris, 2000), 

This species was recorded at Goldsworthy by ecologia (1999) in the shrubland habitat type found 
along the Yarrie railway line. It has not been recorded at Cattle Gorge, Nimingarra or Sunrise Hill 
to date. 

Star Finch (Neochmia ruficauda subclarescens) (Priority 4 - CALM) 

The western race of the Star Finch (Neochmia ruficauda subclarescens) was recorded by 
ecologia (2005) in the area between Cattle Gorge and Yarrie. This area supports the sandplain, 
shrubland, and riparian habitat types which are associated with Eel Creek and its tributaries. The 
recording of the species in this area is consistent with its preferred habitat, which is generally in 
and around grassland near water (Slater et al., 2003; Simpson and Day, 2004). 
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Pictorella Mannikin (Heteromunia pectoralis) (Priority 4 - CALM) 

The Pictorella Mannikin (Heteromunia pectoralis) was also recorded by ecologia (2005) in the 
area between Cattle Gorge and Yarrie. Pictorella Mannikins are found near water in Acacia spp 
shrublands that have a grassy understorey and in Triodia spp hummock grassland, where they 
feed on seeds on the ground, as well as insects (Keast, 1958; Immelmann, 1982; Blakers eta!, 
1984). The presence of the species at Goldsworthy is considered by ecologia (2005) to be 
significant, as it is very rarely recorded in the Pilbara and was recorded in high numbers, which 
indicates that it may be an established population. 

Australian Bustard (Ardeotis austra!is) (Priority 4 - CALM) 

This large, ground-dwelling bird is fairly widespread throughout Australia and generally inhabits 
grassy plains, although it is also often seen in areas of low shrub adjacent to grassland (ecologia, 
2005). This species is nomadic, varying in abundance and group size from one solitary bird to 
family groups (Johnstone and Storr, 1998). 

The species was opportunistically recorded at Goldsworthy in the area between Cattle Gorge and 
Yarrie (ecologia, 2004d). 

Bush Stone-curlew (Burhinus gral!arius) (Priority 4 - CALM) 

The Bush Stone-curlew, is a large (52 to 58 cm), slim, mainly nocturnal, ground-dwelling bird. 
The species was formerly found in most grassy woodlands in Australia and Tasmania; but is now 
generally scarce except in the north (WAM, 2004). Its decline in numbers is attributed to loss of 
habitat and predation (primarily by foxes and feral cats). 

Bush Stone-curlews have a wide-ranging diet, but prefer to feed on insects, molluscs, small 
lizards, seeds and occasionally small mammals. Feeding takes place at night. During the breeding 
season, nesting birds will search for food in the vicinity of the nest site, while at other times, birds 
may travel large distances. 

At Goldsworthy it has been recorded in the Cattle Gorge area (ecologia, 2004a) and at Nimingarra 
(ecologia, 2005). 

Ghost Bat (Macroderma gigas) (Priority 4 - CALM) 

The Ghost Bat (Macroderma gigas) is the largest Microchiropteran bat in Australia. Ghost Bats 
occur in a variety of habitats, from and spinifex hillsides, to open tall forest and tropical rainforest 
(Churchill, 1998). Their distribution is determined by the availability of suitable roosting sites. The 
preferred roosting habitats of Ghost Bats in the Pilbara are caves beneath bluffs of low rounded 
hills composed of Marramamba geology and granite rock piles. They have also been known to 
roost in large colonies in sandstone caves, under boulder piles and in abandoned mines 
(Churchill, 1998). In addition to being classified as Priority Four by CALM (in need of monitoring), 
the Ghost Bat is classed as VU A2c by the IUCN. 

In 1992 a single mummified specimen of the Ghost Bat (Macroderma gigas) was recorded at 
Goldsworthy by (Dames and Moore, 1992) on a barb wire fence near the Yarrie rail loop. No other 
records for this species were recorded at Goldsworthy until April 2005 when several calls were 
recorded using an Anabat detector at a cave on the Nimingarra ridgeline. 
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Fauna species listed under the International Union for Conservation of Natural Resources (IUCN) that 
have been recorded at Goldsworthy include the following: 

Orange or Pilbara leaf-nosed bat (Rhinonicteris aurantius) (Vulnerable - IUCN) 

Lakeland Downs Short-tailed Mouse (Leggadina lakedownensis) (Lower Risk/Near Threatened - 
IUCN) 

Mulgara (Dasycercus cristicauda) (Lower Risk/Near Threatened - IUCN) 

Star Finch Neochmia ruficauda subclarescens) (Lower Risk/Near Threatened - IUCN) 

Pictorella Mannikin (Heteromunia pectoralis) (Lower Risk/Near Threatened - IUCN) 

Yellow-bellied Sheathtail Bat (Saccolaimus flaviventris) ( Lower Risk/Near Threatened - IUCN) 

Northern Quoll. (Dasyurus hallucatus) (Lower Risk/Near Threatened - IUCN) 

Delicate Mouse (Pseudomys del) (Lower Risk/Near Threatened - IUCN) 

The Delicate Mouse is a tropical species, distributed across much of northern Australia (Strahan, 
1995; Cole & Woinarski, 2000). This species is primarily granivorous, feeding mainly on the 
seeds of native grasses. As a result of this, populations can undergo dramatic fluctuations in 
response to climatic conditions (Strahan, 1995). 

At Goldsworthy this species was recorded from one individual captured at Yarrie (ecologia, 
2004a). 

Two international agreements address components of the Australian fauna, with a focus on protecting 
migratory species. These two agreements are the Japan-Australia Migratory Bird Agreement (JAMBA) 
and the China-Australia Migratory Bird Agreement (CAMBA.). A total of seven bird species recorded at 
Goldsworthy during previous surveys are listed under these agreements. These are the: Wood 
Sandpiper (Tringa glareola), Fork-tailed Swift (Apus pacificus), Great Egret (Ardea a/ba), Common 
Sandpiper (Actitis hypoleucos), Marsh Sandpiper (Tringa stagnatilits), G reenshank (Tringa nebularia), 
Snipe (Gallinago sp.). 

4.9.2 	Potential Impacts and Management Strategies 

Potential Impacts 

General 

The Project has the potential to impact local fauna through direct impacts during land clearing (i.e. 
fauna mortalities) and through the loss of fauna habitat. More mobile species such as birds and 
macropods are likely to move away from disturbance areas to adjoining habitats, however there is 
potential for the temporary loss of local populations of less mobile species due to clearing activities 
(ecologia, 2005). 

The potential impacts associated with vegetation clearance will generally be limited to the proposed 
new development areas. There may also be an increased risk of bush fire in these areas, which could 
also have a detrimental effect on native fauna populations. 
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There is the potential for feral animals to be attracted to the Project by the creation of new habitat 
opportunities (e.g. stockpiled timber and/or rocks from cleared mine and OSA areas), discarded food 
scraps and other rubbish. These factors could result in an increase in the population or the 
introduction of new feral species in and around the Project area. 

Species of Conservation Significance 

The potential impacts of the Project on species of conservation significance are summarised below. 

Pilbara Olive Python (Liasis olivaceus barroni) 

Potential impacts on the Olive Python (Liasis olivaceous barroni) come in the form of loss of habitat 
(mainly gorges and major gullies/drainage lines), and from increased traffic in the area. 

Orange or Pilbara leaf-nosed Bat (Rhinonicteris aura ntius) 

Potential impacts on this species will come mainly from disturbance to roost caves, as this species is 
extremely selective on roost microhabitat and requires caves with high humidity (Strahan, 1995). 

Mulgara (Dasycercus cristicauda) 

A single Mulgara (Dasycercus cristicauda) was observed moving across a road adjacent the Cattle 
Gorge impact area. This species prefers sandy substrates vegetated with Triodia spp which are 
common on the floodplains surrounding the ridgelines of Goldsworthy. Populations are thought to 
contract to core habitat areas during harsh years and have been documented as undergoing 
expansion in response to good conditions (Woolley, 1995; Pearson, 1991). 

The loss of habitat associated with the construction of the Cattle Gorge haul road is not considered 
likely to significantly impact the Mulgara. However, there is potential for secondary impact to the 
species due to fauna deaths from haul road traffic. Restrictions on vehicle speed and a heightened 
awareness of the presence of Mulgara can reduce impact to this species. 

Various Bird Species 

There are large reed beds at Eel Creek, which provide habitat for a number of species of migratory 
waterbirds and shorebirds listed under international agreements (eg. CAMBA and JAMBA). No 
impacts to the reed beds themselves are proposed as part of the Project, however the Cattle Gorge 
haul road do pass within several hundred metres of them. Potential impacts to woodland bird species 
such as the Bush Stone-curlew (Burhinus grallarius) include loss and clearing of suitable woodland 
habitat on the sand plain areas, as well as the potential for increased predation by introduced species 
such as Feral Cats (Fells catus). 

4.9.3 	EMP Objectives 

To minimise the impact of mining operations on local fauna populations. 

To ensure the conservation status of all fauna species is not thratned. 

May 2005 	 4-35 



S 
S 

bhpbiRiton BHPBiIliton Iron Ore 
Environmental Management Plan 

4.9.4 	Management Practices 

Mining Operations Land Management Manual 

BHPBIO's overall guiding principles for managing the potential impacts of its Pilbara operations on 
fauna are documented in its MOLMP and include the following: 

baseline fauna assessments should be undertaken at each mining operation prior to land 
disturbance; 

land clearing should be minim ised; 

fauna monitoring sites should be established during operations; and 

the return of fauna to rehabilitated areas should be promoted. 

These overriding principles will be applied during the life of the Project through the implementation of 
the site-specific management strategies presented below. 

Management of Species of Conservation Significance 

n order to minimise potential impacts of the Project on fauna species of conservation significance, the 
management strategy illustrated on Figure 4-2 would be implemented. 

Management plans/programmes for individual fauna species of conservation significance would be 
developed and implemented in consultation with CALM where necessary. Management measures 
developed for species of conservation significance are discussed below. 

Management Plan for Bat Species 

An outcome of consultation with CALM (through the EIA process), was the preparation of a draft 
management plan in order to minimise the potential impacts of Project on the Pilbara Leaf-nosed Bat 
(Rhinonicteris aurantius), and the Ghost Bat (Macroderma gigas). The draft management plan has 
been prepared to document the management measures that will be implemented by BHPBIO during 
the Project and is provided as an appendix to this EMP (Appendix A). 

The management and monitoring measures outlined in the draft management plan (Appendix A) 
include roost cave surveys, establishment of buffer zones, management of mining activities and 
monitoring/reporting requirements. These are summarised below. 

Roost Cave Surveys 

BHPBIO has committed to undertake acoustic and observational recordings at previously identified 
caves during May 2005. The results of the surveys will be forwarded to CALM and other relevant 
Government agencies within two weeks of them becoming available. 
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Establishment and Management of Buffer Zones 

BHPBIO has committed to establishing buffer zones between mining activities at Cattle Gorge and 
Nimingarra and caves where the Pilbara leaf-nosed Bat and/or Ghost Bat are recorded. A buffer zone 
with a minimum width of 400 m will be established on the eastern side of the Cattle Gorge mining area 
and the Gorge itself. A second buffer zone with a minimum width of 200 m will be established around 
the bat cave identified as occurring to the south east of the existing Nim B open pit. In addition to 
these buffer zones, other buffer zones may be established around caves where the Pilbara leaf-nosed 
Bat and/or the Ghost Bat are recorded during the May 2005 survey of potential roost caves. 

The following management measures will be enacted to enforce the buffer zones: 

Relevant mine plans will show the buffer zones. 

Signposts will be installed on access roads at the edge of the buffer zones. The signposts will 
state that the buffer zone is a restricted area, and that permission from BHPBIO is required before 
proceeding. 

Only employees and contactors authorised by BHPBIO will be allowed within the buffer zones. 
Authorised employees and contactors will be advised of the significance of the area, and the 
management requirements when entering the area (including this management plan, and any 
other cultural heritage or environmental requirements of relevance). 

Authorised access within the buffer zones will be on foot or light vehicle only. 

No land clearing, or operation of heavy equipment is permitted within the buffer zones. 

Entry into all caves within the buffer zone for scientific (ie. monitoring/research) or cultural 
purposes is prohibited, except where specific authorisation is provided by CALM and the Njamal 
Aboriginal people. 

The Goldsworthy induction process will be used to promote awareness of the known roost caves, 
buffer zones, and their management requirements. 

Management of Mining Activities 

The draft management plan (Appendix A) describes how blasting and night-time lighting at mining 
areas adjacent to buffer zones will be managed to minimise potential impacts (eg. restricting blasting to 
daylight hours and use of directional lighting). 

Monitoring and Reporting 

In accordance with the draft management plan for bat species (Appendix A) monitoring programme, 
known roost sites (ie. the Nim B cave, plus any additional caves identified in the May 2005 survey) 
would be monitored on a quarterly basis during operations. The results of the quarterly monitoring 
programme would be provided to CALM within four weeks of the monitoring being undertaken. Bat 
monitoring results would also be reported in annually in the AER. 
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Pilbara Olive Python (Liasis olivaceus barroni) 

BHPBIO has developed specific management measures for the Pilbara Olive Python (Liasis olivaceus 
barroni) including: 

Minimising disturbance of core habitat (ie. riverine woodland areas, gorges, gullies) during mine 
planning. 

Where disturbance to core habitat areas cannot be avoided, BHPBIO would conduct visual 
observation and removal of individuals from disturbance areas prior to clearing being undertaken. 

Only employees and contactors authorised by BHPBIO and trained in snake handling will be 
permitted to handle individuals if required (ie. relocation from roads). 

Maintenance of a database where opportunistic sightings of the species will be recorded. 

Use if the Goldsworthy induction process to promote awareness of the Pilbara Olive Python and 
its known habitat. 

Mulgara (Dasycercus cristicauda) 

BHPBIO has developed specific management measures for the Mulgara (Dasycercus cristicauda) 
including: 

Disturbance to Triodia grasslands over loamy soils in the sand plain habitat type will be minimised. 

Vehicle speeds on the Cattle Gorge Haul road will be kept below 50 km/hour. 

Maintenance of a database where opportunistic sightings of the species will be recorded. 

Use if the Goldsworthy induction process to promote awareness of the Mulgara and its known 
habitat. 

Northern Quoll (Dasyurus hallucatus) 

BHPBIO has developed specific management measures for the Northern Quoll (Dasycercus 
hallucatus) including: 

Minimisation of disturbance areas. 

Maintenance of a database where opportunistic sightings of the species would be recorded. 

Management and minimisation of waste materials and rubbish. 

Use if the Goldsworthy induction process to promote awareness of the Northern Quoll and its 
known habitat. 

General Fauna Management Practices 

The following additional practices will be implemented at the GEP to minimise the impact of the mining 
operation on fauna: 

The disturbance footprint of new mining areas and OSAs will be designed to limit land clearing to 
the practicable minimum. 
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Where clearing is necessary, prior approval by BHPBIO via the PEAHR land clearing procedure 
(which includes consideration of potential impacts on fauna species and key habitat areas 
recorded in baseline surveys) will be required before works commence. 

Plans showing the extent of the areas authorised to be cleared will be prepared prior to clearing 
taking place and monitoring will be undertaken regularly by BHPBIO to assess whether these 
plans are being adhered to. 

A condition prohibiting unauthorised clearing will be included in all contracts. 

Cleared vegetation (e.g. spinifex clumps, tree limbs etc) will be stockpiled for re-use during 
rehabilitation. New disturbance areas will be rehabilitated in a manner that encourages the return 
of fauna species through the provision of habitat, shelter and food sources. 

Disturbance areas will be progressively rehabilitated. 

Vehicles and machinery will be parked only in designated locations and off-road recreational 
activities will be prohibited. 

The environmental component of the site induction will be used to raise workforce awareness of 
local fauna species of interest and relevant conservation issues. 

Domestic animals will be prohibited on site and a clean, rubbish-free environment will be 
maintained across the site to minimise the potential for colonisation by feral animals. 

Should any 'Declared' species listed under the Agriculture and Related Resources Protection Act, 
1976 be identified in the Project area during the mine life, suitable control measures will be 
developed in consultation with CALM to eradicate, reduce or contain the species. 

Firearms will be prohibited on site, as will be the capture of fauna except where required for 
baseline surveys, relocation programmes or research. 

The capture of fauna will be prohibited except where required for baseline surveys. 

The above management practices will continue throughout the life of mine development. 

4.9.5 	Performance Indicators 

Restriction of land clearing to approved site plans. 

Clearing conforms with relevant PEAHR procedure forms (Figure 4-1). 

Implementation of the Significant FloralFauna Management Strategy (Figure 4-2). 

Compliance with the provisions of the Wildlife Conservation Act 1950. 

Maintenance of records of impacted floralfauna species, vegetation associations and/or habitat 
areas of conservation significance. 

Implementation of the management plan for bat species. 
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4.9.6 	Monitoring 

Monitoring of rehabilitated areas will be undertaken periodically and will assess parameters such as the 
establishment and development of fauna habitats and evidence of the return of fauna species. 

Monitoring will also be undertaken within the Project area in accordance with the management plan for 
bat species (Appendix A). 

4.10 	WASTE MANAGEMENT 

4.10.1 	Existing Environment 

Mining operations at the Goldsworthy mining operations generate a range of waste materials which 
require disposal. These include: 

. 	washdown water; 

sewage; 

scrap metal; 

non-metal scrap (e.g. uncontaminated piping, plastic, fibreglass or wood); 

general refuse; 

domestic putrescible wastes; 

tyres and conveyor belts; 

explosives and chemical packaging and wastes; 

batteries; and 

hydrocarbons (waste oil) and hydrocarbon contaminated waste. 

Washdown water and water from bunded facilities is directed to bioremediation landfarms located at 
Yarrie and Nimingarra/Sunrise Hill. These landfarm areas are also used for treatment of hydrocarbon 
contaminated soils that are collected when hydrocarbon spills occur. 

Domestic sewage generated at the accommodation camp, administration and workshop areas is 
managed at the Yarrie sewage treatment plant or by septic systems. When necessary, a licensed 
contractor removes sludge from the sewage treatment systems and transports it to Port Hedland 
sewage treatment plant for disposal. 

Controlled wastes under the Environmental Protection (Controlled Waste) Regulations, 2001 that are 
generated at the GEP include tyres, batteries, electrical waste and waste oils. Discarded tyres are 
deposited in the on-site tyre dump in a mined out pit at Yarrie where they are buried in accordance with 
license requirements. Other controlled wastes such as batteries and waste oil are removed from site 
by a contractor for recycling and/or disposal in accordance with the requirements of the Environmental 
Protection (Controlled Waste) Regulations, 2001. 

Other solid wastes (i.e. non-controlled wastes) are disposed in an on-site landfill located at Yarrie in the 
Wi OSA. Regular inspections of the landfill site and bioremediation landfarms are carried out to 
identify if any inappropriate waste materials are entering the waste stream. 
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4.10.2 	Potential Impacts 

Waste materials (including controlled and non-controlled wastes as defined by the Environmental 
Protection (Controlled Waste) Regulations 2001) have the potential to adversely affect the environment 
(e.g. contamination of soil and water resources) if inappropriate management/treatment procedures 
are applied. 

The Project mining activities will not involve the generation or use of any significant additional 
quantities or types of waste materials to those currently generated by the existing operation. However 
the extension of mining into new areas (e.g. Cattle Gorge) will mean that some waste materials will be 
generated in these new areas. 

4.10.3 EMP Objectives 

To minimise the generation of waste from the site by reducing waste streams and recycling 
material, wherever practicable. 

To dispose of waste in an environmentally acceptable manner and in compliance with all 
regulatory and BHPBIO requirements. 

To ensure that hazardous wastes are properly collected, segregated, transported, treated and 
disposed at an approved site. 

4.10.4 Management Practices 

Mining Operations Waste Management Programme 

Management of waste is governed by the BHPBIO Mining Operations Waste Management Programme 
which describes the following objectives for BHPBIO mining operations: 

To observe the waste management hierarchy of elimination, reduction, reuse, recycling, treatment 
and disposal. 

To manage all waste generated in a manner that minimises potentially detrimental effects on the 
environment. 

To ensure that BHPBIO mining operations comply with applicable licence conditions and 
commitments at all times. 

Project Waste Management Practices 

Management practices that will be used at the Project to minimise impacts from waste generation are 
presented below: 

Materials to be recycled will be neatly stored in a designated area until they are removed from the 
site. 

Domestic sewage wiU be co!!ected in underground septic tnk 	nd/nr tretd in the sewage 
treatment plant. 

Materials such as batteries and scrap metal will be recycled. 
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All waste collecting systems will be designed for ease of use and prevention or capture of spillage. 

Oily wastes generated at site will be collected and disposed of in accordance with the 
Environmental Protection (Controlled Waste) Regulations, 2001. 

All soil contaminated by hydrocarbons will be disposed of in a designated site for bioremediation in 
accordance with Oil Farming for Oily Wastes (EPA, 1990). 

Controlled wastes that are transported off-site for disposal will be managed in accordance with the 
Environmental Protection (Controlled Waste) Regulations, 2001. 

Non-controlled solid wastes will be disposed of in the site landfill in accordance with the licence 
conditions. 

4.10.5 Performance Indicators 

Records kept of all waste types generated and how they have been disposed of or recycled. 

Achieve site targets for waste consumption per unit of production. 

Compliance with relevant legislative and regulatory requirements. 

Treatment and disposal of wastes collected by the sewerage facilities that service the mine offices 
and amenities to be undertaken in accordance with the Health Act 1911 - 1979 and to the 
satisfaction of the local authority. 

4.10.6 Monitoring 

Monthly inspections of the landfill site will be undertaken to ensure the guidelines are being met 
and that inappropriate waste materials are not entering the waste stream. 

Details of quantities of waste material recycled (e.g. hydrocarbons) will be kept for reporting 
urposes. 

Monitoring results relevant to waste management will be tabulated monthly in a waste 
management spreadsheet. 

4.11 	DANGEROUS GOODS AND HAZARDOUS MATERIALS 

4.11.1 	Existing Environment 

A number of potentially hazardous materials are stored and used at the GEP including hydrocarbons, 
detergents, glues, paints and explosives. Where applicable, these materials are transported to the 
mine in accordance with the Dangerous Goods (Transport) (Road and Rail) Regulations 1999 and the 
Australian Code for the Transport of Dangerous Goods by Road and Rail. 

Existing fuel storage facilities are located at Nimingarra and Yarrie. These facilities are above ground, 
bunded and constructed and operated in accordance with applicable Australian Standards. Diesel and 
lubricating oil is transported by road to the operations. 

May 2005 	 4-42 



I 
bhpbilLiton BHPBilIiton Iron Ore 

Environmental Management Plan 

Explosive detonators and general explosives are kept in a designated area at Yarrie that is remote 
from the mining activities and above flood level in accordance with the Explosives and Dangerous 
Goods Act, 1961. 

PCBs, CFC's or halons are not used at Goldsworthy mining operations. 

4.11.2 	Potential Impacts 

Dangerous goods and explosives transport and use are addressed by a range of legislation and 
standards including: 

Australian Code for the Transport of Dangerous Goods by Road and Rail; 

Traffic Act, 1974; 

Dangerous Goods (Transport) (Road and Rail) Regulations, 1999; 

Australian Standard (AS) 1940-1993 The Storage and Handling of Flammable and Combustible 
Liquids; 

Explosives and Dangerous Goods Act, 1961; and 

Mine Safety and Inspections Act, 1994. 

The use of hazardous materials, such as fuels, lubricants, detergents, explosives and paints at the 
Project has the potential to cause atmospheric, ground or water contamination. However the types 
and amounts of hazardous materials used is not expected to change significantly from the existing 
GEP consumption levels as the ore production rate (8.5 Mtpa) would remain unchanged. 

4.11.3 EMP Objectives 

To minimise the potential adverse effects, risk and liability associated with hazardous materials at 
the GEP. 

To ensure that the transport, handling and storage of hazardous materials is in accordance with 
the Explosives and Dangerous Goods Act 1961, the Dangerous Goods Regulations, 1992 and the 
associated applicable codes, guidelines and Australian Standards. 

4.11.4 Management Practices 

All major consumables will continue to be trucked to the Project. All hazardous chemical reagents and 
explosives will be transported in accordance with the Dangerous Goods (Transport) (Road and Rail) 
Regulations 1999 and the Australian Code for the Transport of Dangerous Goods by Road and Rail. 

The storage, handling and disposal of hazardous materials will be undertaken in a manner that 
complies with all local and State regulations. 

Hydrocarbons that will he i.ised on site inrlijrlp nils grss fuels (petroleum and diesel), degreaser 
and kerosene. Bulk fuel is stored in above-ground tanks located within impermeable, concrete bunded 
enclosures in accordance with DoIR requirements and AS 1940-1993 The Storage and Handling of 
Flammable and Combustible Liquids. 
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Explosives will be stored in a dedicated magazine that is remote from workshops and the mine site. 
The storage area will be bunded to ensure that nitrate-based explosives cannot escape into the 
environment. 

In order to ensure the safe handling of all hazardous materials used at the GEP, a formal Hazardous 
Materials Management Programme (HMMP) has been adopted which incorporates the following 
elements: 

adoption of a formal policy statement; 

designation of responsibility for all elements of the programme; 

employee participation; 

training of personnel; 

dissemination of information; 

establishment of purchasing and inventory controls; and 

environmental monitoring. 

On-site management of hazardous materials is required to be undertaken in accordance with the 
HMMP and is the responsibility of the contractor. In order to assist in the management of hazardous 
materials the contractor has developed a range of management sub-plans that take into account the 
elements of the HMMP, including: 

Environmental Management Controls for Dangerous Goods and Hazardous Substances. 

Environmental Inspections. 

Environmental Auditing. 

Annual Environmental Review. 

Hydrocarbon Management. 

Chemical Management. 

Incidence Response and Clean-up. 

4.11.5 Performance Indicators 

Compliance with all local and State regulations that relate to the storage, handling, use and 
disposal of hazardous materials. 

Transportation of all hazardous materials (including controlled wastes) complies with the 
provisions of the Licence to Transport Dangerous Goods. 

4.11.6 Monitoring 

Regular inspections are carried out to ensure that hazardous material management systems are 
effective and in compliance with relevant regulations. 
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4.12 	ABORIGINAL HERITAGE 

4.12.1 	Existing Environment 

Early Surveys 

The Project area lies within the traditional lands of the Njamal speaking people, whose territory was 
centred on the Oakover, lower Nullagine and central De Grey Rivers (BHPBIO, 1992). Prior to the 
development of the European pastoral industry in the 1860s, archaeological evidence indicates 
Aboriginal people inhabited the Pilbara for at least 20,000 years. 

BHPBIO commissioned a number of archaeological and ethnographic Aboriginal heritage surveys and 
consulted widely with principle Njamal heritage custodians (and others from the neighbouring language 
groups such as the Nyangumarta) during the planning and development for earlier mining activities 
associated with the Goldsworthy mining operations, The following Aboriginal heritage survey reports 
were produced as a result of this work: 

O'Connor, R. and Quartermaine, G. (1988) Survey for Aboriginal Sites - Kimberley Gap, Near 
Shay Gap. Prepared for Goldsworthy Mining Limited. 

O'Connor, A., Quartermaine, G. and Mattner, C.J. (1991) Report on a Survey for Aboriginal Sites 
at Shay Gap, Pilbara Region. Prepared for BHP Iron Ore on Behalf of Nomads Management Pty 
Ltd. 

O'Connor, R. and Quartermaine, G. (1 992a) Report on Survey of Aboriginal Sites Yarrie Mine 
Development Area. Prepared for BHP Iron Ore. 

O'Connor, R. and Quartermaine, G. (1 992b) Report on Survey of Aboriginal Sites Callawa Area. 
Prepared for BHP Iron Ore. 

The above heritage surveys were conducted within leases E45/1072, ML249SA, M263SA Sec7, 
M263SA 5ec6, ML249SA Sec5, M263SA Sec4, M263SA Sec8, ML249SA Sec4, M45/592, M45/573, 
M45/558, M451594. 

During heritage surveys conducted during the early 1980s and 1990s, 23 sites and 7 non-disturbance 
areas were identified and recorded. These sites are shown in Table 4-5 

Table 4-5 
Sites Recorded - 1988 to 1992 

T1 

1988 P05930-34 P05958&P05959 

7 non disturbance areas 

1991 P06653 -62  

1992a P07013,14,16,17  

1992b P07015  
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The seven non-disturbance areas identified during the early surveys are considered to be areas of 
ethnographic significance (O'Connor and Quartermaine, 1991). In order to provide protection to the 
ethnographic sites, the Heritage Custodians outlined the areas that are not to be disturbed by mining 
operations. Additionally, BHPBIO consulted with the Heritage Custodians with regard to proposed 
mining areas. 

During 2004, one site, Cattle Gorge 9, was identified by BHPBIO personnel during a PEAHR 
inspection. One additional site, the Nimingarra Shelter was also identified during the previous 11 years 
by BHPBIO personnel. 

Records also exist for an additional eight archaeological sites (P00001-4, P00226, P00228-9, P02442) 
and three ethnographic sites (P00227, P00229, P00230) located within the Goldsworthy area. It is 
unknown when these sites were recorded however due to the site numbers it is likely they were 
recorded during the 1970s. 

Under Section 18 of the Aboriginal Heritage Act 1972 consent has been granted to use the land 
containing three of these sites (P06653, P05932, P0701 3). The remaining sites have to be protected 
from disturbance and will be fenced, as appropriate and in accordance with applications under Section 
16 of the Aboriginal Heritage Act, 1972, to act as a physical measure of protection. 

Project Surveys 

A number of the Project orebodies and existing infrastructure areas were subject to the earlier 
archaeological surveys and assessments in the past, however some of areas proposed as part of the 
Project might require further archaeological assessment in order to prevent the unintentional 
disturbance of any Aboriginal site. BHPBIO is currently assessing the need for further archaeological 
work and will approach the Pilbara Native Title Service to coordinate additional archaeological work as 
required. 

In addition BHPBIO commissioned the Pilbara Native Title Service to conduct ethnographic surveys 
over the Shay Gap, Cattle Gorge, Nimingarra, Yarrie and Sunrise Hill areas (ML249SA Sec 3, 
ML251 SA, M263SA Sec 5, M263SA Sec 1, M263SA Sec 2, M263SA Sec 3). 

The first stage of this work was conducted at Nimingarra, Sunrise Hill (ML249SA Sec 3, ML251SA, 
M263SA Sec 5, M263SA Sec 1, M263SA Sec 2, M263SA Sec 3) and Cattle Gorge (E45/1 072, 
M263SA Sec8, M45/592, M45/573, M45/558, ML249SA Sec6) between the 16 and 18 February, 2005. 
The survey was conducted by Ms Carolyn Macdonald (Consultant Anthropologist, Pilbara Native Title 
Service) with Njamal (WG6028/98) claimants Mr Peter Coppin, Mr Teddy Allen, Mr Gavin Snook, Mr 
Ross Allen, Mr Les Ball and Mr Adrian Allen, Mr Kevin Allen of the Pilbara Native Title Service and 
Sally McGann of BHPBIO. The field survey was conducted following a Site Identification Survey model 
and assessed the potential impact of mining activities on newly and previously recorded sites in the 
vicinity of the leases. 

These sites are provided in Table 4-6. Buffer zones of 150 and 100 m radii respectively, were 
established at each of the 2 new sites. In addition, the western non-disturbance area boundary at 
Cattle Gorge was adjusted. 
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Table 4-6 
Sites Recorded - 2005 

Ochre Source 	 ML249SA Sec3 

Water Source 	 ML249SA Sec3 

P00002 	 ML249SA Sec4 

The survey team also expressed concern regarding water catchment areas and it is expected that 
further recommendations regarding the management of these areas will be included in the final 
ethnographic report as well as being the subject of ongoing discussions between Njamal claimants and 
BHPBIO personnel at the working group meetings facilitated by the Pilbara Native Title Service. The 
first of these discussions was held on March 16, 2005, in Port Hedland and Mr Peter Waters, BHPBIO 
Mine Environmental Projects Co-ordinator, presented specific project information to the Njamal 
claimants and invited discussion. 

4.12.2 	Potential Impacts 

The potential impacts of the Project on Aboriginal heritage sites are related primarily to direct 
disturbance of sites and include: 

damaging sites during mining operations and construction of Project infrastructure; 

collecting or excavating artefacts from heritage sites; 

damaging artefacts by off-road use of vehicles; and 

trespassing on sites by unauthorised personnel and culturally inappropriate behaviour (including 
defacing artefacts or artworks). 

Although recent surveys have determined that there are no Aboriginal sites located within the Project 
disturbance areas and therefore potential impacts would be minimised, management strategies at the 
Project would continue to be implemented (ie. fencing of ethnographically significant areas). 

4.12.3 EMP Objectives 

To minimise disturbance to Aboriginal sites. 

To establish appropriate management and protective measures for Aboriginal sites. 

To ensure that the disturbance of any site is properly approved consistent with the Aboriginal 
Heritage Act, 1972 and the wishes of the appropriate Aboriginal heritage custodians and 
spokespeople. 
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4.12.4 Management Practices 

Prior to any development, all areas to be disturbed are the subject of ethnographic and archaeological 
site surveys and consultation with cultural heritage custodians and spokespeople. All subsequent land 
disturbance activities are to be subject to Aboriginal heritage management and assessment measures 
through BHPBIO's PEAHR process (Figure 4-3). The PEAHR, includes a project summary, location of 
works, and anticipated environmental, land access and Aboriginal heritage impact. 

All employees and contractors undergo a compulsory induction into their responsibilities under the Act 
and appropriate management measures, including protective measures, are maintained for recorded 
Aboriginal sites. 

It is a standing requirement that all employees and contractors promptly report any potential Aboriginal 
sites discovered in the vicinity of operations to BHPBIO. Sites are avoided and preserved, wherever 
possible. For sites that cannot be avoided, approval for disturbance is sought under Section 18 of the 
Aboriginal Heritage Act, 1972. 

The above Aboriginal heritage management practices will continue throughout the development of the 
Goldsworthy Extension Project. 

Land Management Manual 

The general guiding principles for managing Aboriginal heritage and minimising potential impacts at 
BHP BIOs mining operations are described in the Land Management Manual and include: 

managing land clearance activities through the PEAHR land clearing procedure; 

undertaking Aboriginal heritage surveys at disturbance areas in consultation with the Njamal 
cultural heritage custodians and representatives; 

avoiding Aboriginal sites where possible and revising the mine plan if significant Aboriginal 
heritage sites are identified; and 

obtaining appropriate approvals and permits under the Aboriginal Heritage Act, 1972 prior to 
disturbing any sites. 

In addition, employees and contractors undergo compulsory inductions regarding their responsibilities 
under the Aboriginal Heritage Act, 1972. Appropriate management measures, including protective 
measures, are maintained for recorded Aboriginal sites. 

Native Title Claimants 

There are two Native Title Claimant Groups that have native title claims within the Project area, the 
Njamal (WG6028/98) and Birrimaya (NNTT95/60). BHPBIO has reached agreement with both claimant 
groups and is entering into the Yarrie Continued Operations and Infrastructure Works Agreements 
which contain agreed Aboriginal Heritage Protocols as well as an agreed process to consult on other 
matters with respect to the Project area. 

May 2005 	 4-48 



Plan Depicting Corridor of Impact 

Pedestrian survey of proposed corridor by heritage survey team 
including Nyamal representatives and archaeologists 

to identify any sites of archaeological or ethnographic significance 

Provision of heritage site location data to planning team 

Na sites 	 Amend plans to avoid sites 	 Some sites within crucial areas and cannot be avoided 

lysignifitsites 

Sites determined to be of low significance by 
representatives and archaeologists 

Preparation of reports 

Submission of reports and application to use 
the land containing sites under section 18 
of the WA Abor4iinoflleiitcqeAct, 1272 

ACMC meeting 

Advice from the Minister 

Yes 

j
(onditional 	 Unconditional 

Meet conditions 
(eg collection, excavation, relocation etc) 

Comduct clearing activities 

us per uppruved FEAHR Fuurr 

Environmental  

FIGURE 4.3 
Aboriginal Heritage Munoement 
Flow Sheet 

bhpbifliton 



oil  
bhpbiU.iton BHPBiUiton Iron Ore 

Environmental Management Plan 

Examples include: 

Contracting and employment opportunities that may arise. 

Business opportunities for the claimants. 

Environmental submissions lodged with respect to the Project area. 

Training opportunities with BHPBIO. 

Training opportunities with external providers such as TAFE. 

Mine Access procedures. 

Mine developments. 

Aboriginal Relationships and Investment Programmes 

BHPBIO recognises that, for the business to be sustainable, local communities must share in and 
benefit from the Company's success. It is also acknowledged that addressing deep-seated problems 
such as the under-representation of indigenous people in the workforce is a complex matter requiring 
partnership and engagement with a range of stakeholders. 

For well over a decade BHPBIO has been developing relationships with its host indigenous 
communities and other partners. Commencing in 1992, a dedicated Aboriginal Affairs Department was 
established 

In 2000, the company instigated the Investment in Aboriginal Relationships' program, a key initiative 
driven by the Aboriginal Affairs Department to ensure a spread of benefits to the indigenous people of 
the Pilbara and further improve and develop relationships with them. 

It is a long-term program aimed at benefiting the Company, indigenous people and the community 
through activities focusing on increasing opportunities for education, training and employment as well 
as assisting with indigenous enterprise and community development and cultural heritage 
management. 

Many aspects of the program, such as those concerned with increasing indigenous employment, are 
long-term projects and, in order to be successful and sustainable, need corporate endorsement and 
support. BHP Billiton signed the Corporate Leaders for Indigenous Employment statement in October 
1999 and later BHP Billiton Iron Ore signed a Memorandum of Understanding with the then 
Commonwealth Department of Employment, Workplace Relations and Small Business. 

BHPBIO also decided as part of the launch of the 'Investment in Aboriginal Relationships' program to 
publicly commit the business to a target of achieving 12 per cent indigenous employment within its 
Pilbara operations by 2010, reflecting the proportion of indigenous people in the region. 

Recognising that there is no easy solution to the challenge of increasing indigenous employment, the 
program's strategies and actions are diverse and the scope all-encompassing. The program takes in 
all operational areas: mining, port, railway and Boodarie Iron. It includes a raft of associated initiatives 
in the areas of education and direct and indirect (contractor-based) employment. Contractors represent 
around 50 per cent of the workforce and the biggest opportunity for increasing indigenous employment 
is at the entry-level skill area. Other initiatives focus on developing indigenous businesses and 
improving their contracting opportunities with BHPBIO. 
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The company also recognises that for these actions and initiatives to get off the ground and be 
successful, they require a significant cultural change in the business. Dealing with this was part and 
parcel of the overall program. 

Today, BHP Billiton Iron Ore employs 55 Aboriginal and Torres Strait Islander apprentices in 
engineering, mechanical and electrical trades and trainees in clerical and mine production roles and 
has, at the time of writing this document, increased its indigenous employment levels from 3% in 2000 
to between 7 and 10% across its operations. 

The importance of education initiatives to the overall success of the program cannot be 
underestimated. BHP Billiton Iron Ore is now the primary sponsor of two education programs that we 
conduct in partnership with the Western Australian Department of Education & Training, the 
Commonwealth Department of Employment & Workplace Relations, the Commonwealth Department 
of Education, Science & Training, the local indigenous community and the Graham (Folly) Farmer 
Foundation. One of the programs is in Port Hedland and another recently commenced at Newman. 

The Port Hedland Partnership program is now into its third year. Through mentoring, homework 
supervision and work experience, the program aims to assist indigenous children to achieve their full 
potential. Students attending school in Years 8 tol 2 can apply to be selected. A compact is established 
with the selected students, their families and the partners, which includes a commitment to work 
towards set educational and personal growth goals. A dedicated coordinator is jointly funded by the 
partners. In addition, we have provided a building that is available for student use after school. It 
contains computer equipment and facilities for tutoring, homework, recreation and dining. A bus is 
available for student pick up and drop off as well as for excursion activities. 

Overall, there has been a noted improvement in grades and school attendance by the participating 
students and they are becoming role models among their colleagues, family and the broader 
community. BHPBIO's commitment to developing and supporting local indigenous businesses has 
seen some real success. An example is the support provided to Ngarda Civil and Mining, a partnership 
between mining contractor Henry Walker Eltin, Indigenous Business Australia and the Ngarda Ngarli 
Yarndu Foundation, which represents all indigenous groups in the ATSIC (now ICC) Ngarda Ngarli 
Yarndu Regional Council region. The partnership agreement stipulated that Ngarda had to employ 
local people for local jobs but it also had to be commercially successful. After initially providing a 
number of small miscellaneous housing maintenance contracts to Ngarda, in 2003 BHP Billiton Iron 
Ore awarded two significant and long-term 'open book' contracts at the Boodarie Iron mine and on 
Finucane Island, with a collective worth of over A$lOm per year. 

The aim of this support is to enable Ngarda to develop and demonstrate efficiencies over the duration 
and become competitive in the mainstream marketplace. All contracts awarded to Ngarda have a 
minimum requirement for 85 per cent indigenous employment. Ngarda's performance has been 
remarkable; for example, at Finucane Island where it has a mobile plant and equipment contract, the 
business continues to achieve very satisfactory loading rates and demonstrate a high level of 
compliance with occupational health and safety standards and has received a BHPBilliton Iron Ore 
Audit Safety Award and a 2003 IFAP (Industrial Foundation for Accident Prevention) Award for six 
months without a lost time injury. 

May2005 	 4-51 



BHPBiIIiton Iron Ore 
Environmental Management Plan 

bhpbilliton 

Partnerships have been crucial in achieving higher levels of indigenous employment. One of the most 
significant has been a partnership that developed out of the Memorandum of Understanding with the 
Department of Workplace Relations (DEWR). In 2003, BHPBIO signed a Structure Training and 
Employment Program contract with the provision of A$1.2 million for subsidising its indigenous 
employment programs. 

The subsidies have enabled BHPBIO invest in further indigenous employment, training and education 
initiatives, the overall success of which led to BHP Billiton Iron Ore being a finalist in the 2003 
Corporate Leaders For Indigenous Employment awards. 

These initiatives will continue to be implemented where appropriate at the Project. 

4.12.5 Performance Indicators 

Impact to Aboriginal sites to be avoided wherever possible. 

No Aboriginal sites to be disturbed without prior approval under the provisions of Section 18 of the 
Aboriginal Heritage Act 1972. 

All personnel and contractors to undergo an Aboriginal heritage and culture induction process for 
the Goldsworthy region. 

Compliance with the provisions of the Aboriginal Heritage Act, 1972. 

4.12.6 Monitoring 

During construction and earthworks BHPBIO personnel will monitor the boundaries of sites in the area 
of activity to ensure compliance with PEAHR land clearing procedure management measures and 
commitments. 

May 2005 	 4-52 



BHPBiIIiton Iron Ore 
Environmental Management Plan 

.. 
bhpbitliton 

5 REFERENCES 



S 
S il 

bhpbiRiton BHPB1II1t0n Iron Ore 
Environmental Management Plan 

Aquaterra (2005) Assessment of the Hydrogeological Impacts of Mining below the Water Table at 
Goldsworthy. Report to BHP Billiton Iron Ore, February 2005. 

Beard, J.S. (1975) Pilbara, Sheet 5, 1:1,000,000 Series Vegetation Survey of Western Australia. 
University of Western Australia Press, Nedlands. 

BHP Billiton Iron Ore Pty Ltd (undated) Topsoil Management. BHPBIO Reference MAN-ENV-LAND 
NW-003. 

BHP Billiton Iron Ore Pty Ltd (2002a) Health, Safety, Environment and Community Management 
Standards. 

BHP Billiton Iron Ore Pty Ltd (2002b) BHP Billiton-wide HSEC Guideline - Energy and Greenhouse. 

BHP Billiton Iron Ore Pty Ltd (2003) Mining Operations Greenhouse Gas and Energy Management 
Plan - Draft April 2003. 

BHP Billiton Iron Ore Pty Ltd (2004a) Annual Environmental Report: July 2003 - June 2004. 

BHP Iron Ore (2000) Yarrie-Nimingarra Iron Ore Project - Mining Lease (ML) 263A, 249, 263, 25 JA 
and Special Lease 45/558: Environmental Management Plan. 

BHP Iron Ore (1998) Goldsworthy Extension Project Phase 2 Expansion- Proposal to Mine Yarrie 
Crustal Deposits. 

Churchill, S. (1998) Australian Bats. Frenchs Forest, New South Wales. Reed New Holland. 

Cole, J. R. and Woinarski, J. C. Z. (2000) Rodents of the Arid Northern Territory: Conservation. Status 
and Distribution. Wildlife Research 27: 437-449. 

Coles R.B. and Guppy A. (1989) Echolocation and Doppler-shift Compensation in Rhinonycteris 
aura ntius and Hipposideros ater. Macroderma 5, 6-7 

Cogger, H. G. (2000) Reptiles and Amphibians of Australia. Sydney, New South Wales. Reed New 
Holland, 61h  edition. 

Dames and Moore Pty Ltd (1992) Goldsworthy Extension Project Phase II Consultative Environmental 
Review. Unpublished report prepared for BHP Iron Ore (Goldsworthy) Limited. 

Department of Environment (2003) Interim Guideline for the Controlled Waste Regulations. July 2003. 

Ecologia Environmental Consultants (2004a) Yarrie Cattle Gorge Biological Survey. Unpublished 
Report for BHP Billiton Iron Ore Pty Ltd. 

Ecologia Environmental Consultants (2005) Goldsworthy Extension Project Biological Assessment. 
Unpublished Report for BHP Billiton Iron Ore Pty Ltd. 

Environment Australia (2004) Interim Biographic Regionalisation of Australia. 

Environmental Protection Authority (1990) Oil Farming for Oily Wastes. June 1990. 

EPA (1990) 011 Farming for Oily Wastes. Environmental Protection Authority, Western Australia. 

May 2005 	 5-3 



I il 
bhpbU.liton BHPBIIIIt0n Iron Ore 

Environmental Management Plan 

Goldsworthy Mining Limited (1986) Goldsworthy Extension Project- Notice of Intent - Environmental 
Aspects at Nimingarra Mine Site and Finucane Island Port Facility near Port Headland, 
Western Australia 

Halpern Glick Maunsell (1998) Yarrie Crustal Deposits: Baseline Biological and Soil Survey. 
Unpublished report prepared for BHP Iron Ore Pty Ltd 

Hall L., Richards G.C., McKenzie N.L. and Dunlop N. (1997) The importance of abandoned mines as 
habitat for bats. Pp 326-334 in P. Hale and D. Lamb (Eds) Conservation Outside Nature 
Reserves. Centre for Conservation Biology, University of Queensland, Brisbane. 

Immelmann, K. (1982) Australian Finches. Angus and Robertson, Sydney. 

Johnstone, R.E. and Storr, G. (1998) Handbook of the Birds of WA. Western Australian Museum. 

Keast, A. (1958) Infraspecific Variation in Australian Finches. Emu 58:219-246. 

Blakers M., Davies S.J.J.F. and Reilly P.N. (1984) The Atlas of Australian Birds. RAOU and Melbourne 
University Press, Melbourne. 

O'Connor, R. and Quartermaine, G. (1988) Survey for Aboriginal Sites - Kimberley Gap, Near Shay 
Gap. Prepared for Goldsworthy Mining Limited. 

O'Connor, R., Quartermaine, G. and Mattner, C.J. (1991) Report on a Survey for Aboriginal Sites at 
Shay Gap, Pilbara Region. Prepared for BHP Iron Ore on Behalf of Nomads Management 
Pty Ltd. 

O'Connor, R. and Quartermaine, G. (1992a) Report on Survey of Aboriginal Sites Yarrie Mine 
Development Area. Prepared for BHP Iron Ore. 

O'Connor, R. and Quartermaine, G. (1992b) Report on Survey of Aboriginal Sites Callawa Area. 
Prepared for BHP Iron Ore. 

Outback Ecology (2004) Ecosystem function analysis of rehabilitation at the Yarrie mine site. 
Unpublished report prepared for BHPBilIiton Iron Ore. 

Moro, D. and Morris, K. (2000) Movements of Lakeland Downs short-tailed mice, Leggadina 
lakedownensis, and house mice, Mus domesticus, on Thevenard Island, Western Australia. 
Wildlife Research 27:11-20. 

Simpson, K. and Day, N. (2004) Field Guide to the Birds of Australia. Ringwood, New South Wales. 
Viking Press, 7th Edition. 

Slater, P., Slater, P. and Slater, R. (2003) The Slater Field Guide to Australian Birds. Weldon 
Publishing, Sydney. 

Strahan, R. (Ed.) (1995) The Mammals of Australia. Reed Books, Sydney. 

Woolley, P. (1995) Mulgara Dasycercus cristicauda. In Strahn, A. (ed). The Mammals of Australia. 
Reed Books, Sydney. 

May 2005 	 5.4 



-pit  
S 

bhpbiltiton BHPBiIIiton Iron Ore 
Environmental Management Plan 

APPENDIX A 

DRAFT MANAGEMENT PLAN FOR BAT SPECIES 

May 2005 



BHPBiIIiton Iron Ore bhpbi W ton 
Goldsworthy Extension Project  

GOLDSWORTHY EXTENSION PROJECT 

MANAGEMENT PLAN FOR BAT SPECIES 

Relevant Bat Species: Pilbara Leaf-nosed Bat (Rhinonicteris aurantius) 

Ghost Bat (Macroderma gigas) 

Document Revision: 1 

Date: 28 April 2005 

TABLE OF CONTENTS 

	

1.0 	INTRODUCTION 

	

2.0 	OVERVIEW OF THE PROPOSED MINING OPERATIONS 

	

3.0 	SPECIES DESCRIPTIONS 

	

4.0 	MANAGEMENT MEASURES 

	

5.0 	MONITORING AND REPORTING 

	

6.0 	REFERENCES 

1.0 INTRODUCTION 

	

1.1 	OVERVIEW OF THE CONTENT AND STRUCTURE OF THIS MANAGEMENT PLAN 

This management plan has been prepared in order to minimise the potential impacts of BHP Billiton 
Iron Ore Pty Ltd's (BHPBIO) mining activities at Goldsworthy on the Pilbara Leaf-nosed Bat 
(Rhinonicteris aurantius), and the Ghost Bat (Macroderma gigas). Both of these species have been 
recorded in the Goldsworthy area during biological surveys of planned mining areas and their 
surrounds. 

The Pilbara Leaf-nosed Bat is listed as Vulnerable' (Aic, Bi, B2c) under the Commonwealth 
Environment Protection and Biodiversity Conservation Act, 1999 (EPBC Act), and as a Schedule 1 
species (ie. fauna that is rare or likely to become extinct) under the Western Australian Wildlife 
Conservation Act, 1950. The Ghost Bat is listed as a Priority 4 Species by the Western Australian 
Department of Conservation and Land Management (CALM). 

This management plan is structured as follows: 

Section 1 - Presents an overview of the content and structure of this management plan. 

Section 2- Provides a description of both of the bat species and their habitat requirements. 

Section 3 - Provides a description the planned mining activities at Goldsworthy. 

Section 4 - Documents management measures that will be implemented to minimise impacts. 

Section 5- Presents the monitoring and reporting mechanisms that will be used by BHPBIO. 

Section 6- Lists the documents referred to in this management plan. 
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1.2 	BACKGROUND 

Prior to 2004, the only record of either the Pilbara Leaf-nosed Bat or the Ghost Bat at Goldsworthy 
was a single mummified Ghost Bat specimen which was recorded in 1992 on a barbwire fence near 
the Yarrie rail loop (Dames and Moore, 1992). No live specimens or calls had been recorded in the 
area, despite the presence of suitable habitat features in the area (eg. caves), and Goldsworthy being 
located within the broad distribution zone of both species. 

In late 2004, BHPBIO commissioned ecologia Environment Pty Ltd (ecologia) to undertake baseline 
fauna and flora surveys of the Nimingarra, Sunrise Hill and Cattle Gorge ridgelines, which are all 
located in the Goldsworthy area. The survey area included the sites for planned new open pits, 
overburden storage areas (OSA5), haul roads and various cleared areas for stockpiling ore, soil and 
other materials during operations. The baseline surveys supplemented previous studies at 
Goldsworthy and were required so that BHPBIO could assess the environmental impacts of its 
proposal to mine the new areas and extend some existing mining areas (the proposal is known as the 
Goldsworthy Extension Project - GEP). The environmental impact assessment and a description of 
the GEP mining proposal has been documented in an Environmental Protection Statement 
(EPS)(BHPBIO, 2005) which has been submitted to the Western Australian Environmental Protection 
Authority (EPA) for approval under the Environmental Protection Act, 1986 (ER Act). 

In November 2004, ecologia recorded the Pilbara Leaf-nosed Bat at Goldsworthy using an Anabat 
detector. Figure 1 shows the location of the cave at a cave on the Nimingarra ridgeline (ecologia, 
2005). An individual was also opportunistically observed foraging in the sandplain habitat type located 
to the south east of Cattle Gorge during the same survey, The Ghost bat was not recorded during the 
surveys. 

In February 2005, BHPBIO provided a draft of the Goldsworthy Extension Project EPS to stakeholders 
for review and comment as part of its consultation programme for the project. The EPS included a 
draft of the ecologia (2005) GEP biological assessment report (attached as an appendix), which 
described where and when the bat species had been recorded at the site. BHPBIO met with CALM 
(Karratha and Perth offices) and specifically discussed these records. 

In March 2005 CALM provided comments on the draft EPS which included a recommendation that 
BHPBIO conduct a targeted search and survey for the likely roost site of the Pilbara Leaf-nosed Bat in 
the Goldsworthy area. In the comments provided to BHPBIO, CALM considered that the records 
presented in the ecologia (2005) draft report indicated that both individuals were likely to be foraging 
at the time of recording. CALM indicated that the Pilbara Leaf-nosed Bat forages up to 10 kilometres 
(km) from their roost site which generally has quite specific characteristics (ie. almost always a deep 
cave or old mine with high humidity, and usually with open water internally). 

In accordance with the recommendation by CALM, zoologists from ecologia returned to the GEP area 
in early April 2005 to search the proposed GEP disturbance areas and surrounds for possible roost 
caves. A total of eight caves that may be potential roost sites for the species were described, marked, 
and their location recorded by GPS. Two of the caves were at Nimingarra (including the cave within 
which the original acoustic recording of the species was made in 2004) and the remaining six sites 
were at the Cattle Gorge area. One of the caves at Cattle Gorge is located within the proposed OSA 
which is situated to the south of the proposed open pit. Figures 1 and 2 show the locations of the 
caves at Nimingarra and Cattle Gorge respectively. 
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Forest 

Melaleuca argen tea / Eucalyptus victrix tall to medium forest, over Atalaya hemig/auca and Ficus spp. low trees and other shrubs, over 
Typha domingensis rushes, over Cyperus vaginatus sedgeland. 

Corymbia hamersleyana I Corymbia f/a vescens I Eucalyptus victrix medium forest to woodland, sometimes with Melaleuca argentea, 
over Acacia tumida var. pilbarensis /Acacia co/el var. co/el  tall to low shrubland, often with mixed herbs and Cyperus spp. sedges. 

Ficus virens / Ficus brachypoda and other associated species mixed dense medium to low forest with Tinospora smi/acina 
lianas and Stemodia sp. Shay Gap. 

Woodland 

Eucalyptus leucophloia medium woodland, over mixed shrubs such as Senna glutinosa subsp. g/utinosa I Acacia inaequllatera 
L.. 	/ Acacia adoxa var. adoxa I Indigofera monophy/la (small calyx form), over Triodia epactia hummock. 

i 	Acacia ampliceps / Sesbania formosa /..Coi'ymbia hamersleyana open medium trees, over Ficus oppos/f a var. indecora, over 
Typha domingensis and Cyperus vaginatus rushes and sedges. 

Corymbia hamersleyana low woodland, over Grey//lea wickhamll subsp. aprica / Corchorus aff. parviflorus 
I 	I (2) and other medium to low shrubs, over Acacia hi//lana dwarf shrubs, over Triodia epactia open hummock grassland. 

Corymbia hamersleyana / Corymbia f/a vescens low trees over mixed Acacia spp. and other shrubs over 
Acacia adoxa var. adoxa / lndigofera monophy//a (small calyx form) 
/ Bonamia spp./ Tephrosia sp. Bungaroo Creek / Isotropis atropurpurea, over Triodia epactia hummock grassland. 

I Corymbia hamersleyana low trees, often found with Eucalyptus odontocarpa mallee, over Acacia tumida var.pilbarens/s tall shrubland, 
_______ over Temp/etonia hooked and other shrubs and herbs including Acacia adoxa var.adoxa, over Triodia epactia hummock grass. 

Corymbia zygophylla low trees, over Acacia tumida var.pilbarensis I Acacia ancistrocarpa / Jackson/a aculeata / Jasminum didymum 
Bulbosfylis barbata medium to low shrubs, with sedges, over Triodia epactia or T w/seana or T sch/nz// hummock grassland. 

Eucalyptus leucophloia / Grey//lea pyramidal/s subs p.pyramidal/s scattered low trees, over Acacia co/el var.co/e/  and Solanum horridum 
medium / low shrubs over Triodia epactia hummock grassland. 

Acacia inaequilafera low trees with or without Corymbia hamersleyana, over Grey//lea subsp. aprica, over Acacia hi//lana / Acacia adoxa 
var. adoxa dwarf shrubs, over Triodia epactia open to moderately dense hummock grassland. 

Acacia inaequ/tatera low trees over Grey//lea wickhamii subsp.aprica medium shrubs over Acacia ptychophyl/a over Triodia epactia 
hummock grassland. 

Acacia /naequilatera scattered low trees with Acacia pyrifolia and Eucalyptus leucophloia, over Acacia sp. 
fRuddall River(B.R.Maslin 2046A) scattered medium shrubland, over Triodia epactia moderately dense hummock grassland steppe. 

Acacia inaequ/latera low trees, over Grey//lea w/ckham/i var. apr/cal Acacia tumida var. p/lbarens/s and other shrubs including 
Acacia h/iliana, with Fimbristylls s/mu/ansi Goodenia stobbs/ana over Triodia epactia moderately dense hummock grassland. 

Ficus brachypoda or Ficus v/rens low trees, over Atalaya hemig/auca over Jasm/num didymum, overTr/umfetta maconoch/eana 
and other shrubs and herbs, with St emodia sp. Shay Gap. 

Shrublands 

,Acacia tumida var.pllbarensis tall to low shrubland with or without Corymbia hamersleyana I Grev/llea wickhamil subsp. aprica, over 
Acacia hi//lanai Acacia adoxa dwarf shrubs, over Triodia epactia hummock grassland. 

- 	Acacia orthocarpa tall/medium shrubland with Acacia inaequl/atera, over Acacia adoxa var. adoxa / Acacia hi//lana dwarf shrubs, over 
Triodia epactia open to moderately dense hummock grassland. 

Acacia lumida var. p/lbarens/s / Acacia co/el var. co/el  tall to low shrubland, over other Acacia spp. I Pt/lotus spp. 
and other shrubs, including Sa/sola tragus, over Arist/da spp. and Cymbopogon amb/guus 	grasses, with lianas over 
Triodia epactia / Triodia /anigera / Triodia w/seana hummock grass on rehabilitated areas. 

j Mixed medium to tall shrubland including Tephrosia spechtll, over Acacia adoxa var.adoxa / Acacia hilliana 
- - I sparse to moderately dense dwarf shrubland. over sparse to open Triodia epactia hummock grassland. 

1 Mixed medium shrubs over Acacia inaequilatera low shrubs or Acacia adoxa var. adoxa dwarf shrubs, over Indigo fera monophylla 
(small calyx form) aft. / Corchorus parviflorus / Bonamia media var. villosa, over Triodia epactia or Triodia w/seana hummock grassland. 

Grevil/ea wickhamil subsp. aprica open to scattered medium - low shrubland usually with Corymbia hamersleyana low trees, over 
Acacia adoxa var. adoxa dwarf shrubland over Triodia epactia open hummock grassland. 

Acacia /naequ/latera scattered medium shrubland over Acacia ste//at/ceps / Acacia hi//lana I Acacia adoxa var. adoxa, Acacia sp. 
Ruddall River(B.R. Maslin) / Acacia tumida var. p/lbarens/s I Pt/lotus ca/ostachyus. over Triodia epactia moderately dense hummock grassland. 

Acacia plychophylla, Acacia ancistrocarpa, Acacia pyrifo/la, Grevil/ea wickhamü subsp. aprica scattered low shrubland over Dodonaea coriace 
-- Acacia colo/ var. co/el  dwarf shrubs over Triumfetta maconochieana over Triodia wiseana moderately dense hummock grassland. 

Melaleuca glomerata sparse medium shrubland with Ficus oppos/ta var. indecora, over Typha domingensis and Cyperus vaginatus 
rushes and sedges, over F/aver/a australasica herbs. 

- Mixed shrubs including Triumfeh'a spp. over Trachymene oleracea over Eyotyulus a/s/no/des var. v/l/os/calyx, over Bulbosty/is barbata 
sedges, over Triodia epactia / Triodia w/seana hummock steppe. 

Areas of no vegetation - cleared (Open-cut mine pits, tracks, roads, active waste rock dumps etc.) 

= 16 (small squares of cleared areas linked together into a roughly triangular shape) 
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During the targeted roost cave investigation, the prevailing climatic conditions were hot and humid with 
daily thunderstorm and rainfall activity. These conditions were considered by ecologia as being ideal 
for the activity of the Pilbara Leaf-nosed Bat. Hence, three nights of acoustic recording was 
undertaken at one of the two caves on the Nimingarra ridgeline. This was the same cave at which the 
acoustic record was made during the baseline biological survey undertaken in 2004. During this 
three-day recording period, the Pilbara Leaf-nosed Bat was not recorded; however several call records 
of the Ghost bat were made. 

Another important outcome of the April 2005 roost cave investigation was that two further individual 
records of Pilbara Leaf-nosed Bat were made in the vicinity of Cattle Gorge; including the collection of 
one road kill that was subsequently vouchered to the WA Museum. The other individual was 
opportunistically observed in flight along the Yarrie access road, less than 1 km from the visual record 
made near Cattle Gorge during the 2004 baseline survey. 

Since the April 2005 roost cave investigation, BHPBIO has consulted further with CALM (Karratha 
office) and has commissioned ecologia to return to the site as soon as possible (ie. in May 2005, in 
order to take advantage of the humid conditions) to undertake acoustic and observational recording of 
the caves identified as possible roost sites. Additionally BHPBIO discussed and agreed with CALM to 
prepare a management plan for the Pilbara Leaf-nosed Bat and the Ghost Bat that would document 
the methodology of the planned cave survey in May 2005, as well as the management measures that 
would be implemented during the proposed GEP. Section 4 of this document describes these aspects 
in detail. 

BHPBIO will continue to actively consult with CALM and other relevant Government agencies and 
interested parties about the management of its GEP activities during the remaining mine life and until 
lease relinquishment. Details of the specific monitoring programme and reporting mechanisms 
regarding the management of the Pilbara Leaf-nosed Bat and the Ghost Bat are presented in 
Section 5 of this document. 

2.0 	OVERVIEW OF THE PLANNED MINING OPERATIONS 

In 2004 and early 2005, BHPBIO reviewed its development and closure plans for the Goldsworthy 
area. The review involved the detailed appraisal of the remaining iron ore resources at the existing 
Yarrie, Nimingarra and Sunrise Hill areas, plus the potential for mining in previously undeveloped 
areas. It indicated that limited iron ore remained in the approved mining areas if mining continued at 
current rates. In order to extend the mine life, BHPBIO would need to supplement this ore with lower 
grade ore from the existing approved operations, as well as lower grade ore from some of the 
previously undeveloped deposits in the area. 

The Goldsworthy Feasibility Study evaluated the various mining and closure options for the site (ie. 
from closure in 2005, through to the development and mining of various low grade alternatives). 
BHPBIO's preferred option, and the one for which it is now seeking approval under the EP Act, is to 
mine several of the 'new' areas at Goldsworthy over the next two years. The ore from these new 
areas would be blended with the remaining higher grade ore that would be mined from the existing 
approved areas to produce a final product. Once these new areas are mined out, the Goldsworthy 
operations would be decommissioned and closed. 
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The new mining areas and activities for which BHPBIO is seeking approval for under the EP Act are 
referred to as the GEP and are as follows: 

Mining of approximately 11 Mt of ore and 12 Mt of low grade ore/overburden at the new 'Cattle 
Gorge' hard rock mining area. 

Mining of approximately 1 Mt of ore and 7.3 Mt of low grade ore/overburden at the new 
'Nimingarra I' hard rock mining area. 

Extensions to three of the existing crustal iron ore deposits at Yarrie (ie. Y4A, Y7 west and YlO 
north) in order to extract an estimated additional 2.2 Mt of ore and approximately 1 Mt of low 
grade ore/overburden. 

Development of connecting access roads, haul roads and other service infrastructure (ie. power 
and water lines) to the proposed new mining areas. 

The proposed mining areas at Nimingarra, Cattle Gorge and Yarrie are shown on Figures 3, 4, and 5 
respectively. 

Previously approved activities at the Goldsworthy mining operations would continue to be undertaken 
during the remaining mine life. These include the following: 

mining and overburden placement at existing Nimingarra mining areas; 

mining and overburden placement at Sunrise Hill and Sunrise Hill West; 

mining and overburden placement at Yarrie (Yl 0, and crustal ore areas); and 

use of the existing Nimingarra and Yarrie rail loading facilities and support infrastructure (ie. 
workshops, administration areas, laydown areas, accommodation village, aerodrome, power and 
water supply). 

A detailed description of the planned GEP activities, including various plans and schematic diagrams 
showing locations of the proposed activities is provided in the EPS (BHPBIO, 2005). 

	

3.0 	SPECIES DESCRIPTIONS 

	

3.1 	PILBARA LEAF-NOSED BAT 

General Description 

Head and Body Length 45 - 53 mm 

Tail Length 24 - 28 mm 

Forearm Length 47 - 50 mm 

Weight 8-10g 

Identification Orange fur, occasionally darkened by brown-tipped hairs; darker fur around the eyes, 
dark brown wings. Colonies of brown, yellow and all white individuals can occur. 

Noseleaf complex; lower part broad with central gap at the front; upper part scalloped. 

Nasal pits deep. 

Ears small and acutely pointed. 

Other Names Orange Leaf-nosed Bat 

Golden Horseshoe Bat 
Sources: 	StraFlan iu); (JFlurcrFIlI (199w) 
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Taxonomy 

The Pilbara Leaf-nosed Bat was first described by Gray (1845) as Rhino/ophus aurantius from a 
specimen found flying around Port Essington on the Cobourg Peninsula. Subsequently the Genus 
name was changed to Rhinonicteris aurantius (Gray, 1847), the spelling of which was amended in 
1982 by Hill. The species is phylogenetically quite old, and has been found in the Riversleigh deposits 
(Churchill, 1998; Armstrong, 2002), and dated at 3 to 5 million years old (Armstrong, 2003). 

Distribution 

The Pilbara Leaf-nosed Bat is found from the Pilbara Region of Western Australia, through the 
Kimberley and across the Top End into north-western Queensland, and is endemic to Australia 
(Churchill, 1998). Hall (1989) concludes that their fragility in temperature regulation is the limiting 
factor in their range. The Pilbara population is geographically the most isolated population of this 
species, as it is separated from the northern Australian populations by nearly 400 km of sand-ridge 
desert (Duncan et al., 1999). It differs from the Northern Australian population in terms of its call 
frequency (Armstrong, 2003). 

Scattered records of the species have been recorded from less than 10 localities across the Pilbara 
Region since 1925 and from a single locality in the north-western corner of the adjacent Gascoyne 
Region (Duncan et al., 1999). The persistence of a tropical, highly constrained species in the semi-arid 
Pilbara is noted as unusual (Armstrong, 2001). Armstrong (2000) notes that the geology of the Pilbara 
is markedly different to that of the other parts of the bat's range, and potential roost sites and roost 
availability may be even more restricted in the Pilbara population of the species. Mines are the only 
deep formations that were known to be utilised by this bat in the Pilbara until Armstrong's (2001) 
study. Following Armstrong (2001) there are 14 known roosts in the Pilbara, including cave roosts in 
the Barlee Range Nature Reserve. The species also inhabits mines in the Marble Bar area, at 
Bamboo Creek Mining Centre and near Nullagine, but is limited to only the deepest and most complex 
mines that breach the water table, such as Bamboo Creek, Comet and Kiondyke Queen (Armstrong, 
2001), however it is suggested that smaller mines may function as temporary roosts. 

Habitat and Characteristics 

The Pilbara Leaf-nosed Bat is very selective when it comes to roost caverns. The species is 
associated with gorges and watercourses in areas of high relief, at least in the Pilbara of Western 
Australia (Armstrong, 2001). This seems to be related to maintaining high ambient temperatures and 
relative humidity, such that in the Northern Territory they favour temperatures between 28°C and 32°C 
(Jolly, 1988; Churchill et al., 1988). Armstrong (2000) found further support of such figures in Western 
Australia, noting that these bats were only found to roost in parts of a cave in Gieke Gorge (Kimberley) 
that had temperatures of 27.7 to 28.0°C and 90.3— 100% relative humidity. 

Caves with these conditions are uncommon. It is thought that the species chooses roosting sites that 
are warm and humid because it is unable to maintain its high body temperature when resting. 
However it does not cluster for warmth, with individuals hanging from the roof of the roost cave with a 
separation distance of approximately 12 centimeters (cm) (Strahan 1998). 

In the Northern Territory the species usually only leaves its dry season roost caves from November to 
February, during the wet season, when the outside climatic conditions are similar to the roost 
microclimate. It is thought that these bats become forest dwellers (Churchill, 1998), or occupy smaller, 
less complex caves and mines nearby (Duncan et al., 1999), as records in hollow timber or rock over 
hangs during this season are not uncommon where the species occurs. 
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The species is sensitive to human interference and quickly takes to the wing at a slight disturbance 
(Strahan, 1998). It is known to abandon its roost caves if disturbed. 

At dusk the Pilbara Leaf-nosed Bat emerges from its roosting site to feed (Hall, 1989; Jolly and Hand, 
1995). It is an opportunistic, aerial insectivore, with no records of these bats landing on the ground or 
gleaning insects. Prey is typically captured in the tail membrane and passed to the mouth (Hall, 
1989). According to Churchill (1998) the diet is composed of approximately 70% moths, 17% beetles 
and 8% termites. They are often seen flying along roads at night and their bright fur is very distinctive 
in the car headlights (Churchill, 1998). 

The species mates in July and the females give birth to a single young in late December or early 
January after a five month gestation. The young grow quickly and are almost indistinguishable from 
the adults when they are weaned in late February (Churchill, 1998). The females are reproductively 
mature at seven months, but males do not mature until their second year at 18 months. 

3.2 	GHOST BAT 

General Description 
10  

Head and Body Length 100— 130mm 

Forearm Length 102-112mm 

Weight 140-165g 

Identification Light to dark grey or light brown fur above, paler fur below, with pale cream to brown 
wings. 	Individuals tend to be paler, almost white, in inland populations, with flesh 
coloured pink wing membranes. 

Long ears joined together above the head. 

Large eyes. 

Simple noseleaf complex. 

No tail, but retains a full tail membrane. 

Other Names False Vampire 

False Vampire Bat 

Australian False Vampire Bat 
Sources: 	Strahan (1998): Churchill (1998) 

Distribution 

The Ghost Bat was once distributed across most of inland and northern Australia as far south as the 
Flinders Ranges. Contraction of its range may be coincident with the onset of more arid conditions 
about 10,000 years ago, leading to a reduction in food resources (Strahan, 1998). The species was 
recorded until 1960 in central Australia but is now restricted to the tropical north (Churchill, 1998). 

The population in the Pilbara is geographically isolated from the northern populations by extensive 
sandy deserts. 
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Habitat and Characteristics 

The Ghost Bat is the largest Microchiropteran bat in Australia. Ghost bats forage in a variety of 
habitats, from arid spinifex grassland, to open tall forest and tropical rainforest (Churchill, 1998). Their 
distribution is determined by the availability of suitable roosting sites. The preferred roosting habitats 
of Ghost bats in the Pilbara are caves beneath bluffs of low rounded hills composed of, but not limited 
to, Marra Mamba geology and granite rock piles Armstrong and Anstee, 2000). They are also found in 
mine adits. In other parts of Australia they have also been known to roost in large colonies in 
sandstone caves, under boulder piles and in abandoned mines (Churchill, 1998). Each population 
appears to have a regionally centralised maternity site (Duncan et al., 1999). Populations are known 
to disperse in the non-breeding (dry) season. 

The Ghost Bat is carnivorous and insectivorous. It is recorded as eating birds, bats, small mammals, 
frogs and geckoes. It also eats a variety of invertebrates, particularly locusts, as well as millipedes, 
spiders, cockroaches, termites, crickets, moths, beetles, caterpillars and ants. It often returns to its 
cave roost to eat its food (Churchill, 1998). It uses several techniques for catching prey including: 
active hunting using echolocation; passive sit-and-wait hunting using eyesight, and passive listening; 
and listening for noises made by prey (Churchill, 1998). The species is recorded as foraging at 
distances up to 2 km from its roost caves, and is believed to use the same forage area each night 
(Churchill, 1998; Richardson, 2002). 

Ghost bats roost individually or in colonies of up to 1500. When roosting, the distance between 
individuals is generally approximately 25 cm, but can be closer when they have young. The species 
mates in May, and females give birth to a single young in July to August after an 11 to 12 week 
gestation period. The young remain with their mothers for several months until they become 
completely independent (Churchill, 1998; Strahan, 1998). 

	

4.0 	MANAGEMENT MEASURES 

	

4.1 	SURVEY OF POTENTIAL ROOST AND BREEDING ROOST CAVES 

As described in Section 1 .2, BHPBIO has commissioned ecologia to return to the Goldsworthy site in 
May 2005 to undertake acoustic and observational recording of the caves identified at Nimingarra and 
Cattle Gorge in April 2005 as potential roost and breeding roost sites. Figures 1 and 2 show the 
locations of the cave sites that will be assessed. 

BHPBIO has consulted with CALM about the timing and methodology for the survey. CALM has 
indicated that acoustic recording of possible roost and breeding roost caves should be undertaken for 
no less than four consecutive nights from mid-twilight onward at each cave. The window of activity for 
the Pilbara Leaf-nosed Bat is believed to be short, so 2 to 3 hours of recording per night has been 
confirmed by CALM as being sufficient. CALM has requested that cave entrances be visually 
monitored during the acoustic recording, using a light source that attracts insects and may also attract 
the bats as they depart the cave. CALM has also requested that caves are not entered during the 
surveys as disturbance of roosts can be detrimental to colonies. Each of the caves will be 
photographed during the survey. 

The results of the surveys will be forwarded to CALM and other relevant Government agencies within 
two weeks of them becoming available (refer to Section 5.1). 
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The surveys will be used in particular to determine whether the cave at Cattle Gorge within the 
proposed OSA footprint is used by either bat species. In the event that they are recorded in this 
location, BHPBIO would develop and implement appropriate management measures in consultation 
with, and to the satisfaction of CALM. This management plan will be revised as necessary to provide 
details of any additional management measures. 

In the event that future biological surveys or monitoring programmes in the Goldsworthy area identify 
additional roost caves or breeding roost caves BHPBIO will consult with CALM with regard to including 
these new caves in the ongoing monitoring (ie. through a revision of this plan). 

4.2 	ESTABLISHMENT AND MANAGEMENT OF BUFFER ZONES 

Buffer zones will be established between mining activities at Cattle Gorge and Nimingarra and caves 
where the Pilbara leaf-nosed Bat and/or Ghost Bat are recorded. Permission to enter the buffer zones 
will be restricted to employees and contactors authorised by BHPBIO. The induction process will be 
used to promote awareness of the known roost caves, and their buffer zones. 

The record of these two species at the Nimingarra B cave suggests that both bat species can occupy 
caves within several hundred meters of active mining, blasting and road haulage activities. 

Cattle Gorge Buffer Zone 

A buffer zone with a minimum width of 400 m (or as otherwise agreed with CALM) will be established 
on the eastern side of the Cattle Gorge mining area and the Gorge itself (Figure 2). The buffer zone 
has been established in recognition of cultural significance of the Gorge to the Njamal Aboriginal 
people, and the overall environmental value of the flora, fauna and landform features of the Gorge. 
The Gorge provides suitable habitat for several fauna species of conservation significance (including 
the Pilbara Leaf-nosed Bat and Ghost Bat), as well as the Pilbara Olive Python (Liasis olivaceus 
barroni) (Figure 2). 

Nimingarra B Buffer Zone 

A buffer zone with a minimum width of 200 m (or as otherwise agreed with CALM) will be established 
around the cave to the south east of the Nimingarra B open pit (Figure 1). This buffer zone has been 
established in recognition of the cultural significance of the cave to the Njamal Aboriginal people, and 
because of the recent records of both the Pilbara leaf-nosed Bat and Ghost Bat at the cave entrance. 

Other Buffer Zones 

Other buffer zones will be established around caves if the Pilbara Leaf-nosed Bat and/or the Ghost 
Bat are recorded during the planned May 2005 survey of potential roost caves. The width of the 
additional buffer zones will be determined in consultation with CALM. This management plan will be 
revised as necessary to provide details of any additional buffer zones. 
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Management of Buffer Zones 

The following buffer zone management measures will implemented: 

Relevant mine plans will show the buffer zones. 

Signposts will be installed on access roads at the edge of the buffer zones. The signposts will 
state that the buffer zone is a restricted area, and that permission from BHPBIO is required 
before proceeding. 

Only employees and contactors authorised by BHPBIO will be allowed within the buffer zones. 
Authorised employees and contactors will be advised of the significance of the area, and the 
management requirements when entering the area (including this management plan, and any 
other cultural heritage or environmental requirements of relevance). 

Authorised access within the buffer zones will be on foot or light vehicle only, with appropriate 
speed restrictions on all vehicle movements. 

No land clearing, or operation of heavy equipment is permitted within the buffer zones. 

Entry into all caves within the buffer zone for scientific (ie. monitoring/research) or cultural 
purposes is prohibited, except where specific authorisation is provided by CALM and the Njamal 
Aboriginal people. 

The Goldsworthy induction process will be used to promote awareness of the known roost caves, 
buffer zones, and their management requirements. 

4.3 	MANAGEMENT OF MINING ACTIVITIES 

Blasting and night-time lighting at mining areas adjacent to buffer zones will managed to minimise 
potential impacts (eg. restricting blasting to daylight hours, use of directional lighting, etc.). 

Blasting Activities 

Blasting activities at the Cattle Gorge and Nim B mining areas will restricted to daylight hours. 

The physical condition of the entrance to each of the potential roost caves will be assessed and 
photographed during the May 2005 survey (refer to Section 4.1) and during subsequent monitoring 
during the mine life. The assessments will be used to detect any gross physical changes that may be 
due to blast-related affects (refer to Section 5.1 for details of the monitoring). 

In the event that monitoring results suggest that blasting is having an adverse effect on the Pilbara 
Leaf-nosed Bat and/or the Ghost Bat, a review of the situation will be conducted and contingency 
measures will be implemented where necessary. These measures would be developed and 
implemented to the satisfaction of CALM and may include, but are not necessarily restricted to: 
altering mine designs, adjusting blasting times, reducing the size of blasts, changing their frequency, 
or using alternative methods. 
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Lighting 

Directional night lighting, or alternative shields will be used where there is a direct line of sight 
between a known bat roost cave and the area where lighting is required, if the distance between the 
two is less than 500 m. The directional lighting will be used to minimise the potential impact of new 
light sources disturbing bats as they emerge from their roosting sites. 

In the event that monitoring results suggest that night lighting is having an adverse effect on the 
Pilbara leaf-nosed Bat and/or the Ghost Bat, a review of the situation will be conducted and 
contingency measures will be implemented where necessary. These measures would be developed 
and implemented to the satisfaction of CALM and may include, but are not necessarily restricted to: 
altering mine designs, adjusting the locations of night lights, further screening of lighting point sources, 
including on/off switches, using light dimmers or low irradiation globes, and using insect repellent 
lighting. 

	

5.0 	MONITORING AND REPORTING 

	

5.1 	MONITORING PROGRAMME 

The Bat Monitoring Programme that will be conducted during the planned GEP mining operations is 
presented below. 

Potential Roost caves A survey of potential roost sites in the vicinity of the planned Cattle Gorge and Nimingarra 
mining areas will be undertaken in May 2005 as described in Section 4.1. 

Known Roost and Breeding Known roost and breeding roost sites (ie. the Nim B cave, plus any additional caves identified in 
Roost caves the May 2005 survey (above) and through other future surveys in the Project area, will be 

monitored on a quarterly basis during the first year of operations, with a review of the frequency 
after the first year (with any changes to monitoring frequency at this point being subject to 
agreement with CALM). Parameters that will be monitored will include: 

Bat use (using same the methodology described in Section 4.1 or otherwise agreed with 
CALM). 

Condition of the cave entrance and surrounds (by taking photographs and describing the 
overall condition of the entrance - eg. rock falls or other physical disturbance, evidence of 
fire, evidence of predation, significant changes to adjoining vegetation etc). 

Qualitative and/or quantitative evaluation/monitoring of mine-related noise and lighting 
effects in the vicinity of the cave entrance (whether mining activities can be heard and/or 
seen). 

Buffer Zones The enforcement of the buffer zones will be monitored by BHPBIO during the GEP operations 
by periodically checking (ie. at least every 3 months) to confirm that all signs are in place, the 
zones are shown on relevant plans, and there is no evidence of prohibited activities having 
occurred (eg. unauthorised access, clearing etc). 

Mining Activities A record of all blasting times and activities in areas adjacent to buffer zones will be maintained. 

The locations of lights in mining areas adjoining buffer zones will be periodically checked (ie. at 
least every 3 months) to confirm that appropriate directional lighting is being used. 

Visual assessments of whether bats are using the areas around mine lights for feeding will be 
conducted during the quarterly monitoring of the Known Roost Caves (see above), and 
opportunistically at other times. If necessary bat detectors will be used in these areas to confirm 
whether the Pilbara Leaf-nosed Bat and/or Ghost Bat are amongst the bats that are visually 
observed. 
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5.2 	REPORTING 

Potential Roost Caves 

The results of the May 2005 assessment of potential roost sites will be provided to CALM and other 
relevant government agencies within two weeks of the receipt of the survey results. 

Known Roost and Breeding Roost Caves 

A brief summary report that presents the results of the quarterly surveys of known roost and breeding 
roost sites will be provided to CALM and other government agencies (as required) within two weeks of 
the receipt of the survey results. The report will indicate which species were detected, the 
approximate number of individuals recorded, a description and photographs of the condition of each 
cave entrance, qualitative/quantitative assessments of mining noise and lighting, and other 
observations of relevance. The quarterly summary report would also provide a status report of the 
implementation of each of the management measures contained in this plan. Where it is identified 
that a particular has not been fully implemented, the quarterly summary report will describe what 
measures will be enacted to rectify the situation. 
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Executive Summary 

BHP Billiton Iron Ore Pty Ltd (BHPBIO) operates the Goldsworthy mines, which are located 
approximately200km east of Port Hedland, in the Northern Pilbara region of Western Australia. 
BHPBIO is a subsidiary of BHP Billiton, which was formed by a merger of BHP and Billiton in 
2001. Prior to the merger, BHPBIO operated as BHP Iron Ore (BHPIO). 

The Goldsworthy iron ore deposits have been progressively mined since the mid 1960's. Mining 
operations originally began at Mt Goldsworthy and have since progressed east to the Shay Gap, 
Nimingarra, Sunrise Hill and Yarrie deposits. 

The current open pit mining operations are situated within mining tenements M263SA, 
ML251SA, ML249SA, M451558, M45/573, M45/592, and are operated in accordance with the 
Iron Ore (Goldsworthy) Agreement Act, 1964 and the Iron Ore (Goldsworthy-Nimingarra) 
Agreement Act, 1972. 

BHPBIO is planning to mine both the residual iron ore resources remaining at the approved 
Goldsworthy operations and also several new, but small scale deposits in the Goldsworthy area. 
The current mining schedule indicates that the Goldsworthy operations will remain operational 
until 2007. 

A Ministerial condition in Phase II of the Goldsworthy Extension Project (1993) stated that, "at 
least six months prior to decommissioning the proponent shall prepare a decommissioning and 
rehabilitation plan." This Draft Decommissioning and Rehabilitation plan has been prepared to 
fulfil this condition, as well as satisfying other internal and external stakeholder requirements 
(eg. BHPBilliton Closure Standard). 

This draft plan has been prepared to facilitate the confirmation, through consultation with 
stakeholders, of the overall guiding closure principles for key environmental features for the 
Goldsworthy operations, including surface water resources, groundwater resources, landforms 
and revegetation. 

After the consultation process has been completed the Decommissioning and Rehabilitation 
Plan will be finalised and issued to relevant stakeholders. The final plan will be subject to 
periodic review as required during the remaining mine life and following closure. 
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1.0 INTRODUCTION 

1.1 	Project Background and History 

BHP Billiton Iron Ore Pty Ltd (BHPBIO) operates the Goldsworthy mines, which are located 
approximately 200km east of Port Hedland, in the Northern Pilbara region of Western Australia. 
BHPBIO is a subsidiary of BHP Billiton, which was formed by a merger of BHP and Billiton in 
2001. Prior to the merger, BHPBIO operated as BHP Iron Ore (BHPIO). 

The Goldsworthy iron ore deposits have been progressively mined since the mid 1960's. Mining 
operations initially took place at Mount Goldsworthy, approximately 100km east of Port Hedland. 
(Figure 1). Mining areas since then have progressed to tenements further east to include the 
Shay Gap, Nimingarra, Sunrise Hill and Yarrie deposits. Figure 2 shows the locations of the 
Goldsworthy mining areas. 

BHPBIO's current Goldsworthy mining operations are centred at Yarrie, with additional 
operations in the Nimingarra and Sunrise Hill areas. The Mount Goldsworthy and Shay Gap 
mining areas are no longer operational, with the majority of activities at these sites directed 
towards the rehabilitation of mined landforms. 

The current open pit mining operations are situated within mining tenements M263SA, 
ML251SA, ML249SA, M451558, M451573, M451592, and are operated in accordance with the 
Iron Ore (Goldsworthy) Agreement Act, 1964 and the Iron Ore (Goldsworthy-Nimingarra) 
Agreement Act, 1972. 

BHPBIO is planning to mine the residual iron ore resources at the existing approved 
Goldsworthy operations, as well as developing several new, but relatively small-scale deposits 
in the area. These new deposits include Cattle Gorge, Nimingarra I, the Yarrie crustal Y4 West 
pit and YlO North pit. Approval for these new areas and associated infrastructure is being 
sought under Part IV of the Environmental Protection Amendment Act 2003 (EP Act). BHPBIO 
has prepared an Environmental Protection Statement (EPS), which describes these proposed 
operations, and the environmental management measures that will be used to minimise their 
impact (BHPBIO, 2005). 

Current predictions are that BHPBIOs mining operations in the Goldsworthy area (ie. residual 
mining in the previously approved areas plus the new deposits) will occur until approximately 
2007, after which the remaining disturbance areas will be rehabilitated and the site closed. 
Notwithstanding, BHPBIO is continuing to explore in the Goldsworthy area and it is therefore 
possible that additional resources may be identified that would extend the mine life beyond the 
current predictions. 

1.2 	Scope of Document 

The scope of this Decommissioning and Rehabilitation Plan covers the operations at Shay Gap, 
Sunrise Hill, Nimingarra, Yarrie and Cattle Gorge (referred to herein as the "Operations"). The 
Mount Goldsworthy operations have not been included in this document as the area has been 
extensively rehabilitated and no other mining operations (except remediation works) are 
expected to occur. The preparation of a separate Decommissioning and Rehabilitation Plan for 
the Mount Goldsworthy area will be undertaken in the near future. This will address any further 
rehabilitation issues highlighted by the monitoring programmes and audits. The Mount 
Goldsworthy operations will not be discussed any further in this document. 

The Decommissioning and Rehabilitation Plan is designed to be periodically reviewed and 
revised as necessary during the remaining mine life and following closure. Each revision will 
incorporate, where appropriate, operational experience gained at Goldsworthy and BHPBIO's 
other Pilbara operations. In line with its Health, Safety, Environment and Community (HSEC) 
Policy and Management Standards, BHPBIO would also regularly review its rehabilitation and 
mine closure plans for Goldsworthy to keep abreast of best practice in the mining industry. 

5 
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1.3 	Purpose of this Document 

This Decommissioning and Rehabilitation Plan has been prepared to provide the following: 

A description of the current rehabilitation status of the areas disturbed by previous and 
current mining activities at the Operations. 

A description of the rehabilitation and decommissioning standards that will be applied to the 
previous and current mining activities at the Operations. 

A summary of the risk assessment that has been conducted by BHPBIO for closure-related 
aspects at the Operations. 

A description of the decommissioning and rehabilitation closure concepts for the proposed 
new activities at Nimingarra I, the Yarrie crustal Y4A pit, YlO North pit and Cattle Gorge. 
These concepts are based on guiding closure principles that have been developed to define 
the overall objectives for the development and closure of any new mine areas at the 
Operations. These guiding closure principles are presented in the following section in order 
to assist BHPBIO with the planning of its new operations. 

Indicative timing of rehabilitation works during the remaining life of the mine, a description of 
proposed revegetation trials, ongoing research activities, and the mine rehabilitation and 
closure monitoring programme. 

This decommissioning and rehabilitation plan has been produced with reference to the following 
guidelines: 

Strategic Framework for Mine Closure - ANZMEC (2000) 
Closure Standard - BHPB (2004a) 
Mine Closure Guidelines for Mineral Operations in WA - Chamber of Minerals and 
Energy (1999) 
Best Practice Environmental Management in Mining - Mine Decommissioning - 
Environment Australia (2002) 

1.4 	Guiding Closure Principles 

The overall guiding closure principles for the Goldsworthy mining operations are proposed as 
follows: 

There will be no significant, physical off-site impacts. 

Baseline surface water quality and flow regimes in Eel Creek and Egg Creek will be 
maintained. 

The established vegetative cover will be self-sustaining and show progression towards the 
surrounding undisturbed vegetation in terms of species diversity and plant density. 

The post-mining landform will be designed to be stable and respond to erosive forces in a 
manner to suit the end land use. 

There will be no unsafe areas where members of the general public could inadvertently 
gain access. Access to potentially unsafe areas will be impeded by safety bunds built to 
comply with the applicable DOIR guidelines. 

The number and size of out of pit overburden storage areas in new mining areas will be 
minimised 

Residual pit voids will be left as mined where geotechnically stable, and profiled as 
necessary to achieve long-term closure objectives. 

Final overburden storage areas will be sympathetic with regional landforms. 
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A long-term systems-based monitoring approach will be used to track the trajectory of 
rehabilitated areas towards self-sustaining status. 

The end land use for the area will be determined in consultation with stakeholders, and 
agreed with the administering authority ongoing during the life of the mine. 

It is anticipated that the above closure principles will form the starting point for stakeholder 
consultation and that this list may be modified and expanded prior to this document being 
finalised. 

1.5 CONSULTATION 

BHP Billiton's Health, Safety, Environment and Community (HSEC) Policy (BHPB, 2004b) 
states that wherever the Company operates it will: 

"communicate with, and engage employees, contractors, business partners, suppliers, 
customers, visitors and communities to: 

build relationships based on honesty, openness, mutual trust and involvement; 
and 

share responsibility for meeting the requirements of this policy." 

During the preparation of the draft Decommissioning and Rehabilitation Plan, BHPBIO has 
consulted with government agencies (both state and local), non-government organisations, and 
land-users that have expressed interest in, or are directly impacted by, the Operations. The 
main objectives of the mine closure consultation programme are to: 

provide information and the opportunity to comment to other groups or individuals who may 
potentially be interested in the Goldsworthy mining operations; 

discuss with stakeholders, the key long term guiding principles for development of the mine 
and ultimate relinquishment of the proposed new mining areas at Cattle Gorge, Nimingarra 
I, the Yarrie crustal Y4A pit and YlONorth pit; 

periodically provide updated information and results of the life-of-mine development and 
closure planning process to stakeholders as more information comes to hand; and 

where possible, allow for adjustments to closure designs and/or management programmes 
to accommodate concerns or issues raised by stakeholders following review of this draft 
document, as well as aspects raised during meetings, presentations and site visits. 

1.6 	Mining Areas 

The Operations can be broadly split into three areas in terms of their mining status; that of past, 
current and new areas. Areas that have been mined in the past where expansion is proposed as 
part of the Goldsworthy Extension Project (GEP) will fall under the new mining section. Figures 
3 to 9 show the past, present and new mining areas at the Operations. 

1.6.1 Past Mining Areas 

Old mining areas where operations have ceased and rehabilitation works have been carried out 
are as follows: 
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Shay Gap 

The Shay Gap townsite has been decommissioned and rehabilitated. Nearly all pits mined in the 
past still have remnant ore and as such have not been backfilled. Extensive rehabilitation works 
have been carried out on the OSA's, the vast majority of which were moonscaped in 1993. 
Some of the pits were mined below the water table and have pit lakes; these pits are SG1 and 
2, SG 3 and 4, SG7 and Hematite Hill. Pyritic shale has not been recorded at these operations. 
(Figure 3) 

Sunrise Hill 

The Sunrise Hill pits, SH1, SH2, SH3, SH4, SH6, SH8 and SHW5 have all been mined in the 
past and their associated OSA's were rehabilitated in 1993. Nearly all pits still have remnant ore 
and as such have not been backfilled. Of these pits only SH8 has been mined below the water 
table (Figure 4). 

Nimingarra 

There are several pits on the Nimingarra ridge, in which mining is complete, namely Nim A, Nim 
B North, Nim C, Nim E and Nim F. Nearly all pits mined in the past still have remnant ore and as 
such have not been backfilled. Rehabilitation on the OSA's was undertaken in 1993. Of these 
pits Nim A is the only one that was mined below the water table (Figure 5). 

Yarrie 

The Y2/3 pit was mined below the water table and has recently been completed. No 
rehabilitation has occurred as yet. Pyritic shale was encountered in this pit and all associated 
material has been selectively placed and encapsulated in the C-pit in-pit OSA in accordance 
with the site's Net Acid Generating Material Management Plan, (BHPBIO, 2004a). Also, some 
crustal pits have been mined out and backfilled, namely Y71D, Y6A, Y613 and Y8A (Figure 6). 

1.6.2 Current Mining Areas 

Sunrise Hill 

The SHW7 pit is currently the largest operating pit at the Goldsworthy operations and is 
expected to continue into 2006. The pit is operating below the water table and also contains 
pyritic shale, which is mined separately and dumped into a nearby mined out pit void (SHW5A) 
in accordance with the site's NAG Material Management Plan (BHPBIO, 2004a). All inert waste 
material is taken to the adjacent W4 OSA. 

SHW3 will be completed early in 2005. The waste generated from this pit is taken to the W4 
OSA or is stored for use as a topsoil substitute. 

SHW4 is expected to be mined out in 2005 and will extend below the water table. Waste from 
this pit is taken to the SHW4 OSA. The water table in the vicinity of the pit is at the 85 m relative 
level (rI). Mining is currently still above this level but will eventually extend to approximately Sm 
below the water table. 

SH6W is a shallow crustal pit currently being mined and is expected to be complete in 2005. 
Waste from this pit is stored in the SH6W OSA. Lateritic material has been recovered from the 
pit and will be used as a topsoil substitute in the rehabilitation of OSAs in the area (refer Section 
4.1). 

Remnant ore is currently being mined from the shallow portions of the SH4 pit, with subsequent 
waste being taken to the SH6W OSA. The majority of this waste has been lateritic material and 
has been reserved for use as a topsoil substitute (refer Section 4.1). 

10 
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Nimingarra 

Mining of a push back at Nim B is currently taking place and is expected to be complete in 2007. 
The pit has been developed below the water table, with waste being taken to the Nim B OSAs. 

Laterite and topsoil from the stripping of the push back has been directly placed on the top of 
the OSA to assist in rehabilitation of these OSAs. 

Nim F-east is currently being mined below the water table and is scheduled to be complete in 
2005. Waste is being taken to the Nim F-East OSA; no pyritic material has been encountered. 
Mining of minor areas of remnant ore is currently taking place at the Nim F pit. 

Yarrie 

Mining at Yarrie is currently taking place in several crustal pits (Y7B, Y8A, Y8B and Y8C) and 
the YlO pit. Mining of these crustals is expected to be completed in 2006, with all waste being 
used to backfill mined out crustal pits (at present Y8A and Y7A). YlO is scheduled to continue to 
the end of 2005. A small portion of the Yl 0 deposit will be mined below the water table but will 
be backfilled to the water table once completed. At present all waste from YlO is taken to the in-
pit Yb 0 OSA, which is being progressively rehabilitated. 

1.6.3 New Mining Areas (GEP) 

The Goldsworthy Extension Project EPS (BHPBIO, 2004a) describes the planned new mining 
areas at Nimingarra I, the Yarrie crustal Y4A pit, Y10 North pit and Cattle Gorge in detail. Only 
the closure—related aspects associated with these new areas are discussed here. 

Figure 2 shows the location of the new mining areas in relation to the existing deposits, 
infrastructure facilities and BHPBIOs mining tenements in the Goldsworthy area. 

The following sub-sections describe the general rehabilitation practices that will be used for 
each of the major mine landform types (eg. open pits, overburden storage areas, infrastructure). 
A description of the planned closure concepts for the new mine landforms and an overview of 
the decommissioning process for new infrastructure items at each of these areas are also 
provided. The description includes a summary of the environmental aspects of relevance to 
each area and how these will be addressed during the rehabilitation and mine closure process. 

Nimingarra 

Future mining at Nimingarra as a result of the Goldsworthy Extension Project will focus on the 
completion of Nim F-East, remnant ore mining in Nim E and Nim F and the commencement of 
two new pits at Nim I. 

The new Nim I pits are situated immediately to the south of the Nimingarra ridge. Both pits 
extend below the water table by approximately 15m. However, the deeper of the pits (Pit A) may 
be extended pending further resource definition drilling. The conceptual waste management 
strategy will remain unchanged. 

Waste generated from the pits will be directly backfilled or stored in an OSA adjacent to the pits 
and will then be used to backfill both Pit A and Pit B to at least the pre-mining water table, once 
mining is complete. Figure 7 shows the conceptual layout of the pits and OSA's. 

Rehabilitation of both the OSA's and the backfilled pits will be consistent with the strategies 
presented in sections 3.2.4 and 3.2.6 respectively. 
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Yarrie 

Future mining areas at Yarrie as a result of the GEP is limited to the proposed new pit at Y4 
West and YlO North. This is scheduled to be productive until 2006. 

The scheduling of the crustal pits is such that a pit void will remain at Y4 West, with the waste 
generated being used to infill a mined out crustal pit. Figure 8 demonstrates the concept. 

The mining methods currently employed at YlO will not change, i.e. waste generated will be 
placed in an in-pit OSA. 

The pit void and backfilled pits will be rehabilitated with methods consistent with sections 3.2.3 
and 3.2.6 respectively. 

Cattle Gorge 

Mining at Cattle Gorge is scheduled to commence in 2005 and continue through to 2007. This 
will require the establishment of infrastructure, including a haul route to the Yarrie crusher and 
Yarrie train loading facilities. 

Cattle Gorge will be mined approximately 20m below the water table, but the pit will be 
backfilled to the pre mining water table level once mining is complete. There are no previously 
mined pits in the Cattle Gorge vicinity. Backfilling of the whole Cattle Gorge pit would result in 
the project becoming uneconomic. Figure 9 shows the layout of the proposed Cattle Gorge 
operations. Rehabilitation of the resulting pit void and OSA will be consistent with Sections 3.2.3 
and 3.2.4 respectively. 
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2.0 	LIFE OF MINE PLAN 

BHPBIO plans to utilise the same open cut mining techniques, ore processing methods and 
predominantly the same supporting mine infrastructure (with allowance for ongoing 
maintenance and replacement of worn out components) over the remaining life of the 
Goldsworthy operations. The main components of the Goldsworthy mining operation are as 
follows: 

open cut mining of overburden and ore; 
dewatering of the ore bodies during mining operations, as required; 
placement of overburden in mined out voids and out of pit storage areas; 
processing, loading and rail transportation of ore; 
supply and distribution of power and raw water to meet operational demands; and 
provision of surface infrastructure (e.g. access roads, workshops, administration 
areas, accommodation village, airstrip). 

The life of mine plan presented in the Goldsworthy Extension Project EPS has been used as the 
basis to split the Goldsworthy operations into domains, which are defined by their development 
status. Nine groups have been established as follows and are illustrated in Figure 10. 

Nearing Closure (<2 years) 
Closure 2 to 5 years 
Mined Out (Rehabilitation Required) 
Mined Out/Decommissioned (Rehabilitation Undertaken) 
High probability future mine development 
Low probability of future mine development 
Infrastructure areas 
Major water body 
Minor water body 

Splitting the project into domains has enabled the sequence of likely rehabilitation requirements 
to be defined. Clearly, the domains nearing closure will be available for rehabilitation first. 
Accordingly, the Y2/3 Wi OSA has been determined to be the next major area to be 
rehabilitated. Refer to Section 3.2 for further details. 

Those domains classified as Mined Out/Decommissioned (Rehabilitation Undertaken), have had 
rehabilitation works undertaken (generally in 1992/1993) and are considered to not require 
much additional work. 

Domains that are defined as either major or minor water bodies are discussed in Section 3.3. 

Those domains that fall into the low probability of future mine development, i.e. Callawa and 
Cundaline will not be discussed further in this document. Should their status change this will be 
reviewed. 

2.1 	Shay Gap Domains 

Existing Approvals 

Approval for mining activities at Shay Gap was granted under the Iron Ore (Goldsworthy-
Nimingarra) Agreement Act, 1972. As this pre-dates the enactment of the EP Act in 1986, 
consequently there are currently no site-specific conditions of approval (including rehabilitation 
standards) attached to the Shay Gap site that have been issued by the Minister for the 
Environment. 
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Disturbed and Rehabilitated Areas 

The Shay Gap area is covered by one domain, that of being rehabilitated to an assessable 
level. 

The Shay Gap townsite and mine infrastructure areas underwent extensive rehabilitation in 
1993. Revegetation is flourishing and cattle regularly graze the area. 

Open pit mining at Shay Gap ceased in the 1980s. None of the seven pits have been backfilled, 
as some mineralisation remains in the pit walls/floor and it may become economically viable to 
mine this material in the future. Due to the substantial distances between the Shay Gap pits 
and the residual mining activities at the other Goldsworthy deposits (i.e. Nimingarra, Sunrise Hill 
and Yarrie), BHPBIO is not proposing to use overburden mined from these areas to backfill the 
Shay Gap pits in the remaining few years of operation. 

All of the pits except SG 5 and 6 were mined below the water table. The groundwater levels in 
the pits have now recovered to a point where permanent lakes have developed. 

Earthen burids were erected around the Shay Gap pits in 1993 in order to restrict access and 
satisfy post-closure safety requirements. No additional rehabilitation works are planned for 
these pits, with ongoing activities expected to be restricted to water monitoring in the pit lakes 
and maintenance of the pit bunds (refer to Section 4). 

The Shay Gap OSAs were rehabilitated in a period over 1993 to 1995 as part of a Goldsworthy-
wide moonscaping and revegetation programme. The majority of the rehabilitated OSAs appear 
to be stable, with only minor gullying occurring over the past 10 years. Notwithstanding, there 
are some parts of the OSAs that require minor remedial work; this is discussed further in 
Section 5. 

The Shay Gap airstrip is located north of the Pardoo/Shay Gap Road near the now rehabilitated 
village of Shay Gap. The airstrip comprises an all weather airstrip conforming to current 
regulatory standards. The airstrip will remain in regular use by the fly in—fly out workforce for 
the duration of the mining operations. 

The Shay Gap borefield is located approximately 20 km north of the old Shay Gap village site. 
The borefield comprises four non-artesian production bores and one monitoring bore in a Wallal 
sandstone aquifer. Pumping equipment and an electricity substation are also located at the 
borefield. Water is pumped from this borefield to the Yarrie accommodation village and mine. 
Again, this will remain in operation for the duration of the mining operations. 

2.2 	Sunrise Hill Domains 

Existing Approvals 

Like Shay Gap, approval for the initial mining of the Sunrise Hill deposits was granted under the 
Iron Ore (Goldsworthy-Nimingarra) Agreement Act, 1972, and pie-dated the EPA Act. The mine 
closure and rehabilitation requirements for Sunrise Hill specified under the Iron Ore 
(Goldsworthy-Nimingarra) Agreement Act, 1972 are the same as those described in Section 2.1. 

In 1986 a Notice of Intent (NOl) prepared by Goldsworthy Mining Limited (GML) was approved 
by the Minister for Minerals and Energy. In November 2004 the Minister for State Development 
approved a variation to the NOI. The NOI and subsequent variation covered the management 
of environmental aspects associated with a proposed extension of the Goldsworthy mining 
operations, in particular mining of the Sunrise Hill West and Nimingarra deposits. The NOI (and 
subsequent variation) did not include any new mine closure or rehabilitation commitments (i.e. 
in addition to the requirements of the Iron Ore (Goldsworthy-Nimingarra) Agreement Act, 1972). 
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Disturbed and Rehabilitated Areas 

The Sunrise Hill area is covered by one domain, that of reaching closure between 2 to 5 years. 
There are thirteen open pits within the Sunrise Hill and Sunrise Hill West mining area. No 
additional rehabilitation works are planned for the mined-out pits, with ongoing activities 
expected to be restricted to water monitoring in the pit lakes and maintenance of the pit bunds 
(refer to Section 4). Mining of remnant ore is ongoing at the following pits: SHW3, SHW4, 
SHW7, SH6W and SH4. 

The SHW7 pit is currently the largest operating pit at Goldsworthy and mining is expected to 
continue through 2006. Mining of the SHW3 pit will be completed early in 2005. The majority of 
the waste rock hauled from this pit is taken to the W4 OSA. Weathered near-surface lateritic 
material is stockpiled separately for possible later use as a topsoil substitute. Section 4 
discusses the proposed use of this material in rehabilitation of mine landforms at the 
Goldsworthy mining operations. 

Bunds have been constructed around all of the mined-out pits at Sunrise Hill and Sunrise Hill 
West. BHPBIO will construct additional bunds around the pits that are still active (i.e. SHW7, 
SHW4 SH1 and SH2) once mining activities cease in these areas. The bunds will be 
constructed in accordance with the relevant Department of Industry and Resources (DOIR, 
1997) guidelines. 

Of the mined out pits, only SH8 extended below the water table. The groundwater levels in this 
pit have now recovered to a point where a permanent lake has developed. As described in 
Section 3.3.2, Aquaterra has prepared a groundwater assessment report as part of the 
Goldsworthy Extension Project EPS (BHPBIO, 2004a). 

The majority of the available OSAs in the Sunrise Hill and Sunrise Hill West area were 
rehabilitated in 1993. Like Shay Gap, the moonscaped OSAs appear to be stable with few 
gullies having developed over the past decade. However, as discussed in Section 2.1, there 
are differences in the revegetation of the moonscaped OSAs. The ongoing EFA monitoring 
programme will be used to assess this aspect (refer to Section 4). 
Once mining is completed there will be a total of six OSA's to be rehabilitated at Sunrise Hill, 
these being: 

SHW7 W4OSA; 
SHW4 OSA, 

• 
 

SHW7 W3OSA: 
SH6W OSA; 
SHW7 North OSA; and 
SHW5A. 

Of these OSA's only the SHW7 W3 and the SHW5A OSAs contain pyritic material, which has 
been mined out from below the water table in the SHW7 pit. The location of this material is 
known, and will be encapsulated within the dumps in a method that will promote successful 
rehabilitation of the OSA's. This method is described in the Net Acid Generating (NAG) Material 
Management Plan, (BHPBIO, 2004a) and in Section 3.2.5. 

There are also numerous low grade stockpiles in the area. Those that are not reclaimed in the 
future will also be rehabilitated using the same methods as for OSA rehabilitation. Also requiring 
rehabilitation in the Sunrise Hill area is the explosives magazine, crib hut and hardstand area, 
along with a network of haul roads. 

2.3 	Nimingarra Domains 

Existing Approvals 

Approval for the initial mining of the Nimingarra deposits was granted under the Iron Ore 
(Goldsworthy-Nimingarra) Agreement Act, 1972, and pre-dated the EPA Act. The mine closure 
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and rehabilitation requirements for Nimingarra specified under the Iron Ore (Goldsworthy-
Nimingarra) Agreement Act, 1972 are the same as those described in Section 2.1. 

As described in Section 2.2, a NOl for the Nimingarra mine site was approved in 1986. The NOl 
and subsequent variation in 2004 covered the management of environmental aspects 
associated with mining the Sunrise Hill West and Nimingarra deposits. The NOl (and 
subsequent variation) did not include any new mine closure or rehabilitation commitments (ie. in 
addition to the requirements of the Iron Ore (Goldsworthy-Nimingarra) Agreement Act, 1972), 
other than that a Decommissioning and Rehabilitation Plan would be presented as a key 
supporting document to the GEP EPS. 

Disturbed and Rehabilitated Areas 

The Nimingarra area has been split into 3 domains; 

Nimingarra Ridge - Mining of a pushback at the Nim B pit is currently taking place and is 
expected to be complete in 2007. Mining has occurred below the water table, with waste 
being taken to the Nim B OSA. Laterite and topsoil from the stripping of the pushback have 
been directly placed on the top of the Nim B OSA and will be used to assist with 
rehabilitation. The Nim F-East pit is also currently being mined below the water table and is 
scheduled to be complete in 2005. Waste from this pit is being taken to the Nim F-East 
OSA. 

Aquaterra (2004) discuss the predicted long-term characteristics of the permanent pit lakes 
that are expected to develop at the Nim B and Nim F-East pits once mining ceases. 

BHPBIO will construct additional bunds around the Nim B and Nim F-east pits once mining 
activities cease in these areas. The bunds will be constructed in accordance with the 
relevant DOIR guidelines. 

Nim A - still has ore remnant ore and as such has not been backfilled. The pit extends 
below the water table. The Nim A OSA's were also rehabilitated as part of the 1993 
programme. 

Nimingarra Infrastructure - the Nimingarra area comprises the fuel and workshop facilities, 
offices, haul roads, crusher and train load-out. Again there are several low-grade stockpiles 
which will also require rehabilitation should they not be reclaimed in the future. A landfill 
facility and a bioremediation facility also exist at the Nimingarra operations, which will both 
require rehabilitation. 

Like Shay Gap and Sunrise Hill, the majority of the available OSAs in the Nimingarra area were 
rehabilitated in 1993. The rehabilitated OSAs appear to be stable. On the whole, wherever 
rehabilitation was undertaken the results were satisfactory, this subjective view has been further 
confirmed by the quantative methods recently employed during the recent EFA surveys (see 
section 4). 

A detailed rehabilitation status report for the Nimingarra area was undertaken in 1998 by BHPIO 
staff, some 5 years after the completion of rehabilitation works (BHPIO, 1998). This report will 
be reviewed as per Section 5.3. The report covered the initial success of the moonscaping 
operations, in that little erosion was observed. There were also several areas where further 
rehabilitation works were required such as the old infrastructure area near Nim A. 

2.4 	Yarrie Domains 

Existing Approvals 

BHPIO submitted a Consultative Environmental Review (CER) for development of the Yarrie 
Y2/Y3 deposits under Part IV of the EP Act in 1992 (BHPIO, 1992). Approval was granted by 
the Minister for the Environment in 1993 subject to the conditions contained in Ministerial 
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Statement of Approval No. 303 (Assessment No. 753). Approval for the proposal was also 
granted by the Minister for State Development pursuant to Clause 8 of the Iron Ore 
(Goldsworthy-Nimingarra) Agreement Act, 1972. 

Subsequent approvals to mine the YlO deposit in 1995 and the Yarrie crustals (ie. Yl, Y3N, Y4, 
Y5, Y6, Y7, Y8W, Y8 and Y9) in 1998 were assessed and approved by the Department of 
Environmental Protection (DEP) at the level of Informal Review with Public Advice', subject to 
BHPIO adhering to the existing conditions of Ministerial Statement of Approval No. 303, which 
was issued for the Y21Y3 mining area. 

The overall Proponent Commitments made by BHPBIO in the CER (BHPIO, 1992) with regard 
to decommissioning and rehabilitation at Yarrie are presented below. 

Rehabilitation 

"Procedures developed by BHP in the Pilbara will be applied to rehabilitation at 
Yarrie. The object of the rehabilitation will be to ensure that, at the end of the 
Project, all disturbed surfaces (with the exception of the mine pits) are returned to 
a stable condition with a flora and fauna which approaches the natural condition 
of the site." 

Decommissioning 

"Following completion of the project, buildings and other structures will be 
removed. Concrete s/abs will be broken up and buried. The rehabilitation of the 
overburden will be completed. Remaining borrow pits will be rehabilitated. All 
unwanted bare or compacted areas will be contoured (where necessary), ripped 
and seeded. Monitoring of the rehabilitated areas will be undertaken to gauge 
success. This monitoring will continue until the vegetation is seen to be 
progressing towards a condition similar to which existed before mining." 

Yarrie Pit Long-Term Salinity 

"BHP will continue to monitor the salinity of water in the Goldsworthy pit for 
several years to determine the future likelihood of saline water seeping from the 
pit into the De Grey River aquifer. The results of this monitoring will be used to 
formulate management strategies for the Yarrie pit if necessary." 

Disturbed and Rehabilitated Areas 

The Yarrie area is covered by three domains: 

Y2/3 Pit Area and OSA's - mining commenced in 1993 and was completed in 2004. The pit 
void will be rehabilitated to the standards described in Section 3.2.3. There are two out-of-
pit OSA's that require rehabilitation; the Wi and W6 OSA's. However, since reshaping of 
these OSAs to the standards specified in Section 3.2.4 will require the removal of 
infrastructure that is still required. As a result neither of these can be completely 
rehabilitated until all mining operations in the Yarrie area cease. 

Some pyritic shale was encountered in the Y2/3 pit during operations and was selectively 
placed and encapsulated in the C-pit in-pit OSA in accordance with the site's Net Acid 
Generation (NAG) Material Management Plan (BHPBIO, 2004b). A description of how the 
material has been capped and the final rehabilitation concept for this in-filled pit is 
presented in Section 3.2.5. 

Crustal pits and YlO - Crustal pits at Yarrie that have been mined-out and backfilled with 
overburden include the Y7D, Y6A and Y613 pits. Most of these pits have not yet been 
topsoiled and revegetated as they are being used as storage areas for lateritic material, 
which has the potential to be used as a growth medium in the future. 
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Mining at Yarrie is currently taking place in several crustal ore pits (i.e. Y713, Y8A, Y813 and 
Y8C) and the YlO conglomerate ore pit. Mining of these deposits is expected to be 
completed in 2006, with all waste being used to backfill mined-out crustal pits. Mining at 
Yb 0 is scheduled to continue into 2006, and a small portion of the Yl 0 deposit will be mined 
below the water table. This part of the Yl 0 pit will be backfilled with waste rock so that the 
base of the final void is above the pre-mining watertable (i.e. a pit lake will not develop). At 
present all waste from the YlO pit is taken to the in-pit YlO OSA, which is being 
progressively rehabilitated. 

Residual mining at Yarrie will comprise extraction of the remaining ore at the approved Y7, 
Y8 and Y9 crustal pits. These, along with the YlO conglomerate pit are scheduled to be 
productive until 2006. An extension to the existing Y4 pit outside the ML249SA lease 
boundary is also proposed, subject to BHPBIO obtaining a new mining lease and the 
necessary environmental approval under Part IV of the EP Act. Section 3.2.3 describes the 
conceptual closure plan for this area. 

The scheduling of the residual mining at Yarrie is such that the majority of pits will be 
backfilled, however it is expected that final voids will remain at Y4, Y7 and Y9 at mine 
closure. Parts of the YlO pit will continue to be used for in-fill dumping, however it is 
expected that it will not be completely in-filled and a void will remain following mine closure. 
Where practicable, these final voids will be re-profiled by pushing down the upper batter(s) 
to form a more-rounded landform. The pit voids and backfilled pits will be rehabilitated to the 
standards described in Section 3.2.3 and 3.2.6. 

EFA monitoring sites have been established at Yarrie and will be used to evaluate the 
revegetated landforms (refer to Section 4). 

Yarrie Infrastructure - the infrastructure at Yarrie includes a crusher and train load out 
facility, workshop, hardstand and fuel facilities, an explosives magazine and yard, offices 
and the accommodation village. Other zones at Yarrie that will require rehabilitation are the 
tyre dump, landfill facility and bioremediation facility. 

2.5 	Cattle Gorge 

Cattle Gorge has not yet commenced operations, however this is scheduled to start in 2005 and 
to be complete by the end of 2007. It has therefore been determined to be part of the Closure 
between 2 to 5 years domain. 

The Cattle Gorge area also has an infrastructure domain, which provides the haul route to the 
Yarrie crusher. 
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3.0 REHABILITATION AND SUCCESS CRITERIA 

3.1 	Risk Assessment 

BHPBilliton's Closure Standard (BHPBilliton, 2004a) requires risk assessments to be conducted 
for all of its operations in order to prioritise and manage risks. Accordingly, a risk assessment of 
the decommissioning and rehabilitation of the Goldsworthy mining operations was carried out in 
October 2004 using the BHPBilliton Enterprise-Wide Risk Management (EWRM) standard 
(BHPB, 2003). 

The risk assessment was used to identify and evaluate the potential closure-related risks 
associated with Goldsworthy, with the findings being incorporated into this revision of the 
Decommissioning and Rehabilitation Plan where appropriate. 

Table 1 presents a summary of the risk assessment. The table lists the fifteen risk issues that 
were assessed, and provides a summary of causes, potential impacts, existing control 
measures and risk assessment scores for each aspect. 

The highest risk rating for the assessed aspects was 4 (on a scale of 1 to 5, with 5 being the 
lowest risk). This level of risk was assigned to Revegetation Failure' and 'Pyritic Shale Dumps'. 
The EWRM standard requires that aspects given this risk rating should be addressed in line with 
all other priorities, and within a one year time frame. 

Both of these aspects are currently being addressed at Goldsworthy, through the upcoming 
rehabilitation trials on the Wi overburden storage area at Yarrie (refer to Section 4), which will 
be used to assess different batter slopes and surface treatments. A trial is also currently 
underway at the backfilled Y7D pit at Yarrie, to assess the viability of using near surface lateritic 
material as a topsoil substitute. The outcomes of these trials will provide additional site-specific 
information on revegetation techniques and the effectiveness of encapsulating pyritic materials. 

All other aspects were assigned a risk rating of 5 (the lowest risk), which means that they should 
be subject to ongoing control as part of the Goldsworthy environmental and closure 
management system. 

3.2 	Disturbed and Rehabilitated Areas 

The aspects identified in the risk assessment detailed in Section 3.1 have been considered for 
each domain in the Yarrie, Sunrise Hill and Nimingarra areas and are depicted in Figures 3 to 6. 
These are also summarised in Table 2. General rehabilitation methods for each of the aspects 
will then be described in detail, followed by the desired outcomes for the rehabilitation. 

3.2.1 Growth Media 

Topsoil is recovered from disturbed areas where possible, in line with established topsoil 
management procedures, for use in subsequent rehabilitation. 

There is a recognised shortage of topsoil resources at the operations, due to sub-optimal topsoil 
management practises occurring in the past. This shortfall is being addressed through the 
identification and recovery of other suitable growth media. 

Table 2 highlights that all of the future mining areas and several of the current mining areas 
have screenable material and or laterite stockpiles. This material has potential to be used as a 
topsoil substitute. This is discussed further in Section 4.1. 

The topsoil resource will be deployed such that the higher risk areas (such as OSA slopes) will 
receive topsoil in preference to the lower risk flat areas, which will instead receive other types of 
growth media where possible. 
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Table I EWRM Risk Assessment Form for Goldsworthy Closure 

CSG: Iron Ore 	 Asset! Site / Project: 	Yarrie Closure Planning 
	

Facilitators: 	J Heyes and P Waters 	Date: 2/11/2004 

Risk Issue Causes Impact 
Existing Control 

Sev Exp Prob Rat 
Controls Effectiveness  

Surface Drainage, vegetation failure, ARD potential, unsafe surfaces. 

Landform - OSA Instability 
Erosion, inadequate design or increased dust from less vegetation, off-tease impacts, loss of monitoring Rehabilitation 

 
techniques. 90% 0.9  3 0.3 1 construction stations, indirect impact into good areas (eg. remediation), visual impact, 

repeated failure, loss of habitat, weeds closure plan  

Landform - Revegetation 
Lack of topsoil, poor seeding. ARD runoff potential, instability, increased sediment runoff, loss of habitat. Topsoil, Seeding, 

2 
Failure instability, erosion, metal need to reseed, no developing ecosystem, dust, visual amenity and Stability of dump 60% 10 1 3 30 

inbalance. ARD acceptability, inability to meet agreed end land use, surface 

Landform - OSA shapes 
Poor planning practices, dumping 

Visual amenity, dust, increased sediment runoff, inability to meet agreed Dumping Plans,  

nconsistent with region 
in the wrong area, not following 

end land use. Rehabilitation 80% 3 0 3 0 3 0.27 
LOM plan  success  
Dumping pyritic material in 

Landform - Pyntic shale incorrect location, incorrect Poor revegetation, increased instability, offsite impacts, long term legacy. NAG 
dumps encapsulation techniques, mis- inability to meet agreed end land use, secondary salts Management Plan 

85% 30 1 1 30 2 

identification of NAG material  
Additional clearing to 
accommodate battering down of Loss of habitat, impact on priority specles, diversity and heritage sites, 

 EMP,PEAHR, 5 Landform - Land Clearing 
dumps to achieve rehabilitation recovery of topsoil, impact on surface drainage, weeds, dust, approvals, 

Closure Plan 
80% 3 0.3 1 0.9 

rofile tenure impacts, "halo" impact on immediate surrounding areas 

Leaving pit voids open po5t- 
Impact on salinity and water quality in pit lakes (including ARD), safety / 

6 Landform - Pit voids 
mining, groundwater rebound 

wail stability / access, visual impact and acceptability, Impact on local Closure Plan 20% 10 1 1 10 3 
drainage, increased erosion, increased dust, Public access  

OSAs constructed in-pit to counter 
Impact on groundwater / erosion / stability of dumps, increased dust, LOM plan.  

7 Landform - Oackfitting ARD issues and minimise footprint 
instability I settlement I revegetation success! groundwater impacts. Closure plan 

80% 1 3 1 3 5 
of disturbance 

stenlisation of potential resources, restricted work area - safety I access Implementation 
during construction (JSA5 etc)  

Stockpiles not rehabilitated 
Potential sterilisation of resources, rehandle costs, slow-down of 

8 Landform - Stockpiles 
because they are considered 
potentially economic, Definition of 

progressive rehabilitation opportunities, rehab. Inconsistent with regional NIL 0% 3 0.3 1 0.9 

waste 
landforms 

Last things to be rehabbed, some will be left for post-closure access.  
Infrastructure - Roads (Haul. 

Inadequate or inappropriate 
potential contamination (eg. hydrocarbons), compaction (preferential EMP. Closure 

9 LV, exploration tracks and 
rehabilitation runoff, Residual windrows, rehandle of excess material, removal of Plan, Historical 80% 1 0.3 1 0.3 

pads, bitumen, access) bitumen, increased dust, increased weeds, drillhole collars and sumps. performance 
maintenance of residual roads 
Underground services, asbestos potential, demolition / scrap / 

10 
Infrastructure - OHP Inadequate or inappropriate housekeeping, impacts on surface drainage, lack of topsoil, last thing to be Closure Plan, 

(including ROM pads) rehabilitation rehabbed, confined space. Hydrocarbon potential. revegetation success, 
Historical 80% 1 0.3 1 0.3 

weeds and feral animals performance 

Demolition / scrap I housekeeping, compaction, lack of topsoil, EMP, Closure 
Infrastructure - workshops 

Inadequate or inappropnate 
Hydrocarbon storage and remediation of contaminated sites, Explosive plan, contractor 

11 (including contaminated Sites 
rehabilitation storage and remediation. Underground services, dust, revegetation obligations, 70% 3 0.3 3 2.7 6 

and explosives) success, surface water impacts, drainage 1 contamination / settlement pond Historical 
remediation, Asbestos potential, weeds and feral animals, performance 

- Last thing to be rehabbed. weeds and feral animals, demolition, 
EMP. Closure 

12 
Infrastructure - Camp and Inadequate or inappropriate Revegetation success, increased dust, exotic plant removal, Compaction, 
offices rehabilitation Services, Sewerage, re-establishment of natural drainage. Disposal of fill, 

plan. contractor 90% 1 03 1 0.3 

rehab of firebreaks, fencing  
obligations 

Infrastructure - Services 
Inadequate or inappropnate 

Demolition, Revegetation success, capping (plugging of water bores. 
13 (power, water, comms. 

rehabilitation 
removal of turkeys nest, tanks, pipes, rehab of dewatering discharge point. Closure plan 50% 1 1 3 3 4 

airstrip etc) weeds, dust  

Inadequate or inappropnate 
Demolition I culverts. Earthworks, Revegetation success, re-establishment 

14 Infrastructure- Rail 
rehabilitation 

of natruat surface drainage, disposal of ballast, borrow pit rehabilitation. Closure plan 30% 1 0.3 0.3 0.09 
noftening of "cut" areas  

Infrastructure - miscellaneous 
Housekeeping from old areas, identifying all areas that require 

EMP Closure ,  
15 (eg. Landfill, Tyre dump, old 

Inadequate or inappropriate rehabiltation, Landfill - burying and covering, tyre dump rehabilitation, post- 
plan,contractor 90% 1 0.3 0.3 0.09 

rehab areas) 
rehabilitation closure monitoring establishment and considerations, fencing, security. 

obligations signage 
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Table 2 
	

Closure Aspects By Domain 

Screenable 
Material/Lateri te 

Pit Void Ex-Pit OSA 
Pyritic Shale 

Dump 
Backfilled Pit 

Rehab 
Undertaken 

Infrastructure 
Exposed Water 

Table 
YARRIE  
Y23 
CRUSTAL PITS v 

Yb 
SUNRISE HILL 

SHW3  

SHW7 
SHW4  

SH6W  
SHW5A  
SH1  
SH2  
SH3  
SH4 v 

SH6  
SH8  
SHAY GAP  

SG1/2  

SG5 

SG1W  
SG3/4  

_____________  
SG7 
MIDNIGHT RIDGE 
NIMINGARRA  

NIMA  
NIMB  
NIMBNORTH  
NIMC  
NIME  
NIMF  
NIMFEAST  
NIMI v 
CATTLE GORGE  
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3.2.2 Clearing 

Many of the un-rehabilitated and new ex-pit OSA's will need to have their slopes battered down 
to assist with slope stability, which will require additional clearing of vegetation. This clearing will 
take place in accordance with guidelines in BHPBIO's Land Management Manual (BHPBIO, 
2003a) and Topsoil Management Manual (BHPBIO, 2003b). These documents are already in 
use as part of the Environmental Management Plan (EMP), which is supplied as an appendix to 
the EPS (BHPBIO, 2005). All topsoil recovered will be utilised in future rehabilitation, where 
possible it will be placed directly on to areas to be rehabilitated 

Additional clearing will also be required for the construction of temporary OSA's. In this case 
once the temporary dump has been rehandled, the disturbed area will have growth media 
applied where possible and will be ripped and seeded. 

3.2.3 Pit Voids 

Most of the overburden mined is taken to OSA's, as the steeply dipping nature of the ore 
bodies, does not allow for simultaneous backfllling of the pits. As a result of this final pit voids 
will remain when mining is complete. Mine batters will be retained as rocky walls within the mine 
voids at the angle created during the mining process (i.e. sub vertical). These features within the 
void generally range in height from 1-2m up to 36m and would be comparable to natural cliffs 
and rocky slopes widely found in the Pilbara. The overall final landform concept for the mine 
voids is for a stepped landform which contains a combination of flat/undulating surfaces with 
connecting sloped ramps interspersed with elongated rocky scarps. The final design may 
include ramps and sloped areas so as to facilitate safe entry to the pit voids (eg. for post-closure 
monitoring). In areas where the pit crest is highly visible from the plain level, the crest of the pit 
may be re-contoured to provide a softer profile. In some areas of the final mine voids pit lakes' 
will develop where the post closure equilibrium level of the aquifer is higher than the base of the 
pit. Section 3.3 discusses the pit lakes in more detail. 

Final mine voids will also occur at some crustal pits. These voids will typically have a maximum 
depth of 30m and will not extend below the water table. It is intended that the batters of the 
crustal pit voids will be reprofiled where possible. This will result in the pit becoming a local 
depression, which when rehabilitated will be relatively unnoticeable from the natural topography. 
It also has the advantage of removing the safety hazards associated with pit voids. The resulting 
landform will then have topsoil applied where available and be deep ripped prior to seeding. 
Figure 11 shows a simulation of the landforms that will be created in the crustal pit voids. 

All remaining open pits will have perimeter bunds constructed in accordance with D0IR 
regulations, to maintain the safety of the site and to also control the flow of surface water. 

3.2.4 Overburden Storage Areas 

General design concepts for the out of pit OSA's are as follows: 

Drainage on the tops of the ridge will be diverted such that the major flow is towards a natural 
drainage feature rather than the top of the OSA. 

The tops of the dumps will be constructed such that they will harvest water and have perimeter 
bunds to minimise the flow of water onto the OSA slopes and prevent the ponding of water on 
the edge of the OSA's. 

The slopes of OSA's will be reshaped from an angle of repose to approximately 15 degrees 
(where possible). 

The outer slopes of the OSA's will be treated to increase the surface roughness to minimise 
erosion and provide microenvironments for vegetation. 
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Slopes that have vertical heights of over 40m may require mid slope berms to be constructed 
to reduce the flow of any surface run-off 

The berms created in the above process will be constructed such that they slope back away 
from the slope crest. 

Where necessary drainage features such as cut-off drains will be incorporated onto the tops of 
berms to stop water running down the slopes and causing erosion. 

Where there is potential for sediment discharge, sediment traps will be constructed 
downstream of mining activities. 

Moonscaping has been extensively employed on the OSA's rehabilitated to date, throughout the 
Shay Gap, Sunrise Hill and Nimingarra areas. The results achieved have been successful, in 
that little erosion has been observed and that vegetation is growing on the slopes. However, the 
success of moonscaping operations is highly dependant upon the accurate construction of the 
interlocking scallops. Therefore, before further large scale OSA rehabilitation is undertaken, 
different un-tested methods should be trialled, which lend themselves to the blocky material 
present within the Goldsworthy operations. 

A trial is planned to assess the effectiveness of different surface treatments on the materials 
commonly found in all of the domains at the Goldsworthy operations. The trial is due to take 
place such that it will be subject to the 2004/2005 wet season. See section 4.1 for more detail 
on this trial. 

BHPBIO will monitor the stability and revegetation success of the existing rehabilitated OSA's 
and all rehabilitation trials during the remaining life of the GEP. The design of any future OSA's 
will also take into consideration the success of design features and overall performance of these 
existing dumps and trials over time. 

The future pits that are part of the GEP will incorporate backfilling where economically viable; 
this may involve the creation of temporary OSA's. 

3.2.5 Pyritic Shale Dumps 

As detailed in Table 2, pyritic shales have only been encountered below the water table, in the 
Yarrie Y2/3 pit and the SHW7 pit. The management of these materials during operations and 
post closure is detailed below. 

Yarrie 

In 1997, an evaluation was conducted to determine suitable sites for the long term storage and 
encapsulation of Net Acid Generating (NAG) materials. The results of this evaluation identified B 
and C pits within the eastern section of the Y2/3 deposit as the best location. 

A hydrogeological assessment by Woodward-Clyde (1997) revealed that C pit is bounded on all 
sides by low permeability rocks, which are above the regional groundwater table. Consequently, 
there is very little potential for leachates (if generated) to impact on the groundwater. Further 
evaluation of the area also has indicated that B pit (immediately adjacent) possesses similar 
characteristics, however this pit is on the hydrologic divide with the main pit. 

Prior to placing NAG material into C Pit, the floor was covered with a 1 m layer of compacted 
gravel to create an inert compacted barrier and capillary break between the NAG material and 
the base of C pit. When backfilling commenced at the C-pit the area became known as the W9 
OSA. NAG material was then progressively placed into B and C Pits as it was mined from the 
pit. To minimise exposure of the materials to significant rainfall events, inert overburden was 
periodically placed over the NAG material to progressively encapsulate it. 
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Dumping of NAG material into B and C pit was completed such that sufficient volume was left 
for the placement of an inert cover (greater than 5m) over the NAG material (Figures 12 and 
13). To minimise potential water flow into B and C Pit from other areas, a permanent windrow 
has been built around the pit perimeter. 

With the management practices currently in place, in combination with the high stability of the B 
and C pits, it is expected that the potential NAG impacts on the surrounding environment will be 
minimal in both the short and long term. 

SHW7 

Based on current industry best practice for NAG storage, the success of in-pit storage at Yarrie 
and the small volumes of NAG material expected at SHW, a location for in-pit storage of NAG 
material near the SHW7 pit was selected in 2004. 

A number of mined out pits are located on top of the Sunrise Hill - Shay Gap ridge east of 
SHW7. Any prospective location had to address the following selection criteria; 

Enough volume to accommodate all potential NAG material, including allowance for 
100% dilution and inert surroundings, 
No resource potential (i.e. Pit considered "mined out"), 
No new land disturbance required (including haul route), 
Topography generally draining away from the location, 
Economic haul distance from SHW7 pit, 
Knowledge of proximity to water table. 

Pit SH5A, located within 3 km of SHW7, is the nearest pit void that satisfied the above criteria. 
As such, the mined out void has been designated the approved storage location for NAG 
material mined from the SHW7 pit. 

NAG material is progressively placed into the SH5A mined out pit void. To minimise exposure of 
the materials to significant rainfall events, inert overburden is periodically placed over the NAG 
material to progressively encapsulate it. Dumping of NAG material into SH5A pit will be such 
that sufficient volume will be left for the placement of an inert cover (greater than 5m) over the 
NAG material. 

To minimise potential water flow into SH5A pit from other areas, a permanent windrow has been 
built around the SH5A pit perimeter. 

Management Strategy 

Research (O'Kane et al 1998, 2000) conducted in the Pilbara indicates that infiltration into the 
NAG materials by surface water does not occur. Instead, these encapsulated covers form a 
"store and release" system to minimise contact with the underlying NAG material, thus 
preventing the generation of ARD. With management practices currently in place, it is expected 
that, in line with the stability of the NAG approved storage locations, potential NAG impacts on 
the surrounding environment in the long and short term within the area will be minimal. 

Currently, the long-term management strategy is to infill the pit voids (C pit and SH5A) from the 
east to the west to a height approximately 1 Om below the crest of the pit void. The rest of the pit 
will then be in filled with Banded Iron Formation (BIF) material to a height of 4 -5m, back sloping 
to the east of the pit (Figures 12 and 13). This will ensure that any surface water flows will drain 
to the back of the pit, rather than down the face of the in-pit slope. 

The in-pit slope resulting from the infilling operation will be covered with a minimum of 4 m of 
BIF. The surface will be stabilised using appropriate earthworks. Standard topsoiling and 
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seeding programmes will then be implemented over the cover surfaces to assist with the re-
establishment of native vegetation. 
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Figure 12: Profile of the C-pit NAG dump - showing the application of the 
10 metre thick inert store and release cover. 
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3.2.6 Backfilled Pits 

Pits have been backfilled where operationally feasible; in particular this has and will continue to 
occur in the crustal pits. These pits have been backfilled to create a topography similar to the 
original topography of the area. Figure 11 is a recent photo taken in June 2004 of the backfilled 
Y6A pit, partially backfilled Y613 pit and yet to be backfilled Y7A pit. Also shown is a post-
closure visual simulation of the same area following the completion of backfilling and 
revegetation of the site. As depicted in the simulation, some of the existing roads would be 
retained to provide ongoing access for monitoring and maintenance purposes. 

The YlO OSA is a backfill OSA within the Y10 pit. Parts of the YlO OSA have been 
progressively rehabilitated as they have become available. The upper batter of the dump was 
re-profiled to a final slope of approximately 90,  seeded, but not ripped in 1998. The mid batter 
slope of the OSA has an overall slope of approximately 130  and was contour-ripped and seeded 
in 2003. The rest of the Yl 0 OSA will be rehabilitated progressively during the remaining mine 
life and/or following closure to the standards described in Section 3.2.6. 

Figure 14 is a recent photograph of rehabilitated parts of the YlO OSA. EFA monitoring sites 
have been established at Yarrie and will be used to evaluate the revegetated landforms (Refer 
to Section 4). Other areas that will have backfilled pits on closure are Nim I, Nim B North and 
Nim C. Again, these will be profiled such that they blend in with the original topography of the 
area. 

Growth media will be applied where available, prior to deep ripping of the compacted top of the 
backfill. Seeding with a native vegetation mix will occur once all earthworks are complete. 

Figure 14: Y10 2003 Rehabilitation 
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BHPBIO will monitor the stability and revegetation success of the rehabilitation beyond the 
closure of the Goldsworthy operations, incorporating new rehabilitation into the existing EFA 
programme. 

3.2.7 Rehabilitation Undertaken 

Significant rehabilitation works were carried out at Nimingarra, Sunrise Hill and Shay Gap in 
between 1993 and 1995. All OSA's (that existed at the time) were rehabilitated using a 
moonscaping technique. These areas are shown in figures 3, 4, 5 and 6. Rehabilitation is 
considered to be generally successful, this is supported by recent EFA monitoring, which has 
shown that the vegetation is steadily recovering. 

Rehabilitation (moonscaping) was also undertaken in the partially backfilled areas of some 
mined out pits. 

Rehabilitation at this time also included the infrastructure areas for the Shay Gap Crusher and 
townsite. 

Recent rehabilitation activities have been limited to backfilled crustal pits at Yarrie, the YlO OSA 
(Figure 14) and minor works on old access roads. These areas have been subject to one wet 
season, with very little gullying occurring. 

All of the above mentioned areas are part of the current EFA programme (Outback Ecology 
2004a) and will continue to be monitored beyond closure of the Goldsworthy operations. 

3.2.8 Infrastructure Areas 

The decommissioning process will typically involve the removal of infrastructure for off-site 
reuse, recycling, or where possible resale, in agreement with the State Agreement Acts and 
stakeholders. Once the infrastructure is removed, the land surface will be reprofiled where 
necessary to integrate with the surrounding topography, prior to topsoiling and revegetation. 

Prior to decommissioning, the existing land contamination assessments will be reviewed in 
accordance with the requirements of the DoE (Contaminated Lands Act, 1997) and relevant 
technical guidelines. In areas where the potential for soil contamination is identified (e.g. areas 
where the use and storage of chemicals, explosives, fuels and/or lubricants took place) soil 
samples will be taken and analysed. Any potentially contaminated soils identified by this 
assessment will be managed in accordance with DoE requirements. Sampling and analysis will 
be undertaken to confirm the performance of the contaminated soil management measures. 

Following the removal of infrastructure and re-profiling of the land surface, additional surface 
treatment works will be implemented including: 

Deep ripping of hard surfaces that do not require re-profiling 
Application of soils (topsoil or laterite) to a depth of up to 100mm (depending on available 

soil resources) to provide a growth medium 
Light ripping, as appropriate, of surfaces to maximise rainfall infiltration, reduce erosion 

potential and enhance revegetation establishment 
Application of native seed. 
Erection of sediment fences (or equivalent) where required to reduce the potential for the 

migration of sediments. 

3.3 Water 

BHPBIOs guiding closure principles for water resources following rehabilitation and closure of 
the Goldsworthy project are listed below and described in detail in the following subsections. 
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3.3.1 Surface Water 

Operations at the Goldsworthy operations have the potential to impact the surface water 
resources by changing local surface water flow patterns (i.e. new landforms affecting catchment 
areas), or by affecting surface water quality as a result of erosion from disturbed areas or 
contamination from chemicals or hydrocarbons. 

The management of water resources at the Goldsworthy operations is governed by the Water 
Management Plan (WMP). (BHPBIO, 2004c) The surface water management objective is to 
ensure that all surface waters on the site and running off the site should have similar quality to 
those on the surrounding catchments. 

The closure principles that will be employed are: 

Baseline surface water quality and flow regimes in Eel Creek and Egg Creek will be 
maintained. 

There will be no significant, physical off-site impacts. 

Surface drainage issues as they affect mine closure at Goldsworthy are mostly related to the 
truck built mine OSA's that tend towards flat-topped, steep sided landforms. Even with 
reshaping these OSA's will still generally comprise separate top and slope areas on the final 
landform, which will have different hydrological characteristics. Section 3.2.4 goes into more 
detail on the rehabilitation of out of pit OSA's. The general principle is that water will not be 
allowed to pond on the edge of OSA's. 

The pit voids that will remain at the end of mining will have bunds constructed to minimise the 
ingress of water into the void and to prevent the ponding of water on the edge of the pit voids, 
refer section 3.2.3. 

3.3.2 Ground Water 

Advanced dewatering of some of the Goldsworthy pits is required where mining operations are 
planned to extend below the water table. This results in a lowering of the local water table. The 
currently available groundwater information indicates that there are no groundwater dependent 
ecosystems or users in the vicinity of the planned GEP operations. In addition, dewatering 
operations to date have had little impact on groundwater levels other than in the immediate pit 
areas and along strike within the ore body aquifer host rocks. The restriction of the groundwater 
drawdown effect to the immediate vicinity of the pit is a reflection of local hydrogeological 
conditions. In particular the ore body aquifers are enveloped by low permeability footwall and 
hanging wall sequences and lower permeability unmineralised Banded Iron Formation (BIF) 
along strike of the ore bodies. 

Recharge to the local aquifers is primarily through direct infiltration at the points where the ore 
bodies outcrop. Groundwater modelling and water level monitoring results indicate that there is 
no significant hydraulic connection between the ore body aquifers and the shallow alluvial 
aquifers and fractured rock aquifers that occur in the sandy plains and drainage channels that 
surround the Nimingarra, Shay Gap and Yarrie ridges. 

It is intended that upon closure the remaining pit voids will be left open. A report by Aquaterra 
(Aquaterra, 2004) for BHPBIO details the expected outcomes resulting from the pit voids. 
Briefly, the findings of this report with relation to closure are as follows: 

It is expected that all final pit voids (other than Yb, Cattle Gorge and Nim I which are to be 
backfilled to the pre-mining water table) will become groundwater sinks, with pit lake levels 
remaining below pre-mining water table levels in the long term. 
The pit lakes that will develop in the final voids are expected to become saline in the longer 
term as a result of evaporative concentration. However, the saline water quality will be 
confined to the pits and there will be no impacts on local/regional groundwater quality. 
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A detailed study into the incidence and management of Stygofauna is currently underway at 
BHPBIO's Marillana Creek operations; the application of this study to the Operations are yet to 
be determined and results will be included in future revisions of the Decommissioning and 
Rehabilitation Plan. 
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4.0 CURRENT AND PLANNED ACTIVITIES 

4.1 	Rehabilitation Activities to Date 

4.1.1 Overview 

As mentioned in GEP EPS (BHPBIO, 2005), The Operations are approaching the closing 
stages in its life of mine development. Accordingly, rehabilitation is now a key focus of The 
Operations. Rehabilitation in the Shay Gap area commenced in 1993 and continued through 
into the Nimingarra area through to 1995. 

Table 3 provides a breakdown of rehabilitation activities conducted within the Operations to 
date. 

Table 3: Summary Of Rehabilitation Activities to Date 

Original Land Disturbance Area Rehabilitated (ha) 
Mine landforms 407 
Infrastructure areas (md. Haul roads, industrial areas) 12 
Support facilities (i.e. borrow pits, old townsite) 45 
Total 464 

The historical rehabilitation of mine landforms has to date focussed on the ex-pit OSA's at Shay 
Gap, Sunrise Hill and Nimingarra. However, in the recent years rehabilitation has mainly 
occurred within the Yarrie area, with trials being undertaken. (See Section 4.2) 

Rehabilitation efforts in the immediate future will focus on the reshaping of ex-pit OSA's at both 
Yarrie and Nimingarra. 

The rehabilitation of support facilities, i.e. borrow pits, exploration tracks and pads, was 
undertaken in the Shay Gap, Sunrise Hill and Nimingarra areas during the same 1993 to 1995 
time frame. BHPBIO uses internal guidelines to manage the development and rehabilitation of 
borrow-pits. These guidelines restrict the size and depth of individual pits. In addition, borrow 
pits are also generally rehabilitated as the borrow material is being removed in order to take 
advantage of the proximity of earthmoving equipment and because of the one-off nature of most 
borrow operations. The rehabilitated borrow pits are included in BHPBIO's overall site-based 
rehabilitation-monitoring programme. Because they tend to be relatively small in area, limited in 
depth and progressively rehabilitated, the borrow pits at the Operations have proved to be some 
of the most successful rehabilitation on the Goldsworthy Leases. The Yarrie EFA Report 
(Outback Ecology, 2004a) goes into more detail. 

4.1.2 Rehabilitation Design Considerations for the OSA's. 

Issue- Drainage on top of OSA's 

A significant cause of destructive erosion on rehabilitated landforms in the Pilbara is the runoff 
of concentrated water flows from the top surface of OSA's to their batters during extreme rainfall 
events. Erosion has been observed on some of the rehabilitated OSA's in the Shay Gap area, 
generally occurring in areas where the surface treatment employed (moonscaping) was not able 
to withstand the erosive forces generated when the water on top of the OSA has not been 
sufficiently controlled. 

Key Learning 

Drainage on top of dumps should be such that the flow of water will be away from the face of 
the OSA slope. Where this is not possible, barriers should be constructed on the edge of the 
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OSA to prevent water from flowing down the slope, irrespective of the rehabilitation method 
employed. 

Learning's from the recent trial conducted on the Wi OSA (see section 4.2) is that the barrier at 
the top of the OSA slope should be as close to the edge as possible. The windrow constructed 
in the Wi trial was 15m from the crest of the slope. This proved to be an adequate distance to 
create a catchment for water to pond on the edge of the crest, resulting in a concentrated flow in 
severe rainfall events. 

Issue - Erosion on Moonscaped OSA slopes 

Moonscaping was used extensively throughout the rehabilitation undertaken in the 1993 to 1995 
period; the results of which have been variable. On the whole moonscaping appears to create a 
stable landform, as previously mentioned the majority of erosion has occurred where the water 
on top of the OSA has not been controlled. Where failures have occurred they have tended to 
propagate across the slope, overtopping at the low points created by the edge of the dozer 
blade during construction. 	 - 	- 

Key Learning 

The recent trial at Wi incorporated a moonscaped section. The initial columns of moonscaped 
scallops, which ran from the top to the bottom of the slope, did not interlock. A definite bridge 
was evident between the columns; there was no obvious "low point" where overtopping could 
occur. As a result this area of the trial had no visible signs of erosion, as compared to the 
conventional method of interlocking the moonscaped scallops. 

Issue - Angle of OSA Slopes 

Previous moonscaping efforts within the Shay Gap, Sunrise Hill and Nimingarra operations were 
carried out using various slope angles ranging from 23 degrees to 14 degrees. 

Key Learning 

Recent EFA monitoring results determined that the moonscaped slopes with lower angles were 
more successful than steeper slopes. As a result the recent trial at Wi was undertaken on a 
slope reshaped to 15 degrees, instead of the previously preferred 20 degrees. It is intended to 
adopt a 15 degree final slope for all OSA's, where possible. 

Issue - Surface Material Type for Rehabilitated Areas 

The majority of OSA's and backfilled crustal pits are constructed from blocky, fresh, BIF 
material. Rehabilitation efforts in these areas have not typically incorporated topsoil into the 
rehabilitation method. 

Key Learning 

EFA monitoring in these areas have shown that whilst the areas do exhibit some revegetation 
and stability qualities, they are not as advanced as those areas where the surface material 
consists of more weathered material and/or growth media. In recognition of this, topsoil was 
incorporated into all of the trial areas of the Wi rehabilitation. Section ? also details a recent 
study into the application of other materials as a topsoil substitute, for use in those areas where 
there is a shortage of topsoil. 

Issue - Erosion on Contour Ripped Slopes 

Contour ripping has been employed as a rehabilitation method on both the Wi trial slope and 
also on the slopes of the in-pit OSA at Yb. The slopes at YlO have not exhibited any major 
signs of erosion and are revegetating well, despite the fact that no topsoil was applied. 
Conversely, the contour ripped area at Wi has several major erosion gullies present. The depth 
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of the rip lines on the Yl 0 OSA were deeper than those at Wi due to the applied topsoil at Wi 
rilling back into the rip line. 

Additionally, a Wi trial area had topsoil applied but was not ripped. The performance of this 
slope was comparable to the ripped Wi slope indicating that the rip lines had little impact on 
erosion resistance. 

Key Learning 

The erosion resistance of the slopes indicates that a method of creating larger amplitude rip 
lines should be investigated. Also, the rip lines served to channel water flow where they were 
not precisely on the contour, exacerbating the erosive forces. 

Issue - Applied Topsoil Washing Away 

The Wi trials demonstrated that if the topsoil were not sufficiently mixed in with the underlying 
waste profile, it would wash away down the slope during extreme rainfall events. 

Key Learning 

The fine topsoil must be anchored into the underlying profile. Further investigation is required to 
see if this could be achieved through extensive cross ripping of the slopes. 

Issue - Timing Of Rehabilitation 

The weather conditions experienced after the earthworks for the trial were completed consisted 
of one minor storm, followed by an extreme rainfall event within weeks of the completion date. 
This short period, without the occurrence of minor rainfall events did not allow the slope profile 
to self-armour. 

Key Learning 

All of the earthworks should be completed prior to the onset of the wet season. The potential to 
artificially water the slopes, to allow for a degree of self-armouring prior to the onset of heavy 
rain should be investigated further. 

4.2 	Rehabilitation Trials 

A Ministerial condition in Phase II of the Goldsworthy Extension Project (1993) stated that, "at 
least six months prior to decommissioning the proponent shall prepare a decommissioning and 
rehabilitation plan." Given that the expected timing for the end of Goldsworthy operations is 
2007, BHPBIO have embarked upon trials as part of addressing the requirements of the guiding 
closure principles proposed in Section 1.4. The Risk Assessment detailed in Section 1.6 
highlighted that two aspects at the Goldsworthy operations needed addressing within a one-
year time frame; potential failure of vegetation and management of ARD. 

ARD is currently managed as described in section 3.2.5 and further research is continuing at the 
Mt Whaleback operations along with regular monitoring at Yarrie. 

The occurrence of vegetation failure or success can have many contributing factors. BHPBIO is 
currently undergoing trials to determine the effects of utilising alternative forms of growth media 
and also the effect of different surface treatments on slopes. 

Monitoring of these trials will be incorporated into the existing monitoring programme that takes 
in the Shay Gap, Nimingarra and Yarrie areas, the details of which are described below. Where 
relevant, the findings of current and future trials within all BHPBIO operations will be used to 
develop and improve rehabilitation procedures at other BHPBIO sites. 
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Topsoil Substitute Trial 

All clearing operations must recover the topsoil resource in line with BHPBIO's procedures. 
Topsoil recovered is directly placed for use in rehabilitation where possible or is stockpiled for 
future use during closure. In the case of Nimingarra, Sunrise Hill and Shay Gap, any topsoil 
available in 1993 was utilised during the rehabilitation works undertaken at this time. 

It is recognised that prior to the implementation of these procedures the topsoil resource was 
not optimised. As a result, the topsoil resource available for rehabilitation to meet closure 
objectives is acknowledged as being deficient. In recognition of this, the opportunity to recover 
near surface lateritic' material and use it as growth medium has been taken. At present this 
material is being stockpiled separately to clean waste pending the results of a trial. 

The trial has been set up in the Yarrie Y7 area. The Y7D pit has been backfilled back to the 
original surface contours; the area was then split into three areas. One section had topsoil 
applied, another the lateritic' material and the final section was left bare (Figure 15). Each 
section was then contour ripped and seeded. Once the results of the trial are known, the 
decision on whether it is feasible to use the laterite, as a topsoil substitute will be made. 

Also, at both the Yarrie and Nimingarra sites, a low-grade crustal resource known as Bi and Si 
has been stockpiled. This material is essentially a crustal-type ore, which contains economic 
iron product in the lump component, but the fines component is considered waste. This 
resource has been stockpiled with the intention of screening the lump portion for use in the ore 
blends. The remaining fines portion, which is of a lateritic nature, is considered suitable as a 
growth medium. This material is due to be screened prior to closure and will be utilised to 
reduce the topsoil deficit at Yarrie, Nimingarra and Sunrise Hill. 

OSA Slope Surface Treatment Trial 

The surface treatment on rehabilitated OSA slopes at Goldsworthy that has been carried out to 
date has all consisted of moonscaping. Whilst it is considered that moonscaping has been 
generally successful in the area, it is the only method that has been utilised. Previous 
moonscaping ventures have encountered operational difficulties, as the creation of moonscaped 
landforms requires a skilled operator. The process of moonscaping creates a series of scallops 
followed by angle of repose outer slopes. Vegetation in existing moonscaped areas is more 
established inside the scallops. As such a trial to assess the stability and vegetation success of 
alternative surface treatments have been set up. 

The top level (255mRL) of the Wi OSA has been selected as the preferred location for the trial 
to take place, as waste placement is complete. The trial will assess four different treatments; 
moonscaping, contour ripping, a hybrid of moonscaping and ripping and also leaving the surface 
as a battered down face (Figure 16). 

The trial will serve to assess the effectiveness of the surface treatment against erosion, 
vegetation success and operational factors. Topsoil and/or laterite will be applied to each of the 
trial areas, prior to surface treatments being carried out. Hand seeding of a local seed mix will 
also take place. 

The main objectives of the trial are: 

Assess the slope stability of the various surface treatments 
Assess the vegetation success of the various surface treatments 
Understand the costs associated with the surface treatments to assist with future 

rehabilitation planning within all BHPBIO operations 
Understand the operational aspects of the different methods of construction. 
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4.3 Maintenance and Monitoring Programme 

During the remaining life of mine at the Goldsworthy operations, BHPBIO will develop and 
implement several monitoring programmes with the objective of evaluating the performance of 
rehabilitated mine landforms to assess whether a satisfactory walk away' solution has been 
achieved (i.e. the rehabilitated mine landforms have met BHPBIOs guiding closure principles, 
or previously mined areas are showing satisfactory progress towards meeting these principles). 
The rehabilitation and mine closure monitoring programmes will be progressively developed and 
implemented as areas of the mine are rehabilitated. The following will be monitored. 

Biological processes in rehabilitated areas (EFA); 
Surface water quality within adjoining creeks (i.e. 
Creek); 
Groundwater levels and quality in the aquifer; 
Public access and safety; 
Off site impacts; and 
Stability of mine landforms. 

Egg Creek, Eel Creek and Cattle Gorge 

Flora and fauna monitoring of rehabilitated landforms has already commenced at the 
Goldsworthy operations. Figure 3, 4, 5 and 6 show the locations of the monitoring sites to date. 
Outback Ecology (2004a) is currently conducting BHPBIO wide studies into the Ecosystem 
Analysis. 

As described in Section 4.2, revegetation areas will be monitored using EFA techniques, on a 
regular basis to assess the success or otherwise of particular vegetation techniques, with the 
results utilised to further refine the life of mine rehabilitation plan. The methodology used to 
assess performance will be reviewed and implemented in consultation with CALM and other 
interested decision-making authorities and stakeholders. 

A surface water monitoring programme has been established to investigate the on site and 
downstream effects of the Goldsworthy operations. Future additional monitoring will also be 
undertaken to assess the success of rehabilitation (i.e. long term stability) of mine landforms, 
such as the OSA's, infill areas and pit lakes (post-mining), with a focus on suspended solids and 
salinity. The monitoring programme will continue to be operated during the operational phase so 
that relevant baseline data can be collected, taking into account the variability of rainfall and 
stream flow events. 

The existing groundwater-monitoring programme will also be reviewed and updated to facilitate 
the assessment of groundwater functions against the guiding closure principles presented in 
Section 3.3. In particular the function of the aquifers will be monitored, with a focus on the post 
closure performance (including salinity). 

Pumping rates and groundwater levels will continue to be monitored on a regular basis in 
accordance with the DoE/WRC licenses. Monitoring currently includes: 

Sampling of monitoring bores at the frequency specified in the DoE license 
Analysis of water samples for the analytes specified in the DoE license; and 
Monthly recording of output volumes of production bores. 

The post mining groundwater monitoring programme will be developed in consultation with the 
relevant authorities prior to completion of mining. 

Post closure, regular inspections of safety bunds and fencing will be carried out, to maintain the 
safety of the site. These programmes will be developed in line with DoIR regulations. 

The rehabilitation and mine closure monitoring programme will be refined and developed 
throughout the remaining operating life of the Goldsworthy operations in consultation with the 
relevant authorities. 
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4.4 	Other Activities 

A growth media resource database is currently being updated. This records all existing growth 
media stockpiles' volumes and locations. This data will then be used in combination with the 
mining plan to ascertain the optimum locations for sourcing of additional material for 
rehabilitation. This data will be presented in future versions of the Decommissioning and 
Rehabilitation Plan. Topsoil will be preferentially used on slopes, with other growth media being 
utilised on flat areas. 

Once the sequencing is established, any lateritic stockpiles that will not be recovered in the 
current year will be seeded, to encourage vegetation and hence the organic content of the 
lateritic material. 

Further to this, Outback Ecology (2004b) have recently produced a report on the physical and 
chemical characteristics of topsoil, laterite and the 'screenable' laterite fines, along with the 
materials present in the rehabilitated OSA slopes at Shay Gap and Nim A. The report focuses 
on their application as growth media. 
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5.0 UPCOMING REHABILITATION ACTIVITIES 

As the Goldsworthy project is approaching the closure stages, the scheduling of rehabilitation 
works will include both rehabilitation of newly disturbed areas and also remediation of existing 
rehabilitated areas. A detailed review of each of the domains, similar to the assessment 
undertaken at Nimingarra in 1998, will be undertaken to ascertain the final rehabilitation 
requirements. The following subsections detail the currently identified areas only, with the aid of 
extracts of the appropriate sections from Table 2. A timeline of the potential sequencing of 
rehabilitation on existing and future operations is displayed in Figure 17. 

5.1 Shay Gap Domains 

Screenable 
Matenal/Latente 

Pit Void Es-Pit OSA 
Pyntic Shale 

Dump 
Backfilled Pit 

Rehab 
Undertaken 

Infrastructure Exposed Water 
Table 

A-lAY GAP 
SG1I2 

sG1w  
SG3/4  
SG5  
SG7 -. 

Additional works required in the Shay Gap domain, is the rehabilitation of exploration drill tracks 
and pads and also the redirection of drainage on top of some OSA's. The timing of these works 
is not constrained by any operational requirements. 

5.2 Sunrise Hill Domains 

1 Screenable 
Maten 

Pit Void Es-Pit OSA 
Und ealiLaterite 

Pyritc Shale 
Dump 

Backfilled Pit 
Rehab 

Infrastructure 
Expose

rtaken 	 Table 
d Water 

SUNRISE HILL 

SHW3 .- 
SHW4 -, 
SHW7 -. 
SH6W - - -' 
SHW5A  
SH1 
SH2 -. 
SH3 -, 
SH4 -. 
SH6  
SHE 

Future closure works required in the Sunrise Hill domain comprise the rehabilitation of both 
existing operations and previously mined out pits, along with recently created exploration tracks 
and pads and also the remediation of existing rehabilitation. Additional growth media will be 
required for the Sunrise Hill Domain. 

The timing of remediation on existing rehabilitation is not constrained by any operational 
requirements. 

5.3 Nimingarra Domains 

Screenable 
Materiat/Laterite 

Pit Void Es-Pit OSA Pyritic Shale 
Dump 

Backfilled Pit 
Rehab 

Undertaken 
Infrastructure 

Exposed Water 
Table 

dIMINGARRA -' 

NIMA -. - 
NIMB  
NIMBNORTH  
NIMC - -' 
NIME - - 
NIMF -. 
NIMFEAST - - - 
NIMI - 

Future closure works required in the Nimingarra domain comprise the rehabilitation of both 
existing operations and previously mined out pits, along with recently created exploration tracks 
and pads and also the remediation of existing rehabilitation. Additional growth media will need 
to be sourced for the Nimingarra domain. 
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Figure 17: Rehabilitation Timeline 
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As the Nimingarra domain also contains the majority of the infrastructure for the 
Nimingarra/Sunrise Hill Area, extensive rehabilitation works will be required which will not be 
able to commence until the cessation of railing. The timing I of remediation on existing 
rehabilitation is not constrained by any operational requirements. 

5.4 Yarrie Domains 

I 	

Screenable 
MaterlaliLaterite 

Pit Void I 	Ex.Pit OSA 
Pyritic Shale 

Dump 
Backflled Pit  

Rohab 
Undertaken 

I 	Infrastructure 
I

Exposed Water 
Table 
	I 
I 

YARRIE I I I I I 	I 
1Y23 I I I I I I I 	I 
ICRUSTAL PITS  

Ivio 	I I I I I I I 	I 

Relatively little rehabilitation has been carried out at Yarrie to date due to the unavailability of 
completed areas. 

As mining of the Y2/3 pit is now complete, construction of the abandonment bunds can 
commence. Rehabilitation on sections of the Wi OSA can commence, pending the results of 
the Wi slope surface treatments trial. Other sections of the Wi and the W6 OSA's will not be 
able to commence until decommissioning of the ore handling facilities, due to the location of 
infrastructure. 

However, the backfilled crustal pits will continue to be rehabilitated, along with the backfilled 
portions of the Vi 0 pit. 

5.5 Cattle Gorge Domains 

I 	Screenable 
I Materlal/Laterite 

I 
Pit Void I I 	Ex-PIt OSA 

Pyritic Shale 
I 	Dump 

I 	Backfllled Pit 
Rehab 

Undertaken 
Infrastructure 

I Exposed Water I 
I 	Table 

CAE(iOK(ikI I I I I 

As the Cattle Gorge operations have not yet commenced, there is no scope for rehabilitation to 
commence. All rehabilitation works at Cattle Gorge will be constrained by the operations 
schedule. 

5.6 Final Land Use 

The post mining land use of the Goldsworthy mining lease areas will be determined through 
ongoing consultation with the administering authority and relevant stakeholders during the 
remaining life of the mine. 

Notwithstanding this ongoing consultative process, the most likely final land use for the lease 
areas is either low intensity cattle grazing (which is the current land use for areas not directly 
affected by mining activities), inclusion in some form of natural conservation area and for 
availability for use by indigenous groups. 

Other possible final land uses for the Goldsworthy lease will be given due consideration during 
the consultation process. To date, the following stakeholders have indicated that they wish to be 
included in the process. 

Government 
DoIR (including OMP and SHED) 
DoE (including Waters and Rivers) 
CALM 

Non-Government Organisations 
Local pastoralist (Yarrie Station) 
Nyamal Aboriginal Organisation (claimant group covering the entire area) 
Birramaya Aboriginal Organisation (claimant group covering the Yarrie portion only). 
East Pilbara Shire 
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EXECUTIVE SUMMARY 

BHPBIO is currently in the process of seeking environmental approvals covering for planned future mining as 

well as reviewing the closure plans all operations in the Goldsworthy region. Operations will include 

continued and/or new mining below the water table in the Yarrie-Nimingarra region (at Nimingarra, Sunrise 

Hill, Cattle Gorge and Yarrie) and with continued pumping from the Shay Gap Wellfield, and intermittent 

pumping from the Egg Creek and Cundaline Wellfields. 

This summary report describes the effects that mining activities have had on groundwater resources in these 

areas b date, and reviews the likely operational and post closure effects of the planned mining of the 

remaining iron ore deposits. Historical monitoring data for all mining operations have been reviewed and the 

results of detailed hydrogeological investigations, (including groundwater modelling) have been collated. 

The results of this assessment can be summarised as follows: 

The hydrogeological impacts of mining (dewatering) to date have been restricted to the immediate mine 

areas with drawdowns in groundwater levels being largely confined to the orebody aquifers which are 

bounded by low permeability rocks. There have been no observed impacts on regional groundwater 

levels or surface water/groundwater quality as a result of dewatering or dewatering discharge. 

The hydrogeological impacts of water supply pumping from the wellfields have also been largely 

confined to the immediate areas of the production bores, with no observed impacts on regional 

groundwater flows or groundwater quality. 

The impacts of continued mining (dewatering and water supply pumping) are not expected to have any 

additional impacts on local and regional water resources, to those which have already been observed to 

date. 

It is expected that all final pit voids (other than Yl 0, Cattle Gorge and Nim I which are to be backfilled) 

will become groundwater sinks, with pit lake levels remaining below pre-mining water table levels in the 

long term. The impacts of this on local/regional groundwater levels and flows will be much less than 

during active mining and dewatering. 

The pit lakes that will develop in the final voids are expected to become saline in the longer term as a 

result of evaporative concentration. However, the saline water will be confined to the pits and there will 

be no impacts on local/regional groundwater quality. 

. 	Groundwater levels in the vicinity of the welifields are expected to recover to pre-pumping levels within 

several years of the cessation of pumping. 
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SECTION 1 - INTRODUCTION 

Iron ore mining in the Goldsworthy region has been conducted since the 1960's. Mining initially took place at 

Mt Goldsworthy, and has progressively expanded to include the Shay Gap, Nimingarra, Sunrise Hill and 

Yarrie deposits, which are situated to the east of Mt Goldsworthy (Refer Figure 1). 

BHP Billiton Iron Ore's (BHPBIO) current operations are centered at Yarrie, with mining also taking place at 

Nimingarra and Sunrise Hill. The Mt Goldsworthy and Shay Gap mining areas are no longer active. 

BHPBIO is currently in the process of seeking environmental approvals for planned future mining as well as 

reviewing the closure plans all operations in the Goldsworthy region. Operations will include continued 

and/or new mining below the water table in the Yarrie-Nimingarra region (at Nimingarra, Sunrise Hill, Cattle 

Gorge and Yarrie) and with continued pumping from the Shay Gap Weilfield, and intermittent pumping from 

the Egg Creek and Cundaline Wellfields. 

As part of the environmental impact assessment and mine closure planning being undertaken, BHPBIO has 

commissioned Aquaterra Consulting Pty Ltd (Aquaterra) to prepare a summary report that describes the 

effects that mining activities have had on groundwater resources in these areas to date, and reviews the 

likely operational and post closure effects of the planned mining of the remaining iron ore deposits. 
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SECTION 2- HYDROGEOLOGICAL BACKGROUND 

The Yarrie, Shay Gap, Sunrise Hill ad Nimingarra mining areas occur over a distance of approximately 

50 km, some 150 to 200 km east of Port Hedland. The older Mt Goldsworthy area, which is located some 

50 to 100 km to the west, is topographically and hydrogeologically separate from the current mining areas. 

In all mining areas, local aquifers are associated with the hematite orebodies that have developed within 

distinct BIF (banded iron formation) horizons, which form prominent ridges. The permeability of the local 

aquifers varies and is a function of the nature of the mineralisation and the degree of fracturing within each 

deposit. The local aquifers tend to be more continuous along strike than they are wide (strip aquifers). The 

local aquifers are enveloped by lower permeability unmineralised or subgrade BIF, and/or very low 

permeability carbonaceous shales and metamorphosed pillow lavas (at Mt Goldsworthy) and granites and 

mudstones (at Yarrie-Nimingarra). 

The main orebody aquifers form pods" of higher permeability within the general strip aquifers formed by the 

ore horizons. Recharge is primarily through direct infiltration at the points where the orebodies outcrop. As a 

result of limited hydraulic connection, pre-dewatering water table levels in the orebody aquifers are 

commonly much higher than beneath the surrounding plains. Figures 2, 3 and 4 show schematic cross 

sections through the three main mining areas (at Yarrie-Nimingarra) which are currently or recently active. 

Minor aquifers associated with local and limited (in areal extent) fractured rock aquifers have been developed 

by the Egg Creek, Eel Creek and Cundaline Wellfields. These aquifers are recharge by the infiltration of wet 

season streamflows via overlying alluvium (Egg Creek and Eel Creek) and the direct infiltration of runoff to 

the aquifer (Cundaline). 

The topography surrounding the BIF ridges is generally flat. The topography to the south of the ridges is 

dominated by the drainage system of the De Grey River. A shallow aquifer associated with alluvial 

sediments within the De Grey River floodplain were previously developed by the Goldsworthy borefield to 

provide mine supplies to Mt Goldsworthy. 

The topography to the north of the BIF ridges characterised by flat to gently undulating sand plains with 

occasional small rocky outcrops and stony hills. Aquifers in this area are associated with hydraulically 

isolated sedimentary sequences within a broad Jurassic to Cretaceous-aged Canning Basin. One such 

aquifer, the Wallal Sandstone, has been developed by the Shay Gap Wellfield at the margin of the Basin. 

This aquifer system is recharged by infiltration of rainfall runoff at the margins of the basin. 
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SECTION 3 - IMPACTS OF MINING TO DATE 

The impacts of mining operations on local/regional hydrogeology to date fall into two broad categories: 

Dewatering of the pits that extend below water table. 

. 	Water supply pumping from the weilfields. 

3.1 	DEWATERING 

As outlined in Section 2, the main local aquifers are associated with the orebodies and mining below the 

water table requires some form of pit dewatering. 	Dewatering volumes and optimum dewatering 

methodologies depend on the permeability of the orebody (this is variable over the area), the depth of the pit 

below water table and the rate of mining. Some pits have been dewatered by in-pit sumps (ie allowed 

groundwater to flow into the pit and then pump it out), while others have used advance dewatering bores to 

lower the water table ahead of mining. Given the nature of the aquifers, these bores have largely all been in-

pit bores. 

In pits where advance dewatering has been used, in-pit sumps have also been required to remove residual 

groundwater inflows (and seasonal rainfall recharge) particularly towards the end of mining when the 

orebody (ie aquifer) has largely been mined out and the effectiveness of dewatering bores has diminished. 

The following provides a summary description of the areas where mining has been conducted below the 

groundwater table in the region to date, as well as a brief summary of observed impacts. 

Mt Goldsworthy 

The Mt Goldsworthy pit was mined from 1963 to 1982 to a depth of around 180m below the pre-mining water 

table (to a depth equivalent to -140mRL). The pit was dewatered by in-pit bores and sumps at an average 

rate of around 900,000kL/yr and an average discharge salinity of around 1 ,800mg/L. 

There were no observation bores monitored at the time. However, it is expected that groundwater levels in 

the footwall and hanging wall rocks of the pit would have drawn down to nearly to the pit base and there that 

there would have been a steep groundwater gradient away from the pit, with little to no regional drawdowns 

beyond several hundred metres from the pit. Observation bores around the pit margin, monitored since 2002 

show groundwater levels in the area immediately surrounding the pit to be at around 10mRL, and fluctuating 

in response to seasonal recharge and recession. 

Following the cessation of mining and dewatering in 1992, the pit water level rose some 115m to around - 

25mRL (when regular monitoring commenced) and has since risen a further 15m to be around —10mRL 

when last measured in 2004. This is still around 50m below the pre-mining water table and 20m below the 

water table measured in the pit perimeter bores. 

The salinity of the pit lake has been monitored periodically since mining ceased, and has gradually risen from 

2,000mg/Lin 1982 to 6,200mg/L in early 2004 (at an average rate of 190mg/L per year). 

Shay Gap 1/2 & 3/4 (SGII2, SG314) 

Mining at these pits, located at the eastern end of the Sunrise Hill-Shay Gap ridge was completed in the 

early 1980's. The pits were mined to maximum depths 113mRL (SG1/2) and 145mRL (5G3/4). Dewatering 
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IMPACTS OF MINING TO DATE 

was achieved by in-pit sumps. Pit lake monitoring data show that pit water levels have recovered (since the 

completion of mining) by 30m in SG1/2 to around 143mRL and by 12m in SG3/4 to around 157mRL. Recent 

pit water quality sampling data (from October 2004) show salinities of 510mg/L in SG1/2 and 1,000mg/L in 

SG314. 

Shay Gap 7 (SG7) 

This pit was mined to 56mRL, some 50m to 60m below the pre-mining water table. Dewatering was 

achieved by in-pit sumps. Since mining ceased in 1986, the pit water level has recovered by some 50m to 

around 1 O8mRL. The salinity of the pit lake in 2003 was measured at 770mgIL. 

Sunrise Hi!! 8 (SH8) 

This pit was mined to 67mRL, some 30 to 40m below the pre-mining water table measured at the nearby 

Sunrise Hill West pits. Dewatering was achieved by in-pit sumps. Since mining ceased in 1992, the pit 

water level has recovered by around 25m to around 93mRL. The salinity of the pit lake measured in October 

2004 was 1 ,300mg/L. 

Nimingarra A (Nim A) 

Nim A was first pit on the Nimingarra Ridge to be mined below the water table. Prior to the commencement 

of dewatering in 1991, groundwater levels in the mine area were measured at around 110 to 1 2OmRL in the 

Nim A area. When dewatering ceased, groundwater levels were around 35mRL, some 70 metres below pre-

mining levels. Water levels measured in monitoring bores located at the perimeter of the pit in the basement 

rocks surrounding the Nim A orebody aquifer were not impacted by dewatering and have been at or near pre 

mining levels since they were installed. Since 1997 measured water levels within the pit and the main 

aquifer system (along strike of the orebody) have recovered to around 102m and 104mRL respectively, still 

below pre-mining groundwater levels. Recovering water levels in continue to be monitored in the immediate 

pit area. 

During the later years of borefield operation, between 1995 and 1997, groundwater salinities measured from 

the Nim A orebody ranged between 310 and 500mg/L, with no adverse water quality impacts recorded as a 

result of dewatering activities. In early 2004, the pit lake had a measured salinity of 520mg/L. 

Nimingarra B (Nim B) 

Dewatering at Nim B commenced in 2002 and has been undertaken using one dewatering bore 

supplemented by pumping from in pit sumps. Some of the dewatering production is used for dust 

suppression and the excess water is discharged to a natural drainage line south of the mine, which joins Egg 

Creek. The Nim B dewatering discharge is located upstream of the SHW7 dewatering discharge. 

Water levels in the Nim B area prior to the commencement of dewatering were around 130mRL. Water 

levels in bores within the main orebody aquifer and along strike have drawn down by around lOm. Water 

levels in bores outside of the immediate pit area show no response to dewatering. 

Groundwater dewatering discharge from the Nim B orebody is fresh (TDS around 700mg/L) and no adverse 

water quality trends have been observed in dewatering discharge to date. 
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IMPACTS OF MINING TO DATE 

All dewatering discharge (around 1GL/yr) to Egg Creek infiltrates into the creek bed alluvium within around 

200 to 300m of the discharge point, and downstream creek flows only occur as a result of wet season rainfall 

runoff. A minor component of surface flows down Egg Creek might comprise re-mobilised discharge water 

remaining within the alluvium. Egg Creek joins the De Grey River, some 10km downstream of the discharge 

point and the potential contribution of dewatering discharge (a fraction of the total dewatering discharge) to 

downstream flows in the De Grey River (annual mean flows of around 1000GL per year) when Egg Creek 

flows is negligible. 

Surface water quality monitoring shows the salinity in Egg Creek downstream of the discharge point (around 

500 to 700mg/L when the creek is flowing) is higher than the salinity measured upstream of the mines 

(around lOOmg/L), but less than the salinity measured in the De Grey River upstream of its confluence with 

Egg Creek. 

Sunrise Hill West 7 (SHW7) 

The SHW7 dewatering borefield, consisting of three in-pit production bores was commissioned in early 1997. 

In recent years in-pit sumps have also been used. The water is used for dust suppression and ore handling 

purposes. Excess water is discharged into a natural drainage line to the south of the mine, which joins Egg 

Creek approximately 1.5km to the south west of the mine. 

Water levels in the SHW7 area prior to the commencement of dewatering ranged from 90 to 135mRL. Water 

levels in bores within the main orebody aquifer have drawn down some 40m since dewatering commenced. 

Groundwater levels at the perimeter of the current pit show responses to rainfall recharge, but no impact of 

dewatering. This indicates that there are only localised mine dewatering impacts and no impact on regional 

water levels. 

Groundwater salinities measured in dewatering discharge from the SHW7 orebody aquifer range between 

440 and 480mgIL. No adverse water quality trends have been observed in dewatering discharges to date, 

although pH fluctuates from neutral to weakly acidic between dry and wet seasons. 

As outlined for Nim B, all dewatering discharge to Egg Creek infiltrates into the creek bed alluvium within 

around 200 to 300m of the discharge point, and downstream creek flows only occur as a result of wet season 

rainfall runoff, although a minor component of this surface flows might comprise re-mobilised discharge water 

remaining within the alluvium. The potential contribution of dewatering discharge to downstream flows in the 

De Grey River when Egg Creek Flows is negligible. 

Surface water quality monitoring shows the salinity in Egg Creek downstream of the discharge point (around 

500 to 700mg/L when the creek is flowing) is higher than the salinity measured upstream of the mines 

(around lOOmg/L), but less than the salinity measured in the De Grey River upstream of its confluence with 

Egg Creek. 

Yarrie 2/3 (Y213) 

The Y2/3 dewatering wellfield was commissioned in January 1997 and five in-pit production bores have been 

operated at various stages since this time, supplemented and eventually superseded by pumping from 
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IMPACTS OF MINING TO DATE 

sumps due to limited effectiveness of the borefield (due to both bore yield and restricted availability). There 

are no bores currently operating and all dewatering is effected by sump pumping. The Y2/3 pit is also 

subject to significant surface water runoff during the wet season, which forms temporary lakes within the pit. 

These are dewatered using large capacity sump pumps. Some of the dewatering production is used for dust 

suppression and ore handling with the excess discharged to Eel Creek via Snake Gully. 

Measured groundwater levels in the pit were measured at around 0 to 10mRL in June 2004, prior to the 

cessation of mining and dewatering. This represents a reduction of water level of 160 to 170m below pre-

mining water levels. Water level monitoring immediately outside the pit shows no measurable response to 

dewatering. Most bores are in mine disturbed areas and show enhanced recharge effects (ie present 

recharge is greater than that prior to the commencement of mining). Regional groundwater monitoring 

suggests no measurable influence of dewatering. 

Measured groundwater salinity in dewatering discharge ranges from 200 to 400mg/L. No adverse water 

quality trends have been observed due to dewatering activities. 

All groundwater dewatering discharge from bores and sumps infiltrates into the alluvium of Snake Gully 

upstream of its confluence with Eel Creek and there is no flow in Eel Creek during the dry season. During 

and after significant rainfall events, the discharge of excess surface water dewatering from the pit results in 

flow down Snake Gully to Eel Creek, where it contributes to the seasonal flow in the creek. Eel Creek joins 

the De Grey River some 12km downstream of the discharge point. Flows in Snake Gully and Eel Creek are 

not gauged but the potential contribution of total dewatering discharge (less than 0.5GL/yr) to downstream 

flow into the De Grey River is negligible. 

Surface water quality monitoring data shows negligible difference in the concentrations of water quality 

parameters upstream and downstream of the discharge point when Eel Creek is flowing. 

Monitoring data also show no changes in water quality at Chinaman's Spring, located approximately 2km 

east of the Y2/3 mine. 

3.2 	WATER SUPPLY PUMPING 

A number of wellfields have been used since the commencement of mining in the Yarrie-Nimingarra area to 

provide both potable and mine water supplies. These are discussed individually below. 

Shay Gap Welifield 

Potable requirements for the old Shay Gap townsite and subsequently for the Yarrie minesite and camp have 

been sourced from the Shay Gap Wellfield. Potable water requirements at Nimingarra/Sunrise Hill were also 

sourced from the Shay Gap Wellfield until the late 1990s. The Wellfield has also been used to supplement 

dewatering production in providing water for dust suppression, workshop use and crushing/loading at Yarrie. 

The Shay Gap Wellfield comprises four production bores, and has been in operation since 1982. Total 

wellfield production peaked at around 2,000,000kL/yr in 1995, but has significantly decreased in recent years 

to around 500,000 to 700,000kL/yr with increased use of dewatering production to satisfy non-potable 

demands and with the implementation of site water use efficiencies. 
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IMPACTS OF MINING TO DATE 

Historical pumping has little impact on groundwater levels in the wellfield area. Maximum drawdowns during 

peak pumping periods in the mid 1990s saw less than 5m drawdown recorded in the pumping and 

observation bores. Current water levels in the wellfield are at or above prepumping water levels, reflecting 

reduced pumping and higher than average rainfall recharge during recent years. Groundwater quality has 

remained stable over the years and remains fresh (TDS of less than 500mg/L and slightly alkaline (pH 7.4 

to 8.1). 

Egg Creek Wellfield 

The Egg Creek Wellfield (previously referred to as the Nimingarra Wellfield) was developed in 1987 to meet 

the dust suppression requirements of mining at Nim A. Three production bores were installed into a 

fractured rock aquifer system of limited areal extent. The wellfield was initially pumped at over 700,000kL/yr, 

however significant drawdowns within the wellfield resulted in production being cut back to less than 

200,000kL/yr before the wellfield was decommissioned in 1992, after dewatering production became 

available from the Nim A pit. 

There were no nearby bores outside of the wellfield area to monitor the regional distribution of drawdowns, 

but the drawdown response within the wellfield indicated that the impacts of pumping were restricted to the 

immediate wellfield area. At the time, there were no observed impacts on local or regional vegetation. 

Over this period groundwater quality remained fresh TDS of around 500 to 600mg/L) and slightly alkaline 

(pH 7.5 to 8). 

The wellfield was recommissioned, at an average pumping rate of 160,000kLIyr, in 2003 as a temporary 

mine water supply during a period when dewatering bores in SHW7 were inaccessible. Prior to the 

recommencement of pumping, water levels had recovered to pre-pumping (ie 1987 pumping) levels. 

Drawdowns in pumping water levels in the bores range between 10 and 25m depending on pumping rates at 

the time of measurement. The water remains fresh and marginally alkaline. 

Cundaline Wellfield 

Two production bores were installed at the base of the Cundaline Ridge (between Shay Gap and Yarrie) in 

1993 to provide construction water for the Yarrie rail link. The bores intersected steeply dipping cherty BIF 

units within an overall shale sequence and the bores were artesian at the time of drilling. Both bores were 

used in 1993 at total pumping rates equivalent to 600,000kL/yr. 

There were no other bores in the area although abstraction from each bore did not appear to have any 

impact on the other. There were no observed impacts on local vegetation at the time. When inspected in 

2001, both bores were found to be still artesian. 

One of the bores was pumped in August-September 2003, to provide dust suppression water for the Yarrie 

access road. Some 2,000kL was abstracted over the period. The water was fresh (TDS of 260mg/L) and 

marginally acidic (pH 6.5). The bore was used to provide small volumes of drilling water in September 2004. 
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IMPACTS OF MINING TO DATE 

Eel Creek Weilfield 

Three production bores were installed and commissioned in June 1993 to provide construction and start up 

mining water supplies for Yare. The bores draw from fractured basement rocks associated with the 

Elephant Rock Fault. The bores were decommissioned in February 1994, and have not been pumped since. 

Over the period of wellfield operation, drawdowns in pumping water levels in the production bores of up to 

5m and drawdowns in observation bores of less than a metre were recorded. Since 1994, water levels have 

recovered to above pre-pumping levels and have shown seasonal fluctuations up to 3m. 
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SECTION 4- IMPACTS OF ONGOING MINE OPERATIONS 

4.1 	DEWATERING 

Continued mining below water table is planned for SHW7 and Nim B, with new mining below water table 

planned for Nim F East, Nim I, SHW4, Sunrise Hill 1/2 (SH1/2), Cattle Gorge and YlO. Note that mining at 

Y2/3 ceased recently, although the pit will continue to be pumped to provide dust suppression water to the 

Yarrie ore handling facilities and to nearby active mining operations. Details of the proposed dewatering and 

the potential impacts are summarised below. 

N1mB 

The current base of pit is at around 106mRL, some 24m below the pre-mining water table. It is planned to 

mine to the 82mRL and to continue dewatering by a combination of in-pit dewatering bores and in-pit sumps. 

Nim FEast 

The current base of pit at Nim F East is at around 120mI., above the current water table which is around 

105mRL based on measured levels at Nim B and Nim I. It is planned to mine down to 84mRL, some 21m 

below the current water table. It is planned to dewater the pit by in-pit sump pumping, although there may 

some minor interference drawdowns from the dewatering of Nim B and Nim I. 

Nim I 

There has been no mining to date at Nim I. It is planned to mine two pits, South Pit down to 56mRL and 

North Pit down to 80mRL, both below the current water table (confirmed by recent monitoring at around 

115mRL). Both pits lie on the southern margin of the Nimingarra ridge. It is planned to dewatering the pits 

by in-pit sump pumping, with some possible minor interference drawdowns from the dewatering of Nim F 

East. 

SHW4 and SHW7 

The current base of pit at SHW7 is at around 6OmRL, some 40m below the pre-mining water table. It is 

planned to mine SHW7 down to 16mRL and it is planned to continue dewatering by a combination of in-pit 

bores and sumps. The current pit base at SHW4 (at 130mRL) is above the water table, and it is planned to 

mine down to 85mRL (ie some 25m below the pre-mining water table). Due to their close proximity, 

dewatering of SHW7 has had some interference drawdown impacts on SHW4. Current water levels in 

piezometers in the footwall/hanging wall rocks at SHW4 are around 85 to 90mRL, and as such the only 

dewatering required may be some sump pumping to handle minor residual inflows from aquifer pockets in 

less direct hydraulic connection with SHW7. 

SHII2 

The current pit base at SH1/2 is around 100mRL, just above the local water table. The planned final depth 

of the pit is 88mRL. There is also the possibility of interference drawdowns from the dewatering of nearby 

SHW7. As such, only minor, if any, dewatering will be required and it is planned to achieve this by way of in-

pit sumps. 
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Cattle Gorge 

It is planned to mine down to 126mRL, almost one bench below the current water table, which has recently 

been measured at 136mRL. Dewatering will be achieved by in-pit sumps. 

Y213 

Mining has now ceased and the in-pit dewatering bores have been decommissioned. However, in-pit sumps 

have been maintained and the pit will be used to provide dust suppression water to the ore crushing and 

handling facilities at Yarrie. Residual groundwater inflows to the pit are relatively small and initial pumping 

will maintain pit water levels close to the pit base. However, the pit catchment is large and it is expected that 

the pit will progressively fill from surface runoff during the coming wet seasons. 

Yb 

This pit is located on the northern margin of the Yarrie Ridge and will mine a large crustal deposit. It is 

planned to mine to a maximum of 16m below the local water able, and dewatering will be achieved by in-pit 

sumps 

Expected Impacts of Pit Development Below the Water Table 

As outlined above, dewatering operations to date have had little impact on groundwater levels other than in 

the immediate pit areas (less than several hundred meters) and along strike within the orebody aquifer host 

rocks. This is as a reflection of local hydrogeological conditions where the orebody aquifers, that require 

dewatering, are enveloped by low permeability footwall and hanging wall sequences, and lower permeability 

unmineralised BIF along strike of the orebodies. As such, continued mining and dewatering at Nimingarra 

and Sunrise Hill is not expected to have any more impact on local and regional groundwater levels than has 

been observed to date. That is, the drawdown impacts of dewatering will continue to be restricted to the 

immediate areas of the pits with no drawdowns being propagated across strike into the granites of the 

footwall sequence or BIF of the hanging wall sequence, and only minor drawdowns being propagated along 

strike within the ore host horizons. There are not expected to be any impacts on regional groundwater levels 

beneath the plains adjacent to the mine area ridges. 

At Nim I, where both pits are located off the main Nimingarra ridge, the water table is some 20 to 25m below 

ground level and below any surface alluvium and weathered basement. As such, the orebody aquifer 

remains confined by lower permeability basement rocks and there is no direct connection with aquifers 

outside the Nimingarra Iron Formation. Like the other Nimingarra and Sunrise Hill deposits, dewatering, is 

not expected to have any impact beyond the immediate mine area. 

At Cattle Gorge, the pit is only planned to mine lOm below the water table, and only minor dewatering (by 

sumps) is expected. This is expected to have minimal impact outside the immediate pit area. 

At Yarrie Yb, the crustal ore may be in some, if only limited, hydraulic connection with surrounding alluvial 

aquifers associated with Eel Creek. As such, the drawdowns as a result of dewatering may extend beyond 

the mine area. However, the base of the pit is only marginally below the water table and mining is planned to 

be completed within a six month period. As such, drawdowns are expected to be limited in magnitude and 

areal extent. 
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As has been observed in the past, continued dewatering is not expected to result in any decline in 

groundwater quality during mining operations. This, again, is a reflection of the local hydrogeological 

conditions. The main contributions to total dewatering are groundwater flows from the main orebody 

aquifers, which are actively recharged by rainfall infiltration. 

As such, there is little opportunity for the salinity (or other water quality parameters) of dewatering discharge 

to deteriorate during operations, and thus there should be no adverse impacts on surface water quality 

downstream of the dewatering discharge points in Egg Creek, Eel Creek or the De Grey River. 

Overall, then, continued mining and dewatering is not expected to have any impacts on groundwater levels 

outside the immediate mine area, nor any negative impacts on groundwater quality or surface water quality. 

4.2 	WATER SUPPLY PUMPING 

Even with continued use of dewatering production to provide mine water supplies and continuing 

improvement in water use efficiency initiatives, there will remain a requirement to pump some of the 

welifields as follows: 

Shay Gap Welifield 

The wellfield will be required to provide potable water for the mine camp and Yarrie and Cattle Gorge ore 

handling facilities, aigmenting mining supplies from the Y2/3 pit sump. This is expected to be continuous 

usage at total pumping rates ranging from present usage (ie around 600,000kL/yr) up to the historical 

maximum of 2,000,000kL/yr. Based on historical performance, this should not result in any measurable 

drawdowns in water levels or decline in water quality. 

Egg Creek Weilfield 

It is planned to operate the wellfield to provide mine water during periods when dewatering bores are 

unavailable (ie when bores are temporarily out of commission due to nearby mining). As such it is expected 

that usage will fluctuate between only minor intermittent pumping and pumping at similar rates as in 2003/04 

for months at a time. This is not expected to have any impacts on groundwater outside the immediate area 

of the wellfield (several hundred metres from the wellfield at most). 

Cundaline Weilfield 

One or both bores may be pumped for short periods during the dry season to provide a local source of dust 

suppression along the Yarrie access road and/or drilling water supplies for rigs working in the area. The 

impacts of any pumping are expected to remain localised with no observable impact. 
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SECTION 5- IMPACTS OF MINE CLOSURE 

5.1 	PIT VOIDS 

As has already been observed at the old Mt Goldsworthy, Nim A, SH8 and the Shay Gap pits, at the 

completion of mining (and cessation of dewatering), groundwater levels will recover under the influence of 

groundwater inflows and rainfall recharge, and pit lakes will develop within the voids of those pits that have 

mined below the water table. The pit lake water balance will initially be dominated by groundwater (and 

surface water inflows), but as the lake area increases, evaporation from the pit lake surface will become an 

increasingly significant component. The pit lakes will continue to rise until such time as a psuedo steady 

state balance develops between all inflows and evaporative losses. As outlined in Section 3.1, pit lake levels 

continue to rise in the Mt Goldsworthy Pit and in Nim A, and may still be rising in the old Shay Gap and SH8 

pits. 

Post mining monitoring data at Mt Goldsworthy and the results of groundwater modelling studies carried out 

for numerous iron ore mining operations in the Pilbara indicate that in all cases with similar hydrogeological 

conditions (ie orebody aquifers bounded by low permeability sequences) the rate of pit water level recovery 

will be very slow, the long term steady state pit lake level will be below the pre-mining water table and the 

pits become long term groundwater sinks (as defined by Johnson and Wright, 2003). At Mt Goldsworthy, the 

pit lake has recovered some 130m in 22 years and is still recovering slowly. The results of predictive 

modelling studied indicate that over 90% of recovery to steady state conditions can take around 30 to 50 

years, although full recovery to the long term pit water level can take over 100 years. 

The long term groundwater sink conditions will have much less impact on regional hydrogeology than 

dewatering, which are expected to have little to no impact in any case (refer Section 4.1). In other words, the 

development of groundwater sinks in the final pit voids will have no impact on groundwater levels and flow 

other than in the immediate vicinity of the pits. 

In terms of groundwater quality, long term evaporation from the pit lake surface and the lack of turnover in 

the pit lake will result in a gradual increase in pit lake salinity. The rate of salinity increase will be dependent 

on the volume of the pit lake and the area of the pit lake at the steady state water level, and the volumes and 

salinities of pit inflows (groundwater and surface water). Monitoring data show the salinity in the Mt 

Goldsworthy Pit to have risen to 6,200mg/L since dewatering ceased in 1982. Salinities measured recently 

in the older mined out pits at Nimingarra, Sunrise Hill and Shay Gap are in the order of 400 to 1,300mg/L. 

Based on the observed salinity increases at Mt Goldsworthy (ie order of 200mg/L), it can take 40 to 50 years 

for "fresh" pit lakes to become brackish (10,000mg/L) and almost 200 years to become saline (ie similar to 

sea water). Previous hydrochemical modelling studies for other mining operations in the Pilbara indicate 

similar, slow rates of salinity increase. 

The exception to the above will be the Yarrie Yb, Cattle Gorge and Nim I pits, where it is planned to backfill 

the pits with overburden to 5m above the pre-mining water table. This will remove evaporative losses from 

the post-mining water balance and the water table will recover to pre-mining levels. That is, there will be no 

impact on groundwater flows or quality. 
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The impact of the pit lakes becoming saline will be restricted to the immediate area of the pits. As the pits 

will become groundwater sinks, there will be no outflow from the pits to surrounding aquifers/aquicludes. 

Once saline conditions develop, there is the potential for density driven stratification in the water column of 

the pit lake and for comparatively dense, saline water to "sink" through the base of the pit displacing fresher 

groundwater. However, due to the nature of the aquifer system (ie strip type aquifer bound by low 

permeability rocks) any such saline water migration will be restricted to within the orebody aquifer zone. No 

impact on surrounding aquifers is expected. 

5.2 	WELLFIELDS 

Groundwater levels in the vicinity of the wellfields are expected to recover to pre-pumping levels within 

several years of the cessation of pumping. 
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SECTION 6- SUMMARY 

The hydrogeological impacts of mining (dewatering) to date have been restricted to the immediate mine 

areas with drawdowns in groundwater levels being largely confined to the orebody aquifers which are 

bounded by low permeability rocks. There have been no observed impacts on regional groundwater 

levels or surface water/groundwater quality as a result of dewatering or dewatering discharge. 

The hydrogeological impacts of water supply pumping from the weilfields have also been largely 

confined to the immediate areas of the production bores, with no observed impacts on regional 

groundwater flows or groundwater quality. 

The impacts of continued mining (dewatering and water supply pumping) are not expected to have any 

additional impacts on local and regional water resources, to those which have already been observed to 

date. 

It is expected that all final pit voids (other than YlO, Cattle Gorge and Nim I which are to be backfilled to 

5m above the pre-mining water table) will become groundwater sinks, with pit lake levels remaining 

below pre-mining water table levels in the long term. The impacts of this on local/regional groundwater 

levels and flows will be much less than during active mining and dewatering. 

The pit lakes that will develop in the final voids are expected to become saline in the longer term as a 

result of evaporative concentration. However, the saline water will be confined to the pits and there wiF 

be no impacts on local/regional groundwater quality. 

. 	Groundwater levels in the vicinity of the wellfields are expected to recover to pre-pumping levels within 

several years of the cessation of pumping. 
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