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ABSTRACT 

The environmental performance of the Northern Territory Extractive Industry, 
particularly in mined land rehabilitation, is an issue which has attracted 
considerable attention in recent times. This report examines current and 
historic industry rehabilitation practices in contrast with other Australian states 
and examines measures of rehabilitation success. 

It was found that while the Extractive Industry is an essential provider of raw 
materials for construction and development, considerable opportunities for 
improvement in rehabilitation practices exist, both for government and 
industry. While studies of rehabilitation success following extractive mining 
are limited, those which have been conducted have clearly shown current 
rehabilitation practices in the Northern Territory are inadequate, with the great 
majority of extractive sites failing to effectively revegetate. 

In comparison with other states the legislative regime of the Northern Territory 
is workable and practical; however, an absence of formal guidelines and 
policy has resulted in poor industry performance. Several steps need to be 
taken if rehabilitation success is to improve: 
• Guidelines outlining best practice rehabilitation techniques for extractive 

mining should be developed and distributed to industry, 
• Extractive sites should be maintained by the operator until such time as 

they support a functional vegetation cover, 
• Quantitative rehabilitation success criteria are needed to determine the 

point at which an operator may be released from liability over a site, 
• Ecologically sensitive areas should be clearly defined and protected from 

extractive mining. 
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1. PROJECT OVERVIEW AND OBJECTIVES 

1.1 OVERVIEW 

The focus of the Northern Territory Extractive Industry is the Darwin region: 

The major population centre and hub of development in Northern Australia. 

The seasonally moist sand sheets of the Howard are a particularly sensitive 

area supporting important populations of the threatened herb, Utricularia sp. 

This area is also a major source of natural sand resulting in a strong conflict 

between resource utilisation and conservation. 

Recent studies have shown that historically the rehabilitation of extractive 

sites in the Northern Territory has been poor. Extractive rehabilitation 

techniques were examined in the early 1980s and guidelines developed by 

the Northern Territory Government. Since then little work has been done on 

further development of rehabilitation methodologies. 

Regulation of the Extractive Industry varies significantly between the states 

and territories. The regulation of extractive activities in the Northern Territory 

is the responsibility of the Department of Business, Industry and Resource 

Development, Mines and Petroleum Management Division who administer the 

Mining Management Act 2002. This regulative regime is non-prescriptive and 

requires extractive operators to determine how environmental impacts will be 

identified and addressed including how rehabilitation will be conducted. 

Given the limited body of work which exists on rehabilitation following 

extractive m1n1ng it is difficult to find suitable sites from which 

recommendations on rehabilitation techniques could be drawn. Bauxite and 

manganese mining is conducted in a similar fashion to extractive mining. 

Many of the rehabilitation practices which have proven successful on large 

scale bauxite and manganese mine sites in the Northern Territory and 

Western Australia are likely to be applicable to extractive mining also. 

The Northern Territory Extractive Industry - A Review of Industry Performance Against Australian Standards 
of Best Practice in Mined Land Rehabilitation. 

Page4 



Following the successful rehabilitation of a mine site the Operator is entitled to 

be released from liability by the Northern Territory Government and have the 

security deposit refunded. It is important, therefore, that clear rehabilitation 

success criteria exist to determine when a site may be considered 

'rehabilitated'. Currently no such criteria exist in the Northern Territory 

however several options, including vegetation succession modelling and 

ecosystem function analysis, may be applicable. 

When current rehabilitation practices within the Northern Territory Extractive 

Industry are contrasted with Australian standards of best practice several 

opportunities for improvement become evident. Particularly, rehabilitation 

techniques and the assessment of rehabilitation success require additional 

work, both by the Northern Territory Extractive Industry and Government. 

1.2 OBJECTIVES 

The specific objectives this study will address are: 

• define and investigate the effectiveness of current extractive rehabilitation 

practices in the Northern Territory, 

• examine the Northern Territory regulative regime in comparison with other 

Australian states, 

• determine current best practice rehabilitation methodologies utilised in the 

Australian Extractive Industry, 

• evaluate potential methods of measuring rehabilitation success, 

• provide recommendations for the improvement of Extractive Industry 

rehabilitation practices in the Northern Territory. 
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2. EXTRACTIVE INDUSTRY DEFINITION AND REGIONAL SETTING 

2.1 NORTHERN TERRITORY EXTRACTIVE INDUSTRY 

2.1.1 Extractive Minerals 

The Northern Territory Mining Management Act 2001 Part 1 (4), defines an 

extractive mineral as: 

.. .. sand, gravel, rocks or soil extracted, obtained or removed for a purpose 

other than-

(a) extracting, producing or refining minerals from the sand, gravel, rocks 

or soil; or 

(b) processing the sand, gravel, rocks or soil by non-mechanical means 

This definition allows extractive materials to be crushed to size and sorted 

using a mechanical crusher and screen but precludes all processing involving 

chemical means. Typically extractive minerals would include sand, gravel , 

stone, topsoil, fill material and clay. Table 1 outlines the extractive minera ls 

sourced from the greater Darwin region and their uses. 
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Table 1. Extractive Minerals of the Greater Darwin Region (taken from Doyle, 

2001) 

'·~ A~,·.· 
. 

'. '''.! ~TL. COMMODITY ' EXAMPLE USE SIZE . ., 
'·i . <:'): 

,. "·,, •. ' ~- . ;«;"; 

Crushed Rock 

Armour Rock 1.5- 3 tonnes Used in sea walls, marinas, groynes, port 
facilities to absorb wave action and prevent 
erosion. 

Concrete Aggregate 5-40 mm Coarse aggregate in concrete. 
Sealing Aggregate 5-20 mm Road surfacing material (chip seals, hotmix) 
Fine Crushed Rock <40 mm High quality road base material. 
Road Base 
Quarry Sand <3.15mm Used in concrete clocks, concrete sleepers, 

concrete. 
Crusher Dust < 5 mm Used in concrete blocks, as pipe bedding and as 

fill material. 
Trap Rock 75-200 mm Used as basket rock and in drains to stop 

erosion. 
Scalps Mainly waste material. Used as fill material or in 

rehabilitation. Can be re-crushed through a 
secondary crushing plant. 

Fine Sand 
Fine I Fill Sand < 0.6 mm Fill sand, brickies sand, paving sand, bedding 

sand . 
Fine Washed Sand < 0.6 mm Concrete aggregate. 

Coarse Sand 
Coarse Washed Sand <2 mm Concrete aggregate, besser blocks 
River Sand <2 mm Concrete aggregate, besser blocks 
Natural Gravel 
Roadbase Gravel <40 mm Basecourse, sub-base and shoulder gravel. 
Fill Gravel Select fill and other fill material. 
Decorative Stone Various Laterite, Quartz, Rooster Red pebbles for 

landscaping. 
Soil Topsoil I topdressing for yards, sporting fields, 

golf courses. 
Other 
Dimension Stone Large Slabs Bench tops, facing slabs, floor tiles. 
Porcellanite Bricks I 50 mm bricks Facing stone, feature walls, pavers 
Pavers 
Porcellanite Gravel 30-50 mm Decorative stone. 

2.1.2 Community Value of the Extractive Industry and Stakeholder 

Groups 

In the 2001/2002 financial year the value of commodities produced by the 

Northern Territory Extractive Industry was $33 400 248 (DBIRD, 2004). The 

breakdown of individual product classifications is outlined below in Table 2. A 
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great deal of this income is directed back to the local community as wages 

and operational expenses. Given the nature of the Extractive Industry most 

workers tend to live locally, as opposed to fly in/fly out mining operations, and 

hence they spend their money locally. This generates greater benefits for the 

local community than may be the case under other circumstances. The 

Northern Territory Extractive Industry employed 144 workers in 2001/2002 

(DBIRD, 2004 ), excluding contractors such as diesel fitters and consultants 

who may be engaged from time to time. 

Table 2. Production quantity and value of extractive minerals produced in the 

2001/2002 financial year in the Northern Territory (Information courtesy of 

Northern Territory Government Department of Business, Industry and 

Resource Development). 

Product Tonnage (t) Value 

Crushed Rock 1,651 ,031 $21 ,626,649 

Dimension Stone 4,319 $142,374 

Gravel 607,691 $3,888,351 

Sand 194,231 $2,285,109 

32,714 $507,490 

13,436 $4,950 ,275 
--

2,503,422 $33,400,248 

Ngo eta/. (2000) predicts that demand for fine sand will increase from current 

levels of approximately 200 000 tonne per annum (tpa) to 500,000 tpa by 

2020. Coarse sand production is predicted to increase from 100,000 tpa to 

250,000 tpa by 2020. Demand for gravel and fill is more difficult to predict 

and is likely to remain consistent due to an increasing preference for 

manufactured gravels. 

Across Australia extractive minerals form the cornerstone of development. 

These are the raw materials which are used to construct our buildings and 

roads, the aggregate for concrete, the gravel for road base or just the topsoil 

for a back yard vegetable garden. There can be little debate that extractive 
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minerals are an essential component ot n1oder·n s:oc+e1y and vviU be req:uw~t~d h'i 

increasing quantities into the foreseeable future. 

Many groups have an interest in the Extractive lt1dusiry ·for a varf.ety of 

reasons . A brief list of stakeholders is outline·d b.elow; 

• Extractive Operators 

• Extractive Industry Assoc1at1on 

• Consumers of extractive matenals 

• Northern Terntory Government 

• Federal Government 

• Minerals Counc1l of the Northern Terntory 

• Contractors and Consultants 

• Residents 

• Green Groups 

• Road users 

• lnd1genous groups 

• Shire Councils, particularly Litchfield Sh1re and Cuor nal!~ L_oc. . 

Government Area 

• Charles Darwin University and the w1der academic cor1rnu., n . 

2.1 .3 Extractive Mining 

Plate 1. Typical shallow gravel pit in savanna woodland. 
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Extractive operations, v.;ith the exception of quarrying, are. :gen:~raH~· :r{haH~::>N· 

excavations over a limited area (Plate 1 ). Current N'.o.rth·erf' 'T$tr;tcr~' 

Government guidelines restrict mining on an Extractive Mine-raJ Penrdt o::·r~AP) t: 

less than 2m in depth . Pit area varies but generally w·f.rt n~t: $X.O£ttd .2-3 

hectares. An EMP may not exceed 100 hectares in size . iO:eeper a:r:t~.i rrK~t~~· 

infrastructure intensive operations such as ·quarrying (Plate 2). \(l/f· ~ lcf1 :ir!vOfV:J 

blasting and the removal of rock from substantial pits. requVr~ 811t C.X1.rr..iCtiV0 

Mineral Lease (EML). Mining tenure will be discussed rn ~.re&te ~· d·~·~tafi k; 

subsequent sections. 

Plate 2. Granite quarry at Mt Bundy, Mary River region. 

Currently, extractive mining typically involves the use of a bulldozer or front

end loader to clear vegetation which is then stacked at the edge of the pit. 

The top 1 OOmm of soil is then stripped and stockpiled separately to be used m 

the rehabilitation process. Material is pushed up using a dozer into large 

stockpiles which may then be screened or crushed if necessary prior to be1ng 

loaded onto semi-trailers by front end loader for removal from s1te (Plate 3). 

The Northern Territory Extractive Industry- A Review of Industry Performance Against Australian Standards 
of Best Practice in Mtned Land Rehabilitation 

Page 10 



Site rehabil itation involves re-contounng the pit area and tyning the prt f!oor 

along the contour. Topsoil 1s respread across the pit and cleared vegetaHon 

rr1atter is pushed back across the area Access to the site is dosed to pre·-/-::nt 

the dumpmg of rubbisrt and oU1er \JVaste. 

Plate 3. Bulldozer and loader on an extractive site - Yarrawonga . 

The duration of extractive mineral operations is variable from several rnonth2 

to many years. Longer term extractive rnmeral operations tend to be based 

around a lproject area', consisting of a group of tenements managed by a 

single operator. Mining in these project areas is carnpaign based and 

generally driven by market demand. Shorter term operations are generally in 

response to a requirement to source material locally for a specific project in an 

effort to minimise overheads, particularly transportation costs. Recent 

developments such as the Wickham Point Gas Facility and the Alice Springs 

to Darwin Railway have resulted in the establishment of several short term 

extractive operations. 
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2.2 REGIONAL SETTING 

Darwin represents the pnme focus for business and development in the 

Northern Territory and consequently the greatest market for extractive 

minerals. Given the requirement for extractive operators to minimise haulage 

distances from mine to market it is therefore not surprising that the great 

majority of extractive mineral permits occur within the greater Darwin region. 

The greater Darwin region may be defined as extending East to the Mary 

River, south to Batchelor and West to Cox Peninsula as shown in Figure 1. 

As of August 2004 there were 244 granted extractive tenements, both EMP 

and EML, and 68 applications in the Northern Territory. Of these 172 granted 

tenements and 56 applications were located within the greater Darwin region 

which represents a total area of 6969 Ha, Figure 2. 

Given that most work on rehabilitation of extractive sites has been conducted 

in the northern section of the Northern Territory, and that this area contains 

the great majority of extractive leases, this study will focus primarily on the 

greater Darwin region. 

2.2.1 Darwin Regional Ecology and Significant Areas 

Darwin sits within the wet/dry tropical zone at latitude 12° South. It 

experiences distinct wet and dry seasons with 80°/o of the average rainfall 

occurring during the hot wet season, between November and April. Darwin 

Airport records an average rainfall of 1702mm over 110 ra in days. Average 

annual evaporation is 2584mm. Average annual maximum temperature is 

31.9 °C and average annual minimum temperature is 23.2 °C. The hottest 

month on average is November at 33.2 ° C, the coolest month is July with an 

average minimum temperature of 19.3 °C (data taken from the 

Commonwealth Bureau of Meteorology 2004 ). Figures 3 and 4 give more 

detailed rainfall and temperature information. 
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D I (1.. U Figure 1: The Greater anlVfrn ~·(8'9'.: ~ 
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Figure 3. Mean monthly temperatures, Darwin Airport. 
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Figure 4. Mean monthly rainfall, Darwin Airport. 
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The Greater Darwin region is primarily an area of low relief with flat coastal 

plains in the north and low rolling hills to the south. The ar~a is drained by 

several major river systems, with the Mary, Adelaide and Howard Rivers to 
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the east and the Darwin, Blackmore and Finniss Rivers to the west. 

Substantial mangrove communities exist along the coastline and many 

drainage lines support isolated pockets of monsoon vine thicket and extensfve 

coastal floodplains. The major vegetation formation is eucalypt open forest~ 

dominated by the Darwin Stringybark (Eucalyptus tetrodonta) and the Darwin 

Woolybutt (E. miniata) (Woinarski, 2002). 

The National Land and Water Resources Audit, 2002, lists several land cover 

types of conservation significance within the Darwin Coastal Bioregion 

including the seasonally moist sand sheets of the Howard River region. 

These seasonally inundated heathlands, dominated by Grevi/lea pteridifolfa 

and Hakea arborescens form the habitat for the great majority of Utricularia 

spp. found in the Darwin region (Price et a/., in print). Three species of 

Utricularia are listed as threatened under the Territory Parks and Wildlife Act 

2000 while a further 12 species are listed as Near Threatened. Vegetatton 

clearance for sand mining is stated as one of the key threats to the Ho\vard 

River sand sheets (Price eta/., in print; Woinarski, 2002). Further threatening 

processes include habitat fragmentation, alteration to burning regimes and 

weed invasion (National Land and Water Resources Audit 2002) atl of which 

,,roa¥ be ,attributable, to .sand mini no. to. a .ore.ater or l,e,ss,er deore..e. 

Plate 4~ Cycad (Cycas armstrongii) forest, Gunn Point. 
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3. EXTRACTIVE REHABILITATION IN THE NORTHERN TERRITORY 

3.1 POTENTIAL IMPACTS 

Given rising community concern for the environment (Cairns, 199.5), and ·the 

continuance of the Extractive Industry (Doyle, 2001 ; Ngo et aL, .2:QOO}, U: h:~ 

increasingly necessary that works to obtain extractive minerals be conduc;tE~d 

in a manner which minimises environmentaf harm whHst stilt maintaininu a 

price which acceptable to the consumer. 

Many of the environmental impacts of extractive m·ining dJrectJy relate to tl-1(~ 

removal of native vegetation (Price et a/., in print:; Settertield et al., 1993}. ~n 

regions of high extractive activity habitat fragmentation and edge e·ffectr.;· (;an 

seriously reduce the ecological value of surrounding bushland and. a ~·1av~~ 

significant impact on local fauna species (Low, 2002; Cadenass.o and Pickert, 

2001; Price, 1998). 

Plate 5. Gamba grass (Andropogon gayanus) infestation following extractive 

m1n1ng. 

Weed invasion is a sign ificant issue facing the Extractive Industry (Plate 5) . 

The removal of native vegetation and disturbance of the soil facilitates the 

colonisation of many weed species. Recognised weeds such as gamba grass 

(Andropogon gayanus) , mission grass (Pennisetum polystachion), hyptus 
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(Hyptus suaveolens), Passiflora v1ne and coffee bush (Leucaena 

leucocephala) are now common in extractive areas. Weed seeds may be 

carried between areas on vehicles, in soil and mulch or dispersed via natural 

vectors. Once established weed species can inhibit or prevent the 

establishment of natives and disperse outward into undisturbed areas (Ludwig 

eta/., 1997). 

The removal of vegetation can lead to erosion and increased sediment loads 

leaving extractive sites (Ludwig et a/., 1997). This can have the effect of 

increasing turbidity and restricting flow in receiving water bodies. The loss of 

soil to erosion can also have significant impact on the rehabilitation success of 

extractive sites. Without suitable growing media vegetation is unlikely to 

successfully establish, often leading to permanent areas of bare soil and 

continuing erosion issues (Minerals Council of Australia, 1998). 

The depressions created by the removal of extractive materials, if not properly 

designed, are often subject to different hydrological regimes to the 

surrounding natural bushland (Setterfield eta/., 1993}. The pending of water 

for extended periods can render these areas unsuitable for colonisation by 

local species intolerant of water logging. It could take considerable time for 

hydrophilic species, such as Melaleuca spp., to disperse to and colonise 

these sites. This is particularly so in the case of gravel mining sites isolated 

within large tracts of savanna woodland. In this situation natural regeneration 

of extractive areas may take an extended period to occur. 

Further impacts of extractive mining include: 

• the provision of access to previously isolated areas, leading to the 

dumping of rubbish and the damage of bushland from recreational 

activities such as four wheel driving and motorbike riding, as is the case in 

the Gunn Point region east of Darwin, 

• dust emissions, 

• increased heavy vehicle traffic, 

• noise pollution where extractive m1n1ng occurs 1n proximity to rural 

residential areas, and 
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• loss of visual amenity resulting from land clearing and earthworks. 

Many impacts associated with large scale mining operations, particularly Acid 

Rock Drainage (ARD), are not associated with shallow extractive operations 

as they access only oxidised material close to the land surface. As the 

primary impacts of extractive mining concern land clearing and loss of 

vegetation the primary focus of rehabilitation activities is on revegetation 

(Price eta/., in print; Setterfield eta/., 1993). 

The form of revegetation required may vary dependant upon the end land 

use. In some cases extractive operations located within pastoral areas 

require only pastoral grassland to be established in preference to the original 

eucalypt woodland. For the purpose of this study, however, rehabilitation will 

focus upon returning extractive areas to a state in which they blend in with 

their natural surroundings as is most often the case. 

3.2 DEVELOPMENT OF EXTRACTIVE REHABILITATION TECHNIQUES 

Historically rehabilitation requirements on extractive mining have varied 

greatly and are closely tied to changes in the regulative regime, such as the 

advent of self-government in 1978 and more recently with the introduction and 

review of specific legislation. 

Early extractive works from the end of the Second World War and prior to 

Cyclone Tracy were confined to Nightcliff, Karama, the Casuarina Beach 

Dunes and Shoal Bay (Errity, 1996). Extractive works in Nightcliff and 

Karama have long been overtaken by urban development. The Casuarina 

dunes were significantly damaged during Cyclone Tracy and the extractive 

works were rehabilitated by the Conservation Commission of the Northern 

Territory during dune stabilisation work following the Cyclone (Errity, 1996). 

Rehabilitation emerged as an issue in extractive mining during the late 1970s 

with rehabilitation requirements on extractive mining first being passed down 

in May 1978 by the then Commonwealth Department of Northern Australia 
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under Section 147 of the Mining Ordinance. (Errity, 1996). Gravel pit 

rehabilitation trials were conducted in Western Australia with the results 

compiled by John Walden (1979). Walden followed this with a more detailed 

paper in 1982 which recommended progressive strip mining utilising pits 20m 

wide with a minimum buffer zone of remnant vegetation 5m wide between pits 

(Errity, 1996). 

During this period work was also conducted in Jabiru by the Conservation 

Commission of the Northern Territory. Haylock (1981) suggested pits of 50m 

x 1OOm separated by a 30m buffer zone of remnant vegetation. Haylock 

further suggested that vegetation be burned and the ash mixed with the 

topsoil for respreading. 

In 1983 the Conservation Commission of the Northern Territory released a 

further report into borrow pit rehabilitation titled Guidelines for effective 

rehabilitation of borrow pits in the Top End (Applegate, 1983). This report 

provided specific guidelines for the design and rehabilitation of extractive 

operations including: 

• Recommended pit size was increased to 50m x 200m with 30m buffers 

between pits. 

• Pits were to be at least 50m from natural drainage lines. 

• Cleared timber should be burnt and the ash collected with topsoil. 

• The top 1 0-15cm of topsoil should be stripped and stockpiled for 

respreading at closure. 

• Excavation should not exceed 1.5m in depth. 

• Upon closure all pit edges should be battered down to 3:1 

(horizontal:vertical) for pits of less than 1m depth. Deeper pits may require 

battering to 6:1. 

• Pits should be self draining. 

• The pit floor should be deep ripped (to a depth of 1m or more) at 3m 

intervals along the contour. 
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• Topsoil should be respread evenly and the pit floor tyned along the 

contour. 

• Direct application of seed is recommended where topsoil has been 

stockpiled in excess of 12 months. If fertiliser is required it should be 

spread at a rate of 400 kg ha-1. Seeding should occur immediately prior to 

the onset of the wet season. 

The Northern Territory Department of Mines and Energy published guidelines 

for the Extractive Industry in 1985 (Errity, 1985) which outlined strip mining 

techniques based on 1 Ha pits separated by a 25m buffer zone. 

Rehabilitation techniques detailed did not differ substantially from that outlined 

above and it appears that they were closely based on the work released by 

the Conservation Commission in 1983. 

Significantly neither report makes mention of fire management nor any 

specific mention of alteration of rehabilitation techniques to account for any 

variations in soil or vegetation conditions. Criteria for the assessment of 

rehabilitation success and ongoing monitoring are likewise omitted. The 

inference being that once an operator has prepared a mined area for 

revegetation their obligations are fulfilled. 

Currently information is made available to industry via a web style CD product 

called the Mining Operation Pack (MOP) (DBIRD, 2004). The MOP is 

maintained by the Minerals and Energy Group and contains advisory notes 

and templates which may be required by mining operators in the 

establishment, operation and closure of a mining site. The current version of 

the MOP, version 4, does not contain any advice on specific extractive 

rehabilitation techniques. A single advisory note is provided outlining general 

rehabilitation objectives, but it does not detail how these objectives should be 

achieved, nor how they should be assessed. 

Previously a check list of pre-eminent practices (DBIRD, 2002) has been 

provided to extractive operators however this document does not appear in 
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the current version of the MOP. This list detailed operational aspects of site 

rehabilitation planning, such as the removal and stockpiling of topsoil and the 

disposal of timber. It did not, however, include any information on 

rehabilitation methodologies, nor how rehabilitation success should be 

assessed (Plate 6) . 

Plate 6. A site which may be released as 'rehabilitated' under current 

requirements. 

3.3 ASSESSMENT OF REHABILITATION SUCCESS 

The Australian Nature Conservation Agency (ANCA) commissioned the 

CSIRO to conduct a detailed study into borrow pit revegetation in Kakadu 

National Park which was released in 1993 (Setterfield et a/., 1993). This 

study appears to be the first detailed and rigorous scientific study into the 

effectiveness of borrow pit rehabilitation in the Northern Territory. It must be 

noted that this particular study deals only with laterite gravel soils, laterite 

being the preferred road base material. 
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Rehabilitation requirements for borrow pits in Kakadu are based on the same 

guidelines as other extractive pits, with some additional requirements as to 

the size and shape of the pits. Pits are required to be less than 1 Ha and 

rectangular in shape with 30m buffer zones (Setterfield eta/., 1993). 

Fifity borrow pits were surveyed to determine rehabilitation success, 

particularly the establishment of woody overstory species. Pits were broadly 

classified dependent upon surrounding vegetation type and physical 

parameters. While some small differences were observed in vegetation 

recolonisation , for the purpose of this study the differences were not 

significant. Setterfield eta/. ( 1993) states that: 

" . .. the re-establishment of dominant tree species, especially the Eucalypts, 

has been very uncommon .... .. and (in general) revegetation by woody 

overstory species is poor .. . " 

This finding is supported by the findings of Bard (1994) and more recently 

Price eta/. (in press). Bard (1994) conducted a brief study of a single borrow 

pit in the Humpty Doo area which displayed similar rehabilitation issues to 

those described in Setterfield eta/. (1993). Price eta/. (in press) conducted a 

far more thorough investigation of rehabilitation success of extractive sites in 

the greater Darwin area, including a variety of soil and vegetation types. 

Price eta/. (in press) quantitatively measured woody vegetation in 31 former 

extractive sites and corresponding analogue unmined sites. Recovery in both 

sand and gravel mines was poor. Gravel mines averaged 41 °/o of species 

encountered in control sites, while sand mines averaged 28°/o. Woody 

species basal area within gravel mines was 5°/o of that measured in control 

sites, while for sand mines this figure was 12°/o. Total tree numbers in gravel 

mines were 2°/o of those in control sites, with 6°/o in sand mines (Plate 7). 
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Plate 7. Revegetation 12 months after 'rehabilitation' on a gravel m1ne, 

Darwin. Note the complete lack of woody overstory species. 

Despite the relatively limited number of studies focusing on rehabilitation 

success following extractive mining there can be little doubt that mined areas 

are generally failing to regain a vegetation cover which approximates the pre

mined state. It appears obvious then that the rehabilitation practices of the 

Extractive Industry are ineffective and further work is required to design more 

effective rehabilitation methodologies. 
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4. AUSTRALIAN REGULATION OF EXTRACTIVE MINING 

4.1 MINING LEGISLATION IN THE NORTHERN TERRITORY 

The Northern Territory achieved self government on 1 July 1978 , prior to 

which it was administered under the Commonwealth Department of Northern 

Australia. Mining was then controlled by the Mines Branch under the Mining 

Ordinance. The original Mining Ordinance placed no rehabilitation 

requirement on mining operations of any size. In 1978 the Commonwealth 

Mines Branch began issuing specific extractive authorisations under section 

147 of the Ordinance which included in the conditions a requirement for a 

security bond. There was still no limit to the size of extractive tenements and 

fees were only payable on the tonnage of material removed. On 1st .July 19"78 

Mining Ordinance (No. 2) was enacted which included environmental 

protection provisions for all mining sites. 

Following self-government mm1ng came under the contro l of the Northern 

Territory Department of Mines and Energy which was formed in 1979. The 

first Northern Territory legislation to be enacted to control mining was the 

Mining Act on the 3rd January 1979, and which continues in force today. On 

the 21 st December 1992 control of operational mines was transferred to the 

Mine Management Act, while the Mining Act retained governance of mining 

title related issues. The Mine Management Act was recently repealed with the 

introduction of the Mining Management Act on the 1st January 2002. 

4.1.1 Mining Act 

The Mining Act 2004 was enacted on the 3rd January 1979 at which time it 

controlled all mining activities in the Northern Territory. With the 

implementation of the Mine Management Act on 21 st December 1992 

regulation of the operational aspects of mining was removed from the Mining 

Act which retained control of the application, grant and renewal of mining 

leases. Under the Mining Act there are several forms of mining tenure , each 

with specific conditions controlling the level of mining activity which may 
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occur. Extractive operations typically occur on either an Extractive Mineral 

Permit (EMP) or an Extractive Mineral Lease (EML). 

Section 95(8) of the Mining Act defines an EML as being for the purpose of: 

1{ • • • the extraction or removal (whether by quarrying or other means) of 

extractive minerals, clay and stone from on and below the natural 

surface of the land." 

Extractive Mineral Permits are defined under Section 1 06 of the Mining Act 

as: 

.. . "applies only in relation to extractive minerals on, or obtained or 

removed from, the natural surface of the land." 

The above two definitions, in combination with the previously stated definition 

of extractive minerals, define the overall scope of actions of the Extractive 

Industry. 

Presently the Native Title negotiation processes applies to EML appl ications, 

but not to applications for an EMP. As stated under the Section 253 of the 

Native Title Act 1993 a mine: 

1{ ••• includes 

(c) quarry; 

but does not include extract, obtain or remove sand, gravel, rocks or 

soil from the natural surface of the land ... .. " 

This has the effect of increasing the cost and greatly slowing the grant of an 

EML in comparison with an EMP and hence almost all extractive activity, with 

the exception of quarries, occurs over an EMP. As of October 2004 there 

were 145 granted EMP within the greater Darwin region, and 25 granted EML. 
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Under Section 112 (1 )a of the Mining Act an EMP application may be granted 

for a period not exceeding 2 years, however an EMP may continue to be 

renewed for a further 2 years indefinitely. Section 1 07(A) limits the maximum 

area of an EMP to 100 Ha. 

There is no discussion of site rehabilitation requirements under the Mining 

Act. It does, however, place limitations upon the extent of mining activities 

that may be carried out on a given tenement. Such limitations have significant 

implications for the level of rehabilitation which will be required upon site 

closure. Hence the Mining Act can have an indirect influence on site 

rehabilitation requirements through limiting the depth, extent and duration of 

extractive mining in a given area. 

4.1 .2 Mining Management Act 

The Mining Management Act 2001 was enacted on the 1st January 2002, 

repealing and combining the Mine Management Act 1998, the Uranium Mining 

(Environmental Control) Act 1987 and the Silicosis and Tuberculosis 

(Mineworkers and Prospectors) Act 1986. 

The stated aim of the Mining Management Act is: 

uto provide for the authorisation of mining activities, the management of 

mining sites and the protection of the safety and health of persons and 

of the environment on mining sites, and for related purposes" 

Section 3(c) aims to achieve this goal through: 

u(c) .. .. assist(ing) the mining industry to introduce programs of 

continuous improvement to achieve best practice safety, health and 

environmental management;" 

The Mining Management Act is a step away from previous prescriptive 

regulations of the Mine Management Act. Under the co-regulatory framework 
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of the Mining Management Act, industry carries the responsibility for ensuring 

that environmental performance is maintained. Rather than being required to 

meet a set of regulatory standards industry must now demonstrate how they 

identify and address the specific aspects and impacts of their operation. One 

of the chief mechanisms through which mining operators are required to 

demonstrate how they will achieve these required standards and outcomes is 

through the submission of a Mining Management Plan (MMP) as required by 

Section 35(3) of the Mining Management Act which states: 

"(3) An application for an Authorisation is to be accompanied by the 

mining management plan in respect of the mining activities specified in 

the application." 

Information required within a MMP 1s addressed under Section 40 which 

includes: 

"(d) a plan and costing of closure activities;" 

Closure activities are not defined under the Mining Management Act, however 

Section 46 states: 

"(1) On completion of the rehabilitation of a m1n1ng site to the 

satisfaction of the Minister, the operator for the site may apply to the 

Minister for a certificate of closure in respect of the site. 

(2) When the operator has met the closure criteria for the mining site, 

the Minister must-

(a) issue to him or her a certificate of closure in respect of the site; 

and 

(b) return or relinquish any outstanding security provided by the 

operator. 
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(3) In this section, "closure criteria" means the standard or level of 

performance, as specified in the mining management plan for the mining 

site, that demonstrates successful closure of the site." 

'Closure activities' are then those actions taken to achieve the 'closure criteria' 

as defined in the MMP and which once achieved constitute the successful 

rehabilitation of a mining site. 'Rehabil itation' is not defined under the Mining 

Management Act nor is any guide provided as to how closure criteria should be 

determined and assessed. Rehabilitation requirements and appropriateness of 

closure criteria are therefore determined during the assessment of the MMP and 

approved at the discretion of the Minister or his delegate. 

The ongoing appropriateness of closure criteria are assessed through audits of 

the MMP, as required under Section 3(b)(iv): 

"(b) to protect the environment and the safety and health of all persons 

on mining sites in the Territory by -

(iv) implementing audits, inspections, investigations, monitoring 

and reporting to ensure compliance with agreed standards 

and criteria; and" 

Current Government policy requires formal audits of the MMP to be conducted 

on an annual basis with feedback provided to the operator to highlight potential 

areas of improvement. The assessment of closure criteria , rehabilitation 

planning and security costing are key components of the audit process. 

Under Section 43(c): 

~~ security required by the Minister under a condition of an Authorisation is for 

the purpose of securing any of the following: 

(c) payment of costs and expenses in relation to the Minister causing 

an action to be taken to complete rehabilitation of a mining site." 

A security amount based on a costing of closure activities must be provided 

upon Authorisation. This amount may be varied during the life of an operation 

The Northern Territory Extractive Indus try - A Review of Industry Performance Agains t Australian Standards 
of Best Practice in Mined Land Rehabilitation. 

Page 29 



dependant upon the level of liability present on the site at a given time. If an 

operator rehabilitates an area the security amount may be reduced, if a new 

area is mined then the security may increase. Annual assessment of liability is 

conducted during MMP audits or upon request from the operator. 

Section 48 of the Mining Management Act provides for the provision of 

guidelines under the Act, stating: 

"The purpose of guidelines is to provide guidance on matters referred 

to in this Act, including known best practice in respect of mining 

activities, and to encourage continual improvement in the carrying out 

or the management of mining activities." 

Currently there are no guidelines on extractive rehabilitation or the determination 

of closure criteria. The only documentation currently available through the 

Mines Division, Department of Business Industry and Resource Development is 

the MOP advisory note Mine Close Out Criteria (DBIRD, 2001 ), adapted from a 

brochure of the same name published in 1997. 

The advisory note, Mine Close Out Criteria (DBIRD, 2001) lists eight generic 

closure criteria for all mine sites: 

• Compatibility with agreed post mining land use 

• Physical safety 

• Low risk to biota 

• Stability 

• Rubbish clean up 

• Revegetated or otherwise improved 

• Visual amenity 

• Heritage and archaeological sites 

This document is a useful guide in the determination and assessment of closure 

criteria, but offers little information on techniques which may be utilised to 

achieve these stated goals. Extractive operators may well be aware that they 
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are expected to rehabilitate their sites to meet specified closure criteria, but are 

unable to do so as they lack the required knowledge of rehabilitation practices. 

Rehabilitation requirements under the Mining Management Act are therefore 

specified by negotiation between operator and Government, assessed and 

casted annually and a security based upon this costing held to ensure stated 

closure criteria are met. Under Section 3(c) industry is encouraged and assisted 

to achieve industry best practice in all aspects of their operations, including 

rehabilitation. Therefore should the Mining Management Act be achieving it's 

stated goals it would be expected that the Northern Territory mining industry 

would be conducting rehabilitation in line with current industry best practice. 

4.1.3 Other Northern Territory Legislation 

Rehabilitation requirements for extractive mining are not greatly affected by 

Northern Territory legislation other than the Mining Act and the Mining 

Management Act. 

Section 17(2) of the Territory Parks and Wildlife Conservation Act 2001 

specifically excludes mining activities from its application: 

"Nothing in this section prevents the carrying out on a park, reserve or 

wilderness zone the exploration for, or recovery or processing of, 

minerals under and in accordance with the conditions of a mining interest 

or the carrying out of an activity permitted, or the exercising of a right or 

power conferred or continued in force, by or under the Mining Act, 

Petroleum Act or section 18A of the Petroleum (Submerged Lands) Act in 

relation to such a mining interest." 

Through arrangement between the Northern Territory Department of Business, 

Industry and Resource Development, Northern Territory Department of 

Infrastructure, Planning and Environment and the Minerals Council of the 

Northern Territory, mining activities which trigger specific criteria are referred to 

a Project Advisory Committee (PAC). The committee assesses submissions to 

determine whether assessment is required under the Environmental 
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Assessment Act 1994. Projects must trigger one or more of the following criteria 

for referral to the PAC: 

• Projects where Commonwealth involvement is anticipated 

• Projects located within two kilometres of a town boundary 

• Projects where the magnitude of production rate or a change 1n 

production rate exceeds 200 000 t.p.a of ore. 

• Projects located in the coastal foreshore zone or within 1 km of a major 

nver 

• Projects located within National Parks, Conservation Reserves or areas 

of known environmental significance 

• Where disturbance exceeds 200 hectares 

• Projects impinging on areas of political or environmental sensitivity 

Due to their comparatively small size extractive operations do not often trigger 

referral to the PAC, the exception being operations proposed in environmentally 

sensitive areas or within 1 km of a major river system. The expense and time 

involved in the preparation of a public environment report or environmental 

impact statement under Section 7 of the Environmental Assessment Act would 

preclude the great majority of extractive operations from proceeding. 

Despite the Environmental Assessment Act having the potential to effect the 

environmental management, including rehabilitation, of large mining operations 

this legislation has a minimal impact upon the Extractive Industry. This leaves 

the Mining Management Act as the principle act governing the rehabilitation 

requirements of extractive mining in the Northern Territory. 

4.2 OTHER STATES REGULATIVE REGIMES 

4.2.1 Western Australia 

Mining activities in Western Australia are controlled under the Mining Act 

1978. This Act embraces a similar philosophy to the Northern Territory Mining 

Management Act of industry co-regulation. Requirements for the 

rehabilitation of land are included under Section 84 of the Mining Act: 
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{(84. Conditions for prevention or reduction of injury to land 

(1) On the granting of a mining lease, or at any subsequent time, the 

Minister may impose on the lessee reasonable conditions for the 

purpose of preventing or reducing, or making good, injury to the natural 

surface of the land in respect of which the lease is sought or was 

granted, or injury to anything on the natural surface of that land or 

consequential damage to any other land." 

Further powers to ensure the completion of rehabilitation work are outlined 

under Section 162.2(n) which empowers the Minister to: 

'provide for the protection of land upon which mining operations are 

conducted and require the rehabilitation to the satisfaction of the 

Minister of land disturbed by the mining operations;" 

Rehabilitation is not defined under the Act, nor is any detail provided on how 

rehabilitation should be assessed. The Western Australian Department of 

Industry and Resources does, however, publish some guidelines on 

rehabilitation techniques. Rehabilitation and revegetation are defined in the 

document "Guidelines to help you get environmental approval for mining 

operations in Western Australia" (DOIR, 2004) as: 

"Rehabilitated 

Revegetation 

Areas which have been stabilised (reshaped), 

vegetated and had drainage control measures put 

in place. 

Establishment of self sustaining vegetation cover 

after earthworks have been completed." 

"Guidelines to help you get environmental approval for mining operations in 

Western Australia" (DOIR, 2004) provides a broad overview of the steps 

required to obtain approval for a mining operation, which does include detail 

on setting appropriate closure criteria. The need to assess topsoil and subsoil 
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properties to determine their suitability for rehabilitation purposes is discussed 

as is the requirement for determining quantitative indicators of rehabilitation 

success. There are no details specific to extractive mining nor any detail on 

exactly how the aims outlined in this guideline may be achieved. In general 

this document appears to be aimed at larger scale operations with access to 

professional environmental management staff and a strong resource base. 

Greater detail on environmental management and rehabilitation techniques is 

contained in "Guidelines for Mining in Arid Environments" (DOIR, 1996). This 

document is a detailed reference outlining specific environmental strategies 

for developing, operating and rehabilitating a mining operation in an arid 

environment. The requirement to plan site rehabilitation from the outset of a 

mining operation is emphasised, including preferred methods of stockpiling 

topsoil, revegetation techniques and information on the determination of 

rehabilitation monitoring and completion criteria. Once again, however, there 

is no section specific to extractive mining and while the techniques described 

in many sections of this document may be applicable to the rehabilitation of 

extractive sites this is not explicitly stated . 

A great proportion of Western Australia is arid, and consequently much of the 

mining activity in Western Australia occurs in arid regions. As with the 

Northern Territory, however, the centre of development and capital works is 

Perth, situated in the south west of the state in a small area of higher rainfall. 

Given the requirement to source extractive materials close to the target 

market it is likely that by far the highest level of extractive activity would occur 

surrounding Perth itself and hence not in an arid zone. "Guidelines for Mining 

in Arid Environments" (DOIR, 2004) focuses on rehabilitation techniques 

suitable for an arid environment, which differ in many respects to those 

applicable in a seasonal temperate environment, such as Perth, which would 

greatly reduce the value of this document to extractive miners. 

The legislative system in Western Australia is then similar to that of the 

Northern Territory. Mining activities are controlled by non-prescriptive 

legislation with guidelines utilised to set specific standards. While some 
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detailed guidelines on rehabilitation techniques are available, their application 

to the Extractive Industry is limited and no specific guidelines have been 

issued outlining rehabilitation techniques appropriate to extractive sites. 

4.2.2 Queensland 

Historically all aspects of mining in Queensland came under the full control of 

the then Queensland Department of Mines and Energy (DME). In May 1999 

control of the environmental aspects of mining, including rehabilitation, was 

passed to the Queensland Environment Protection Authority (EPA). 

Rehabilitation of historic mine sites and control of the grant of mining tenure 

now resides with the Queensland Department of Natural Resources and 

Mines. 

Under the Schedule Dictionary of the Mineral Resources Act 1989 extractive 

materials are specifically excluded from the definition of a mineral : 

ubut does not include- ..... 

(n) soil, sand, gravel or rock (other than rock mined in block or slab 

form for building or monumental purposes) to be used or to be supplied 

for use as such, whether intact or in broken form;" 

Approval to mine extractive material must be obtained through a variety of 

legislation, depending on background land tenure. Extractive sites occurring 

on freehold land are administered under the Integrated Planning Act 1997. 

Rehabilitation requirements, however, rematn under the control of the 

Queensland EPA. All "environmentally relevant activities", being activities 

with the potential to cause environmental harm, requtre an "environmental 

authorisation" under the Environmental Protection Act 1994. 

Environmental aspects to be addressed by extractive operators in the 

application for an environmental authorisation, including the requirement to 

perform rehabilitation, are outlined in the Information Sheet "Environmental 
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Operations. Extraction of rock or other materials (where blasting is not used) 

- ERA20." (Queensland EPA, 2001 ). This information sheet contains no 

information on how rehabilitation should be conducted, nor is rehabilitation 

defined under either the Mineral Resources Act, the Environmental Protection 

Act or the Integrated Planning Act. Two references containing information 

designed to assist understanding of environmental issues are provided, but 

neither concern rehabilitation techniques. This information sheet, however, 

fails to list the Queensland Government's own detailed resource, "Technical 

Guidelines for the Environmental Management of Exploration and Mining" 

(Queensland DME, 1995). 

"Technical Guidelines for the Environmental Management of Exploration and 

Mining" (Queensland DME, 1995) contains many guidelines covering most 

aspects of environmental management on mining sites from initial planning to 

final closure. Two sections of particular use to extractive m1ners are 

"Revegetation Methods" and "Assessment of Revegetation". 

The stated scope of the "Revegetation Methods" guideline is to: 

" ... provide advice on selection of spec1es appropriate to available 

growth media characteristics and agreed post-mining land use, 

methods of preparing areas for revegetation, and techniques for 

establishing new vegetation." 

Considerable information is provided on the establishment of both grass and 

tree species on mined land in a format which is reasonably easy for a 

layperson to understand. Initial background information is provided on soil 

and surface preparation, including ripping and topsoiling. The establishment 

of grass and tree species is discussed separately with a table of suitable 

species for each provided depending on soil and climatic regimes. There is, 

however, no information provided specifically aimed at the Extractive Industry 

and in general the methodologies described are more suited to large scale 

mining operations with a correspondingly higher skill and resource base. 
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The guideline "Assessment of Revegetation" is designed to: 

" ... provide advice on the procedures and criteria to be used in 

monitoring and assessing the progressive and final revegetation on 

rehabilitated areas." 

Information is provided to assist mining operators to determine if revegetation 

is of a standard by which agreed closure criteria have been met and a site 

may be considered rehabilitated. This goal may only be achieved through the 

establishment of a suitable site monitoring program, the design of which is 

primarily the focus of this guideline. A wide range of potential monitoring 

criteria are discussed including faunal use, weed content, spec1es 

composition and resilience to likely disturbance, such as fire. As with the 

previous document, however, this information is more appropriate to the 

design of a long term vegetation monitoring program as would follow large 

scale mining operations. It is unlikely an extractive operator would have the 

available resources required to undertake a long term site monitoring program 

such as is outlined in this document. 

"Pollution Solutions. Sand, Gravel , Stone, Quarries and Processors" 

(Brisbane City Council, 2000) is a guideline produced in conjunction with 

representatives of the Sand, Gravel , Stone Quarriers and Processors 

Industry. It outlines in simple terms the process required to obtain approval 

for the operation of an extractive mine, and standards of industry 'best 

practice' in environmental management. The requirement for revegetation is 

discussed and, significantly, it is suggested that operators should retain 

custodianship of the site until such time as the vegetation cover is fully 

established . Little actual detail on methods of site preparation and 

revegetation are discussed , however, and based on this document alone it is 

unlikely extractive operators would gain the knowledge required to achieve 

the 'best practice' outcomes it describes. 

The Queensland regulative reg1me, while separating the environmental 

regulation of mining and the facilitation of mining operations sti ll relies on 
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guidelines to provide detail on how operators can meet their "general 

environmental duty". As with other states there is little information available at 

a level suitable for extractive mining. Guidelines specific to extractive mining 

gloss over the detail of rehabilitation techniques, while guidelines provided for 

large mining operations provide information far in excess of that required by 

extractive operators. 

4.2.3 New South Wales 

Mining regulation in New South Wales (NSW) is controlled by the NSW 

Department of Mineral Resources under the Mining Act 1992. However under 

the Mining Regulation 2003 sand, gravel and crushed rock are not classified 

as a mineral and hence their extraction is not controlled under the Mining Act. 

The control agency for the mining of sand, gravel and crushed rock varies 

dependant on the underlying land tenure, however in all cases development 

approval must be sort from the local council. Extractive operations overlying 

crown land must also apply to the NSW Lands Department for a Crown Lands 

Licence or Lease. A Crown Lands Licence being for short term operations, 

while longer term projects require a Crown Lands Lease. Conditions of 

operation, including environmental management and rehabilitation 

requirements, are specified by the local council, and in the case of operations 

over crown land, in the conditions of the Crown Land Licence. 

As the NSW Department of Mineral Resources do not control extractive 

m1n1ng, they consequently provide no guidelines on the rehabilitation of 

extractive sites. Information available from the NSW Department of Mineral 

Resources regarding rehabilitation focuses on the rehabilitation planning and 

reporting requirements for larger mines rather than in-depth technical 

information on actual rehabilitation techniques. 

NSW local councils are managed by the NSW Department of Local 

Government which provides guidelines on issues such as financial 

management and auditing. There does not appear to be a 'state wide' 
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guideline on the management of extractive m1n1ng, or any other 

documentation to guide local councils and ensure a consistent approach to 

the industry. 

Discussions with Mr Chandra Gunaseilera of Camden Shire Council regarding 

the Elderslie Sand Extraction Area confirmed that there were no state wide 

guidelines provided for either extractive operators or councils. The 

Operational Plan for the Elderslie Sand Extraction Area was prepared by 

private consultants on behalf of the council and in conjunction with a working 

group which included representatives from the Department of Mineral 

Resources, the Department of Water Resources and members of adjoining 

councils. In this case the working group provided the operator with specific 

end land use criteria and detail on how these were to be achieved. 

The NSW regulation of extractive sites appears somewhat disjointed . Little 

information is made available to either extractive operators or the local 

councils charged with their regulation . Conditions placed on Crown Lands 

Licences and Leases are also stated as being 'by negotiation' (NSW Lands 

Department, 2004 ). In such an environment it is difficult to see how a 

consistent state wide approach to extractive rehabilitation could occur. The 

effectiveness of rehabilitation would depend to great extent upon the 

individual staff of local councils and the degree to which they were aware of 

the potential issues surrounding extractive mining. 

4.2.4 Victoria 

The Victorian Department of Primary Industry (DPI), Minerals and Petroleum 

Division, is responsible for the management of the Victorian Extractive 

Industry under the Extractive Industries Development Act 1995. Under this 

act extractive minerals are collectively termed as stone. Section 3( 1) defines 

stone as including: 

"(a) sandstone, freestone or other building 

stone; or 
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(b) basalt, granite, limestone or rock of any 

kind ordinarily used for building, 

manufacturing, road making or 

construction purposes; or 

(c) quartz (other than quartz crystals); or 

(d) slate or gravel; or 

(e) clay (other than fine clay, bentonite or 

kaolin); or 

(ea) peat; or 

(f) sand, earth or soil; or 

(g) other similar materials;" 

Using powers under Section 5( 1) of the Extractive Industries Development Act 

the Minister has declared as being exempt from the act: 

"Extraction or removal of stone from any land to a depth of up to 2 

metres below the natural surface if the total of the area or areas of the 

surface of the land broken up by the extraction or removal does not 

exceed 2000 square metres." 

Given that this exemption applies only to extractive sites with a disturbance 

footprint of less than 0.2 Ha it would have very little effect on the regulation of 

the industry. For practical purposes extractive pits are generally in excess of 

1 Ha, and often considerably larger. 

Under the Extractive Industries Development Act an operator must obtain a 

Work Authority prior to commencing work on site. In order to obtain a Work 

Authority the operator must submit a Work Plan, which once endorsed by the 

Department of Primary Industries must be submitted for local government 

planning approval. Once planning approval is obtained a rehabi litation bond 

is required before works can commence. 

Rehabilitation is not defined under the Extractive Industries Development Act, 

however sections 31 through 37 detail rehabilitation requirements. Under 
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Section 31 and operator is required to conduct rehabilitation in accordance 

with the approved rehabilitation plan. Section 32 outlines the requirements of 

a rehabilitation plan including: 

"(i) any special characteristics of the land; and 

(ii) the surrounding environment; and 

(iii) the need to stabilise the land; and 

(iv) the desirability or otherwise of returning agricultural land to a state 

that is as close as is reasonably possible to its state before the work 

authority was granted; and 

(v) the need to protect or conserve native vegetation and protected 

flora and fauna ... " 

Further Sections allow for the requirement of a security bond and the use of 

that bond to conduct rehabilitation should the operator fail to comply with the 

agreed rehabilitation plan. 

The Victorian Department of Primary Industries provides a series of guidelines 

on the Extractive Industries Development Act and the development of Work 

Plans. "Guidelines to the Extractive Industries Development Act 1995'' 

(Victorian DPI, 1999) provides an explanation of the Extractive Industries 

Development Act section by section, including a summary of rehabilitation 

requirements. Two guidelines are provided on the development of Work 

Plans, either for operations exceeding 5 ha of disturbance or 2m in depth, and 

those which do not. Both guidelines list requirements to be included in the 

project rehabilitation plan, such as the need to revegetate the site, control 

erosion and break up compacted layers, but detail of how these goals may be 

achieved is not provided. 

The guideline "Rehabilitation Plans & Other Environmental Aspects of Work 

Plans" (Victorian DPI, 2002) does provide detailed information on how 

specified rehabilitation goals may be achieved. Rehabilitation requirements 

from the planning stages through to final site closure are described including 

the setting of quantitative completion criteria , the value of leaving buffer zones 
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of remnant vegetation, removal, storage and redistribution of topsoil, seedbed 

preparation and revegetation. This guideline is written in a form which would 

be easily understood by extractive operators. While much information is 

provided which is not applicable to smaller operations clear sub-headings 

allow the relevant sections to be quickly identified. 

Similar to NSW, the Victorian regulatory regime requires extractive operators 

to obtain development approval at a local government level, however 

rehabilitation requirements are controlled by a single authority, the 

Department of Primary Industries. While the legislation is not prescriptive, 

detailed guidelines on rehabilitation practices are made available. A specialist 

Extractive Management Group within the Energy and Minerals Division further 

provides a resource for extractive operators and ensures consistency of 

standards across the state. 
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5. EXTRACTIVE INDUSTRY OPINION 

5.1 INTRODUCTION AND METHODS 

Considerable information may be obtained from extractive industry operators, 

a number of whom have been in the industry for many years. This combined 

knowledge base is extensive and a useful source of information on the history 

of the industry, the role and effectiveness of regulation and the success and 

failure of various rehabilitation techniques. Extractive operators have been 

verbally interviewed against, the criteria attached at Appendix 1, in an attempt 

to document this information. Due to the relatively small size of the Northern 

Territory Extractive Industry this survey was not designed to give results 

suitable for statistical analysis. It has been used to gauge the opinions of 

extractive operators and the information gathered has been used both in the 

body of this report and to support the findings. 

Human ethics approval for this study was granted by the Human Ethics Board 

of Charles Darwin University, a copy of which is attached at Appendix 1 .4. In 

line with the requirements of the Human Ethics Board all interviewees were 

required to sign a consent form, attached at Appendix 1.3 (original only) and 

provided with a plain language statement of the aims and proposed outcomes 

of the report. I would like to take this opportunity to thank all the participants 

in this study for their time and assistance. 

5.2 RESULTS AND DISCUSSION 

Six members of the Northern Territory Extractive Industry were questioned 

according to the survey attached at Appendix 1.2. Of these five have worked 

in the industry for greater than 20 years and the other for between 10 and 20 

years. The size of operations ranged from small scale projects with few 

employees to large scale operations employing more than 15 people. All 

operators have worked primarily in the extraction of sand, gravel and topsoil, 

and all are currently operating in the Darwin region. 
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Rehabilitation practices discussed were basic, generally consisting of 

replacing the topsoil and some shallow npp1ng. Figure 5 shows that 

approximately 65°/o of operators change their rehabilitation practices 

dependant upon the soil type and the designated end land use. In these 

cases sand and topsoil sites were not ripped, while gravel extraction areas 

were. Inspections to gauge rehabilitation success were often undertaken 

following the wet season, but only in the first 12 months after works were 

completed . 

Rehabilitation monitoring was conducted through simple observation in all 

cases. Figure 6 demonstrates that all operators were concerned with erosion 

and the establishment of some vegetation cover on mined sites, but fewer 

were concerned with tree establishment or the return of a site to its pre-mined 

state. Despite operators lack of desire to return mined sites to a bushland 

formation similar to the pre-mining state 67°/o of those interviewed felt that 

further research into the rehabilitation of extractive sites was warranted 

(Figure 8), and all indicated that they would be prepared to participate in any 

studies conducted. 

All operators interviewed felt that securities were warranted over extractive 

operations, although there was some disagreement as to whether currently 

requested amounts were too high or too low. 

Every operator interviewed was aware of the implementation of the Mining 

Management Act in January 2002, however most stated that little had 

changed in the their operations as a result. Information dissemination from 

DBIRD was generally considered satisfactory, although informal, with all 

operators stating that they prefer to access information verbally (Figure 7). 

Overall, all operators stated that they were satisfied with the regulation of the 

extractive industry, although particular operators felt they were financially 

better off historically as only minimal rehabilitation requirements were placed 

on the industry until the early 1980s. 
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Figure 5. Importance of factors influencing rehabili tation methodologies 
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Figure 7. Sources of information on rehabilitation . 
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6. REHABILITATION 

6.1 REHABILITATION 

Before determining if rehabilitation has been successful it is first necessary to 

define exactly what constitutes 'rehabilitation'. Rehabilitation is not defined 

under any Australian legislation and only occasionally in government issued 

guidelines. The Australian and New Zealand Minerals and Energy Council 

(ANZMEC) define rehabilitation as: 

the return of disturbed land to a stable, productive and self 

sustaining condition, after taking into account beneficial uses of the site 

and surrounding land. (ANZMEC, 2000)" 

while the Minerals Council of Australia define rehabilitation as: 

" ...... the process by which the unavoidable impacts of mining on the 

environment are repaired. (Minerals Council of Australia, 1998)" 

As outlined in previous sections of this report rehabilitation under the Northern 

Territory Mining Management Act 2001 can be inferred to mean the 

achievement of agreed closure criteria. Closure criteria are related to the end 

land use of the site and the general requirements to ensure the site is left in a 

safe and stable manner which blends in with the surrounding environment. 

Rehabilitation, therefore, is not able to be defined in isolation. It is necessary 

to first examine the surrounding environment, determine the end land use of 

the site and any beneficial uses of surrounding areas which may be impacted. 

From this information appropriate closure criteria can be determined. Only 

once closure criteria have been developed can rehabilitation then be defined 

for a particular site. 

The great majority of extractive sites in the Northern Territory occur in areas 

of bushland with an uncertain end land use. In such cases it is desirable to 
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return mined areas to a stable state which blends in with the surrounding 

environment so as not to preclude any future land uses and minimise the 

requirement for ongoing management. Such sites may therefore be 

considered rehabilitated following the establishment of vegetation 

communities comprising endemic native species which can be reasonably 

expected to persist in the face of periodic disturbance, particularly fire. 

6.2 REHABILITATION SUCCESS CRITERIA 

Once rehabilitation has been defined for a g1ven site, through the 

development of appropriate closure criteria, it is then necessary to devise a 

method of determining when those criteria have been achieved . It appears 

obvious that quantitative success measures should be selected which relate 

directly to the closure criteria. This process is complicated, however, by 

financial constraints and the extended period required for vegetation 

communities to establish. 

In all areas of the m1n1ng industry, but particularly with extractives, m1n1ng 

operators prefer to relinquish mined land as quickly into the rehabi litation 

process as possible to minimise ongoing financial outlay. The issue of 

rehabilitation success then becomes one of modelling and trend analysis in an 

effort to convincingly demonstrate that a site will achieve agreed closure 

criteria at a certain point in the future and the company can therefore be 

released from its commitments (Tongway, eta/., 2003) 

The natural environment is an incredibly complex system with an almost 

unlimited combination of variables which may be measured to determine 

trends in mine site rehabilitation. Large mine sites will often collect data from 

the terrestrial, aquatic and even marine environments. Parameters measured 

include biotic factors such as; vegetation community composition, fauna 

diversity, the presence of microbial activity and soil condition and abiotic 

factors such as the presence of metals and other contaminants in soil and 

water. 
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As the impacts of extractive mining are generally confined to land clearing, 

and would rarely result in more significant issues such as acid mine drainage 

or significant soil and water contamination, measures of success criteria 

would only form a subset of the measures utilised on larger sites. It is 

important to retain focus on the comparatively limited impacts of extractive 

operations when developing success criteria to ensure that monitoring is both 

relevant and effective. The aquatic environment, for example, may be 

monitored for the effects of sedimentation following extractive mining, but 

detailed analysis of metal levels would likely be unnecessary and overly 

costly. The challenge then is to determine a suite of success measures 

applicable to the industry which will provide reliable indicators of rehabilitation 

success without placing to onerous a burden on extractive operators. 

Given that the primary focus of rehabilitation of extractive sites is the return of 

native bushland it is appropriate that measures of rehabilitation success 

should focus on trends in vegetation community development. There are a 

great many methods of determining how a vegetation community is 

progressing. Many (Grant and Lonergan, 2003; Grant, 1 998; Pickett et a/., 

1 987; Noble and Slatyer, 1980) advocate systems of vegetation succession 

modelling, while others recommend the study of fauna in determining 

rehabilitation success (Andersen, et a/., 2003; Bisevac and Majer, 1 998; 
• 

Knight, 1998; Kabay and Nichols, 1 980), and still others propose a 

combination of vegetation, soil and land function assessment (Tongway eta/. , 

2003; Kearns and Barnett, 1998) under the name of Ecosystem Function 

Analysis. 

6.2.1 Vegetation Succession Modelling 

Vegetation succession attempts to describe the development of vegetation 

communities over time following disturbance (Grant, 1998). A great number 

of succession theories have been proposed over almost a century (Grant, 

1 998; Pickett, eta/., 1 987; Egler, 1954: Clements, 1 916), however the central 

tenant of all is that following disturbance certain species will colonise a site 

and through responses to both biotic and abiotic factors the vegetation 
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community will move towards one of many potential climax communities 

(Grant, 1998). Considerable debate continues on exactly which factors have 

the greater influence and which models better fit a given situation. 

Despite the great body of work on successional theory little has been done to 

apply successional models to predict the course of minesite rehabilitation. 

Grant (1998) provides a good overview of successional models and their 

applicability to bauxite mining rehabilitation in the south west of Western 

Australia. There are several models which may be applicable to the 

assessment of rehabilitation success, particularly the Noble and Slatyer 

(1980) model, the initial floristics model (Egler, 1954) and the state and 

transition model (Westoby eta/., 1989; Pickett eta/., 1987). 

Classical succession models predict that following disturbance a sequence of 

vegetational change will commence as initial colonising species alter site 

conditions in favour of subsequent species and are then replaced until such 

time as a stable climax community is achieved (Pickett et a/., 1987; Fox and 

Recher, 1986). The assumption of this model is that only a single stable 

climax community will be achieved and all other stages of succession are 

transient (Grant, 1998). 

The initial floristics model places greater significance upon the initial 

colonising species to direct succession on the site. This system has the 

advantage of examining the effect of individual species upon overall 

community succession. The initial floristics model allows for the achievement 

of a variety of climax communities dependant upon initial colonising species 

rather than a single 'predetermined' community type (Grant, 1998). 

The Noble and Slatyer (1980) model further refines succession theory though 

examining community succession at an organism level, rather than at the 

community level. Noble and Slatyer (1980) propose that the direction in which 

a community moves will depend upon the life history attributes of the species 

which are present post disturbance and the degree to which they occur 

(Grant, 1998; Noble and Slatyer, 1980). This model examines the changes in 

The Northern Territory Extractive Industry- A Review of Industry Performance Against Australian Standards 
of Best Practice in Mined Land Rehabilitation. 

Page 50 



resource availability as a community establishes and the following changes in 

species dominance resulting from such altered conditions. In this model the 

initial composition of the community, immediately after disturbance, is seen to 

have great impact on the direction in which the community will move (Noble 

and Slayter, 1980). Long lived species which are present, or able to rapidly 

establish, will have an ongoing impact on the colonisation of other species, 

particularly if juveniles are able to establish in the presence of mature 

individuals and hence perpetuate the population. Life history traits, such as 

the time required for a species to reach critical life stages, will also have a 

profound influence on its success in a developing community, for example 

species which are able to reproduce earlier will have great advantage over 

species which take a longer period to reach maturity (Pickett eta/. 1987). 

This model fails, however, to account for changes to the physical nature of the 

site arising from the disturbance itself. An area denuded of ground cover may 

lose considerable topsoil and nutrients, which may impact on the ability of 

previously present species to re-establish. Further, the attributes of many 

species change with geographical location or conditions, such as the 

regionally dimorphic nature of the mal lee tree, a monopodia! tree in favourable 

conditions or a sympodial shrub under more arid conditions. Such alterations 

in physical state or competitive ability will have consequences on the effect a 

species has upon others in that community. Should several species display 

similar life history characteristics and competitive ability the Noble and Slatyer 

model cannot predict which of these species may be the more successful. 

The state and transition model of vegetation succession is based around the 

premise that vegetation communities do not progress gradually from 

disturbance to climax community, but progress through a series of metastable 

states. The transition between states can be rapid and is triggered by a 

threshold response to environmental factors (Grant, 1998; Westoby et a/., 

1989, Pickett et a/., 1987). It is possible for a community to progress in an 

undesired direction, and to achieve a stable state of little resemblance to the 

original community should incorrect management procedures be adopted. 

Once a system becomes degraded to the extent that it is pushed from its 
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original stable state into a degraded state large efforts may be required to 

restore the community. 

This can be readily seen to be the case in m1n1ng rehabilitation. Without 

careful management areas can quickly deviate from the desired community 

structure and form stable undesirable communities which require considerable 

resources to redevelop. In the most extreme cases this may require the total 

destruction of rehabilitated areas to restart the process (GEMCO, 2003). In 

the Northern Territory Acacia spp. are particularly able to rapidly dominate an 

area following disturbance and in so doing exclude the main savanna 

dominants, E. tetrodonta and E. miniata (Pers. Obs.). Such communities 

remain stable in the absence of fire, but are completely destroyed once burnt 

facilitating the invasion of weed species and grasses. Succession in this case 

is clearly driven by the initial colonising species and quickly moves to a semi

stable state until further disturbance again significantly alters community 

structure once more. At no stage, however, is the classical 'climax 

community' similar to the surrounding savanna woodland achieved, nor is it 

likely to occur in the short to medium term. Rather the vegetation moves 

through a series of semi-stable states in line with the observations of the state 

and transition model. 

Grant (1998) supports the use of the state and transition model in the 

assessment of minesite rehabilitation success, but highlights the requirement 

for additional research in the application of this theory. Following further 

works in this area there is a high potential for the application of succession 

modelling to extractive rehabilitation to determine if mined areas are likely to 

achieve a stable state similar to the surrounding undisturbed environment or, 

as is currently the case on many sites, move towards a semi-permanent 

complex of annual grasses and weeds with a poorly developed overstory 

(Price, in print; Setterfield eta/., 1993; pers. obs. ). 
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6.2.2 Fauna as Indicators of Rehabilitation Success 

The use of rehabilitated areas by fauna can also provide a useful measure of 

rehabilitation success, the inference being that if an area supports a diverse 

and abundant faunal community it is likely that essential ecosystem processes 

are also occurring (Andersen et a/., 2003, Bisevac and Majer, 1998). The 

study of fauna, particularly invertebrates, is relatively simple and cost effective 

in comparison with many vegetation sampling techniques and has been found 

to provide reliable indicators of ecosystem function and rehabilitation success 

(Andersen et a/., 2003; Majer and Nichols, 1998; Bisevac and Majer, 1998; 

Kight, 1998). Monitoring of larger faunal species is more often related to 

specific closure objectives rather than an attempt to determine the trajectory 

of rehabilitation (Knight, 1998). 

The study of fauna may not, however, provide an indication of the resilience of 

the vegetation structure to disturbance, nor a direct measure of the degree to 

which vegetation reflects the pre-mining structure. The study of fauna as an 

indicator of rehabilitation success would be most applicable as a facet of a 

broader study which also encompassed vegetation assessment and certainly 

should not be overlooked on larger minesites. Given the small size of most 

extractive sites it is likely, following the establishment of a vegetation complex 

similar to the surrounding bushland, that fauna would rapidly colonise the 

area. While the assessment of faunal use of extractive sites would provide 

valuable information, it is perhaps an unnecessary expense to conduct such 

studies on all sites prior to relinquishment. 

6.2.3 Ecosystem Function Analysis 

There is some confusion in the literature as to the distinction between 

Landscape Function Analysis (LFA) and Ecosystem Function Analysis (EFA). 

For the purpose of this report LFA will be referred to as the system developed 

principally by Tongway and Hindley (1995) which does not take into account 

vegetation dynamics and habitat complexity. EFA will refer to the system 
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described by Kearns and Barnett (1 998) which includes LFA in combination 

with vegetation dynamics and habitat complexity measures. 

LFA was originally derived as a measure of rangeland health assessment and 

later adapted for use in a mining context (Tongway et a/., 2003 ). LFA does 

not focus on the presence or absence of particular species, but rather 

measures easily assessed visual indicators of soil condition and soil surface 

processes. Ecosystem Function Analysis (EFA) was developed by the 

CSIRO under the Minesite Rehabilitation Research Program in response to 

industry requests for a system of rehabilitation progress assessment which 

was both quantitative and simple to use (Kearns and Barnett, 1998). Data are 

collected along transects with individual aspects assigned scores. This data, 

when collected over time, can be graphed to show the trajectory of the 

ecosystem towards a threshold of sustainability. Sustainability thresholds and 

comparison values can be obtained from selected analogue sites to determine 

if the rehabilitated ecosystem is trending towards the desired state (Tongway 

eta/.., 2003; Tongway, 2003; Kerns and Barnett, 1 998; Tongway and Hindley, 

1 995). 

An inherent benefit of this system is that it provides a readily quantifiable 

measure of ecosystem progression towards a chosen state. While LFA is 

relatively simple to use, it does require some training and knowledge of 

ecological processes. It also does not take into account the species 

composition of a given site and hence its resi lience to disturbance, particularly 

fire. It does, however, examine vegetation structure and in doing so is not 

likely to find similar values for such disparate sites as, for example, 

Eucalyptus woodland as an Acacia shrubland. It is conceivable, however, 

that if protected from fire a site may well successfully develop simi lar nutrient 

cycling and soil conditions to analogue sites without establishing a vegetation 

formation which would be sustainable in the longer term once control of the 

site is relinquished. LFA also fails to emphasise the importance of ensuring 

the return of certain key species of both flora and fauna, as is often required 

by mine closure criteria for both ecological and cultural reasons. 
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EFA attempts to addresses these issues through the inclusion of two 

additional aspects, vegetation dynamics and habitat complexity. Measures of 

vegetation dynamics proposed under the EFA system include species 

composition and physical attributes such as diameter breast height, overall 

height and canopy dimensions in comparison to analogue sites (Kearns and 

Barnett, 1998}. The EFA system proposes 5 measures of habitat complexity; 

• Canopy Cover 

• Shrub Cover 

• Ground Vegetation Cover 

• Measures of Litter, Fallen Logs and Rocks, and; 

• Free Water Availability 

These measures are derived from existing forestry techniques designed to 

provide an estimate of faunal diversity through known relationships with 

habitat complexity in south eastern Australian forests . It is assumed therefore 

that a rehabilitated area which demonstrates high levels of habitat complexity 

is likely to show correspondingly high faunal diversity (Kearns and Barnett, 

1998). 

EFA analysis has the dual benefits of being both predictive and process 

focused. It is able to provide a clear picture of the likely trajectory of a 

rehabilitating ecosystem and highlight the aspects of the system which are 

failing. It incorporates both vegetative and faunal aspects in combination with 

basic measures of ecosystem function. EFA monitoring is, however, not a 

single use system and to determine the likely trajectory of a rehabilitated site 

consistent measurements are required over several years. Further issues 

arise in the selection of suitable analogue sites. Disturbance, particularly fire, 

has great potential to alter the properties of analogue sites (Grant, 1998) and 

hence reduce their applicability. 
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6.2.4 Measuring Rehabilitation Success in the Extractive Industry 

The primary restriction of monitoring rehabilitation success in the Extractive 

Industry is the skill level and knowledge base of the operators. Very few 

extractive operators have sufficient resources to employ the services of 

environmental specialists as would be required should they need to conduct 

rehabilitation success monitoring. The requirement to conduct this monitoring 

must then fall upon the government if it is deemed to be necessary. It is also 

unrealistic to expect that all extractive sites can be monitored for several 

years following initial rehabilitation works in order to plot their progress 

through EFA. 

In order to overcome the issue of ongoing monitoring to determine ecosystem 

trajectory several representative sites of successful rehabilitation should be 

monitored over time to determine generic success curves particular to both 

sand and gravel pits under particular conditions. Once these relationships are 

plotted it may be possible to give some indication of the level of rehabilitation 

success on a given site through comparison with these values. While such a 

system is far from foolproof it would provide at least some form of quantitative 

guide as to the success of rehabilitation prior to tenement relinquishment. 

Prior to the establishment of any quantitative measure of rehabilitation 

success, considerable advances could be made through simple observation 

of rehabilitated extractive pits. Currently pits are considered 'rehabilitated' 

once they have been levelled and topsoil respread, prior to any regrowth 

occurring. Through requiring operators to maintain extractive areas for a 

period after initial rehabilitation earthworks, particularly for the exclusion of fire 

and control of weed infestation, and only relinquishing a lease once some 

native vegetation is present, a considerably higher level of rehabilitation 

success could easily be achieved. 
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6.3 BEST PRACTICE REHABILITATION 

uThe objective of best mine rehabilitation practice is to create a stable, 

near-natural ecosystem that requires no management inputs additional 

to those in operation prior to mining" (ACMER, 2004) 

While several studies have examined the success of past rehabilitation 

following extractive mining (Price eta/.. , In print; Setterfield eta/ .. , 1993), and 

other publications discuss methods of conducting rehabilitation on extractive 

sites (Victorian DPI, 2002; Applegate, 1983; Coppin and Bradshaw, 1982; 

Haylock, 1981 ;) very few, if any, studies have been conducted which examine 

both the rehabilitation techniques utilised and their corresponding success or 

failure. 

A considerable body of work does exist, however, on rehabilitation following 

the mining of bauxite and manganese. Both bauxite and manganese occur in 

shallow lying deposits and are mined in similar fashion to gravels and sands, 

albeit on a much larger scale. Large scale mining for manganese is currently 

occurring on Groote Eylandt in the Gulf of Carpentaria at GEMCO Mine. 

Bauxite is being mined presently at many locations in Australia including 

Alcan Mine in north east Arnhem Land in the Northern Territory and Alcoa in 

south west Western Australia. 

A large amount of information spanning several decades is available on many 

aspects of rehabilitation techniques and success in the Alcoa bauxite mine 

located in south west Western Australia (Grant, 2003; Morley and Grant, 

2002; Ward eta/., 1991; Koch eta/., 1988; Glossop, 1981; Kabay and Nichols 

1980, Tacy, 1979). The Alcoa bauxite deposits underlie temperate jarrah 

(Eucalyptus marginata) forest and hence are subject to a significantly different 

climatic regime to extractive mines in northern Australia's tropical savanna 

woodland. Alcan and GEMCO on the other hand are all located in northern 

Australia with strong parallels in both climatic conditions and vegetation 

structure to gravel mining areas surrounding Darwin. Hence while lessons 
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learnt in southern Australia are still valuable, sites in northern Australia would 

be far more applicable as an analogue. 

Alcan mine, formerly Nabalco Mine, operates on the Gove Peninsular in north 

eastern Arnhem Land, approximately 650km east of Darwin. Alcan mine 

commenced production in 1972 and currently produces in excess of three 

million tonnes of alumina and bauxite annually. Approximately 135 hectares 

of land is mined and rehabilitated each year with an estimated 2500 hectares 

having been rehabilitated since 1972 (Aican, 2004 ). Bauxite is mined to a 

depth of approximately 3.5m. Mining is carried out using a bulldozer to strip 

vegetation, topsoil and overburden and then rip the ore body which is then 

recovered by front-end loader. Topsoil removed from active mining areas is 

immediately placed on the adjacent pit floor. Mined areas are deep ripped 

along the contour to a depth of 1.5m. Immediately prior to the wet season 

seed collected from local species is spread with a single application of 

fertiliser. Fire is excluded until trees have established to the point at which 

they can be expected to survive wildfire (Aican 2004; Nabalco, 2002; Hinz 

1996; Richards and Calder, 1978). Rehabilitation at Alcan mine has been 

highly successful (AI can, 2004; Tongway et a/., 2003; Nabalco 2002; Hinz, 

1996.), developing into a stable woodland complex dominated by Eucalyptus 

tetrodonta and E. miniata to 30m in height (Tongway et a/., 2003; Nabalco 

2002; Hinz, 1996}. Due to the exclusion of fire from rehabilitation areas many 

of these sites in fact show a higher species diversity than the surrounding 

bushland including some weed infestation (Aican, 2004 ). Once fire is 

introduced into these areas the vegetation composition is expected to return 

to a similar state to the surrounding woodland with fire sensitive species and 

many weeds being reduced or eliminated (Hinz, 1996). 

Manganese mining on Groote Eylandt at GEMCO mine has been occurring 

for approximately 25 years. Currently GEMCO produce approximately three 

million tonnes of manganese per annum. Manganese is mined to a depth of 

between seven and twenty meters. Mining is undertaken using standard open 

cut strip mining methodology. Topsoil is stripped from an area of 

approximately 200 meters in length by 50 - 70 meters wide. The overburden 
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is then blasted and removed, prior to the ore being blasted and removed. In 

this fashion mining moves across the ore body with rehabilitation following 

progressively. 

Rehabilitation success at GEMCO mine has been variable with many areas 

requiring remedial works (GEMCO, 2003). The rehabilitation system has 

recently been reviewed and GEMCO has now adopted a methodology which 

it believes is 'best practice'. Topsoil and subsoil are collected separately and 

replaced on previously mined areas to approximately the same depth and 

order as they occurred in the original soil profile. Areas are then ripped to a 

depth of 1.5 meters with a specifically designed winged tyne. A levelling bar 

is towed behind the tyne to ensure that deep furrows are not created in which 

much seed may be lost to a depth at which it is unable to germinate. Both 

direct seeding and live planting are utilised on the GEMCO site. Wildfire is 

managed through controlled burning and the discontinuation of the use of 

fertiliser which has reduced the grassy fuel load in rehabilitation areas. 

GEMCO reports that their new system of rehabilitation is producing favourable 

results with sites rehabilitated prior to the 2003 wet season showing good 

growth and species composition (GEMCO, 2003). 

Setterfield et a/. (1993) lists five maJor factors influencing seedling 

establishment within borrow pits: 

1. stripping and stockpiling of topsoil, 

2. ripping and cultivation, 

3. fertiliser, 

4. cover crops, and 

5. fire protection. 

These five factors provide a useful step w1se break-down of rehabilitation 

techniques and are examined below with reference to previously discussed 

sites and current literature. 
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6.3.1 Stripping and Stockpiling of Topsoil 

There is widespread agreement across industry, government and the 

academic community of the importance of topsoil as a source of seed, 

nutrients and microbes in mined land rehabilitation (Price eta/., in print; Alcan, 

2004; GEMCO, 2003; Rokich et a/., 2000; Victorian DPI, 1999; Minerals 

Council of Australia, 1 998; Hinz, 1 996; Koch et a/., 1 994; Setterfield et a/., 

1 993; Applegate, 1 983; Coppin and Bradshaw, 1 982; Gossip, 1 981.) 

Both GEM CO (2003) and AI can (2004) state that their greatest rehabilitation 

success has been achieved through the separate removal of both topsoil and 

subsoil and the replacement of these on mined areas as they would occur in 

the original soil profile. This recommendation is further supported by the 

Minerals Council of Australia (1 998). 

Koch et a/. (1 995), 1n a study conducted in the jarrah forest of Western 

Australia following bauxite mining, also highlights the importance of 

separating the topsoil from the subsoil stating: 

" ..... returning a very deep whole soil profile .... .it is considered that the 

losses of soil seed, microbial function and soil nutrients due to burial 

and dilution is too great." 

This finding is supported by Rokich et a/. (2000) who found in a study of 

Banksia woodland following bauxite mining in Western Australia that many 

species failed to emerge from a depth of topsoil greater than 2cm. Grant et 

a/. (1996) found that 8 of 12 Jarrah forest species were unable to emerge 

from a depth of 5cm. Rokich eta/. (2000) further stated that 92°/o of seeds 

present in the top 1 Ocm of soil were found in the top 5cm and to strip in 

excess of 1 Ocm of soil was simply diluting the soil:seed ratio and would hinder 

rehabilitation efforts. 

Despite the findings of Glossop (1981 ), who stated inconclusively that the 

transfer of topsoil and subsoil as a single unit appeared preferable, it is clear 
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that if subsoil is to be removed and retained it should be stored and replaced 

separately to the topsoil. Topsoil should be replaced in as thin a layer as 

possible, certainly not exceeding 1 Ocm, to ensure the maximum viability of 

seeds and propagules. 

Once topsoil has been removed prior to mining it is important that it should be 

replaced as soon as possible (Rokich et a/., 2000; Minerals Council of 

Australia, 1998; Setterfield et a/., 1993; Applegate, 1983). If strip mining is 

occurring, such as is the case at both Alcan and GEMCO mines, topsoil can 

be immediately replaced on a previously mined pit. Such concurrent activity 

avoids the necessity to stockpile topsoil for any period of time and as such is 

highly preferable. Stockpiling topsoil can lead to a significant decrease in 

microbial activity due the formation of anoxic conditions (Setterfield et a/., 

1993) and a significant decrease in seed and propagule viability. To minimise 

the loss of biological components topsoil stockpiles should be maintained as 

low as possible, ideally less than 1m in height (Rokich eta/., 2000; Minerals 

Council of Australia, 1998; Setterfield et a/., 1993). It is also important to 

prevent weed species establishing on topsoil stockpiles as this can cause a 

build up of weed seeds resulting in increased weed infestation following 

respreading. 

Setterfield eta/. (1993) cites several studies (Foster and Dahl, 1990; Richards 

and Calder, 1978) carried out in the tropical savannas of northern Australia 

which found significantly improved revegetation results using topsoil stripped 

in the late dry season. Rokich et a/. (2000) also reported significant 

differences in seedling recruitment as a result of the season in which topsoil 

was removed. In both cases the optimum period to strip topsoil followed 

major annual seeding events (Rokich, 2000; Setterfield and Williams, 1996). 

6.3.2 Ripping and Cultivation 

During mining activities and rehabilitation earthworks heavy machinery can 

cause soils to become compacted leading to poor drainage and water 

infiltration, restricted root penetration, low aeration and unfavourable 
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conditions for seed germination (Rokich, 2000; Hinz, 1996; Setterfield et a/., 

1993; Applegate, 1983; Coppin and Bradshaw, 1982; Haylock, 1981; Tacy, 

1979; Richards and Calder, 1978). To alleviate compaction it is necessary to 

'rip' soils. AI can (2004) and GEMCO (2003) utilise large winged tynes to rip 

soils to 1.5m in depth. Applegate (1983) recommends ripping to 1m in depth. 

If possible ripping should be conducted using a winged tyne to ensure the 

greatest possible fracturing of the soil profile (Aican, 2004; GEMCO, 2003; 

Hinz, 1996; Coppin and Bradshaw, 1982). In order to prevent the loss of seed 

down the deep furrows created during the ripping process both GEMCO 

(2003} and Alcan (2004) utilise a heavy bar dragged behind the tynes to 

smooth over the soil and partially refill rip furrows. Deep ripping requires the 

use of a medium to large bulldozer and as such might present logistical 

problems to smaller extractive operators who may not have access to 

appropriate equipment. 

Once topsoil has been respread it may be necessary to shallowly tyne the soil 

to loosen the surface and create a favourable environment for seed 

germination. Seeding should be conducted immediately following the shallow 

tilling of topsoil as rainfall can rapidly cause the soil surface to crust creating 

unfavourable conditions for seed germination (Setterfield eta/., 1993}. 

6.3.3 Fertiliser 

The use of fertiliser is advocated by several authors (Aican, 2004; Minerals 

Council of Australia, 1998; Hinz, 1996; Setterfield et a/., 1993; Applegate, 

1983) as a means to increase the growth rate of vegetation. Such an 

increase in growth rate has the effect of reducing the period during which an 

area must be protected from fire (Setterfield et a/., 1993). The exact 

quantities and composition of fertiliser recommended varies between authors 

and individual site conditions. Setterfield eta/. (1993) recommends greater 

than 40kg/ha of phosphorus and less than 50kg/ha of nitrogen for the lateritic 

soils of Northern Australia with potassium, copper and zinc being important for 

both Eucalyptus and Melaleuca species. Applegate (1983) recommends a 

much higher rate of application of 400kg/ha in a ratio of 1 ON:9P:7K. GEM CO 
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(2003), however, have discontinued the use of fertiliser due to the 

corresponding increase in weed infestation and fuel load resulting in more 

frequent fires in rehabilitation areas. 

In any application of fertiliser it must be remembered that all species will react 

differently to different elements which in turn may effect the final vegetation 

formation. The use of fertiliser may not be appropriate in all situations and 

research into particular soil types and the effect of specific fertilisers on local 

species is recommended prior to application (Minerals Council of Australia, 

1998; Setterfield et a/., 1993; Koch et a/., 1988; Richards and Calder, 1978 ). 

Long term management of nitrogen levels may be achieved through the 

introduction of legumes including nitrogen fixing species such as Acacia 

pel/ita (Setterfield eta/., 1993). 

6.3.4 Cover Crops 

The establishment of rapid growing grassy cover crops on rehabilitated areas 

has the dual benefits of soil stabilisation and soil conditioning with the 

disadvantage of potential competition between grassy species and 

establishing overstory species. Increasing grasses can also increase fuel 

loads resulting in hotter and more frequent fires (Setterfield et a/., 1993; Hinz, 

1990; Applegate, 1983). Care must also be taken using non-indigenous 

species as cover crops in that they may develop as weeds. Hinz (1990) 

recommends the use to Chloris gayana (c.v. Pioneer) as a cover crop due to 

its tendency to slowly decline under competition with native species. 

6.3.5 Fire Protection 

While fire has a great defining impact upon savanna ecosystems (Solbrig and 

Young, 1993) the protection of rehabilitated areas from fire is arguably the 

most important aspect of extractive rehabilitation as fire has the ability to 

completely destroy establishing vegetation (Aican, 2004; GEMCO, 2003; 

Hinz, 1996; Setterfield et a/. 1993). Hinz (1990) states that fire must be 

excluded from revegetated areas for at least 3 years following which 
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prescribed burns may be undertaken to reduce fuel loads and control weed 

species (Grant, 2003; Chaffey and Grant, 2000; Grant, 1998; Hinz, 1996; 

Ward et a/., 1991 ). Methods of fire exclusion commonly practiced include 

grading of fire breaks and back burning, both of which require a level of site 

custodianship over an extended period (Aican, 2004; GEMCO, 2003). The 

challenge for the Extractive Industry is to determine methods of fire exclusion 

which require minimal ongoing maintenance and allow tenements to be 

relinquished within the shortest possible timeframe. 

One possible method of fire exclusion which may be to remove topsoil , and 

hence the largest potential source of grass seed, and sow desired woody 

species directly into the ripped subsoil layer. In order for this technique to be 

effective it is likely that an application of fertiliser would be required. The lack 

of grassy species would significantly reduce the capacity of the site to carry a 

fire for several years giving juvenile plants time to develop fire tolerance. 

6.3.6 Direct Seeding 

Previous sections have discussed methodology to ensure that topsoil retains 

the highest possible concentration of viable seed, however if topsoil must be 

stockpiled for in excess of 12 months it is inevitable that much seed will be 

lost regardless of handling processes (Rokich eta/. , 2000; Applegate, 1983). 

In such circumstances natural regeneration is likely to fail and intervention will 

be required to ensure the rapid establishment of desired species. 

The most cost effective method of ensunng the colonisation of desired 

species is direct seeding (Camargo et a/., 2002) as undertaken at both AI can 

and GEMCO mines. Previous sections have detailed the need to lightly till the 

topsoil once spread and immediately seed before the soil can crust over 

following rainfall. Seeding is carried out at Alcan mine following the first rains 

of the wet season. Care must be taken not to broadcast seed too early as 

germination can occur following initial isolated rainfall events without sufficient 

follow up rainfall to ensure the survival of seedlings. 
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Plate B. Example of an altered hydrological regime following sand n1ining. 

The selection of an appropriate seed mrx 1s atso an important factor, 

particularly in sand mining areas where periods of inundation may be 

significantly extended following mining (Price, et a/., in print}. In such 

situations it may not be appropriate to attempt the establishment of pre-mining 

species. Appropriate analogue sites which experience a similar hydrological 

regime should be examined to determine an appropriate species mix (Plate 

8). 

Interspecific competition must be considered in the determination of 

appropriate species for seeding (Morley and Grant, 2002). I have witnessed 

many cases in which certain species, particularly Acacia spp., have rapidly 

come to dominate an area preventing the establishment of longer lived and 

more fire tolerant species (GEMCO, 2003). In such situations rehabilitation 

must be considered to have failed as the vegetation cover is not sustainable 

in the face of likely disturbance, particularly fire (Plate 9). 
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Plate 9. Previously dense Acacia woodland following successive yft.{itS of 

burning on a mine site in the Northern Territory. Note dead vegetation stifl 

standing in background. 
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7. CONCLUSIONS AND RECOMMENDATIONS 

7.1 THE STATE OF THE EXTRACTIVE INDUSTRY 

There can be little debate that the Northern Territory Extractive Industry is 

both a valuable and necessary component of Territory development. It is 

equally clear that extractive minerals will continue to be required in ever larger 

quantities into the foreseeable future. Current rising public awareness of 

environmental issues balances the requirement for raw materials with a 

demand that development occur in an environmentally responsible manner 

which ensures the conservation of regionally valuable ecosystems. An 

unfortunate reality of the Extractive Industry is that it is bound to the 

population centres, such as Darwin, and therefore remains permanently in the 

public eye. In order for the industry to persist it must therefore operate in a 

fashion which is acceptable to the wider community. 

Extractive rehabilitation practices have proven ineffective, a fact demonstrated 

by the lack of success in achieving even basic revegetation on a great many 

sites surrounding Darwin. It is easy to blame historic rehabilitation practices 

for the legacy of failed rehabilitation, however current practices still do not 

comply with guidelines drafted as far back as 1982. It is difficult to imagine 

the Extractive Industry achieving a higher level of rehabilitation success in the 

near future without a substantial change in industry attitudes to rehabilitation 

and site custodianship. 

7.2 THE ROLE OF REGULATION 

The Northern Territory Extractive Industry is regulated under the Mining 

Management Act 2002. In contrast to the regulative regimes of other 

Australian states extractives are controlled by a single agency with authority 

over all mining activity. This approach has the potential to easily ensure 

consistent application of standards across the Northern Territory and provides 

a single point of contact for extractive operators. 
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The Northern Territory does not provide detailed guidelines on best practice 

rehabilitation methodologies nor promote any form of site custodianship 

following extractive mining as is done in other states. No rehabilitation 

success criteria exist and sites may be relinquished in the absence of any 

vegetation cover following minor rehabilitation earthworks. 

In order to ensure an improved standard of rehabilitation success detailed 

rehabilitation guidelines should be made freely available to industry and 

extractive sites should not be relinquished until such time as a sustainable 

vegetation cover has established. In the longer term quantitative rehabilitation 

success criteria should be developed to provide a transparent and equitable 

method of determining the point at which an operator may be discharged from 

liability. 

The Northern Territory Government must also ensure that extractive mining is 

not allowed to impact on areas of significance, such as the Howard River 

Sand Sheets. Price et a/. (in print) states that only 15°/o of the sand resource 

in the greater Darwin area underlays heathland likely to support Utricularia 

spp, however mapping is not conclusive. A government wide approach is 

required to clearly delineate areas of conservation significance in the greater 

Darwin region and to ensure these areas are not destroyed through extractive 

mining. Through focusing extractive activities on less sensitive areas, and 

facilitating improved rehabilitation practices, the environmental impact of 

extractive mining can be significantly reduced. 

7.3 RECOMMENDATIONS FOR IMPROVEMENT IN EXTRACTIVE REHABILITATION 

Rehabilitation practices in the Northern Territory Extractive Industry fall short 

of 'best practice' in several key areas. 

Operators strip and retain topsoil for respreading during rehabilitation however 

the methods and duration of stockpiling do not promote the conservation of 

seed stock and hence significantly reduce the success of rehabilitation. In the 
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absence of viable seed stocks in the soil, areas should be reseeded following 

topsoil application. 

Ripping is not generally undertaken by extractive operators, with surface 

scarifying occurring on occasion. Extractive pits should be deep ripped to 

between 1m and 1 .5m prior to the replacement of topsoil. Once topsoil has 

been respread, and prior to seeding, pits should then be shallowly tyned if 

necessary. 

Following rehabilitation works it is imperative that fire be excluded from 

rehabilitation areas. Fire management will require ongoing custodianship 

from extractive operators over a period of several years with both graded fire 

breaks and back burning likely to be required. 

Northern Territory Government guidelines published in 1983 (Applegate, 

1983) are substantially adequate and would require only minor updating to 

reflect advances in rehabilitation methodologies as they apply to extractive 

sites. Indeed had these guidelines been adhered to over the past 20 years it 

is likely a substantially higher level of extractive rehabilitation would have 

been achieved. 

Government must now take a leading role in improving the standards of 

extractive rehabilitation in the Northern Territory through the provision of 

detailed advice to industry and the promotion of ongoing site custodianship. 

In the absence of either of these broad requirements it is unlikely that 

rehabilitation success within the Extractive Industry will improve in the 

foreseeable future. 
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A1.1 PLAIN lANGUAGE STATEMENT 

PROJECT: 

CHIEF INVESTIGATOR: 

ASSOCIATE 
RESEARCHER: 

PURPOSE OF THE 
STUDY: 

BENEFITS OF THE 
STUDY: 

WHAT WOULD BE 
EXPECTED OF YOU? 

DISCOMFORTS/ RISKS: 

CONFIDENTIALITY: 

YOUR PARTICIPATION: 

RESULTS OF THE 
STUDY 

PERSONS TO CONTACT 

The Northern Territory Extractive Industry- A Review of Industry Performance 
Against Accepted Australian Standards of Best Practice in Mined Land 
Rehabilitation. 

Keith Tayler 

You are invited to assist by participating in a verbal survey on the regulation of 
the Northern Territory Extractive Industry and rehabilitation practices. This 
study would be used to refine the regulation process for extractive mining in 
the Northern Territory with the aim of improving environmental management. 

This study will provide feedback to the Northern Territory Government on the 
regulation of the extractive industry. It is a good opportunity for extractive 
operators to have their point of view considered and ideas aired. 

If you decide to take part in this research you can be interviewed at the time 
and place of your choosing. Interviews will take approximately 30 minutes to 
one hour and will be not be recorded. Hand written notes will be taken. Your 
identity will not be recorded and all data will remain anonymous. All questions 
will be related to the extractive industry. 

There are no specific risks associated with this study other than the possibil ity 
of discomfort during questioning. 

Results of the survey will not be available to anyone other than myself. Data 
will be presented as compiled figures only. No individual operators will be 
identified in my report. 

I will be acting a student of CDU, not as a regulating 
authority, and any information obtained during this process 
will not be used in any disciplinary matter by DBIRD. 

I would be grateful if you did participate in this study but you are free to refuse 
to participate. Even if you do decide to participate, you may withdraw from the 
research at any time. 

The results of this study will be presented to the extractive industry association, 
DBIRD staff and CDU staff and students . Please feel free to ask for a copy of 
the completed report. 

If you have any questions about the project, please contact the researcher, 
Keith Tayler on ph: 89996647 or 0438454974 

If there is an emergency or if you have any concerns before commencing , 
during, or after the completion of the project, you are invited to contact the 
Executive Officer of the Charles Darwin University Human Research Ethics 
Committee on 8946 7064. The Executive Officer can pass on any concerns to 
appropriate officers within the University. 
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A1.2 EXTRACTIVE OPERATOR INTERVIEW 

Good morning/afternoon. My name is Keith Tayler and I am currently 
conducting research into past and present regulation and rehabilitation 
requirements of the Extractive Industry as a section of my Masters course in 
Tropical Environmental Management through Charles Darwin University. This 
interview is designed to determine how extractive rehabilitation has evolved 
over time and how the regulatory regime is perceived by extractive operators. 

I am employed by DBIRD but as this study is part of my CDU masters course 
operator specific information won't be used by DBIRD, although the general 
recommendations of the final report may be. Any answers provided to this 
survey will remain anonymous and you should not feel obliged to answer any 
or all of these questions. Upon completion of my report you are welcome to 
request a copy and I will forward it to you . I will be presenting my findings to 
the Extractive Industry Association and to DBIRD staff and you would be 
welcomed at both presentations. 

Thank you in advance for your time. 

1 . Can you please tell me how long you have been involved in the extractive 
industry. 

• <5 years 
• 5-10 years 
• 1 0-20 years 
• >20 years 

2. How many people do you employ? 
• 1-3 
• 4-6 
• 7-15 
• >15 

3. What are the primary materials you have mined and in which areas have 
you operated? 

4. When you first began operations, what were the rehabilitation 
requirements of the Government and how were they communicated to you? 

5. During this early period how often would a Mines Inspector visit your sites? 
Currently how often do you receive visits from Departmental Officers? Would 
you prefer to receive more or less visits from Departmental Staff? 

6. How do you currently conduct rehabilitation? Have you observed this to be 
effective? How would you determine if rehabilitation work had been effective? 
How often would you return to an old site to check on rehabilitation work? 

7. Do you consider it necessary to vary your rehabilitation techniques 
depending on any of the following factors? If so how do you vary your 
rehabilitation techniques in response to these factors? 

The Northern Territory Extractive Industry- A Review of Industry Performance Against Australian Standards 
of Best Practice in Mined Land Rehabilitation. 

Page 81 



• soil type 
• vegetation type 
• end land use 
• proximity to an existing watercourse 
• level of prior disturbance to the site 
• financial restrictions 

8. Prior to the commencement of mining do you conduct any sort of survey of 
the area to determine if any species of significance may be impacted? 

9. What factors are important for rehabilitation goals? 
• no obvious erosion 
• no effect on offsite water quality 
• some vegetation cover 
• weediness 
• tree establishment 
• vegetation similar to pre-mining in composition 
• use by fauna 
• preparation of the land for a future land use 

10. Where do you get advice on setting rehabilitation goals and on 
monitoring? 
• DBIRD 
• DIPE 
• environmental consultant 
• personal experience 
• Extractive Industries Association 
• other operators 
• NT Minerals Council 
• Minerals Council of Australia (i.e. Mine rehabilitation handbook) 
• Commonwealth EPA (Australian best practice guidelines) 
• Charles Darwin University 
• Other 

11 . Are you aware that the Mine Management Act was replaced by the 
Mining Management Act in 2002? 

12. Has the introduction of the Mining Management Act effected your 
operation? What changes have come about in your operation as a result of 
the Mining Management Act? How were these changes in requirements 
communicated to you by the NT DBIRD? 

13. Has the provision of a security amount had any bearing on the level of 
rehabilitation work you are conducting? Are the amounts requested realistic 
and if not do you feel they are too high or too low and do you feel that security 
bonds are warranted in the extractive industry? How do you calculate your 
security amount? 
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14. Do you have clear regulatory goals for rehabilitation over the course of an 
extractive operation or do you find that goals and advice from DBIRD can vary 
markedly between approval of an operation and closure? If this has been an 
issue, has it improved since 2002 with the Mining Management Act? 

15. How many person days per year would you spend on legislative and 
reporting matters that relate to environmental regulation and 
rehabilitation? 

16. Do you feel there is any need for further study of rehabilitation 
techniques? Would you be prepared to participate in rehabilitation studies 
conducted either by the NT Government and/or Charles Darwin University? 

17. Please outline any other issue related to the regulation of the extractive 
industry or mine site rehabilitation which may be of relevance to this study or 
is simply of concern to you. 

Thank you for your time. 
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A 1.3 INTERVIEWEE CONSENT FORMS 
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Telephone: 08 8946 7064 Facsimile: 08 8946 7199 E-mail: hemali.seneviratne@cdu.edu.au

26 October, 2004 

Mr Keith Taylor 
School of Science and Primary Industry 

-�TDBIR0--
11 Maude Street
ANULA NT 0812

Dear Mr Taylor 

Re: Application for Ethical Approval, Reference No. H04074. 

Your project titled The Northern Territory Extractive Industry - a Review of Industry 
Performance Against Accepted Australian Standards of Best Practice in Mined Land 
Rehabilitation was recently given provisional ethical approval by a Charles Darwin University 
Faculty Ethics Committee. The Human Research Ethics Committee has now ratified the 
decision of the Faculty Ethics Committee Please find attached a notice of clearance and note 
the expiry date of ethics clearance is 8/10/2005. 

If any significant alterations to your project are contemplated, or if any matters arise which may 
conceivably affect the continued ethical acceptability of the project, you are required to 
immediately notify the Faculty Ethics Subcommittee. 

Please read the instructions of the Committee regarding the requirement for a report on your 
project. Progress/ Final report forms are available from the Web at: 
http://www.cdu.edu.au/research/apphec.html or from the Research Office. 

Yours sincerely 

Hemali Seneviratne 
Executive Officer 

for Professor Robert Wasson 
Chair, Human Research Ethics Committee 
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HUMAN RESEARCH ETHICS COMMITTEE REPORT 

NEW PROPOSAL 

PROJECT REFERENCE: 

PROJECT TITLE: 

CHIEF INVESTIGATOR(S): 

H04074 

The Northern Territory Extractive Industry - a 

Review of Industry Performance Against 
Accepted Australian Standards of Best Practice 
in Mined Land Rehabilitation 

Mr Keith Taylor 

Your project has been considered by the Charles Darwin University Human Research Ethics 
Committee. 

The Committee is satisfied that the research proposed in this project conform with the general 
principles set out in the current National Health and Medical Research Council regulations, and 
with the policy of the Charles Darwin University. 

It should be noted that data must be stored securely on campus. Storage in a central facility 
(with limited access if necessary) is available. Researchers should address any queries 
concerning data storage to their relevant faculty. 

Expiry date: 8/10/2005 

*Please note: A Final Report is due within three months of completion of the project..

APPROVED 

Chair Dated 

CDU Human Research Ethics Committee 

cc: Supervisor Dr Sean Bellairs 
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