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i. Introduction

1.1 General

This report assesses the environmental impact of a proposal by Energy
Resources of Australia Ltd (ERA) to establish an underground uranium
mine with associated infrastructure at the Jabiluka Prospect, approximately
20 km north of Jabiru in the Northern Territory (NT)(Figure 1). In
accordance with the Environment Protection (Impact of Proposals) Act
1974 (EPEP Act) the Minister for Resources and Energy designated ERA as
proponent in relation to prospective decisions to grant approvals for
uranium exports from the Jabiluka mine under Regulation 11 of the
Customs (Prohibited Exports) Regulations.

The report reviews the draft Environmental Impact Statement (draft EIS),
public comments on the draft EIS, and the proponent's responses to these
comments in the Supplement to the draft EIS (the draft EIS plus the
Supplement constitutes the final EIS). It also relies on information,
comments and advice provided by areas within Environment Australia,
other relevant Commonwealth agencies, Northern Territory Department
of Lands, Planning and Environment (NTDLPE) (through the joint
assessment process) and previous studies undertaken in the region.

1.2 Environmental Assessment

Environmental impact assessment is predicated on defining adequately
those elements of the environment that may be affected by a proposed
development, and on identifying the significance, risks and consequences
of the potential impacts of the proposal at a local, regional and national
level.

The final EIS provides a description of the existing environment in the
area and the proposed operations and evaluates the environmental
impacts and proposed mitigating measures to minimise the expected
impacts.

This report will assess the adequacy of the final EIS in achieving the above
objectives, and will evaluate the undertakings and environmental
safeguards proposed by the proponent to mitigate the potential impacts.
Further safeguards may be recommended as appropriate.

The contents of this report form the basis of advice to the Minister for the
Environment on the environmental issues associated with the project.
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Figure 1: Regional setting of the Jabiluka project.

1.3 Jabiluka Assessment Process

Environmental assessment was conducted under a formal joint
assessment agreement between the NTDLPE and the Commonwealth
Department of the Environment, Sport and Territories.
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The Jabiluka proposal requires a decision under the Commonwealth
Government's export licensing legislation. On this basis, and in view of
the project's environmental significance, the proposal comes within the
provisions of the Commonwealth's EPIP Act. The proposal is also subject
to NT impact assessment under the Environmental Assessment Act 1982.

In accordance with the provisions of the EPIP Act and the NT
Environmental Assessment Act 1982, ERA was directed to prepare a draft
EIS. Following a public review period final Guidelines for the preparation
of the EIS were compiled by Environment Australia in conjunction with
the NTDLPE and provided to ERA.

The draft EIS and Supplement to the draft EIS were prepared for ERA by
the consultants, Kinhill Engineers Pty Ltd of Queensland.

In accordance with NT and Commonwealth environmental legislation
the draft EIS was made available for public review between 17 October 1996
and 9 January 1997. During this period two general public meetings were
held at the Darwin Museum and Jabiru Town Centre. Approximately 100
people attended the Darwin meeting and approximately 60 at the Jabiru
meeting. Reports on the issues raised in the public meetings were
prepared and submitted to ERA for consideration in the revision of the
draft EIS.

Eighty six (86) submissions (including the NT and Commonwealth
Government submissions) were forwarded to ERA. Full details of the
submissions were incorporated as Appendix A and B of the Supplement.
ERA chose not to fully consider some submissions which were received a
number of weeks after the end of the public consultation period.

The final EIS was submitted to the respective Commonwealth and NT
Environment Ministers on 17 June 1997. The Environment Assessment
Branch of Environment Australia commenced preparation of this
Assessment Report in consultation with other areas of the Environment
Portfolio. The Australian Radiation Laboratories (ARL) and the
Aboriginal and Torres Strait Islander Commission (ATSIC) also provided
comments on the final EIS. The Assessment Report was also prepared in
consultation with the NTDLPE which was preparing its own report for
consideration by the NT Minister for Lands, Planning and Environment.

This Assessment Report and its recommendations has been prepared to
satisfy section 9.1.1 of the Administrative Procedures of the EPIP Act. The
report is primarily for the consideration of the Minister for the
Environment. After considering the Assessment Report, Section 9.3.1 of
the Administrative Procedures requires the Minister for the Environment
to:
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".... make any comments, suggestions or recommendations to the action
Minister and other relevant Ministers concerning the proposed action,
whether or not contained in the report prepared by the Department under
paragraph 9.1.1., including suggestions or recommendations concerning
conditions to which the proposed action should be subject, that the
Minister thinks necessary or desirable for the protection of the
environment ..."

The Minister for Resources and Energy, as the action Minister, is required
to give all such directions and do all such things as can be given or done by
that Minister for ensuring that the final EIS and the suggestions or
recommendations made by the Minister for the Environment are taken
into account in matters to which they relate.

1.4 Major Issues Raised from the Public Comment Period

Many of the concerns arising from the public review focused on issues
relating to general opposition to uranium mining and the use of nuclear
material in the nuclear fuel cycle. The Guidelines for the EIS specified that
these issues lie outside the scope of this assessment.

Major issues associated with the construction and operation of the Jabiluka
mine are listed below and are the focus of the contents of this assessment
report.

Alternatives to the proposed development option
Surface and ground water management
Tailings and waste rock management
Radiation and radon management
Transport management
Flora and fauna management
Heritage and Aboriginal archaeological site conservation
Impact on infrastructure
Social impacts

With the exception of project alternatives (refer to Section 3.2), all of the
above are discussed in detail within Section 4.

The Jabiluka Proposal—Environment Assessment Report
Environment Assessment Branch, August 1997



11

2. Background

2.1 History

The Alligator Rivers Region (ARR) contains large, economically
important, mineral reserves including uranium, gold, and platinum-
group metals. In the early 1970s significant uranium deposits were
discovered at Ranger, Jabiluka and Koongarra. A formal proposal to
develop the Ranger deposit was submitted to the Commonwealth
Government in 1975 and the Government established the Ranger
Uranium Environmental Inquiry (RUEI) to conduct an inquiry into the
proposal, focusing on environmental issues and the social impact on
Aboriginal people. Proposals to exploit such reserves since 1970 have been
surrounded by considerable public controversy because of perceived
threats to the cultural and natural heritage of the ARR and opposition to
the mining of uranium.

Around the same time as this inquiry was set up the Aboriginal Land
Rights (Northern Territory) Act 1976 was passed by Federal Parliament.

The RUEI tried to work out a compromise between the problems of
conflicting and competing land uses, including Aboriginal people living
on the land, establishing a national park, uranium mining, tourism and
pastoral activities in the ARR. In August 1977 the Government responded
to the recommendations of the RUEI (the 'Fox Report'). It accepted almost
all the recommendations including those about granting Aboriginal title
and establishing a major national park in stages. With the specific purpose
of establishing a national park, the Commonwealth acquired the title to
the land that now forms Kakadu National Park (KNP) in 1978. An
arrangement was made that allowed the Aboriginal people to lease the
land, that had been granted to them, for management as a national park.
Mining in the area would not be in KNP but on separate mineral leases.

In recognition of the unique environment of the Region, environmental
protection measures were established [the Environment Protection
(Alligator Rivers Region) Act 1978] following recommendations made by
the RUEI. The Supervising Scientist is a position appointed by the
Commonwealth Government to administer this Act.

The basic framework for environmental control of uranium mining in
the ARR derives from the recommendations of the RUEI. The
recommendations were developed by the Commonwealth as
Environmental Requirements (ERs) for Ranger and Nabarlek mines and
included in NT legislation as Schedules 1 and 2 of the NT Uranium
Mining (Environment Control) Act (UMEC Act). The Atomic Energy Act
(AEA) was used to grant an Authority for the Ranger mining operation.
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The environmental requirements attached to this authority under section
41 of the AAE were incorporated as Schedule 1 of the UMEC Act.

The Commonwealth retained ownership of uranium in the region.
Working arrangements between the NT Government and the Supervising
Scientist for the co-ordination and regulation of environmental aspects of
uranium mining in the ARR were endorsed, through a Memorandum of
Understanding, by the Chief Minister for the NT and the Prime Minister
in September 1979, and updated in September 1995.

Under the working arrangements the NT is to have prime responsibility
for day to day regulation of the mine, while the Supervising Scientist
oversees environmental protection measures, focusing on environmental
outcomes. The UMEC Act is the principle legislation for controlling
uranium mining operations in the NT. This Act is administered by the
NT Department of Mines and Energy (NTDME) and empowers the NT
Minister for Mines and Energy to control the environmental aspects of
uranium development.

The Jabiluka lease, granted under section 64 of the NT Mining Act,
included 38 ERs (schedule 3 to the Lease). An Authorisation under the
UMEC Act will be required before mining at the Jabiluka Lease can
commence. Approval is also required under the NT Mining Act as the
Lease is granted under this Act. The nature of the existing environmental
requirements are important and although they are not actually part of the
Jabiluka proposal as such, the relationship between the existing
environmental requirements and the recommendations of this report are
discussed in the conclusion.

Prior to 1996, uranium mining had been restricted to two sites in the
Region. Both mines commenced construction in 1979 and are located
within catchments of seasonal tributaries of the East Alligator River:
Ranger uranium mine on Magela Creek and Nabarlek uranium mine on
Cooper Creek. In March 1996, the Commonwealth Government
consented to further investigation of the feasibility of mining the Jabiluka
uranium deposit.

2.2 Jabiru

The township of Jabiru was established to house people directly or
indirectly associated with uranium mining in the region. The town is
located on a 13 km2 area of land that is part of KNP, and was established in
line with specific recommendations of the RUEI. Of particular concern
was that the township should be managed in a manner that minimises the
negative social impacts on Aboriginal people in the region and
environmental impacts on the surrounding park environment.
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The Commonwealth Government accepted the RUEI recommendations
in relation to Jabiru and directed that the town be developed according to
the following principles:
• the site be within the national park on land excluded from Aboriginal

land grants;
• the town be 'closed', catering only for the mining companies, agents

and government officials, The town remains closed in the sense that
only people employed there can live there;

• the population of the town is not to be more than 3500;
• the principles for designing the town be set out in the plan of

management for KNP;
• the area of the town be leased from the Director of National Parks and

Wildlife (the Director); and
• the Northern Land Council (NLC) be consulted in the proposals for the

town.

The Director of National Parks and Wildlife (the Director) effectively owns
the land in the town. This enables the Director to oversee that the town
develops in an orderly way and that the impact of the town on the park
environment is as small as possible. Land in the town is leased by the
Director to the Jabiru Town Development Authority (JTDA). Under the
terms of the lease agreement, the JTDA subleases sites to occupants and
controls leases and licences to commercial and business activities in Jabiru.

Development in Jabiru is regulated by:
• the National Parks and Wildlife Conservation Act 1975 (NPWC Act)

and the National Parks and Wildlife Regulations (including parts
specific to Jabiru);

• the KNP Plan of Management;
• the Town Lease (the Headlease) between the Director and the JTDA;
• the Jabiru Town Plan approved by the Director;
• the Jabiru Town Development'Act 1978; and
• other laws applicable to the park.

The Planning Act 1993 and other NT laws apply in Jabiru in so far as they
are not inconsistent with Commonwealth legislation and the prescriptions
of the KNP Plan of Management. The NPWC Act requires that no
building work shall be carried out within Jabiru except in line with a town
plan prepared and approved in the manner provided for in the National
Parks and Wildlife Regulations. The town plan, and any proposed
amendments, has to be agreed to by the Director.

The current lease for Jabiru was signed on 1 July 1981 for a period of 40
years. People who want change in Jabiru argue that the current lease term
effectively blocks further investment in the town. It is argued that the
Headlease, on the term now outstanding, is not enough to provide
adequate security for loans, and for businesses to recoup their investment.

The Jabiluka Proposal—Environment Assessment Report
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The NT Government, with the agreement of Parks Australia, started to
review the Jabiru Town Plan during 1996.

The policy of maintaining Jabiru as a closed town with no tourist
accommodation changed in the second KNP Plan of Management. This
plan allowed for tourism accommodation to be developed 'with the
concurrence of the NLC and the traditional Aboriginal owners'.

In 1988 the Gagudju Crocodile Hotel was opened in Jabiru and since then a
caravan park with lodge accommodation (all owned by the Gagudju
Association)and other facilities for park visitors have been developed in
the town. As Kakadu has become more important as a tourist destination
and as tourism has become more and more significant in the regional
economy there has been further interest in developing tourism services in
Jabiru.

2.3 The Role of the Supervising Scientist

The position of Supervising Scientist was created under the Environment
Protection (Alligator Rivers Region) Act 1978 (amended 1993) for the
purpose of protecting the environment in the ARR from the effects of
mining operations.

Functions
• research and data collection
• develop and promote standards, practices and procedures
• co-ordinate and supervise the implementation of requirements, e.g. ERs
• to do anything incidental to the foregoing
• to give the Minister scientific and technical advice on environmental

matters outside the ARR as he requests.

Powers
• to do all things necessary to carry out functions
• to obtain information and documents required for the performance of

functions
• with the consent of the occupier to have full and free access to buildings

and places in the ARR for the purpose of the performance of his or her
functions

• make application to the Supreme Court where the occupier has refused
consent to entry

A number of mechanisms are used by the Supervising Scientist to ensure
adequate protection at the Ranger mine, and to a lesser extent, the
Nabarlek mine which is in the rehabilitation phase. These mechanisms
will also apply to any other mine which is approved in the ARR,
including the Jabiluka mine. The main mechanisms are:
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• Research related to the environmental impact of uranium mining;
• Environmental audits of uranium mines in the ARR;
• Technical assessment, including through participation in the Minesite

Technical Committees; and,
• Working arrangements established by the memorandum of

understanding between the Commonwealth and NT Governments;

These mechanisms are set out in further detail in Appendix A.

2.4 The Kakadu Region Social Impact Study

In June 1996 the Commonwealth Environment Minister, Senator Hill,
proposed that a Social Impact Study be conducted parallel to, but separate
from the Jabiluka EIS process.

Kakadu Region Social Impact Study (KRSIS) was funded by the
Commonwealth and NT Governments, ERA, and the NLC.

The KRSIS was conducted in two stages:

I. The Aboriginal Project Committee (APC), comprising of local
Aboriginal people and chaired by Mr Victor Cooper, is preparing a
report of the social impacts of all development, including mining,
tourism and park development, on Aboriginal people (from an
Aboriginal perspective) in Stages 1 and 2 of KNP. The major component
of this study is to be a report on the aspirations and concerns of the
Aboriginal people.

n. The Study Advisory Group (SAG) comprising of representatives of the
major stakeholders in the region (NT Government, Commonwealth
Government, NLC and ERA), under the chairmanship of
Mr Pat Dodson, is to respond to the APC report by preparing a plan of
action or recommend strategies to address die issues raised by the APC.

The Aboriginal Project Committee submitted its final report to the Study
Advisory Group on 30 June 1997. The SAG report and the APC report were
provided to the Minister for the Environment on 31 July 1998
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3. Need for the Project and Key Alternatives

3.1 Need for the Project

Guidelines, for the preparation of the EIS, specifically required the need for
the proposed development to be fully examined. The proponent
addressed this issue in Section 3 of the draft EIS (Section 4 of the
Supplement), "Need For The Project".

ERA states that they have identified a shortfall between production and
demand for nuclear power generation material which will open
significant market opportunities for high grade material. The final EIS
estimates that Jabiluka production would provide a national economic
benefit of some $3.8 billion over twenty-eight years with an estimated
increase in national economic activity from mine operation over that
period of $6.2 billion. This is based on information from the Access
Economics computable general equilibrium model (AE CGE model).

The Environmental Economics Unit of Environment Australia
questioned the discount rate used for estimating the increase in economic
welfare. ERA argued in the Supplement that a 5 per cent discount rate is
appropriate for estimating the increase in economic welfare rather than an
8 per cent rate, because market risk considerations are not relevant to the
change in the structure of the economy that results from the project as
modelled in the AE CGE model. The Environmental Economics Unit has
responded that this argument does not address the fact that any fruition of
benefits from the project - either to the economy as a whole as modelled in
the AE CGE Model or in terms of profits to the proponent itself - does
depend on whether the project has a successful financial performance
which is necessarily a consequence of the market risks involved.

The Supplement does provide the present value of net welfare gain based
on the eight per cent discount rate (S p 4-3) it is the view of the
Environmental Economics Unit that the figure is more realistically in the
range $2-3 billion. Even with this lower value, there is still net economic
benefit to Australia. There are also some other factors such as the extent of
foreign ownership (if any) of ERA or North Limited, details of which are
not provided, and it is assumed that the majority of returns to capital
accrue within Australia.

The analysis does not, however, take into account the non-monetary social
or environmental costs/benefits of the proposal. A number of
submissions criticised the draft EIS on this and ERA has responded in the
Supplement that the estimate of the national economic welfare effect can
be used by decision makers as a threshold value for assessing any negative
environmental or social effects. The Supplement reasons that the cost of
those negative effects would have to be judged to be greater than the
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estimated benefits from mining, before a decision could be taken on
economic grounds not to proceed with the project. The Supplement also
provides information on the environmental benefits of not proceeding,
which could be thought of as the costs of proceeding (discussed in Section
3.2.1).

This assessment report does identify some potential impacts of the
proposal which could be seen as having the potential to outweigh the
identified economic benefits. However it also provides recommendations
aimed as minimising or avoiding those impacts, and if these
recommendations are implemented, then the proponents argument for
the need for the project should be accepted. It should be noted however
that there is an element of uncertainty because of the current inadequacies
of the baseline data (see Section 5.15).

It is also estimated that some $210 million, over the mine life, would be
paid in royalties (based on the Pancontinental Agreement) to the local
Aboriginal communities which would provide the necessary capital for
future Aboriginal developments.

In terms of production the direct economic output would equate to
approximately $148 million annually, which is equivalent to 3% of the NT
economic output.

There are a number of direct and indirect benefits to the NT. These being
employment, continuation of the Ranger Mine and servicing of the Jabiru
township which also acts as a regional base for recreational activities (i.e.,
tourism) within this region. ERA have stated that they would also assist
in starting smaller industries (i.e., trucking) within the local Aboriginal
communities. This would have a direct positive benefit which may not
have normally eventuated.

The continual stimulation of Jabiru has been a direct result of mining
activities and more recently by the increase in tourism. The development
at Jabiluka, while considered small, will result in the continued injection
of capital expenditure both directly and indirectly to the local region and
the NT in general (social impact issues relating to the continuation of
Jabiru are discussed in Section 6.7).

The Jabiluka project, when viewed in the light of the foregoing, is
therefore a significant project to the NT's local and mainstream
economies. It has the potential of providing up to 164 new jobs and
maintaining the necessary stimulus to maintain economies both at a local
and intrastate level.

A number of submissions raised the possibility of costs to other industries
such as tourism in the region. The Supplement refers to both an
Australian Nature Conservation Agency (now the Biodiversity Group of
Environment Australia) visitor survey in 1994 which did not indicate that
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the presence of uranium mining detracting from enjoyment of the park,
and discussions with the NT Tourist Commission that which has no
record of a complaint about uranium mining in the Kakadu Region. Parks
Australia have since noted that a significant number of letters are received
and verbal comments made to staff from visitors expressing concern about
mining. Parks Australia has stated that in preparing the EIS, the
proponent did not contact Parks Australia about this issue.

3.2 Key Alternatives

3.2.1 Project Alternatives

The proponent was required to give consideration to alternatives to the
project and to the means of carrying out the project. A detailed description
of the alternatives, is presented in Section 5 "Alternatives to the Project"
in the draft EIS (Section 6 of the Supplement).

The final EIS describes a preferred option, an underground mine with
milling at Ranger, for the development of the Jabiluka Project.

Criteria used by the proponent in evaluating alternatives included:

• using "Best Practice" Technology;
• using best possible operating practices;
• ensuring compatibility and technical feasibility, particularly with Ranger

operations;
• maintaining high health and safety standards;
• minimising environmental impact;
• compliance with all regulations, Australian Standards and codes;
• maintaining realistic economic cost and return; and
• accord with the findings of the Ranger Inquiry (Fox, 1977).

Four alternatives were presented in the final EIS (Table 1).
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Table 1: Alternatives to the Jabiluka development

Alternative

Pancontinental
Proposal (1979)

Tabiluka mill
alternative

ERA Proposal
(1996)

Do Nothing

Description

An underground mine with associated ore
treatment, similar to Ranger, recovery of gold from
the uranium tailings and disposal of tailings as
cemented fill to the mine and to a tailings pond.

This mine proposal obtained agreement and
approvals in 1982 (granting of Mineral Lease
Number 1 and signed agreements with the
Aboriginal community).

Milling and processing within the Jabiluka Lease.

Adjacent Ranger facilities such as the sulphuric
acid plant, power supply etc would be utilised.

An underground mine with no on-site treatment.

All treatment and milling would occur at the
Ranger Uranium Mine.

No development of the proposed mine.

Estimated
Area of
Disturbance

819 ha

126 ha

Construction
: 90.5 ha

Operation:
75.5 ha

Oha

Previous studies undertaken by Pancontinental (1979) considered both
open-cut and underground mining methods. Pancontinental indicated
that underground mining was a preferred option with a number of
economic, environmental and social advantages over the open-cut
operation. These included: minimising disturbance of the surface and
topography of the site, a decrease in the volume of waste rock thus
enabling more immediate access to higher grade sections of the ore body
and the reduction of the potential for acid mine drainage. Although
previously subject to environmental assessment, the Pancontinental
proposal now does not represent Best Practicable Technology and would
require further environmental assessment if it was proposed today.

The underground mining alternative offers a number of advantages
including:

• reduction in the environmental impacts associated with the physical
disturbance of the surface area;

• no large waste dumps or tailings dams;
• no major mining pits;
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• visual effects will be minimised;
• a no-release water management policy is considered practicable and

achievable;
• reduction in the overall potential social effects, due to worker numbers;
• complete rehabilitation will be practicable and achievable.

The final EIS provides details on the preferred alternative (called the ERA
proposal, 1996), however it lacks specific technical and background data in
its discussion of the Jabiluka mill alternative. Issues involving lack of
technical data, tailings dam seepage and hydrogeological modelling have
been cited as inadequate in submissions. The Jabiluka mill alternative
would have a greater direct impact upon the environment than the
preferred proposal, causing a greater area of disturbance and additional
water management issues. ERA has given a commitment that if it wished
to proceed with the Jabiluka mill the detailed proposal would be submitted
to the regulatory authorities for determination of the level of
environmental assessment required. It is therefore considered appropriate
that any other option, if adopted, be subject to further assessment due to its
significant divergence from the current alternative being assessed.

ERA has further refined the Pancontinental proposal to take advantage of
the existing mill at Ranger thus further reducing environmental impact,
surface disturbance, waste rock volumes and tailings disposal
requirements at the mine site. This has the advantage of reducing lease
rehabilitation at Ranger and Jabiluka and reducing the volumes of waste
rock at Ranger, through its deposition underground at Jabiluka.

It is generally agreed that the current ERA 1996 proposal has substantial
advantages over other presented options with respect to economic,
environmental and social impacts. A large development, which includes
on-site processing, would result in extensive impacts attributable to
additional staff, additional land clearing, additional waste disposal,
additional processing requirements (i.e., chemical inputs and emissions)
and product transportation requirements.

Other alternatives, including on-site milling, have been adequately
discussed as alternatives, but the final EIS did not present the reader with
data in relation to engineering design, environmental monitoring and
baseline surveying at a level sufficient for approval without further
assessment.

Recommendation 1: If an alternative proposal to the preferred proposal in
the final EIS is to be implemented, then further environmental
assessment should be required, including provision of further
information regarding mine site design, processes and impacts.

Several submissions requested further information on the "no project"
alternative. The Supplement provides further details on the economic
disadvantages of not proceeding (S p 6-2) and points out that the Jabiluka
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project's potential market share would not necessarily benefit other
Australian producers. The option of delaying the project for a set amount
of time is also discussed. The Supplement outlines the economic
disadvantages of this and argues that although such a delay would
potentially provide additional time for consideration of the proposal by
the Aboriginal community, ERA "considers that there has been sufficient
time for consideration by the Aboriginal community (some aspects of the
proposal being known since 1979) and that relatively new initiatives that
are part of the proposal will be addressed in full in a Change of Scope
document to be submitted to the NLC as part of the Section 43 negotiations
for the Jabiluka Agreement.

Assessment of impacts upon the Aboriginal community has been limited
to date by the Aboriginal community's wish not to be involved in the
preparation of the EIS (see also Sections 5.13 and 6.7). Delaying the project
for a set amount of time would not in itself necessarily change the position
of the Aboriginal community. It is possible however that a delay in the
project proceeding would provide an opportunity for recommendations
from the KRSIS study to be examined by all stakeholders and social and
structural changes put in place to address existing problems and ensure
that the Aboriginal community could benefit from the project. While
there may in this respect be advantages in delaying the project, it is
difficult to come to a conclusion without considering the KRSIS study.
The key issue is more to ensure adequate consultation and negotiation
with the Aboriginal community. • This is discussed in Section 6.7.

The Supplement has also provided information on the environmental
benefits of not proceeding, summarised into five points:

• no clearance of vegetation;
• no increase in tailings volume at Ranger;
• no increase in the perception of risk;
• availability of land for other uses; and
• avoid the need for further and continuing negotiation.

These benefits correspond with the various impacts of the proposal which
are discussed in Chapter 6.

In response to requests in submissions, the Supplement also provides
further discussion on the social implications of the "no project' option
which are summarised as follows:
• decrease in population size of Jabiru township;
• changes in demographic and social structure of Jabiru township;
• reduced viability of community infrastructure in Jabiru due to smaller

population;
• reduced ability to support other local and regional economic activities;
• reduced opportunities for different form of town governance;
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• changes to Jabiru township's physical appearance; and
• changes to impacts on the culture and community structure of the local

Aboriginal population.

In some cases the positive or negative impacts of the project not going
ahead may be viewed differently by different community groups. The
discussion of potential impacts of the proposal covers issues that
correspond with issues outlined above (Section 6.7.3).

3.2.2 Transport Alternatives

In the draft EIS, the haul road was proposed to be unsealed. In the
document "Project Scope Outline", dated March 1996 it was stated that
risks associated with an unsealed* road would be significantly reduced if it
were sealed. Based upon risk reduction analysis and information
provided through submissions the proponent committed to sealing the
haul road. This is expected to significantly reduce risks associated with
dust, sediment loading in streams, borrow material requirements and
continual maintenance requirements but does raise other issues which are
further discussed in Section 6.3.2.

Alternative haul road corridor routes, including routes to the west of the
outlier, were not investigated in the final EIS but were the subject of
previous detailed reviews in the 1979 Pancontinental draft EIS and in a
Pancontinental Study on the extension of the Arnhem Highway, 1978.

The alternative corridor, located on the western side of the Jabiluka
Outlier, is not considered a satisfactory alternative due to the close
proximity of the Magela wetlands and Oenpelli road. This alternative
would result in higher intrusive environmental impacts both on
flora/fauna and the aesthetic tourism quality and is therefore discounted.
It was also determined that this alternative would provide a wildlife
movement barrier and pass close*to significant Aboriginal art sites to the
south of Jabiluka thus affording little or no protection to public intrusion
without substantial fencing and monitoring.

The alternatives of ore transport: rail, conveyor belting and slurry
pipeline, were addressed in some detail considering costing and the
environmental impacts (Section 6.6 of the Supplement). It is to be noted
that rail transport may be a viable option if production levels increased to
in excess of 1.2 Mt per year. The proponent has made a commitment to
undertake further studies if this becomes economic.

The sealed road haulage (east of the Jabiluka outlier) is considered the
preferable option in reducing potential bio-physical and social impacts of
the region (although it will result in impacts upon wilderness values -
Section 6.13).
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3.2.3 Gold Extraction

Gold mineralisation is associated with some Uranium ore in the Jabiluka
number 2 orebody. The previous Pancontinental proposal included
extraction of the gold as part of the processing of the ore. The draft EIS
stated that due to economic considerations and existing environmental
issues associated with its recovery, gold would not be produced as part of
the ERA proposal. The draft EIS stated that this situation would only
change if economic conditions were to change markedly, and if new gold
extraction technology was to become available that did not have the
attendant environmental concerns associated with present methods.
Presumably if the gold is not extracted, much of the ore would end up in
the tailings. The draft EIS stated that the volume of gold is relatively small
and failure to extract it is not considered to cause the loss of a significant
resource.

In commenting on the draft EIS, the NT Government submission
disagreed and stated that the gold was considered to be a significant
resource. In its submission the NLC noted that it was extremely
disappointed to note that the gold resource was not to be extracted, as it
was a major economic incentive to the Traditional Owners.

In response, ERA has proposed to carry out further investigations into the
technical feasibility and environmental implications of gold extraction.
ERA would make this information available to relevant agencies and the
NLC prior to detailed design and should gold extraction be proposed in the
future, ERA acknowledges that it would need subject to separate
environmental assessment, approval and negotiations with the agencies
and Traditional Owners.

Gold extraction could include the use of cyanide. In any case the
additional impacts of gold extraction have not been considered in the final
EIS. If approval was given for the preferred option and then at a later date
a further proposal to mine gold at Jabiluka was made, this may not
automatically require consideration of environmental impacts under the
EPIP Act. Given the high natural and cultural values of the area and the
Commonwealth involvement in managing and protecting those values, it
is considered essential that the Commonwealth be involved in assessment
of any proposal to extract gold from the Jabiluka deposit.

Recommendation 2: That approval for the Jabiluka proposal and export of
uranium be only given on the condition that the proposal does not
include extraction of gold, and that if it is proposed to extract gold, further
assessment under the Environment Protection (Impact of Proposals) Act
1974 would be required.
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4. Description of Proposal

4.1 Overview

The proposal by ERA is to mine ore from the Jabiluka #2 orebody. The
orebody is located on the Jabiluka Mineral Lease No.l granted tinder the
NT Mining Act 1982. The mine site is located approximately 230 km to the
east of Darwin, approximately 20 km to the north of the existing Ranger
uranium mine (Figure 1). The lease encompasses a total area of 7,275 ha,
of which the total area of proposed disturbance is 90.5 ha.

Mining would occur by underground methods, with the objective to
recover and sell approximately 90,400 tonnes of uranium oxide (U3O8)
from a total ore extraction of approximately 19.5 million tonnes, based on a
cut-off grade of 0.2% U3O8.

Surface facilities (Figure 2) at the Jabiluka mine site would include:

• a stockpile pad to contain and handle ore and waste rock;
• a retention pond for containment of low quality water
• administration and amenities area
• storage and hardstand area
• access tracks and ventilation fans

The ore would be trucked from Jabiluka by road train to the existing
milling facilities located at the Ranger mine site. Processing at Ranger
would initially mix Jabiluka ore with Ranger ore until Ranger stocks are
depleted (around 2000). The processed uranium oxide would be
transported to Darwin Port by truck and shipped to customer countries.
Tailings from the milling process would be disposed of in the Ranger open
cut pits #1 and #3.

4.2 Construction

Construction of the project facilities is proposed to commence as soon as
feasible after receiving approval to proceed from the relevant government
agencies, should this be forthcoming, and be carried out over a period of
approximately 18 months, including development of the decline to access
the orebody. Commitments made in the Supplement (pll-3) imply that
construction would also not commence until after the conclusion of
negotiations, including change of scope negotiations under the Jabiluka
Agreement are completed with the NLC and Traditional Owners.

The Jabiluka Proposal—Environment Assessment Report
Environment Assessment Branch, August 1997





26

The construction schedule requires initial site access to be provided for the
decline contractors to work for the first 18 months following project
approval. During this initial period, site earthworks, temporary buildings
and site services would also be constructed. In the dry season of the
following year, the haul road, site roads and water management system
would be installed enabling production to commence. In the first dry
season after commencement of production the administration building,
workshop and changehouse facilities would be constructed.

4.2.1 Construction Access

Access to the site prior to the construction of the haul road would be via a
construction access road created by upgrading an existing track from
Oenpelli Road (a main road). It is proposed to upgrade the track to make it
suited for access by construction machinery including semi-trailers and
drill rigs.

Access to the site via the Oenpelli Road would only be available during the
dry season. During the wet season a section of the Oenpelli Road is flooded
by the Magela Creek. During such flooding the decline contractor's
workforce would either be:

• transported by boat across the flooded area (approval by the Director of
National Parks and Wildlife is required to cross by boat);

• flown in by helicopter along with light equipment, while heavy
equipment would be moved across when access is possible;

• make use of Ja Ja camp for accommodation and equipment storage (see
below).

Since release of the EIS Supplement, ERA have indicated that the
reopening of the camp is now a definite proposal and that permission for
the crossing of the Magela Creek during the wet may not be needed.

Entry onto the temporary access track would be controlled by signage and
regularly policed by site security staff. Stringent speed restrictions would
apply. At the take off from the Oenpelli Road additional safety signage
would be placed to highlight vehicle turning movements, and entering
traffic. Curvature of this track would prevent views up the hill to the east
and thus have minimal visual impact. It is estimated that construction
traffic would add a maximum of 50 vehicles per day to Oenpelli road.
Current peak usage is less than 600 vehicles, with design capacity for over
2,000. The Supplement states that signposting and minor works
requirements would be agreed with the NT Department of Transport and
works.

Access to the construction access road would be controlled by fencing,
boom gates and security permit system. The temporary access track would
be a 6 m wide formed but unsealed track. Some steep sections would be
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realigned from the present route and may be sealed for improved traction
and reduced wet season scour. The first 40 m of the road would also be
sealed. Interruption to drainage lines, and sheet flow, would be
minimised as far as practicable. Detailed design would be carried out
following project approval. Other tracks to facilities (e.g., vents) would
generally be 3 m wide formed but unsealed for light vehicle access.
Following commissioning of the haul road to Ranger, this access track
would continue to be used for access from the Jabiluka mine site to
meteorological stations and (if necessary) the potable water borefield on
the west side of Mine Valley. Access from Oenpelli Road during the
operating phase would be prevented by sign posting and locked gates.

For the later stages of the construction phase leading up to the
commencement of production, site access would be via the haul road
constructed between Jabiluka and Ranger. This haul road would then
become the only means of access to the site for both road trains and service
vehicles and all vehicles would thus need to pass through Ranger prior to
travelling to Jabiluka. Following the completion of mining activity at
Jabiluka, the construction access track would then be reopened for access
from Oenpelli Road to enable long-term monitoring of the rehabilitated
mine site.

4.2.2 JaJaCamp

The Supplement also states that ERA may recommission the Ja Ja camp to
provide a lay down area for equipment and reduce any movement across
Magela creek and traffic on Oenpelli Road (p5-7). Ja Ja camp (Figure 3) was
established as an operations camp by Pancontinental. Use of the camp
ended in 1991 and it is partially rehabilitated, although some buildings
remain. The Supplement proposes to put temporary demountable
accommodation, ablution and messing facilities on site with infrastructure
including water pumps, a generator, small fuel tank, plumbing, septic
tanks and refuse storage. ERA has now estimated that up to 30 people may
be housed at the Ja Ja camp at any one point in time. The option of
recommissioning Ja Ja was not raised in the draft EIS, and Environment
Australia believes that this proposal is in response to concerns raised in
public submissions regarding the use of Oenpelli Road, and the need for
boat transport approval from the Director of National Parks and Wildlife.

Water supply for the camp would be drawn from the nearby Ja Ja Billabong
(part of Magela Creek), or by tanker from Ranger if this source in
unavailable during the dry season. Effluent would be treated via a septic
tank and leach drain system located above Magela creek flood levels. Solid
waste would be transported to the Jabiru refuse disposal site.
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4.2.3 Jabiluka Site Construction

Earthworks construction would comprise:

site roads to ventilation raises and explosives store
surface drainage channels and levee banks
building foundations
truck parking hardstand and refuelling area
ore and waste stockpile hardstands
retention/recycle ponds.

Figure 2 indicates the detailed mine site layout and the location of the
above facilities.

Construction details are as follows:

Site roads would be formed and compacted but not sealed due to their low
use. Sediment traps, culverts and outlet structures would be provided
where drainage lines are crossed or surface flows are intercepted. The
explosives store would require an earth bunded surround which would
be constructed at natural angle of repose. Due to the risk of fire,
stabilisation would be by rip-rap and other non-flammable material (as
would the fuel tank bunds). Light vehicle carparks would be similarly
bunded.

Building foundation preparation would be required for all surface facilities
and buildings. This would comprise trimming of the existing surface and
compaction prior to import and compaction of gravels or sandy material if
required.

The truck parking hardstand and refuelling area would include parking
areas to service the site workshop and all hardstand (ore and waste
stockpile) and vehicle manoeuvring areas. Construction materials would
be the same materials as used for the haul road construction and topsoil
would be removed and stockpiled for use on areas requiring rehabilitation.
To ensure no runoff leaches through the pad, the pad grade would have a
minimum fall of 1:100 and the pavement would be treated with an
approved additive to increase pavement density and reduce permeability.

The retention and recycle ponds would be constructed by stripping topsoil
for use on areas to be stabilised then followed by cut and fill of the pond
base area, plus construction of embankment walls. Maximum cut would
be approximately 5 metres. Material for construction of the base of the
embankment would be either borrow from cut (if suitable) or materials
from the same source as for the road pavement. All fill material and the
base would be compacted, trimmed and rolled to provide a smooth,
unyielding and competent surface for the placement of a flexible
membrane liner (FML) over a thin layer of sand.
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4.2.4 Construction Facilities

Temporary construction facilities at Jabiluka would be provided by two
small transportables to provide office facilities and shower and ablution
facilities for both construction workforce and the initial small production
workforce. The maximum construction workforce (including visitors) at
the mine site at any one time is expected to be up to 150.

In the initial stages potable water would be obtained from underground
sources while a mobile generator would provide power. Effluent from
ablutions would be disposed of by septic tanks and adsorption/
transpiration trenches, as for the mine operation.

4.2.5 Construction Material

The establishment of facilities at the mine site and haul road would
necessitate the use of material sourced from the general mine area, from
Ranger and from external sources. Materials such as clay, gravels and sand
would be sourced from nearby deposits. Comprehensive field
investigations have yet to be carried out to confirm all locations, although
the draft EIS and the Supplement indicate expected sources (D 4-21, S 5-9).
The Supplement states that the proposed sources for construction
materials would be submitted to statutory authorities for approval prior to
construction. Other basic materials would be sourced through Darwin.

Haul road construction would necessitate the use of cut material as fill as
well as borrow to fill. Borrow to fill would be sourced mainly from Ranger
inert magnesite waste stockpiles and a small amount of Ranger #3
unmineralised sandstone. Gravel borrow pits would also need to be
established near the road corridor to source approximately 50,000 m3 of
material. One of the gravel pits near the centre of the haul road route
would be utilised for ongoing maintenance and rehabilitated each dry
season during the operating period. Borrow pits would be sited, operated
and rehabilitated in accordance with government guidelines and best
practice.

4.3 Jabiluka Surface Facilities

4.3.1 Stockpiles

Upon commencement of mining at Jabiluka, a run of mine ore stockpile
would be developed. The ore would be dumped by the mine haulers
travelling up a ramp and tipping their load. The ore stockpiles would be
contained within the Total Containment Zone (Section 4.5.1). The
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maximum size of the stockpile is*planned to be 20,000 tonnes
(approximately 8,000 m3) with a maximum stockpile height of 8 metres.
Ore would be removed from the stockpile faces by a front end loader
which would load ore direct into triple trailer road trains for transport to
Ranger. Waste from the Jabiluka mine would be screened via a
discriminator prior to placement in the waste stockpile in the same way.
Waste to be removed in the construction period or use in the pond
embankments or roadworks would be loaded by front end loader into
construction vehicles and taken to its point of use. During the operating
period, waste to be used for backfill would be loaded either directly from
the stockpile face into mine haulers by front end loader or via a backfill
plant that would be established (see below).

The maximum capacity of this backfill stockpile would be 150,000 tonnes
with a maximum height of 15 metres. At times there would be cartage of
waste rock from Ranger, tipped at the stockpile prior to use as backfill in
the mine.

Movement of the Jabiluka-Ranger road trains at the mine site would be
single pass ie. entering the hardstand area from the south and exiting to
the north. All trucks leaving the stockpile area would pass through a truck
wash station where fixed sprays would remove any dirt adhering to the
outside of the trucks and the surface of the ore load would be wetted to
minimise dust emissions during the trip to Ranger. The tray would then
be covered by a tarpaulin. A light vehicle wash down facility would also
be provided to enable those vehicles which have travelled underground to
be washed down prior to leaving the Jabiluka site. A similar truck wash
station would be provided at Ranger. All wash water would drain back to
the retention pond by surface drainage channels.

For the waste rock or backfill to be hauled underground, mine haulers
would position themselves under the mine fill bin located at the south
west corner of the stockpile area prior to returning to the portal and
decline.

4.3.2 Backfill Plant

The mined-out mine stopes would be progressively backfilled with mine
waste for the duration of the mine life. Cemented waste rock backfill is not
required by the operation until the second year of production, therefore
construction of the backfill plant facility would commence during the first
dry season after the commencement of production. The backfill plant is to
be located adjacent to the southern side of the waste stockpile. Cement
would be stored in a 500 tonne bin located on the southern side of the
backfill plant.

The backfill plant would screen and remove waste rock that was either too
large or too small. This would be used as backfill in areas not requiring
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cemented backfill. Cement would be mixed with water pumped from the
retention pond to form a cement slurry. The cement would be sprayed
into the mine haulage trucks as they were loaded with the waste rock.

4.3.3 Ventilation

The ventilation system would comprise five inlet and two exhaust shafts
to the underground operations at the locations indicated on Figure 2. Each
shaft would have a fan at the inlet/outlet point, and be constructed in
prefabricated sections and raised into place by crane. Access would be via
the construction access track. Some tracks already exist and it is expected
that approximately 1 ha of land would need to be cleared for access and
installation. The shafts would be 12 m high.

4.3.4 Administration/Workshop

The single building facility would comprise separate sections for
administration offices, changehouse facilities, lunch room facilities, a shift
change area, a small local warehouse area and maintenance workshop
facilities.

The workshop facility would comprise a four bay workshop, that would be
used for truck maintenance, servicing, and longer-term maintenance of
other equipment such as drills. In addition to the four bays, an additional
area would be provided for component overhaul and assembly.

4.3.5 Water Supply

The final EIS proposes that potable water and mine make-up water would
be supplied from the source shown on Figure 2. Expected consumption of
potable water (max 9.0 m3/d) and make-up water in droughts (170 m3/d) is
within the bore's determined long term yield of 260 m3/d. Chemical
testing of water samples show that the water is of a high quality and
suitable for human consumption and further testing to verify chemical,
bacteriological and radiological water quality parameters would be
undertaken prior to construction. Experience from the existing Ranger
operation has shown that groundwater in the general area is acceptable for
drinking purposes without the need for water treatment. Water would be
transported to the mine site facilities by a 150 mm pipeline resting on the
ground and requiring minimal ground disturbance and no additional
clearing.

The installation of the potable water bores and delivery pipe work would
be undertaken as soon as access to the site is available following project
approval. The potable water supply system would be installed by the time
the decline contractor has mobilised and would also provide potable water
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to satisfy requirements of the construction workforce. As a contingency
measure, potable water would be imported by road tanker if sufficient
water of suitable quality (chemical, radiological and bacteriological) cannot
be located in the vicinity of the surface facilities. Potential impacts upon
groundwater and alternative potable water supplies are addressed in the
Section 6.2.

Water from the retention pond would be required for underground use as
well as for truck washing, backfill plant and general wash down
requirements. Provision has been made to reticulate pond water from the
water management system to these locations. All recycled water would
drain back to the retention pond. Pond water would also be provided to
the workshop area for wash down requirements.

4.3.6 Sewage Treatment

The final EIS states that a sewage treatment plant could not be justified
with the small size of the workforce, and therefore septic tanks would be
used. Sewage facilities are likely to involve septic tanks with sewage
piping which would connect overflow from the septic tanks to a set of
designated absorption/transpiration trenches for removal of any residual
nutrients by soil/plant adsorption processes. Sewage generated by the
underground workforce would be managed by portable storage systems
that would be raised to the surface on a daily basis for decanting into the
portal septic tank.

The location of the septic tanks and the absorption/transpiration trenches
would be subject to the site assessment criteria for sewage disposal systems
as defined by the Territory Health Service. The land area for the
absorption/ transpiration trenches is estimated to be approximately
750 square metres. Such an area would ensure that there would be no
discharges of effluent from the septic system. Septic tanks would be
desludged by an approved contractor. Sludge would be disposed of in
accordance with the Territory Health Services guidelines. Site specific tests
would be made to ensure that nutrient export levels do not encourage
undesirable plant growth in nearby streams.

4.3.7 Fuel Storage and Demand

A bunded and fenced fuel storage area would be located to the west of the
workshop facility. The void volume within the bund would be in
accordance with Australian standards and allow for probable maximum
precipitation event rainfall. Other appropriate safeguards would be in
place. Runoff would be directed to the recycle pond after passing through
oil separators. Fuel would be delivered by tanker via Ranger and the haul
road.
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4.3.8 Explosive Storage and Handling

An ammonium nitrate explosive storage and mixing facility would be
located in accordance with statutory requirements and Australian
safeguards and would be clad on all sides and installed with a concrete
floor. All floor surface areas would be drained to the retention pond.

4.3.9 Power Supply

The initial power supply would be by mobile diesel generators. A
permanent power supply is not required until year 3 of operation when
production output would increase significantly. During the dry season
preceding the planned production increase, a permanent 66 kV
transmission line would be installed from the Ranger power station to the
Jabiluka site. This transmission line would be installed along the
alignment of the haul road corridor. The Supplement indicates that the
proposed power line design will be changed from that indicated in the
draft EIS so as to comply with Australian standards and industry
guidelines. Short spans would be used to minimise bird strikes and the
power line will be attached to the bridge structure at creek crossings.

4.3.10 Fencing

The final EIS proposes that the location and configuration of fencing
around the mine site and haul road would be the subject of negotiations
with the Aboriginal landowners. Fencing would be established along the
Australian Heritage Commission area boundary as well as most of 'Mine
Valley', the mine site and the haul road corridor down to the boundary
with the Ranger Project boundary. The main purpose of the fencing
would be to delineate the boundaries of the Jabiluka Project Area and haul
road corridor so that there is a clear demarcation to mine employees not to
enter adjacent lands, particularly the Jabiluka outlier, rather than form a
distinct barrier to movement.

4.4 Mine Operation

4.4.1 Underground Mining Method

The Jabiluka #2 deposit is one of the most significant unconformity related
uranium orebodies in the world. The deposit is located beneath an outlier
of Kombolgie Sandstone. The geology is described in Section 6.1 of the
draft EIS and shown in Figure 4.

Although the orebody has been delineated from drilling, it is still 'open' at
depth as drilling conducted from the surface has yet to reveal the full
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extent of the orebody. It is possible that as mining progresses, and further
drilling can be conducted at depth, additional uranium bearing ore may be
discovered. This could have implications for the life of the mine and
tailings storage volumes at Ranger. Gold mineralisation also occurs in
part of the orebody. ERA does not propose to extract the gold. The possible
extraction of gold is discussed in the alternatives section.

Underground work would commence with the construction of the decline
down to the orebody. The decline is the tunnel used to reach the orebody
and to transport ore and waste rock to the surface. The final EIS proposes
an open stoping mining method where drilling and blasting is used to
break up a large cavity of ore, which is then extracted from a tunnel at the
base. The stope would then be filled with cemented and uncemented rock
backfill as required. A longitudinal section of the mine layout is shown in
Figure 5. Further information and diagrams are provided in the draft EIS
(Chapter 4). The ore and backfill would be hauled by a fleet of trucks.

Shafts will be drilled to the surface for air intake and exhaust. The
ventilation system has been designed to manage and control ventilation
in a way that will maintain employee radiation exposure levels below the
20 mSv/a average dose limit proposed by the International Commission
on Radiological Protection. The ventilation system would provide
approximately double the airflow that would be expected in a non-
uranium mine. This is discussed further in the impacts section. The draft
EIS outlines strategies to be addressed in the development of a health and
safety system to ensure safe systems for work underground and support
activities (D 4-56).

4.5 Jabiluka Water Management

The water management system (WMS) at Jabiluka is based on the
segregation and management of waters according to catchment origin and
water quality (refer to Figure 6):
• Catchment Runoff Zones (CRZ): These waters are in contact with

undisturbed catchment in the project area. They will be intercepted by
cut-off drains and diverted away from mine facilities to natural drainage
lines.

• Sediment Control Zones (SCZ): These waters essentially comprise
turbid runoff from non-mineralised areas such as roads and surface
facilities at the mine site. These waters will be treated to remove readily
settleable solids ahead of free release to natural drainage.

• Total Containment Zone (TCZ): The TCZ includes all subcatchment
and storage units which are likely to generate or store contaminated
runoff resulting from mine-related activities. At Jabiluka, this
effectively means any area where material containing more than 0.02%
uranium is mined, stockpiled, stored or handled, or any catchment
draining such an area. Runoff from the TCZ will not be released to the
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environment but rather stored in the retention pond where it will be
recycled for use or evaporated.

Outside catchment flows will be prevented from entering the SCZ and
TCZ by diversion drains and bunds on the northern and southern sides of
these zones. These drains and bunding will be sized to accommodate the
probable maximum precipitation (PMP) event so that during these events
water cannot enter the TCZ from the SCZ, or vice versa. SCZ areas will
additionally contain internal bunding and drainage designed to handle a 1
in 10 year rainfall event. To avoid potential flooding of facilities from a
more significant rainfall event, a bund wall between the drain and the
facilities would be constructed where necessary to accommodate a six
minute PMP event. Where necessary scour protection would also be
provided. The proponent believes that the chosen drainage design will
protect the TCZ and SCZ areas against possible in-flows from the external
catchment.

The major water objectives of the WMS are to:
• protect the environmental values of aquatic ecosystems downstream of

the project area;
• provide a reliable supply of process and potable water to the operations;
• comply with all relevant statutory requirements that govern the

operational phase of the project; and
• enable the safe and environmentally effective decommissioning and

rehabilitation of the site upon cessation of mining activity.

ERA has committed to a system that will have primary regard for the
environmental values of a region that experiences extremely variable
climatic conditions. With best practice technology to be used to achieve
the goals of the WMS, the following underlying principles have been
adopted for design and are proposed for operation of the WMS:
• Contaminated water not to be* released to the environment;
• Minimise importation of water (including ingress of groundwater to

underground workings);
• Maximise water recycling;
• Segregate and manage water based on the ERs that apply to the Jabiluka

Project;
• Maximise containment of contaminants through contaminant source

control;
• Minimise disturbance to catchment areas and the use of land;
• Use proven and reliable technology and/or management methods;
• Identify risks and develop contingency actions; and
• Monitor system performance and continually improve technology as

more information becomes available.

ERA believe that the small size of the Jabiluka mine site compared to that
of Ranger, allows for the total containment of all contaminated runoff by
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applying the principles underlying the WMS without the need for
supplementary treatment by land application and/or wetland filtration.

4.5.1 Total Containment Zone

Because processing of Jabiluka ore will only occur at the Ranger mill, with
tailings being deposited in the approved Ranger tailings repositories,
management of process water is not an issue at Jabiluka.

Water which exceeds mine area requirements will be directed to either the
recycle pond (poorer quality water comprising of undiluted stockpile
leachate and first-flush runoff, and for use in dust control, plant
washdown and cemented underground rockfill) or the retention pond
(better quality water, of lower contaminant concentrations, and for
preferential use for ore wet down, vehicle wash and dust suppression
around the mine site). Runoff from the site workshop, truck parking
hardstand and refuelling areas will also be passed through an oil trap prior
to containment in the recycle pond.

Seepage water into the mine workings will be collected and pumped to the
surface retention pond. Rainwater runoff will also be collected in the
retention pond and disposed of via evaporation. The disposal of excess
water (up to 40 000 m3) through misting into mine ventilation outlets is
mentioned in the proposal. Potential impacts are discussed in
Section 6.4.3. The draft EIS also notes that up to a further 50 000 m3 is
proposed for in-mine dust control.

To maintain a zero release criterion from the TCZ, the retention pond
system has been designed on the basis of total containment of runoff from
a theoretical extreme wet season with a 1 in 10 000 Annual Exceedance
Probability. The pond storage has been designed to provide for the critical
seasonal rainfall sequence derived from a 'Monte Carlo' analysis of annual
rainfall and to preserve a necessary margin between the peak water level
and the storage crest for wave action. The Monte Carlo method is a
stochastic numerical approximation technique.

A flexible membrane liner will line the retention and recycle ponds
because there is insufficient clay sources available in the lease area for
preparation of the pond base. Because soil surveys have not been
conducted at the site, it is uncertain as to whether sufficient material is
available to form a compacted base. The FML will be manufactured to
either accepted international standards from Europe or the United States
Environmental Protection Agency (USEPA). There is no equivalent
Australian standard for the specificity or use of flexible membrane liners.
The FML proposed is 1.5 mm high density polyethylene (HDPE) for the
base and 2.0 mm HDPE for the embankment walls, and will meet the
minimum requirements as listed in Section 4.3.4 of the draft EIS.
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In comments on the draft EIS, Environment Australia noted that the
USEPA normally require a double liner with an alarm system to detect
leakage between membranes. Environment Australia considers that this
option is within the context of Best Practicable Technology. Responding to
these comments, the proponent acknowledged in the Supplement that a
double liner is less susceptible to leakage from liner damage and is able to
incorporate leak detection equipment in the sand sandwich layer.
However, to achieve these advantages the proponent considers that the
significantly higher capital cost (approx. 35 % higher) is not warranted.
Instead, ERA believe that the installation of a single liner above a thin
sand layer over compacted sub-base provides sufficient confidence that the
additional cost can be avoided. However, in the Supplement ERA noted
that if geotechnical investigations indicate unsuitable material and site
conditions, then a double liner with leakage detection would be considered
for the pond (S 5-9).

Recommendation 3: All geotechnical data relating to the retention pond
site should be submitted to the Supervising Scientist, to assess the need or
otherwise for a double liner with an alarm system to detect leakage
between membranes, as is the standard adopted by the USEPA.

Embankment height would be adequate to provide storage capacity of the
designated event plus a freeboard to allow for wind generated waves.
Following comments on the draft EIS, further modelling of the water
balance and peak storage requirements indicated a higher peak storage
volume of 583 000 m3 was required, as opposed to 500 000 m3 previously in
the draft EIS. With a maximum depth of stored water of 8 m, the design
capacity of the pond was modified to allow for this higher volume, and the
freeboard has been reduced from 1 m to 0.9 m. There is no Australian
standard for freeboard requirements. The pond will be operated so that at
1 September each year the water in the pond should not exceed a depth of
5.75 m. The 2.25 m above this level is the volume available for storage of
an extreme wet year net runoff.

4.6 Ore Haulage to Ranger

An assessment of the alternative methods of ore haulage is set out in the
Supplement (S 6-10). Haulage by road transport was identified as the most
suitable option, although the final EIS notes that rail may be considered as
an option if production were to increase to in excess of 1.2 Mt per year.
The rail option is not covered in the final EIS and would result in different
impacts to the road if carried out.

Recommendation 4: It be noted that the Assessment does not include
assessment of the impacts of rail haulage. If a proposal is made to use rail
haulage at a later date, the impacts would need to be considered separately
through further environmental impact assessment.
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Road trains would consist of a prime mover with 16 tonne capacity, with
three trailers of 27 tonne capacity. Trucks would be loaded by front end
loader and washed before departure. The loads would be sprayed with
water and covered with a tarpaulin to control dust emissions. Trucks
would be speed limited to 80 lan/h and haulage would not be undertaken
when floodwaters cross the road surface or during intense rainfall events
that may significantly affect driving safety.

The total length of the haul road would be 22.5 km with a total disturbance
area of 54 ha. The proposed road width of two 3.5 m lanes with 1.5 m
shoulders is designed to comply with Australian Standards and NT Mine
Management Regulations. It is not proposed that the haul road would be a
total containment zone as the haul trucks and other vehicle would be
washed down at both Jabiluka and Ranger. Drains and sediment and
erosion control structures would be used for runoff. Bridges would be
designed with a 1 in 100 year flood immunity plus one metre of freeboard
for debris beneath bridge beams. It is proposed that underflow culverts at
smaller streams and for across ground water flow be designed to a 1 in 10
capacity. After reviewing the draft EIS, ERA now propose to seal the haul
road with bitumen. Haul road impacts were an issue of concern with
some public submissions and are discussed in the impacts section.

4.7 Ranger Operations

The proposal to mill Jabiluka ore at Ranger and dispose of the resultant
tailings in the Ranger open cut pits removes the need to develop a
separate milling and tailings disposal facility as part of the Jabiluka
proposal. The life of the Ranger operation would, however, be extended
an extra 17 years.

4.7.1 Processing of Jabiluka Ore at Ranger

In comparison to Ranger ore, Jabiluka ore has:

• a higher uranium grade;
• a significant presence of graphite;
• gold within the higher grade uranium ore - gold grades not considered

by ERA to be sufficient enough to justify separate extraction.

The higher uranium grades, coupled with the subtle mineralogical
differences, infers that extraction operating parameters for Jabiluka ore will
be similar to those for Ranger except that overall recovery will be higher.
The final EIS reasons that the integration of Jabiluka ore with Ranger ore
is both environmentally and economically beneficial.

Ranger has recently undergone a plant upgrade to cater for a 50% increase
in throughput. No significant changes to infrastructure are required for
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the milling of Jabiluka ore , however in order to optimise the plant
performance on Jabiluka ore, the following changes would be required:

• installation of a graphite removal circuit to prevent graphite carry over
to the process water and pregnant liquor circuit;

• increased acid and oxidising agent addition making a slightly more
aggressive leach regime to optimise uranium recovery. This will
compensate for the existing Ranger plant leach retention time of 24
hours compared with the optimum design retention time of 36 hours
for Jabiluka ore;

• increased flocculant addition to assist in settling in the Counter Current
Decantation circuit;

• minor increases in amine, ammonia and fuel oil consumption in
proportion to the increased feed grade;

• increased solvent extraction strip liquor circuit flow rates to enable
processing of the higher feed grades. This upgrade will be required when
the contribution of Jabiluka ore increases the mill head grade above
0.4 % U3O8; and

• increase the capacity of the product calciner when annual production
exceeds 4,500 t/a U3O8.

The milling process is described in the draft EIS (D 4-61). An unloading
site for Jabiluka ore and a loading site for Ranger waste rock (to be disposed
of underground at Jabiluka) are likely to be located adjacent to the relevant
stockpiles at the Ranger site.

4.7.2 Tailings Disposal

Until August 1996, tailings from Ranger mining operations were deposited
in a 107 ha tailings dam with a capacity of 15 cubic mega metres (Mm3) and
currently containing an estimated 11.6 Mm3 of tailings. Since August 1996,
tailings have been deposited in the mined out Ranger #1 pit. It is
proposed that all Jabiluka tailings would be disposed of in the two open cut
pits at Ranger - pit #1 and #3. The tailings, in combination with tailings
from Ranger ore would be initially deposited in Pit #1. Following the
filling of Pit #1, tailings from Jabiluka ore and any remaining tailings from
Ranger ore will be deposited in pit #3.

The ERs appended to the UMEC Act require that all tailings at Ranger
must be deposited in or transferred to the mine pits unless an alternative
disposal process is proposed by which the environment would be no less
well protected than by depositing or transferring the tailings to the mine
pits. The Supplement describes the regulatory regime relevant to the
management of tailings at Ranger (S 5-28). The final EIS reports that ERA
still has two options under consideration in disposing of the tailings in the
tailings dam:
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• transfer to and deposition in the mined out pits;
• in situ rehabilitation of the tailings within the existing tailings dam

with deposition of the balance in the pits.

ERA proposes to provide a discussion document to the Alligator Rivers
Region Advisory Committee on the options no later than December 1997.
The final EIS states that ERA is not prepared to commit to either option
until a full Best Practice Technology assessment has been conducted. For
the purposes of this assessment it is not appropriate to assess the impacts
of the disposal of Ranger tailings as their production and disposal is not as
a result of or facilitated by the action under consideration. The final
volume of Ranger tailings to be placed in pits #1 and #3 will however play
a role in determining the impacts of deposition of Jabiluka tailings in the
same pits. For the purposes of this assessment it is necessary to assess the
impacts of disposal of Jabiluka tailings in Ranger Pits #1 and #3 both with
and without the inclusion of those tailings currently in the Ranger tailings
dam. While some public submissions argued that the final disposal site
for the tailings dam tailings must be resolved before the disposal of
Jabiluka tailings can be assessed, this is not the case as long as both options
are assessed.

The final EIS discusses four different scenarios for tailings disposal (S 5-31):

a) disposal of Ranger tailings in the pits without Jabiluka tailings and
without transfer of tailings from the tailings dam;

b) disposal of all Ranger tailings in the pits without Jabiluka tailings;
c) disposal of Ranger and Jabiluka tailings in the pits except for Ranger

tailings in the tailings dam;
d) disposal of all tailings from Ranger and Jabiluka in the pits.

Figure 7 displays the amount of tailings that would be located in each pit
in scenarios c and d. It is important to note that it is intended to deposit
21 Mm3 of tailings in pit #1 whether or not the Jabiluka proposal proceeds,
therefore, potential impacts of Jabiluka tailings disposal at Ranger revolve
around tailings disposal in pit #3.

Prior to the commencement of tailings deposition in Pit #1, a dewatering
adit and borehole were constructed to pump water from the bottom of the
pit together with an underbed drainage layer to aid dewatering of the
tailings as they compress and consolidate.
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4.7.3 Ranger Water Management

The Ranger Water Management Strategy (RWMS) is well established and
has been the subject of several reviews regarding its operation and
effectiveness of environmental management. The RWMS has three main
internal components:
• tailings circuit within the Restricted Release Zone (RRZ), for water

never to be released;
• JRJRZ pond circuit, for which ERA have committed to not seek the

release of untreated RRZ water except in extreme circumstances that
pose a threat to life and property; and

• Non-RRZ ponds, for water to be released freely (RP1) or under strict
dilution requirements (RP4) depending on its quality.

The main water inputs to the RWMS are: rainfall and runoff within the
mine area to its pits, ponds or external drains; seepage into the pit; and
importation of Magela Creek water for process use after particularly dry
years. The main water outputs are: water 'locked up' in stored tailings;
evaporation; water release from the non-RRZ ponds and externally
flowing non-RRZ drains; and seepage to groundwater. There has been no
release of RRZ waters during the mine's operating history. Therefore,
because more water is collected in the permanent RRZ than can be lost
within it in most years, the system has been held in balance since 1985 by
the use of spray irrigation on neighbouring bushland. This has been
supplemented since 1995 by wetland filtration and flood irrigation over
two areas totalling 69 hectares. To comply with legislative requirements,
the irrigation areas become RRZ for the duration of irrigation and non-
RRZ when not in use. Further discussion of the RWMS is at Section 4.13
of the draft EIS.

4.8 Transport

The transport and handling of uranium oxide from the Ranger site to
international destinations is covered by the Nuclear Non-proliferation
Safeguards Act 1987 and regulated by the Australian Safeguards Office.
The NT also has requirements for uranium producers which include
transport regulations and need for a licence.

The existing arrangements for transport of uranium oxide from Ranger to
Darwin Port are as follows:

• Uranium oxide drums are loaded into 6 m shipping containers at
Ranger. Up to 50 containers may be stored at the mine site at any point
in time.

• One week before the cargo ship sails from Darwin, the haulage
contractor picks up the containers from Ranger and transports them via
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the Arnhem and Stuart Highways to their security compound at
Berrimah for short-term storage.

• When ship loading is planned, the Senior Supply Controller from
Ranger supervises the handling from the compound to the ship.

• Trucks cart the containers from the compound to Darwin Port—
containers are taken direct from the truck to the ship.

Spillage containment and collection equipment, e.g. special purpose
industrial vacuum cleaners, waterproof cover sheet, shovels etc are kept at
Ranger and Berrimah. All those involved in the handling procedure
have been instructed regarding emergency measures to be employed in the
event of spillage. No incidents have occurred in the 15 years of transport
of the product from Ranger to the port.

The above procedures will not change with the increased output associated
with Jabiluka although there will be an increased movement of haulage
trucks and ships from the Port. At present there is an average of five
shipments per year of 30-35 containers. At peak production there would be
6.5 shipments per year, with each shipment comprising three separate
convoys of trucks over a three day period (five trucks per convoy, each
truck carrying three containers).
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5. Description of the Environment

5.1 Introduction

While the existing environment has been described in the EIS
documentation, Environment Australia is of the view that some of the
necessary baseline data required for assessment of the proposal is absent in
this material. This is further discussed in Section 5.15. The following
descriptions of the physical, chemical, biological, and cultural
environment must be read in light of these deficiencies.

5.2 Regional Setting

The ARR is situated east of Darwin, NT, and is broadly defined by the
catchments of the West, South and East Alligator Rivers (Figure 8).
Contained within this region is KNP, covering an area of 19 804 km2. It
extends from the coast in the north to the southern hills and basins
150 km to the south, and from the Arnhem Land sandstone plateau in the
east, 120 km through wooded savannas to its western boundary. Major
landforms and habitats within the Park include the sandstone plateau and
escarpment, extensive areas of savanna woodlands and open forest, rivers,
billabongs, floodplains, mangroves and mudflats.

5.3 Climate

The climate of the Region is monsoonal, with the hot Wet season
occurring generally between November-March and the cooler Dry between
May-September; April and October are generally transitional months.
Mean monthly maximum temperatures, as measured at Oenpelli for the
period 1963 to 1994, is approximately 38°C in October, while the mean
monthly minimum is approximately 18°C in July. Annual mean rainfall
of 1446 mm has been recorded at Jabiru Airstrip between 1971 and 1995,
and 1365 mm at Oenpelli between 1911 and 1995. High intensity storms
are characteristic of rainfall in the summer months.

At Jabiru Airstrip, relative humidity levels are high throughout the year
with a daily average ranging from 54 % in July to 80 % in January. From
April to September winds are predominantly from the south-east and east,
but from November to February they are more variable and often have a
strong westerly and northerly component. Tropical cyclones frequently
develop over the seas north-west, north and east of Arnhem Land and a
number of these have passed through the region. Since 1959 there have
been at least seven tropical cyclones that have passed sufficiently close to
the region to have had some effect. Nonetheless, the proponent believes
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that there is a low probability of a tropical cyclone retaining destructive
intensity as far inland as the project area.

5.4 Geology

Sandstones dominate the landscape with prominent sandstone scarps and
plateaux associated with the Jabiluka Outlier and Arnhem Land to the east.
To simplify the process of land evaluation, commonly occurring
environmental attributes (geology, topography, drainage pattern,
dominant soil types) are combined by mapping land systems. The
following five land systems have been identified in the Project area:
• Kombolgie Sandstone (1): Associated with the Arnhem Land Plateau, it

occurs mainly in the Jabiluka mine operations area.
• Kombolgie Sandstone (2): Occurs both to the east and west of the

Jabiluka outlier and in the greater region on alluvial and colluvial fans
at the base of the Arnhem Land Escarpment.

• Cahill Formation: Occurs in the greater region on surface deposits of
the Cahill formation in the vicinity of Ranger Mine, in a large area
approximately 20 km west near Nanumba Creek, approximately 15 km
south near the Mount Brockman Massif and further west in an area
south of Mount Cahill and again further west in the Cooinda area.

• Quaternary Plain: Occurs extensively in areas dominated by sands from
the escarpment, on dryland areas not presently inundated by creek
flooding.

• Quaternary Alluvium: Occurs extensively in drainage channels (i.e., 7],
North Magela and Magela Creeks) and floodplains composed of sands
from the escarpment.

Within these five land systems, nineteen land units have been described
based on vegetation communities (structure and composition).

The Jabiluka uranium orebody is located beneath an outlier of Kombolgie
Sandstone in schists of the Lower Proterozoic Cahill Formation within the
eastern part of the Pine Creek Gepsyncline (downwarp of the earth's crust
filled with sediments and lavas many kilometres in thickness).

5.5 Soils

The mantle of rock material overlying bedrock in the project area varies
from shallow sands over sandstone on the outliers, through sands
overlying deeply weathered lateritised saprolites of the country rock on the
lowlands, to organic clay loams, sand and clays on the Magela floodplain.
Red earths on sandstone are found in the area where it is proposed to
locate mine facilities. Deep sands that are saturated in the wet season;
lateritic red and yellow earths on mica schist; and fluvial material and
siliceous sands are found along the transport corridor. The haul road
corridor to Ranger will cross soils which are subject to seasonal inundation
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and ground water throughflow. Along the first seven kilometres the
corridor crosses a series of alluvial fans which drain from the outlier and
lead to Swift Creek. The finer sediments are transported in suspension to
billabongs downstream on the Magela system in early wet season flows.
Beyond the outlier the drainage system opens out into the upper parts of
the broader Magela plain and the corridor crosses less defined channels
draining larger catchment areas. These channels are braided and have
floodplains behind a sandy levee that receive and retain water for longer
periods and act as sinks for the finer sediments.

Soil classification to the east of the Jabiluka outlier (which includes the
proposed mine surface site and haul road) has been based on interpolation
from other sites by referring to geology (from maps), slope and vegetation
characteristics (from topographic maps and aerial photographs). When
permission to access restricted areas has been granted by the Traditional
Owners, ERA intends to conduct further surveys to address in detail the
area east of the outlier, including geotechnical soil studies for construction
purposes and erodibility considerations.

5.6 Hydrology/Hydrogeology

The major streams of the Region arise in the highly-leached sandstone of
the Arnhem Land plateau, which* occupies a large portion of the Region's
eastern and southern sections, and consequently their waters have
extremely low concentrations of solutes (Humphrey et ah, 1990). After
flowing from the plateau through deeply incised escarpment valleys, the
major streams occupy largely sandy and often braided channels and flow
through extensive and flat lowlands, to enter the broad, seasonally-
inundated floodplains. Tributaries of the larger Alligator Rivers such as
Magela, Cooper and Nourlangie Creeks, have disjointed drainage lines as
they enter their floodplains.

The marked seasonal occurrence of the rainfall means that flow along the
entire length of most streams of the Region occurs only from about
January to May (Humphrey et ah, 1990). In Magela Creek, total annual
flow past Ranger averages about 400 x 106 m3, but may vary from one third
to twice this volume (Humphrey et ah, 1990).

The aquifers in the region have typically been divided into a shallow
aquifer associated with the unconsolidated sediments overlying the
bedrock and a deeper fractured rock aquifer in the underlying bedrock.
Groundwater investigations in the Jabiluka area have shown that
structural features such as faulting associated with the sandstone/schist
contact and formation of coarse grained rock matrices (i.e., brecciation) are
important controls in the groundwater flow through the deeper fractured
rock aquifer. The deeper fractured rock aquifer is extensive in area and
likely to be associated with local and regional groundwater flow systems.
Recharge to this aquifer is expected to occur in the elevated outcrop areas
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and the groundwater flow is likely to follow the topography. The shallow
aquifer associated with the alluvial sediment is restricted in extent to the
valleys and is likely to form a local groundwater flow system.

The degree of connection between the deep and shallow aquifer systems
was not able to be defined by the proponent from the available data.
Investigation of groundwater characteristics is required before the proposal
commences.

Recommendation 5: The degree of connection between deep and shallow
aquifers needs to be established during the collection of groundwater
quality and quantity baseline data, before the proposal commences.

5.7 Water Quality

Baseline water quality data is largely absent in the EIS documentation, and
at the very least does not cover a minimum of one year (i.e., all four
seasons). Additionally, since the interest is in how aquatic ecosystems in
and around Jabiluka respond to stress, studies must extend over a period
sufficient to allow effects of low and high rainfall to be experienced by a
system (Faith et ah, 1991). In this regard, Faith et ah (1995) reported that a
minimum of three years of baseline data is required in the ARR to cover
the range of these rainfall events.

From sources not referred to in EIS documentation (e.g., Hart et ah, 1987;
Humphrey et ah, 1990,1995), however, a general picture of the background
condition of Magela Creek is possible. During the Wet season proper (i.e.,
once a continuous flow has become established), Magela Creek water is
acidic (mean pH = 5.2). This results from the natural acidic quality of the
rain and the low buffering capacity of the catchment rocks and soils.
Concentration of salts in the water is very low as are concentrations of
suspended materials, major chemical constituents (e.g., sodium,
magnesium, calcium, potassium, sulphate, bicarbonate/carbonate, and
chloride), nutrients and trace metals, including radionuclides.

At the cessation of creek flow and over the ensuing Dry season, billabong
water quality generally 'deteriorates' considerably in all but the channel
billabongs. These latter deep (up to 6 m), clear, well-oxygenated and sandy-
bottomed waterbodies tend to retain the chemical qualities of the Wet
season throughout the year. Turbidity generally increases in the billabongs
during the Dry season as a result of biogenic or wind-generated
resuspension of the fine clay sediments. Evaporation and/or inflow of
mineralised groundwater result in higher salinity (e.g., from increased
concentrations of sodium, magnesium and sulphate ions) in billabongs.

From a common pH of 5.0-5.6 in the Wet season, pH generally increases to
6.2-6.9 at the beginning of the Dry season and thereafter declines in most
Magela Creek billabongs to 4.0-5.0 over the Dry period. Water

The Jabiluka Proposal—Environment Assessment Report
Environment Assessment Branch, August 1997



53

temperatures range from 22 °C in July to 35 °C in November-December.
Phytoplanktonic productivity increases over the Dry season, generally
proceeding in a downstream direction.

There is limited hydrological and water quality data for Swift Creek. The
Environmental Research Institute of the Supervising Scientist (ERISS), the
local research authority on the ARR, also noted that the lack of adequate
data on aquatic macroinvertebrates in the streams near the proposed mine
site and along the haul road needs to be redressed before the project
commences, to ensure that a suitable biological monitoring program can
be designed and implemented. For example, a rare dragonfly species
(Indolestes obiri) has been identified as being resident on the Jabiluka
outlier, and classified by John Hawkins (dragonfly larvae expert) as
Conservation Dependent. Some details of the species have been
documented in the Zoological Catalogue of Australia, Volume 6 (see also
Watson and Moulds, 1979). Because this dragonfly has not been identified
elsewhere, ERA will need to undertake further survey work to better
define its spatial distribution.

Recommendation 6: ERA should engage a suitably qualified limnologist
to conduct an extensive survey of the aquatic fauna that potentially will be
impacted by the proposal, to determine species composition and
distribution.

Further discussion on the adequacy of baseline studies conducted to date,
and the quality of the data presented in the final EIS, is at Section 5.15.

5.8 Fauna/Flora/Ecology

The Kakadu Region possesses an extensive diversity of species that make it
a region of major conservation significance. Vegetation characteristics in
the area are affected by: the dry monsoonal climate which produces distinct
wet and dry seasons; the geology and soils; fire; and feral animals, such as
buffalo and pigs. The distribution of animals and plants in the ARR
shows a strong north-south trend related to the rainfall gradient. The
following habitats have been identified in the ARR (Press et al., 1995):
• Escarpment and plateau;
• Open forest and woodland;
• Stony hills;
• Rivers and riparian woodland;
• Floodplains and paperbark swamps;
• Mangroves, beaches and estuarine habitats; and
• Monsoon rainforests.

Most of the vegetation of the ARR consists of savanna woodland, where
Eucalyptus species dominate the tree stratum and Sorghum species make
up the major part of the grassy understorey. The Kombolgie Formation is
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the main parent material supporting vegetation communities on slope
colluvium and riverine alluvium. Sandy sediments from the Kombolgie
Formation (plateau and outlier) sandstones support mainly riparian and
floodplain vegetation communities in deep saturated sands below the
Jabiluka Outlier along approximately the first 7 km of the transport
corridor from Jabiluka.

The CSIRO conducted vegetation surveys of the ARR during
investigations for the proposed establishment of KNP, with 19 vegetation
types classified by Story (1976), of which 15 community representatives
have been mapped in the Jabiluka area (Geospectrum, 1980). The draft EIS
notes that additional studies have also been carried out by the Macquarie
University School of Biological Sciences in 1978, A.A. Heath and Partners
(1979), and Wilson et al. (1990). A flora survey conducted in the mid-dry
season in 1992 by ERA (1992) observed all terrestrial species recorded by
these earlier studies, and some that were not. The draft EIS (D 6-41)
classified the vegetation of the proposed haul road corridor and Jabiluka
mine site into two broad alliances, Dryland Plain Alliance and Floodplain
Alliance, according to geomorphic location (parent material and soils), and
moisture availability. A species list is provided in Appendix P of the draft
EIS.

No species of conservation significance were found in the survey
conducted for the draft EIS. However, Leach et al. (1992) identified nine
species of conservation significance in the vicinity of the Jabiluka project
area (D Table 6.14, p 6-46). None of these species are cited by ANZECC
(1993) on the List of Threatened Australian Flora nor are they listed as
endangered or vulnerable under the Endangered Species Protection Act
1992. Of these nine species, five occur in escarpment communities away
from the proposed transport corridor and mine site.

Environment Australia does not consider that the flora survey conducted
by helicopter for the draft EIS (D 6-39) constitutes an appropriate study of
vegetation potentially affected by the project. The Supplement also
acknowledged that seasonal variation in species richness and abundance
had not been accounted for (refer to Section 5.15 - Baseline Studies). As a
result, detailed surveys are required for the access road, mine site and haul
road, to which the proponent has consented (see further
recommendations in Section 5.15 - Baseline studies).

A discussion of water vegetation (macrophytes) is provided by Humphrey
et al. (1990). Macrophytes at the waters' edge occur in abundance in the
shallower backflow and floodplain billabongs along Magela Creek.
Senescence of these plants occurs generally at the end of each Wet season
and, in floodplain billabongs in particular, this results in significant
oxygen depletion occurring in bottom waters from plant decomposition at
this time. Before 1980-81, feral, Asian water buffalo frequented the shallow
billabongs of Magela Creek to wallow and feed, so reducing vegetation.
Since that period, however, a concerted campaign to eradicate buffalo from
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Kakadu has resulted in a virtual cessation of such activity. As a
consequence, macrophyte growth in backflow billabongs (in particular)
increased markedly, with plants physically choking surface waters. During
the Dry season, water quality changes associated with macrophyte
proliferation included significant decreases in turbidity, and oxygen
depletion in bottom waters overnight. Ecosystems in KNP now appear to
have largely recovered from the impacts of feral buffalo (Corbett, 1996).

Although ERA has given a commitment to undertake a detailed survey of
flora, there is little commitment to undertake a survey on fauna (aquatic
and terrestrial). Field surveys, specifically for fauna within the Jabiluka
lease were conducted by Macquarie University in 1978-80 and ERA in 1992.
However, the proponent noted in the draft EIS that restrictions imposed by
the weather (wet season flooding), and access constraints imposed by the
Aboriginal Traditional Owners, prevented a field survey for fauna being
conducted for the final EIS. Instead, a literature review was conducted.
Future field monitoring of these areas has been proposed
(see Appendix B).

The draft EIS contains a table of ERA's estimation of potentially threatened
species in the region, their habitat and likely presence (Table 6.17, D 6-58).
It does not cover aquatic insects. The notable habitat of the escarpment
and associated environment is demonstrated by the existence of the rare
dragonfly species referred to above. Aquatic fauna are the biota most
susceptible to mine impacts, both in terms of their restriction to
waterways, that are likely to receive accidental mine discharges, and in
terms of the sensitivity of some species to metal concentrations. In
addition, the survey of aquatic macroinvertebrate species is an established
means of quantifying environmental impacts. The proposal would
therefore benefit from such a survey for baseline data collected in a
manner which would be suitable for a monitoring program (and closer to
the commencement of mining than the data compiled in the final EIS).
Specific recommendations are made in Sections 5.7, 5.15 and 6.1.

5.9 Natural and Cultural Values

The ARR (Figure 8) in tropical northern Australia contains distinctive and
scenic wilderness areas, an exceptionally diverse flora and fauna (both
biologically and ecologically), and an abundance of Aboriginal rock art of
world significance. Two-thirds of the Region has been declared a national
park (Kakadu) while most of the Region is on the Register of the National
Estate, and Kakadu Stages 1 and 2 have been entered onto the World
Heritage List and the Convention on Wetlands of International
Importance (Ramsar).

Three National Estate places are adjacent to the proposed Jabiluka
minesite. These places are the Kakadu National Park and former Gimbat
and Goodparla Leases National Estate place (interim listed
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17 November 1986), and two archaeological site complexes: the Ngarradj
Warde Djobkeng Sites Complex (interim listed 19 December 1978), and the
Djawumbu-Madjawarna Sites Complex (interim listed 19 December 1978).
These National Estate areas surround the mine project area but the mine
area itself is not in the Register of the National Estate.

KNP is unusual on a world scale in that it meets such a large number of
World Heritage natural and cultural criteria (Appendix C). A place only
needs to meet one of either the natural and cultural criteria to be inscribed
on the World Heritage List. The Park also has World Heritage significance
because these values have had comparatively little impact from European
settlement.

As a signatory to the World Heritage Convention, Australia is obliged to
identify, protect, conserve, present and transmit to future generations, the
World Heritage on its territory. Australia's obligations under the
Convention apply not only to actions which take place within areas
inscribed on the World Heritage List, but also to actions outside a listed
property which have the potential to adversely affect World Heritage
values. This is of particular relevance for the proposed Jabiluka uranium
mine given that although the Jabiluka Mineral Lease is not in the World
Heritage property, it is completely surrounded by land inscribed on the
World Heritage List.

The Jabiluka Mineral Lease encompasses a portion of the Magela Creek
floodplain, which forms a crucial component of the World Heritage
values of KNP and is of major significance to the overall ecological and
biological value of the Park. The wetlands of Kakadu were a primary
reason why the region was inscribed on the World Heritage List, yet it is
their proximity to the proposed Jabiluka mine which makes the protection
of water quality and quantity a major ecological issue. Because of the
environmental sensitivity of the area surrounding the lease, Jabiluka
needs to be managed so that there be no risk of any impacts that diminish
the values of the floodplains and associated ecosystems, and the species
which utilise these habitats.

The wetlands of KNP are also listed on the Ramsar Convention on
Wetlands of International Importance. Contracting Parties, of which
Australia is one, are encouraged to nominate specific wetlands which
qualify against certain criteria relating to wetland values in terms of
uniqueness, value for biodiversity and value as waterbird habitat. Once
listed, Contracting Parties are expected to manage the sites so as to
maintain the ecological characteristics for which they were nominated.

The integrity of the natural attributes of the World Heritage property is
met by the Park's large size, its national park status, and its management
for conservation, which ensure that:
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• geological evolution of the coastal riverine plains will continue with
minimal modern development in that environment or its upstream
areas;

• the outstanding natural phenomena, formations and features and areas
of exceptional natural beauty will be protected;

• biological evolution in the ecological systems of the park will continue
in a natural manner with minimal disturbance from modern
development;

• the extensive record of Aboriginal people's interaction with the natural
environment will be conserved;

• suitable management measures to conserve Aboriginal archaeological
and art sites will continue; and

• those species in the park that-represent the various elements of the
Australian biota will be conserved subject to the natural changes in
ecological systems.

The Office of the Supervising Scientist (OSS) and ERISS (previously the
Alligator Rivers Region Research Institute) were established to ensure
protection of the region's unmodified World Heritage ecosystems.
Programmes of research have focused on the avoidance of detrimental
changes resulting from mining (especially uranium) in the area. OSS
adopted a control regime that included the application of suitable
regulatory measures (i.e., toxicity testing and chemical standards) and
established a comprehensive program of biological monitoring to
demonstrate the adequacy (or otherwise) of the regulatory measures in
achieving the overall environmental protection objective (i.e., no
observable effects upon the organisms investigated). Most effort has
focused on Magela Creek.

5.10 Park Management
*

The park is proclaimed under the NPWC Act and is managed through a
joint management arrangement between the Aboriginal Traditional
Owners and the Director of National Parks and Wildlife. Approximately
50% of the land in the park is Aboriginal land under the Aboriginal Land
Rights (Northern Territory) Act 1976, and most of the remaining area of
land is under claim by Aboriginal people. Title to Aboriginal land in the
park is held by Aboriginal land trusts. The land trusts have leased their
land to the Director of National Parks and Wildlife for the purpose of a
national park for the enjoyment and benefit of all Australians. Traditional
owners have also expected that having their land managed as a national
park would assist them in looking after their land in the face of growing
and competing pressures.

Boards of management for parks on Aboriginal land are established under
the NPWC Act. The Kakadu Board of Management (the Board), which has
an Aboriginal majority (ten out of fourteen members), representing the
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Aboriginal Traditional Owners of land in the park, was established in 1989.
The Board determines policy for managing the park and is responsible,
along with the Director, for preparing plans of management for the park.
The plan of management is the main management tool for the park and
strives to balance strategic or long term goals and tactical or day to day
goals.

5.11 Demography

The region is sparsely populated, with the township of Jabiru being the
focus of social and economic activity. As of 30 June 1996 the population of
Jabiru was estimated at 1 403 people, with an additional 714 in the
surrounding South Alligator region (Northern Territory Department of
Lands, Planning and Environment, 1997).

During 1995, 235 361 people visited this park primarily associated with
tourism. This, when compared with 131 798 in 1986, displays a steady
increase which has stimulated tourism development in Jabiru and
surrounds.

The nearest dwellings not associated with the project are Mudginberri (an
Aboriginal community) and a number of semi permanent camp areas to
the west of the proposed mine site and haul road. The nearest major
populated zones are Jabiru and Oenpelli. Other populated areas and
outstations exist throughout the region.

5.12 Social Background

In conjunction with the importance of the natural environment of the
region surrounding Jabiluka, the area is also important for the rich living
cultural heritage of the Aboriginal community. In more recent times, the
influence of activities associated with mining, tourism and national park
management have added new elements to the social and cultural
environment of the area.

5.12.1 Site Cultural Values

Of prime importance in the assessment is the consideration of the impact
of the project on the Aboriginal heritage and cultural sites within the lease
and, in particular, close to the mine development. The proponent has
recognised this in the final EIS.

KNP contains a rich collection of places which have significance to the
Aboriginal people. Traditional beliefs and practices remain very important
to daily life, and rites and ceremonies continue to be practised. Sites
associated with traditional beliefs and practices can include a waterhole (or
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soak), a cave, a hill or gorge or a rock formation. The Jabiluka Lease
contains such places, some of which have a higher spiritual significance
than others throughout the park.

The proponent has undertaken a literature survey of the project area to
identify sites which would be affected by exploration and mine
development. Baseline anthropological and archaeological studies have
not been undertaken for the specific purpose of this project. This would
appear to be as a result of the reluctance of the NLC and Traditional
Owners to grant access to ERA to perform a cultural heritage study within
areas to be impacted by the operations. The Traditional Owners have also
refused to be consulted for the purposes of preparing the final EIS, and
thus first hand knowledge of sacred sites has not been available (see also
discussion of baseline data issues, Section 5.15)

The Jabiluka Lease area has high cultural values, containing significant
religious sites, stone quarries, burial sites, at least 196 art sites and a range
of archaeological sites, including the site known as Malakunanja II. Two
parts of the Jabiluka lease are listed on the register of the National Estate as
a single site complex, the Djawumbu-Madjawarna complex. These are the
two AHC fenced areas referred to in the Supplement. The Djawumbu-
Madjawarna complex is important for its mythological associations and
the wide range of Aboriginal activities represented at sites there. More
than 100 painting sites have been found around its escarpment. Subjects
identified include sorcery figures, X-ray motifs, hunter figures, stencil
motifs, some figures made of native beeswax pressed into the rock, and
contact motifs. Quarry sites are also found in this area, along with debris
from the manufacture of stone artefacts. Burial sites are present in this
area as well.

The Malakunanja II site is one of the most important within this group,
preserving a deep, well-stratified, archaeological sequence. Within its
deposits are found some of the oldest dated grindstones in Australia. Its
lowest occupation deposits, which have been dated using
thermoluminescence techniques, could be some of the oldest in Australia,
and may be as old as 50- 60 000 years before present. While the fenced areas
do not form part of the Jabiluka project proposal, other parts of the
Jabiluka lease may contain indigenous heritage values of National Estate
significance. Establishing whether these values occur in the Jabiluka area
will depend on professional archaeological and anthropological surveys

While known sites are not within the project area, the proximity of these
sites to the proposed development indicate the need for up-to-date
archaeological and anthropological studies for adequate assessment of
Aboriginal cultural-heritage values, including the rock art, dreaming,
ceremonial sites and present day significance of sites.

Archaeological sites were located along escarpments, outliers and along
creek lines. Four sacred sites identified are contained within the registered
zones. One identified site lies outside registered zones and outside the
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project "fenced" area. Of particular importance is the "Boyweg" sacred site,
which has been referred to in the-final EIS as a soak.

Only one European historical site has been identified in the project area.
This site was identified as "Camp 38" of John McKinlay in 1866. This site is
not expected to be disturbed as a result of the Jabiluka mining activities.
The proponent has provided information on the historical background for
the Jabiluka Prospect but still this still requires confirmation through
historic heritage surveys to be conducted prior to construction.

5.13 Traditional Owners and the Aboriginal Community

The Mirrar Gundjehmi people are the traditional owners of the land upon
which the Jabiluka mine is proposed. This land has been successfully
claimed under the Aboriginal Land Rights (Northern Territory) Act. The
Mirrar Gundjehmi clan have a cultural responsibility to look after the
country and take account of the interests of others in the region that may
be affected by developments on Mirrar Gundjehmi land.

The Mirrar Gundjehmi people's traditional land also includes the Ranger
mine site and the town site of Jabiru (although Jabiru was not granted as
Aboriginal Land). The NLC submission on the draft EIS notes that these
developments take up a large proportion of the traditional estate of the
clan.

The final EIS presents information on the Aboriginal community drawn
largely from discussions with relevant agencies and secondary sources - no
field based research was able to be taken with the Aboriginal community
in the Jabiru area.

If the Aboriginal community had agreed to participate in the EIS, and a
suitable and locally accepted study team appointed, the information
normally required for an EIS should have been obtainable:

• archaeological and anthropological studies pertinent to the
management of sacred and archaeological sites (and if necessary the
identification of Traditional Owners);

• Aboriginal use of the land; and
• a social assessment of the likely impacts of the proposal, including the

history and social dynamics of* the people concerned, and how the
proposed project actions will affect the social dynamics and economic
status of the people affected, both directly and cumulatively with other
influences (concurrent or past). The assessment needs to include how
environmental impacts of the project will interact with social effects.
Aboriginal concerns about a project are a useful social indicator of
potential impacts, but are no substitute for a social impact analysis.
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There are approximately 300 Aboriginal people in the KNP area. The 1991
census indicated that the Aboriginal population of the Jabiru township
was 133, while estimates suggest that there may be approximately 70
Aboriginal people living in the Manaburduma Town Camp. The
Supplement summarises information presented in the draft EIS as
enabling a picture to be drawn of the Aboriginal community in the Jabiru
area as a community which suffers from a number of disadvantages,
particularly in relation to health, education, employment and alcohol
abuse. The Supplement notes that the causes of these disadvantages are
being examined by KRSIS in which ERA is an active participant. The
Traditional Owners and broader 'Aboriginal community have been faced
with a variety of changes to their social circumstances which are derived
from a number of sources including mining, tourism, conservation, and
urban development. The Supplement notes that there were existing social
problems in the area before uranium mining commenced in the late 1970s,
but that many of these problems have continued since the introduction of
mining and tourism to the area and been exacerbated in the face of
significant social change in the region.

The Supplement presents baseline information derived from the results of
the 1994 National Aboriginal and Torres Strait Islander Survey conducted
by the Australian Bureau of Statistics. While this analysis provides some
idea of social conditions in the relevant region (an area of 114 200 square
kilometres with an estimated Aboriginal and Torres Strait Islander
population of 8 490 in 1994), the survey data is naturally somewhat
generalised in relation to the area surrounding the Jabiru lease. The
information is also of marginal significance unless linked to the dynamics
of social change and cumulative impacts occurring in the region.

5.14 Jabiru Township - Broader Community

The history and administrative arrangements of Jabiru are briefly
described in Section 2.2, and further described in the final EIS. Jabiru town
facilities provide the full range of community facilities and services that
would normally be expected of a much larger town. A list of the
permanent facilities is provided in the Supplement (S p8-10).

The population of Jabiru was estimated to be 1,370 people in May 1995.
The 1991 census recorded that 37% of the employed labour force was
engaged in mining activities with a further 16% in recreation and personal
services (including the tourism industry). The town has developed into
the main regional centre which services permanent residents, tourist and
visitors, and other nearby communities.

The final EIS records that there are currently 451 accommodation units in
Jabiru, of which 278 belong to ERA. Some vacant ERA units are currently
reallocated to other organisations on a temporary basis, however, with the
expected expansion in employment associated with the development of
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Ranger orebody #3, ERA has given six to nine months notice to these
organisations mat this accommodation will be needed for new ERA
employees. The final EIS also provides information on 57 new units
currently under construction by other organisations.

5.15 Baseline Studies

5.15.1 Introduction

There is a lack of quantitative and qualitative baseline data for most
environmental parameters for the project area. Several surveys/studies
have not been conducted before preparation of the final Supplement (e.g.,
soil survey; hydrological and water quality data for Swift Creek; sediment
sampling from selected billabongs), with some not planned until the
detailed design stage (e.g., nutrient application rates on sewage trenches;
specific location of all site works, including subsurface drainage, within the
SCZ and TCZ), and others not until construction is proposed to commence
(e.g., assessment of the impermeable status of compacted base of retention
pond; groundwater quality and volume in the surface facilities area).

The proponent has acknowledged most of these deficiencies but points to
the fact that they have been restricted from accessing several areas to
conduct many of the required surveys. ERA has committed to
undertaking a variety of baseline work and depending on the outcomes of
several of these studies, the proponent has committed to pursue an
alternative course of action if required. The final construction, therefore,
may not reflect what was assessed under the EPIP Act. The ability of
Environment Australia to assess and provide appropriate advice
concerning the impacts on the special values of this area and the associated
Commonwealth responsibilities relating to National Estate, World
Heritage and Ramsar has been weakened because of these baseline data
deficiencies

Baseline data is important for the best practice evaluation of and planning
for potential impacts upon the area concerned, and for comparison with
monitoring results if the project commences. It is important that baseline
data is collected over a suitable time period (at least a year to capture
seasonal variability, and preferably three years to account for variations in
rainfall events) prior to any development so that there can be comparisons
made between pre and post development measurements. The use of
modelling based on incomplete baseline data and extrapolation from
distant areas leaves open the possibility that there could be adverse
impacts that have not been identified and which therefore have not been
addressed. Baseline data is normally obtained by an integrated monitoring
program that establishes the pre-mining condition of the natural and
cultural environment of the site and surrounding area.
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Areas where it is considered that baseline information is incomplete for
the Jabiluka proposal includes the following.

5.15.2 Water quality and hydrology for the Swift Creek catchment
and part of the Magela creek catchment

These catchments encompass the mine site and the haul road. While
there is substantial data for the Magela Creek catchment associated with
the Ranger mine, some specific areas require further information in
relation to the proposed haul road. The Jabiluka mine site itself is located
in the Swift creek catchment, for which ERA was only able to produce one
water sample (not a statistically valid data set). ERA began some water
quality sampling of an accessible part of Swift creek in February 1997, and
has committed in the Supplement to begin hydrological measurements
when access is permitted.

At the very least, a minimum of three water samples per site, per
sampling period, is required to enable the variation in only one effect to be
statistically determined. Variability will determine the number of
sampling sites, the number of samples and the frequency of collection
(Maher and Norris, 1990). Therefore, temporal and spatial environmental
heterogeneity is probably the most significant factor to be considered in the
design of sampling programs (Norris and Georges, 1986). This
information usually is collected in a comprehensive pilot study. The
presentation of single monthly water samples does not provide confidence
that the data is a true reflection of the water from which it was taken.
Baseline water quality data should be collected before construction, e.g.
from Swift Creek. Suitable sites have been identified in Section 11.7.2 and
Action Plan 7 of the Supplement. Without these data the ability to detect
mine derived environmental impacts is much reduced. A minimum of
three years of baseline data has been proposed for the ARR (Faith et ah,
1991). Environment Australia considers that two years of water quality
data as a minimum would need to be collected so that seasonal and annual
variations in water quality are encompassed (refer to Appendix D).

Environment Australia supports the immediate and ongoing collection of
water quality and streamflow baseline data in all natural waters potentially
impacted by mining and associated activities. Collection would commence
after the site became accessible in the case of areas where access is currently
restricted by the Traditional Owners.

Recommendation 7: ERA should consult with the Supervising Scientist to
establish an appropriate water quality monitoring program, for both
surface waters and groundwater, to determine the baseline condition of
receiving waters in the ARR likely to be affected by the Jabiluka uranium
mine proposal. Additionally, seasonal baseline streamflow data is
required before project commences.
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Recommendation 8: After establishing an appropriate water quality
monitoring program, that clearly defines sampling and analytical
protocols, sampling and sample replication, and adequate site selection,
data is to be collected for an agreed minimum period in agreement with
the Supervising Scientist, and monitoring effort should also target storm
events, before the project commences.

Aquatic ecosystem impact assessments have been based mainly on
investigations carried out some time before the draft EIS preparation
period (as noted in Section 6.1.6 - Water Quality Monitoring). The
proponent considers that the overall biophysical data base is one of the
most comprehensive in Australia, and as such it provides a basis for
determining the environmental effects of a proposed mining
development. However, several submissions have questioned the
validity of data presented to demonstrate baseline surface water and
groundwater quality in the region affected by the mine and associated
activities. These submissions were largely concerned that:
• there has been minimal reporting and assessment of the sampling and

analytical protocols adopted; •
• surface water and groundwater quality of twenty years ago cannot alone

be expected to reflect the current situation;
• in twenty years there has been significant advances in technology,

particularly in the analysis of trace and heavy metals, as well as
knowledge and understanding of contamination sources; and

• improved analytical techniques have resulted in lower detection limits
and errors surrounding individual measurements;

Without information to support the quality of the data reported, it is
difficult to accept that the historical data set for a number of chemical
variables is an accurate reflection of baseline conditions. Information that
should be readily available will include: how and when samples were
taken; sample replication; site replication; sample preparation; analytical
protocols; analytical replication; confirmation of units; etc. Ideally, the
laboratory that produced the chemical data will have been registered by the
National Association of Testing Authorities, or equivalent. This would
provide some indication of the laboratories intentions for credible
reporting, where quality control and quality assurance programs are
standard]. This information would help support the data presented, but it
will not avoid the need to conduct surface water and groundwater quality
surveys before the project commences.

The Supplement acknowledges that there are some problems in the use of
historical data sets, but also notes that there is no means of assessing the
validity of earlier data as the scope of the data reported makes it
impractical for the proponent to independently substantiate all of this
information. Instead, ERA has relied on the integrity of the providers of
the database to have compiled valid data. Some submissions noted that
the presentation of unsubstantiated data may lead an uninformed reader
to incorrectly conclude that the water in Magela Creek is chemically of
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higher quality now than before mining in the region began, thereby
implying that Ranger uranium mine has had a positive effect on the
environment. Environment Australia accepts that this was not the
intention in providing this information, and that the data was presented
as a baseline to the proposed Jabiluka Project, not as a baseline to the pre-
mining condition of Magela Creek. In this regard, the proponent was also
demonstrating that the water quality in Magela Creek has not deteriorated
to the levels predicted in the RUEI. Because this data may be easily
misinterpreted, and is considered unreliable in several quarters,
Environment Australia recommends that all historical data sets be
verified. To this end, Environment Australia supports the commitment
by ERA in the Supplement to engage the services of a Water Chemist to
conduct a comprehensive review of the water quality data bank. While
this review will help determine overall baseline levels, Environment
Australia also notes that verification of water quality data collected in the
past 25 years will not negate the need for ongoing monitoring.

Recommendation 9: ERA should engage a suitably qualified, independent
limnologist to review the quality of all water data (surface waters and
groundwater). The terms of reference for this activity should be
sufficiently broad to include a comprehensive review of sampling and
analytical protocols, and analytical techniques, where judgements will be
made as to what constitutes valid data. Report should be submitted to the
Supervising Scientist and NI'D ME, and also made available to the public.

The proponent proposes to provide a comprehensive summary of water
quality and streamflow data, including that collected during baseline
studies as outlined in Appendix B, in the final Environmental
Management Plan (EMP).

Recommendation 10: ERA to submit the final EMP to the Supervising
Authority for evaluation. The Supervising Scientist will consult with
Parks Australia in evaluating the EMP.

Unlike some of the other baseline data sets discussed below, it is unlikely
that analysis of a complete baseline data set would result in alterations to
the proposal, rather it is necessary to ensure comprehensive monitoring is
possible and any impacts arising from mine activities can be identified and
managed if the proposal proceeds.
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5.15.3 Air Quality

Baseline data on participate levels and radionuclides in the vicinity of the
haul road and mine site are yet to be gathered due to access restrictions.
This information is necessary for monitoring impacts on public health, the
surrounding natural environment and rock art sites. ERA has committed
to the collection of baseline air quality data once access is permitted. The
commitment in the Supplement to the sealing of the haul road reduces
the potential dust impact, although monitoring will still be required. It is
unlikely that analysis of a complete baseline data set would result in
alterations to the proposal, rather it is necessary to ensure comprehensive
monitoring is possible if the proposal proceeds. Establishment of a
baseline data set would require monitoring over a period that includes dry
and wet seasons and ideally one year before any construction commenced.

5.15.4 Flora and Fauna

Detailed fauna surveys of the haul road and mine site areas are yet to be
conducted (as is aquatic fauna in the Swift Creek system), although there
have been previous fauna surveys in the lease area, which have been used
to extrapolate expected species lists. A reconnaissance flora survey was
conducted by helicopter in April 1996. This sampled 19 sites along the
proposed haul road and mine site and focussed on description of
communities. Previous broader vegetation surveys in the lease area have
also been conducted and were used in compiling the species lists in the
draft EIS. The April 1996 survey did not target likely endangered species.
The Supplement acknowledges that seasonal variations lead to variations
in species richness and abundance, and that surveys within and between
seasons would result in an increased number of species recorded. Until
detailed surveys are conducted for the access road, mine site and haul
road, assessment of potential impacts cannot be considered complete. The
discovery of flora or fauna of conservation significance could require
adjustments to the project proposal such as haul road design or
management strategies for the operational phase. ERA has committed to
such detailed surveys and to develop amended management strategies in
consultation with agencies if species of conservation significance are
found.

5.15.5 Soils

Detailed soils and geotechnical information is not available for the haul
road and mine site. Broader information is available for the lease area and
specific surveys were conducted in 1992 for areas associated with earlier
proposals [on the other (eastern) side of the outlier], which provide an
indication of the type of soils expected to be present. A reconnaissance
survey of the haul road corridor was conducted in 1996 by helicopter with
ten brief ground inspections. Information on soils will in part determine
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aspects of construction - particularly construction of the retention pond -
and is also necessary to confirm the location of potential borrow material
sources for road construction. ERA has committed to carry out a detailed
soil survey of areas of direct impact to describe and map soil material,
record areas of erosion or instability, gather baseline soil analysis data and
confirm the location of borrow pit suitability. A geotechnical investigation
will be conducted in the mine site and retention pond area. In addition to
this commitment, it would be necessary for consultation to occur on
whether any adjustments to the project proposal need to be made in the
light of survey results.

5.15.6 Hydrogeology

Drilling has not been conducted on the eastern side of the deposit,
including the surface mine site, and detailed information is not available,
although existing information has enabled modelling of expected
conditions. Because of this, some information on groundwater flows has
had to be estimated (this is relevant to the mine water management
system). The nature of the connection between the shallow and deep
aquifers has also yet to be properly determined and this may have some
relevance to impacts on vegetation and possibly the Boyweg sacred site - a
"danger" site. Soaks associated with the shallow aquifer are important to
some vegetation types. ERA has committed to undertaking
hydrogeological investigations and establish a groundwater monitoring
network. It is unlikely that an adjustment to the proposal will be required
after consideration of the baseline data, however an analysis will be
required and the possible impacts upon sites will need to be discussed with
the Traditional Owners.

5.15.7 Archaeology and European Heritage

Detailed surveys have yet to be carried out for the area of the planned haul
road and the mine site. Some archaeological surveys were carried out in
the 1970s, however these may be considered out of date and did not focus
on the site of the current proposal. Because this information is not
available, assessment of potential impacts cannot be considered complete.
Identification of archaeological sites will require consultation with
Traditional Owners. If access is permitted, ERA has committed to the
conduct of detailed archaeological surveys of all development areas and to
liaise with Traditional Owners and agencies regarding findings. A
commitment is also made to conducting a historical survey of the lease,
reporting findings to responsible agencies. In addition to this
commitment, it would be necessary for consultation to occur on whether
any adjustments to the project proposal needed to be made in the light of
survey results.
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5.15.8 Cultural Heritage

Because the Traditional Owners have declined to participate in the
preparation of the final EIS at this time, information on the current
cultural values of the site is not available and has therefore not been
included in the assessment other than some anecdotal information. The
possible impact upon the Boyweg site has been noted above (see Section
5.15.6). ERA has indicated that consultation will occur during the change
of scope negotiations under the Jabiluka Agreement between the NLC and
ERA. In addition to this commitment, it may be necessary for consultation
to occur on whether any adjustments to the project proposal needed to be
made in the light of consultation.

5.15.9 Social Baseline - Aboriginal Community

Information provided in the final EIS is reliant on literature review
supported by information presented in public submissions. No field based
research was undertaken with the Aboriginal community in the Jabiru
area (for reasons outlined above).

The Environment Assessment Branch has retained a consultant (Dr Helen
Ross) to provide advice on the adequacy of social impact assessment in the
EIS. Dr Ross's report concludes that the information currently available in
the final EIS is inadequate to make a clear assessment of social impacts and
that it is not possible to rule out the possibility that the negative impacts
are significant. This is discussed further in Section 6.7.3 (Social Impacts)

5.15.10 Baseline - Summary

The proponent recognises that the community expects a more
comprehensive baseline data bank than presently available to enable
rigorous ongoing evaluation of the performance of the mine once
construction commences. A table is provided that summarises the status
of the various baseline studies that are necessary to properly evaluate
impacts of the Jabiluka Project (S p 1-8), and the proponent also notes their
commitment to undertake these investigations when access to the area is
granted (S p 11-2). Impact predictions presented in the draft EIS and
Supplement will need to be reassessed in light of the additional
information gained from studies to be carried out once access is permitted.

Recommendation 11: ERA must assemble all necessary baseline data
outlined in Section 5.15 of this assessment report, in consultation with
relevant Commonwealth and Northern Territory agencies and the
Aboriginal Traditional Owners, before the project to develop the Jabiluka
uranium mine commences.
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Recommendation 12: ERA must submit baseline data collected in the
preceding years to construction of mine facilities and mine operation to an
independent assessment. This assessment will need to review and report
on any changes to the proposal or management strategies proposed to
protect the environment in light.of the review. The assessment must be
approved by the Supervising Scientist (in consultation with other relevant
Commonwealth agencies) and the Northern Territory before construction
activity proceeds. The assessment may be conducted in several stages with
the agreement of the Supervising Scientist.
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6. Environmental Issues and Safeguards to Minimise Impacts

6.1 Water Quality

6.1.1 Introduction

A major environmental concern associated with the present and proposed
mining developments within the ARR is the management of excess water
that accumulates each year within mine sites as a consequence of the
seasonal, monsoonal rainfall. Such waste waters contain naturally-
occurring substances (heavy metals, radionuclides, suspended solids), at
concentrations greater than those in adjacent natural surface waters, and
exotic chemicals (hydrocarbons, process chemicals) and therefore could
pose an environmental risk if allowed to drain freely from a site, either
deliberately or inadvertently. Humphrey et ah, (1990,1995) provide a
detailed discussion of water management issues in the ARR.

Water management will be of prime concern to the overall management
of the proposed Jabiluka uranium mine. It is important that the quality
and quantity of baseline data is of high quality and reliability. The quality
of monitoring programs will be of primary importance in ensuring that
impacts are identified and mitigated in a timely manner.

A healthy environment is one in which the water quality supports a rich
and varied community of organisms and protects public health. The
characteristics of water and the presence of contaminants are used to
indicate the quality of water. These water quality indicators can be
categorised as:
• Biological: bacteria, algae, macroinvertebrates, fish.
• Physical: temperature, turbidity and clarity, colour, salinity, suspended

and dissolved solids.
• Chemical: pH, dissolved oxygen, biological oxygen demand, nutrients,

organic and inorganic compounds.
• Aesthetic: odours, colour, floating matter.
• Radioactive: alpha, beta and gamma radiation emitters.

Water quality is a direct reflection of the catchment. Environmental
managers use water quality criteria as the basis for controlling the input of
point and non-point sources of contaminants to aquatic systems.

Several submissions on the draft EIS for the proposed Jabiluka uranium
mine claimed that the construction and operation of the proposed mine
may cause a significant environmental impact on the Magela Creek
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wetlands and its catchment, by adversely affecting nearby surface waters
and groundwater by the introduction of a number of pollutants, including:

*
• sediment
• sewage effluent
• trace and heavy metals
• acid leachate
• radioactive leachate

For the proposed Jabiluka uranium mine, these contaminants may be
introduced to the natural environment, either directly or indirectly, by
such activities and processes as:

• surface runoff from exposed surfaces during construction and operation
• surface runoff from impervious surfaces

- of vehicle pollutants
- of spilt ore
- erosion of embankments caused by increased velocities of water

flowing from these surfaces
• seepage of tailings to groundwater
• seepage of untreated sewage effluent to groundwater
• surface flow of untreated sewage effluent
• truck spillage

- directly into a watercourse
- runoff from spilt ore

• vehicle accident causing fuels, lubricants and coolants to be released to
the local environment

• acid mine drainage from stockpiled ore
• retention pond overflow
• employee error during general mine operations that results in the

accidental release of water from the Total Containment Zone
• equipment failure
• direct discharge of low quality water

The revised Water Quality Monitoring and Water Quality Management
Action Plan in the Supplement to the draft EIS notes that suitable sites and
analytical parameters for surface .water quality monitoring will be
identified following permission from the Traditional Owners for the
proponent to access restricted areas. The issue of monitoring is further
discussed in Section 6.1.6. Potential major pollutants from the proposed
Jabiluka uranium mine, to surface waters and groundwater in the region,
are discussed below.
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6.1.2 Sedimentation/Turbidity

Light is a major factor in the ecology of aquatic environments in
connection with the photosynthesis and growth of plants. Its penetration
and intensity in any particular location is closely related to the amounts of
dissolved and suspended substances present in the water, where the level
of turbidity (suspended material reducing light transmission) can have
both direct and indirect effects on aquatic flora and fauna communities.
The major source of particulate material from the Jabiluka mine proposal
will be the erosion of exposed surfaces.

The sediment/particulate material not only reduces light penetration but
can smother plants, sessile organisms and fish eggs, impair fish respiration
and the breeding mechanisms of filter feeding organisms, and change the
nature of their habitat, converting hard surfaces into silty substrata. Biota
in fast-flowing streams may be highly susceptible to the destructive
blanketing and gill clogging effects of introduced particulate materials.
While many aquatic animals are equipped to withstand short-term
increases in turbidity during flooding, sustained periods of high turbidity
can have detrimental effects on the aquatic biota and may also reduce the
productivity of the waterway. The end result may be that the growth of
plants will be limited, fish breeding and distribution will be affected, and
macroinvertebrate abundance and diversity will be reduced and/or
significantly altered in species make-up.

The issue of sedimentation of downstream aquatic communities was
raised in several comments on the draft EIS for the proposed Jabiluka
uranium mine. The construction of a 22.5 km unsealed haul road
between Jabiluka and Ranger was the main concern. After evaluating the
costs of maintaining this road, the proponent has subsequently decided to
bitumen seal this transport corridor. Environment Australia supports this
as the most appropriate action to* minimise the impact on aquatic biota
from sediment transport and deposition and, by providing a safer
transport corridor between Jabiluka and Ranger, it is expected that the
incidences of ore spillage and vehicle accidents will be greatly reduced.
The problem of vehicle pollutant runoff (e.g., oil) from sealed surfaces is
addressed later in this report.

Recommendation 13: ERA must undertake further studies to assess silt
loads in watercourses (Magela, North Magela and Swift creeks) along the
haul road which may result from corridor disturbance and road
maintenance. Silt loads are to be studied for at least the first five years of
the project, with a review on a yearly basis.

The draft EIS outlines procedures for vegetation clearing and topsoil and
erosion control strategies (e.g., buffer strips and temporary sediment traps).
Creek crossings will be priority areas for mitigation measures and
immediate stabilisation. The proponent also has undertaken to regularly
review these strategies, in consultation with relevant government
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agencies (perhaps as part of the twice-yearly Environmental Performance
Reviews), over the life of the operation. Clearing contractors will be
subject to significant penalties should unwarranted clearing occur,
although the nature of these penalties have not been outlined in EIS
documentation.

As much of the cleared vegetation as possible will be respread on areas to
be rehabilitated to facilitate regeneration of native species. Similarly, ERA
will use topsoil for rehabilitation immediately after vegetation stripping if
required by the relevant authorities.

Recommendation 14: Particular attention will need to be given by ERA to
ensuring that natural vegetative composition is maintained in
rehabilitated areas.

ERA has committed to rehabilitating borrow pits in accordance with the
amended NTDLPE "Guidelines for the Effective Rehabilitation of Borrow
Pits in the Top End", in consultation with relevant agencies. ERA has
indicated that it would apply to the Northern Territory Conservation
Commission for a relaxation of guidelines that require a 150 m vegetative
screen to separate borrow pits from the haul road (as it is not a public road)
to minimise the extent of clearing associated with such development
(S p 5-11).

Environment Australia accepts that best practice rehabilitation methods
will be applied as it recognises that ERA has developed considerable
knowledge in this area, through extensive research at the Ranger mine on
issues such as fertiliser and seeding rates and ground preparation.

The Supplement contains a revised Action Plan for Land and Soil
Management and Rehabilitation that describes, in point form, strategies to
minimise disturbance to existing natural vegetation and to minimise
erosion from construction and operation activities. Contained within this
Plan are commitments by the proponent to make best use of topsoil
materials for rehabilitating disturbed areas to stable and biologically self-
sustaining communities. Measures will be monitored regularly to ensure
that they remain effective.

6.1.3 Untreated Sewage Effluent
*

Eutrophication is the term used to describe enrichment of water bodies by
the addition of nutrients - particularly phosphorus and nitrogen.
Symptoms of excessive nutrient enrichment are the development of algal
blooms which may be toxic, anoxia (lack of oxygen) in bottom waters, high
concentrations of metal ions in bottom waters, fish kills and other
undesirable aspects of water quality. In areas of human habitation, sewage
is likely to be a major source of nutrients. A dry 'wet' season is likely to
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encourage eutrophication in tropical waters receiving nutrient
enrichment.

The final EIS outlines the proposed sewage treatment system for the
Jabiluka surface facilities (also summarised at Section 4.3.6). Because of the
small workforce at Jabiluka (110 to 150 people at any one time), the
proponent believes that a sewage treatment plant cannot be justified on
economic grounds, therefore septic tanks are proposed.

When detailed design work begins, ERA will address the most current
code of practice for design and installation elements for sewerage and
sullage systems. In the event that the workforce exceeds 200, then the
proponent will consider the need for a sewage treatment plant.

Recommendation 15: ERA must consult with the relevant NT authority
on the design and monitoring requirements if a sewage treatment plant is
to be established on the Jabiluka Mine site.

EIS documentation does not contain estimates of sewage nutrient levels to
enable an assessment of the pollution potential to Swift Creek. However,
the proponent has committed to monitoring the proposed sewage system
in accordance with ANZECC recommendations, namely the National
Water Quality Water Management Strategies, Guidelines for Groundwater
Protection and Australian Water Quality Guidelines for fresh and Marine
Waters. Nonetheless, if it is found that excessive nutrients (greater than
national water quality guidelines) are accumulating in the soils and there
is possible leaching to groundwater and transport to waterbodies through
surface runoff, then the proponent will implement prevention and/or
control measures to ensure nutrients are not exported from the sewage
treatment area. These 'measures' have not been described in the EIS
documentation, and while noting the absence of detail in regard to
monitoring potential sewage impacts, Environment Australia nonetheless
supports ERA's commitment to regularly monitor microbiological and
chemical constituents of water quality onto and from the
absorption / transpiration trenches.

The disposal point is the Jabiru sewage treatment facility. Environment
Australia supports safe disposal of sewage effluent generated at the
proposed mine. However, for completeness, information should be
provided on the Jabiru sewage treatment plant's ability to accommodate
the increased load for treatment.

Recommendation 16: ERA must submit a detailed design and on-site
sewage monitoring program to the Supervising Scientist, and relevant NT
authority for appraisal and comment before construction of mine facilities
commences.
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6.1.4 Toxic Water Storage and Discharge

Acids and toxic metals from spoil and tailings dumps can cause
considerable damage to plants and animals if they get into a stream and
the effects can be long-lasting. Sudden fluctuations in pH can be stressful
to aquatic organisms, with long-term changes affecting the ability of some
organisms to survive, or compete. This is particularly so for those animals
which require basic water (higher pH) to maintain their calcium rich shells
which would otherwise dissolve in acid water.

At Jabiluka, drainage from the ore stockpile will be contained within the
confines of the water management system (TCZ) and not released to the
environment. The risk of acid generation will be minimised by the short
residence time of the ore stockpile, and blending of potentially acid
forming ore types with ores from Ranger that are enriched in acid
neutralising minerals such as carbonates, silicates and aluminosilicates.

In addition to prevention and leachate controls, there will also be a system
for the collection and treatment of acid leachates. This will be achieved by
constructing a compacted stockpile pad overlain by a material with a high
neutralising capacity such as magriesite. The design of the pad will
prevent 'pooling' beneath the stockpile by draining infiltrated water to a
central collection sump where it will be routinely monitored for levels of
uranium, copper, arsenic, radium-226 and major ions. If the acidity of the
leachate increases to unacceptable levels (not defined), then the water will
either be treated with a conventional lime dosing system or transferred
direct to the mill for use in the sulphuric acid leach circuit.

In the Supplement to the draft EIS, it is noted that a geochemical
characterisation study conducted for the EIS showed that potentially acid
forming materials, upon acidification, could mobilise aluminium and
copper up to an order of magnitude greater than non-acid forming
samples. The solubilities of aluminium and copper are strongly pH
dependent and the greater release of these elements from potentially acid
forming materials was a direct consequence of the lower pH generated
during sulphide oxidation. Uranium and lead also exhibited significant
release. The acid rock drainage management controls in place at Ranger,
and proposed for Jabiluka, are designed to minimise the potential for
sulphide oxidation. The proponent has proposed a number of measures
that may be employed to neutralise and mitigate the effects of acid rock
drainage.

However, the proponent has yet to adequately address the effect that the
change in grade of Jabiluka ore (average 0.46 % uranium) versus Ranger
#3 ore (0.28 % uranium) will have on the quality of water requiring
disposal. As noted in the draft EIS, for certain Jabiluka ore types there is a
significant risk of acid generation from weathering of pyrite (iron
disulphide) if these materials are stockpiled for more than six months.
Although there will be no release of process water to the environment, the
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potential for the tailings to acidify to less than pH 4 could have operational
implications for Ranger's recycle water management system. The low pH
conditions will also lead to an increase in the concentration of dissolved
radionuclides, which, in turn, could have long-term implications on
seepage quality.

Recommendation 17: ERA must consult with the Supervising Scientist
and NTDME with a view to determining the impact on Ranger's process
water circuit from the acid generating potential of Jabiluka tailings.
'Unacceptable levels' of leachate acidity will be established in consultation
with these regulatory authorities.

In response to concerns raised during the public comment phase on the
draft EIS, and in recognition of the need to effectively manage acid rock
drainage, the Supplement includes an Action Plan for Ore Stockpile
Management (Action Plan 8).

The Supplement also notes that all fuel and oil storages will be bunded in
accordance with Australian Standards. Runoff from areas containing
petroleum products will be passed through oil separators before entering
the recycle pond. Oil removed from the water will be taken to the dirty
waste oil collection tank where the oil will be removed by an approved
contractor for recycling. The separated water will flow to the retention
pond in the TCZ (refer to Section 4.5).

Turbid runoff, on the mine site, will be managed through designated
water management systems including sumps, drains and bunding. Runoff
water entering the system, such as waters from bulk fill and ore dumps,
may be expected to show a cyclic annual fluctuation in dissolved load but
little systematic change once the mine is established and atmospheric fall-
out reaches a steady state. These waters will be contained within the SCZ.

The proponent proposes to monitor physical and chemical parameters of
both the CRZ and SCZ (notably the sediment detention ponds) to ensure
that no impact occurs from free release to natural drainage. The details of
this proposal have yet to be decided, and there has not been any discussion
on what will be done if this monitoring notes 'unacceptable' levels of what
is being measured.

Recommendation 18: ERA must submit a contingency plan for water,
containing unacceptable levels of contaminants in the Sediment Control
Zone, to the Supervising Scientist and relevant NT authorities for
approval.
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6.1.5 Retention pond toxicity

During the public comment phase on the draft EIS, further information
was requested on the possible hazards to birdlife posed by the retention
pond. It was noted that the birdlife of the Park form part of the region's
World Heritage values, and they may be at risk if drinking from the
storage at Jabiluka. The draft EIS stated that the pond "is not acutely toxic
to birdlife", although no comment is made on any chronic risk. In the
Supplement, the proponent draws on experience at Ranger over 15 years,
where no significant bird deaths have been recorded (except for a recent
diesel oil spill which caused the deaths of 40 birds). An ERA
commissioned study by Corbett (1996) also noted that relatively fewer birds
are attracted to constructed waterbodies compared to natural waterbodies.

While acknowledging that relatively higher numbers of waterbirds might
be expected at Jabiluka because of its proximity to the Magela floodplain,
the proponent notes that, at Ranger, waterbirds have been observed to
rarely visit the tailings dam. They therefore concluded that there is a low
potential for waterbirds, especially those used as food by Aborigines, to be
impacted by chronic, sublethal poisoning.

In regard to the potential hazards to birdlife, ERA has undertaken to
monitor the potential toxic effects of the water contained in the proposed
retention pond at Jabiluka. This will include monitoring individual
contaminants, and their possible synergistic impact, as well as establishing
potential exposure pathways by observing waterbird behaviour. ERA will
also monitor bioaccumulation of heavy metals in a range of aquatic fauna
that form part of the diet of many waterbirds. The proponent expects that
elevated heavy metal levels in prey are likely to be an early warning
indicator of potential bioaccumulation in waterbirds. Environment
Australia supports ERA's commitment to ongoing monitoring of
waterbird populations in the vicinity of the proposed Jabiluka mine and
Ranger uranium mine.

Although waterbirds are considered by the proponent to be the main
concern because of their mobility, other fauna have also been considered,
and Environment Australia supports mitigating procedures that include
high walls and an enclosure fence to impede large terrestrial vertebrates
such as wallabies and crocodiles. Although small terrestrial vertebrates,
such as turtles, quolls and rodents, will be able to pass through the fence,
the proponent observes that the experience at Ranger suggests that such
species are not attracted to such areas probably because it is not suitable
habitat.

Recommendation 19: If heavy metal accumulation is detected in any
fauna, ERA should immediately inform the Supervising Scientist and
Parks Australia, and work with these organisations to mitigate and find
solutions to the problem.
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Recommendation 20: Any animal deaths in the immediate vicinity of the
retention pond must immediately be reported to Parks Australia and the
Supervising Scientist, and a plan of action developed in consultation with
them.

Recommendation 21: ERA should develop a contingency plan to deal
with risks to wildlife. This plan will detail how wildlife will be prevented
from accessing pond waters.

6.1.6 Water Quality Monitoring

The proposed aquatic fauna monitoring strategy has two major
components: monitoring ecosystem integrity and monitoring for
bioaccumulation of heavy metals in biota. This strategy will be integrated
with that for Ranger mine, thereby maximising the use of common
control sites and sampling effort. The whole-ecosystem approach to
monitoring is advocated by the proponent, where critical species within
the aquatic reptile, fish, frog, freshwater mussel, aquatic macroinvertebrate
and aquatic microinvertebrate faunal groups will be used to assess mine-
related impacts. The Supplement notes that there will be 17 sites
comprising treatment and reference back flow billabongs, channel
billabongs, creek/riparian sites, and escarpment sites. Samples are
proposed to be collected annually, during each of the wet-dry and dry-wet
transition periods, except for waterbird species richness and abundance
which will be recorded monthly during the dry season at the 17
monitoring sites and the minesite (Jabiluka and Ranger) retention and
tailings ponds.

ERA does not appear to have availed itself of local expertise in water
quality assessment and water management in the ARR (i.e., Limnologists
at ERISS). The monitoring program proposed in EIS documentation has
been developed without benefit of this input. Environment Australia
notes and supports, however, the intention of the proponent to hold
discussions with ERISS and Parks Australia officers with the aim of
integrating monitoring effort and expertise available in those agencies
involved in such activity, so that the widest possible range of taxa will be
monitored in a cost-effective manner.

Environment Australia supports the whole ecosystem approach to
monitoring as an effective means of providing an indication of any long-
term mine-induced changes to the surrounding, and downstream,
environments. Ideally, this comprehensive monitoring program should
be conducted at least yearly, and will only be useful provided sufficient
funds are set aside to allow adequate site selection and sample replication.
Because such studies represent ah in-depth and time-consuming appraisal
of the catchment's condition, they do not lend themselves to rapid turn-
around, and consequently are not appropriate 'early warning' systems for
mine operation failure. Humphrey et ah (1990) also consider it to be
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impractical and unnecessary to monitor all facets of biological
communities. Apart from resource constraints, knowledge of the
taxonomy, biology and/or ecology of groups such as bacteria, Algae and
Protozoa (i.e., microinvertebrates) is inadequate. Studies on the
zooplankton (Tait et ah, 1984) and phytoplankton (Kessell and Tyler, 1983)
of Magela Creek showed that the large and inexplicable spatial and short-
term temporal variation in community structure, at all scales, would
appear to preclude these groups from being useful in biological
monitoring (Humphrey et ah, 1990).

Monitoring programs that aim to detect impacts, so that mitigation
measures can be enacted, should be conducted regularly enough to ensure
minimal impact should a breach of the mines environmental
requirements occur. Therefore, the proponent should concentrate on that
part of the biota that will tell them the most with minimum effort and
expense (refer to Appendix D for*further discussion). In this regard, it is
recommended that regular monitoring of the macroinvertebrate and fish
communities at sufficient reference and impact detection sites, and with
sufficient replication for statistical power, will allow the proponent to
discharge its monitoring responsibilities to ensure that if a stress event
occurs, this event will be detected and mitigated in a timely manner so as
to minimise impact on the sensitive aquatic ecosystems in the region.

Recommendation 22: Macroinvertebrate and fish communities should be
monitored, on a regular and ongoing basis, to detect impacts from the
proposed Jabiluka uranium mine and associated activities.

The whole ecosystem approach to monitoring would nonetheless still be
required to detect more subtle changes over time and to enable assessment
of long-term direct and indirect impacts. Environment Australia notes the
proponent's undertaking to consult 'regulatory agencies' in establishing
and conducting a fauna management program. Ideally, any proposed
monitoring program should draw on the expertise of ERISS as it has
extensive local experience in this area of research.

*
Recommendation 23: ERA must consult with the Supervising Scientist
with a view to establishing and conducting a water quality monitoring
program that meets the listed water management objectives. This
consultation will identify appropriate indicator species, reference sites,
sampling effort and sample replication.

6.2 Water Quantity

6.2.1 Water Table Impacts

Hydrogeological investigations by AGC Woodward-Clyde (1993) identified
principally two aquifer systems in the proposed Jabiluka project area:
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shallow unconsolidated sediments and deeper fractured rock. Pumping
from the deeper aquifer indicated a connection to the shallower aquifer.
The surrounding rocks have been found to be low in transmissivities and
permeability. Therefore, sub-surface water drawdown is expected to be
slow and small in magnitude. However, the drill holes utilised to develop
these conclusions are situated on the western side of the Hegge fault which
restrict the assessment of impacts on the eastern side and in particular the
effects that pumping may have on surrounding soaks, flora and areas
reliant on groundwater. Further information would be required on the
eastern block to confirm low transmissivities and possible volumes of
ground water ingress into the mine.

Recommendation 24: ERA must incorporate groundwater monitoring to
the east of the Hegge Fault, through to the Swift Creek.

A number of submissions on the draft EIS concluded that the quality of
information provided on the hydrogeology of the Jabiluka region is
relatively poor and, as a result, is not a sound basis for the conclusions
drawn that vegetation will not be affected by drawdown of the shallow
aquifer, either from the mine site or from the potable water bore. Further,
it was asserted that the proposed monitoring program is inadequate given
the uncertainty surrounding groundwater aquifers and drawdown of the
shallow aquifers.

The proponent expects that the ldwering of the groundwater levels in the
mine area will be localised because of the low transmissivity of the aquifer.
Therefore, ERA believe that because of the poor hydraulic connection with
the localised shallow groundwater flow systems, the closed forests in the
outlier gorges will not be affected by mine dewatering.

The uncertainty about impacts has led the proponent to commit to
establishing a set of observation bores to monitor the groundwater, both at
the mine site and at the potable water bore. Bores established for
monitoring groundwater quality on and off the mine site will also
measure water table levels. The location of the observation bores will be
determined in consultation with NTDME.

Recommendation 25: ERA should consult with the Supervising Scientist
concerning appropriate site selection for monitoring groundwater, to
ensure that all bores are located and constructed in a manner that
prevents excessive clearance of vegetation.

Recommendation 26: In the event that monitoring indicates that
groundwater drawdown is greater than expected, ERA should consult with
the Supervising Scientist and NTDME on appropriate changes in mine
operations to reduce adverse downstream impacts.

The proposed monitoring program has not been detailed in the
Supplement to the draft EIS, but Environment Australia understands that
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this will be refined in the Environmental Management Plan.
Groundwater pattern changes, including drawdown estimates, particularly
to the east of the mine will need to be monitored and reported to the
satisfaction of OSS and NTDME. This data would be required for both the
"wet" and "dry" seasons. Environment Australia supports the
proponent's commitment to undertaking further detailed studies into
groundwater volumes and quality, particularly in relation to the
assessment of impact on local vegetation.

6.2.2 Water Supply

The need for contingency water supply plans for the mine site is discussed
in the final EIS, and an area to the south-east of the mine site has been
identified as a potential alternative area for supplying potable water.

Recommendation 27: ERA should provide all relevant information
regarding the proposed groundwater bores for make-up and potable water
supply, as outlined in the Supplement, to NTDME for review and
assessment. This information will also include an investigation of
alternative sources for make-up and potable water supplies.

Of particular importance is a soak, named "Boyweg", which has
significance to the local Aboriginal community. This is further discussed
in Section 6.7.2.

6.2.3 Failure of Total Containment Zone

Several submissions to the draft EIS queried the contingency arrangements
should there be an intrusion of water from outside the TCZ into this zone
at Jabiluka, thus exceeding the design capacity of the retention pond. The
proponent noted in the Supplement that the contingency action in this
unlikely event would be to immediately carry out repairs to the area
breeched, or point of failure, by establishment of bunds, sandbagging
and/or temporary sealing with a special bentonite clay impregnated
geotextile blanket. Earthmoving equipment would be available on site for
this occurrence as well as a sufficient supply of sand bags. If there was a
gross failure of the retention pond structure or the HDPE liner, a
temporary structure would be established in the pond or on the mine site
pad, or secondary bunding established below the pond wall. In a worst case
scenario, and where no other acceptable alternative exists, the proponent
noted that water would also be pumped into the underground void. The
proponent has committed to prepare contingency plans to address this
issue during the detailed project design stage.

The HDPE liner materials and system proposed have a minimum expected
life of 100 years in this application, where the proponent expects that no
leakage is likely unless the liner suffers mechanical damage. While
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operations of the pond will be managed to minimise the potential for
damage to the liner, a repair Action Plan nonetheless will be developed for
this site. The details of this plan have yet to be established.

Concerns were raised over the suitability and reliability of the proposed
lining technique to be used in the retention pond. It was highlighted that
the USEPA normally require a double liner with an alarm system to detect
leakage between membranes and suggests that the Jabiluka retention pond
does not provide adequate safeguards against leakage.

Responding to these comments, the proponent acknowledged in the
Supplement (page 9-2) that a double liner is less susceptible to leakage
from liner damage and is able to incorporate leak detection equipment in
the sand sandwich layer. However, to achieve these advantages the
proponent considers that the significantly higher capital cost (approx. 35 %
higher) is not warranted. Instead, ERA believe that the installation of a
single liner above a thin sand layer over compacted sub-base provides
sufficient confidence that the additional cost can be avoided. ERA will,
however, only adopt the single liner system if geotechnical investigations
determine that site conditions and construction materials available are fit
for the purpose. Geotechnical data relating to the Retention Pond should
be reviewed to enable assessment for a double liner with an alarm system
to detect leakage between membranes (as is the standard adopted by the
USEPA). While operations of the pond will be managed to minimise the
potential for damage to the liner, a repair Action Plan will be developed
for this site. The details of this plan have yet to be established.

Recommendation 28: ERA must provide the findings of geotechnical
investigations of the retention pond site to the Supervising Scientist and
obtain approval for the retention pond design before proceeding.

Recommendation 29: ERA must submit contingency plans for retention
pond and TCZ failure to the Supervising Scientist and NTDME for
assessment before mine operations commence.

6.3 Transport Issues

6.3.1 Construction Access Road

The proposed Jabiluka uranium mine includes upgrading an existing track
to an access road from Oenpelli Road to the mine site. This access will
only be utilised during the construction phase and for monitoring during
the rehabilitation phase. Impacts expected include vegetation clearance,
surface water drainage alteration, increased turbidity in surface waters,
dust, and disturbance to fauna.
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The proponent has briefly addressed each of these concerns in the draft
EIS, and has made a commitment to provide full design details once
permission is granted to access the project area (D 4-16). These measures
include vehicle speed restrictions, the provision of sediment traps,
concrete or rock aprons to minimise erosion, sealing on steep sections and
regular maintenance. The turnoff, from the Oenpelli Road, will be
upgraded to appropriate engineering standards, in which the first 40 m
will be sealed. During periods of construction activity, the unsealed
sections of the tracks may require regular watering to control dust
emissions. The proponent recognises their responsibilities in this regard.
Following the construction phase, use of these tracks will be low, and the
proponent refers to experience at Ranger when concluding that dust
generation from low-use unsealed tracks is not significant. Dust
monitoring is proposed for Aboriginal sites of significance (i.e., rock art
sites). Environment Australia considers that long-term impacts on fauna
and flora will be minimal.

Recommendation 30: ERA must ensure that dust emissions are kept to a
minimum during the construction phase. In this regard, dust mitigation
measures will need to be improved if dust is found to migrate to the
Oenpelli Road or sites of Aboriginal significance.

6.3.2 Haul Road Construction and Use

A number of submissions raised concerns regarding impacts of haul road
construction and operation.

6.3.2.1 Road Surface

The haul road surface was originally intended to be gravel with treatment
to minimise dust. The Supplement states that it is now proposed to seal
the haul road with a two coat bitumen seal over the entire length. This
should reduce the dust levels from the haul road to negligible amounts
and will also reduce the likelihood of erosion of the pavement and
associated downstream turbidity. Material used in the construction of the
haul road is described in Section 4.2.5.

The Supplement also notes that sealing should lead to increased vehicle
safety and reduce requirements for ongoing maintenance. There may be a
small comparative increase in the potential for pollutant transport from
the surface by water. In the Supplement, the proponent reported that
CSIRO (1992) indicated that the primary pollutants of concern in road
runoff in general (from tyres, oil and exhausts) are lead, zinc and copper.
The proponent noted that this report concluded that road runoff will cause
minimal impact on aquatic ecosystems because the majority of pollutants
bind to particulates. Therefore, effective removal of sediment may be
sufficient to alleviate the concern that this material will enter nearby
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waterways. Grassy channels will offer effective systems to remove the
majority of particulates and bound pollutants. The proponent considers
that the potential impact of this form of ongoing pollution is likely to be
minimal as vehicle movements along the haul road will be infrequent.
Vehicle maintenance will aim to be of the highest standard to avoid
concerns with leakage of oils and greases.

The final EIS proposes that should future use of the road not be required
by the Traditional Owners, after closure of the mine the sealed surface
would be removed and disposed of in the Jabiluka underground workings
or Ranger pit #3, and the surface area rehabilitated.

6.3.2.2 The road as a wildlife barrier

The 22.5 km stretch of road may act as a barrier to wildlife movement. A
raised road could present a major barrier to the movement of some
terrestrial animals and pose a risk of separating the area into discrete
populations. The final EIS reasons that the potential for significant levels
of road kills will be small given the regulated speed of vehicles and
haulage operation only during daylight. In response to a submission on
the draft EIS, ERA now proposes.to install dry culverts to encourage fauna
movement across the road corridor. The dry culverts would be placed in
areas between wet drainage culverts that are 1 km or more apart. The final
locations would need to be confirmed during the project design phase.
The Supplement does note there is a trade off in that dry culverts may
attract more animals to the road area (e.g., for shade) and may also serve as
ambush points for predators (although there are very few ambush
predators in Kakadu). The placement of dry culverts is, however,
supported.

Comments on the draft EIS also raised concerns that the haul road bridges
may serve as ambush points for predatory fishes on migratory fishes
around pylons close to the embankment. The Supplement proposes that
for each of the major creek crossings a series of culverts on either side of
the main channel at various levels would be incorporated into the
causeway design to assist migratory species in avoiding attacks from
predatory fishes during high water flows. The culverts would have slopes
similar to the gradients of the natural surroundings and contain
permanent structures such as rocks within the culverts to provide refuge
and less exposure to predators. The supplement notes that the design may
need to be discussed with a fish e'cologist.

Recommendation 31: ERA should ensure that the design of culverts for
migratory fish be designed in consultation with a fish ecologist.
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6.3.2.3 Culvert design criterion

A number of submissions questioned the adequacy of the 1:10 year flood
immunity for the underflow culverts designed to provide passage for
water at local stream and overland water flow crossing points. Impedance
of water flows upslope of the road could lead to changes in vegetation
structure, although the Supplement says that this would be minimal.
Water flow in excess of the culvert design would cause build-up of water at
the side of the road and possible water flow over the road surface.
Downslope scouring could also result from the concentration of water
flow. The possibility of washout of the road has been reduced by the
decision to seal the road, and the.final EIS states that ore haulage would
not be undertaken when flood flows are crossing the road. The
Supplement does state, however, that the cost-benefit of providing
culverts with a higher capacity would be reviewed during the detailed
design phase. While monitoring could be undertaken after construction,
if impacts were detected remediation would be difficult. While the 1:10
design may be in excess of the normal design standards for normal rural
roads, the haul road does not necessarily fall into this category.

Recommendation 32: ERA should ensure that the haul road water
underflow culverts be designed to a 1:25 year standard or better, to ensure a
significant margin of safety.

6.3.2.4 Impediment to access by Aboriginal Community

Concerns were raised that the haul road may obstruct access to the area by
the Aboriginal community. The Supplement notes that no physical
barriers will preclude access across the road, that haul truck traffic will only
occur at one road train in each direction every 15-20 minutes with speed
limited to 80 km/h and good sight distance along the road. The
Supplement states that should there be specific areas where Aboriginal
people are likely to cross, special measures such as signposting and possible
modifications to the road design would be evaluated and implemented.
Given that the submission by the NLC identified that the haul road would
stop Aboriginals from utilising a track that runs along the north-east bank
of the Magela creek and which provides access to the Mikinj Valley and
the Magela headwaters, there would appear that there is a need for
consultation on this issue to occur prior to construction.

Recommendation 33: ERA must consult with the local Aboriginal
community on the provision and design of access across the haul road
prior to the commencement of construction of the road.
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6.3.2.5 Timing of Construction

Construction of haul road bridges during periods of high rainfall could
cause erosion and increased sedimentation in the streams. The final EIS
notes ERA's commitment to the construction of bridges only during the
dry season and that sediment traps would be constructed if unpredictable
rain falls due to an early wet season while other sections of the road are
constructed.

6.3.2.6 Ore Spillage

Spillage of ore from a haul truck could occur during transport along the
haul road. A risk assessment study was conducted into the risk of truck
haulage for the draft EIS. The study indicated that the average number of
accidents involving spills would be 0.08 per million vehicle-kilometres (or
one spill every 30 years) and that the expected number of tonnes spilt from
a laden single vehicle collision can range up to 79.5 tonnes or, as a worse
case, up to 194 tonnes if two road trains were involved in the accident.

The Supplement outlines contingency measures to be undertaken in the
event of a spillage (S pi 1-28). Drivers and an emergency response team
would be trained in clean-up procedures. Action would include the
establishment of emergency bunding (and sediment fencing if necessary),
covering the spill with a waterproof sheet to prevent rainwater contact,
removal of bulk material and a radiological survey to determine the area
where surface material needs to be removed prior to a second survey to
ensure complete clean-up.

It was considered that the draft EIS did not adequately address the
possibility of ore being spilt into a water course, which was seen as
potentially having greater impact than spillage upon the ground and be
more difficult to clean up. The Supplement describes the risk of spillage
from the three bridges to be approximately 1 spill every 300 years. An
investigation has now been conducted into the potential for uranium
release from such a spillage (Supplement Appendix F). Geochemical
modelling and static laboratory leach techniques were used to estimate the
amount of uranium that would be released following the accidental spill
of ore into one of the three creeks that intersect the haul road. The studies
found that the overall leachability of the uranium is very low when
compared to the natural background levels found in the Magela Creek
system. On the basis of the static leach tests it is expected that a total of
approximately 200g of uranium would be leached from the ore if all 97
tonnes of a load were discharged into a creek system. It has been estimated
that the Magela creek system carries an annual background load of 130 kg
of uranium ore. The estimated total release from a spill would therefore
only contribute 0.15% to the total load of the Magela system.
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The Spillage contingency plan discussed above includes the establishment
of downstream sediment fencing, such as hay bales and siltation curtains,
if the spill is in or has the potential to reach a creek. The Supplement
makes a commitment to train emergency crews in the rapid clean-up of
spillages with clean-up exercises conducted at least once a year. Prevention
of spillages will also include the monitoring of drivers' performance in the
safe handling of their vehicles through regular checks.

The spillage contingency measures outlined in the final EIS adequately
provide for appropriate measures to be taken to prevent a spillage and to
implement corrective action if a spill occurs.

6.3.3 Product Transport and Acid Transport.

An accident involving a truck transporting uranium ore to port at Darwin
could result in uranium oxide being spilt onto the road or nearby surfaces.
The Transport procedure is described in Section 4.8 of this report and a
contingency plan is outlined in the Supplement (S p 11-29). The clean-up
procedure includes establishment of temporary bunding, cover with a
waterproof sheet, collection of material by personnel wearing protective
clothing and using special purpose industrial vacuum cleaners, and
detailed test work to ensure complete clean-up.

Appendix S of the draft EIS provides relevant heavy vehicle accident data
and Appendix K of the Supplement provides information on a
quantitative risk assessment of transportation of uranium and acid
between Ranger and Darwin. The assessment found that the risk of an
accident for Uranium oxide transport trucks is equivalent to 1 every 91
years and that the risk of a spillage as a result of an accident was 1 every 500
years. This takes into account that the uranium oxide is secured in drums
which act as secondary containment to spillage.

While some acid used in milling at Ranger is produced on site, up to
10,000 t/a of acid have been transported from Darwin in the past. It is
expected that further requirements could be an additional 5,000 t/a. Based
on a maximum cartage of 15,000 t/a, the quantitative risk assessment has
indicated that the risk of an acid vehicle accident is equivalent to 1 every
33 years and the risk of spillage is equivalent to 1 every 185 years. Acid
would be contained in stainless steel isotanks (short for tanks constructed
to International Standards Organisation standards) which are designed to
withstand rough conditions and are fitted with rigid outer metal frames to
provide protection in the event of a rollover. Contingency plans for an
acid spillage are provided in the Supplement (S p 11-29).

Spillage risks for both products are very low and it should be noted that
the final EIS states that no incidents have occurred in the 15 years of
transport of the product from Ranger to the port.
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6.4 Radiation Impacts

6.4.1 General

A number of submissions were concerned with human and
environmental exposure to radiation. The key element of the final EIS in
respect to radiological matters is to demonstrate that dose limits do not
exceed published guidelines or agreed standards.

Radiation dose limits for workers are set by the NT Government in the
form of legislation which is derived from the Code of Practice on
Radiation Protection in the Mining and Milling of Radioactive Ores 1987
issued by the Commonwealth Government (Code 87). Since 1987
recommendations from the National Health and Medical Research
Council, the International Commission on Radiological Protection (ICRP),
Worksafe Australia and the International Atomic Energy Agency have
been published.

The latest recommended worker and public exposure limits, from ICRP,
have been used in the proponent's analysis of worker and public
maximum dose exposures. The ICRP are currently undertaking a revision
of their recommendations.

In summary the latest published recommendations include:
• Dose to designated workers is limited to 100 mSv in any 5 year period

which is an average of 20 mSv per annum with a subsidiary limit of 50
mSv in any one year; and

• Dose to members of the public must be less than lmSv per annum, both
during operation and, to the extent foreseeable, after mine closure.

Radiation hazards from this project may arise primarily from:
• exposure to external radiation namely alpha, beta and gamma radiation;
• inhalation of radon and radon daughters; and
• ingestion or inhalation of radioactive dusts.

Alpha radiation does not penetrate the skin and is only a risk when an
alpha emitter is ingested or inhaled. Substances which are potentially
dangerous in this way are radon gas and its daughters, and radioactive
dust. Radon concentration will depend upon the amount and grade of ore
exposed.

There is comparably little risk associated with beta radiation. Doses are
only dangerous when a high concentration beta emitter comes into contact
with the skin. Risks from this source can be minimised if workers are
protected with adequate clothing when dealing with high grade ore.
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An internationally recognised expert consultant in the specific field of
uranium mine ventilation (Dr M J Howes) reviewed the Underground
Ventilation and Radiation Dose Assessment Study for the Jabiluka
proposal on behalf of the Supervising Scientist. The consultant
highlighted several issues associated with the ventilation design which
bring into question the accuracy of its radiation dose predictions. The
experts findings were provided to ERA and a response received.

In summary, the conclusions of the consultant were as follows;
1. The ventilation system designed for Jabiluka should achieve the design

flow rates using the planned airway and fan configurations.
2. The rationale and explanations for limiting the dose rate from radon

daughters to approximately 1 mSv are unconvincing.
3. The radon contribution from solid rock surfaces, ie the radon

emanation rate, appears to be significantly overstated whereas that from
broken ore is virtually ignored or understated.

4. The radon daughter contribution to average dose is probably low by a
factor of three.

5. The contribution to an ionising radiation dose of radioactive dust at
Jabiluka is also possibly understated, however, this assumes that the
factors used to assess its contribution are justifiable.

6. Gamma radiation will be the most important and significant
contributor to dose at Jabiluka and the effect of shielding is thought to be
critical to meeting acceptable dose limits.

7. The 20 mSv dose limit could be achieved, although more information
on the exposures in (other) high grade deposits would support the
premise and provide guidelines on suitable integrated control methods
including the effects of gamma radiation shielding.

8. The computed overall dose would appear to be between 9 mSv and 18
mSv.

ERA's response to the expert's concerns were reviewed by the expert and
the Supervising Scientist. It would appear that much of the differences of
opinion relate to assumptions made by modelling techniques. It must be
recognised that the predicted levels of radiation exposure are based on
models which incorporate many assumptions regarding the radiation
environment which will exist in the mine. Their validity cannot be
definitively confirmed without comprehensive investigations into the
actual radiation environment existing at the mine during development
and operation. It is commonly regarded as a reasonable result if models
and actual outcomes in atmospheric modelling agree within a factor of
two. Further refinement of expected conditions cannot really be reached
unless the project actually proceeds. This is also the view of the ARL on
the final EIS: "Our assessment is that ERA will need to continuously
evaluate occupational exposure impacts as the project develops, as in our
experience it is not possible at this stage to predict them better than their
present estimates".
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6.4.2 Occupational Radiation Exposure of Mine Workers

Gamma radiation will be the main type of external radiation to which
mine workers are exposed. This form of radiation can affect human tissue
from a distance and due to the high ore grades of up to 0.65% U3O8 (some
12% of all development is in ore which is classed a high > 0.2% U3O8)
underground workers may be exposed to doses that approach legislative
limits.

Estimates of doses presented in the final EIS, from gamma rays, are based
upon a draft model by Auty et ah (1993) and revised by Leach and Mitchell
(1997). Auty's model provides data from the computer model of radon
concentrations which contained errors. The Supplement corrected these
errors.

The final EIS has given estimates of exposure to gamma radiation based
upon worker categories (S p 10-3), which is consistent with other
Australian uranium mines. It is essential that underground workers are
protected to ensure doses are within appropriate limits. This protection
will be achieved through a number of methods including, but not limited
to, shielding provided by shotcrete, the steel cabins of the mobile
equipment, reduction of worker exposure through multi-skilling. Radon
and radon decay product exposure has been minimised through the design
of a single pass ventilation systems and the avoidance of mine
development through high grade ore zones.

The model estimates that doses for development and production miners,
during the first seven years, will range approximately from 9.5 to 14 mSv
per annum. Around 90% of this dose is expected to come from gamma
exposures, with doses from radon decay products and dust in the range 0.5
to 0.75 mSv per annum.

If respirable dusts are inhaled then alpha and beta radiation could pose a
potential health risk. To minimise this risk ERA proposes to ensure that
workers are suitable protected by enclosed air-conditioned cabins on all
mobile equipment and directly forcing air from stopes to exhaust vents.

Comparison with other operating underground uranium mining in
Australia (in particular Olympic Dam) indicates that the dose estimated
from modelling is less than might be expected from actual operation.
While the dose levels may be in question the proponent attempts to
control worker exposure through various techniques as indicated
previously. The final EIS includes precautionary measures such as close
monitoring of both the worker and air quality.

The Supplement indicates that micro-climate conditions, sometimes
experienced at Olympic Dam, can influence the radon decay product
exposure. These micro-climate conditions can occur when parachute seals
are ineffective (broken and imperfections in seals) or when ventilation

The Jabiluka Proposal—Environment Assessment Report
Environment Assessment Branch, August 1997



91

control doors are not closed. Similar systems are to be put in place for the
Jabiluka mine but will be designed to avoid micro-climate problems.

The final EIS notes that monitoring will be undertaken at "strategic
locations" which may need to be reviewed to ensure that the micro-
climate effects are well measured. These strategic locations should be
reviewed on a regular basis and locations added to the monitoring
network if micro-climates contribute to the exposure of workers within
the mine.

Given that the largest predicted annual radiation doses approach the
relevant annual dose limit, it is essential that an exhaustive radiation
protection program be planned and implemented to verify the
methodologies employed to estimate effective doses to mine workers, and
to accurately quantify the radiation doses incurred as a result of each work
function at the mine. The Supplement sets out an Action plan for
Occupational and Environmental Exposure to Ionising Radiations which
includes measures to establish baseline radiation levels around the project
areas; finalise radiation modelling; and develop a monitoring program
and radiation management strategy in consultation with relevant
agencies. The Supervising Scientist advises that a key component of this
program should be the measurement of parameters which facilitate the
derivation of radiation dose conversion factors particular to the Jabiluka
mine environment. These data may then be used to refine radiation
dosimetry, work procedures, and radiological protection attributes which
ensure that radiation doses are always below recommended dose limits
and are As Low As Reasonably Achievable (ALARA), a fundamental
principle incorporated in codes under the Environment Protection
(Nuclear Codes) Act 1978.

The radiation protection program should be divided into two components;
radiation environment characterisation, and radiation monitoring and
dosimetry. Both components should operate concurrently, through all
phases of mine development, operation and decommissioning. All facets
of the program, including planning, methodology and implementation,
should be agreed by the Supervising Scientist, NTDME, and the Northern
Territory Health Commission. Further, verification of the outcomes of
the program, through a comprehensive regime of check monitoring and
scrutiny, should be undertaken by independent government auditors. It
would be appropriate for the Supervising Scientist, in conjunction with a
NT agency with the required skills, to fulfil this role.

Recommendation 34: ERA must ensure that radiation doses to workers
must remain within appropriate limits at all times.

Recommendation 35: ERA must develop a comprehensive radiation
protection program for approval by the Supervising Scientist, NTDME,
and the Northern Territory Health Commission. Without limiting the
ability of government agencies or ERA to require that further activities be
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undertaken, the following represent investigations which must be
undertaken, and are in addition to other commitments made by ERA in
the draft EIS and in the Supplement; (R indicates routine monitoring; P
indicates periodic or occasional measurements).

• measurement of potential alpha energy concentrations of radon
progeny in underground workings and at key sites in the region of the
mine (R)

• measurement of the unattached fraction of radon progeny in
underground workings and at key sites in the region of the mine (R)

• measurement of radon emanation rates, and the effect of waste rock and
shotcrete shielding on those emanation rates (P)

• measurement of activity concentrations of long lived radionuclides in
underground workings and at key sites in the region of the mine, both
total alpha activity and the activity of each radioisotope (R)

• measurement of the activity distribution of long lived radionuclides in
dust in mine aerosols and calculation of the Activity Median
Aerodynamic Diameter (P)

• measurement of gamma dose rates in underground workings, and the
effect of waste rock and shotcrete shielding on those dose rates (R)

• derivation of dose conversion factors for ore dust particular to the
Jabiluka mine (P)

• consideration of the adequacy of the default dose conversion
convention for radon progeny used in the EIS (P)

• validation of the radon emanation coefficient used in the EIS (P)

• determination of the efficacy of waste rock and shotcrete shielding (P)

• determination of the radiation shielding (gamma, dust, radon) provided
by the cabins of equipment (P)

• measurement of radon progeny concentrations in air at key sites in the
region of the mine (R)

• appraisal of the performance of the Jabiluka Mine Ventilation Design
(P).
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6.4.3 Environmental and Public Radiation Exposure

Gamma dose rates above natural background levels will only be detectable
in the immediate vicinity of the source, which in the case of the Jabiluka
mine, will be predominantly the ore stockpiles at the Jabiluka site, and
tailings at the Ranger site. As access to these areas is controlled, and the
occupation of these areas by members of the public is effectively zero, the
radiation dose to members of the public due to direct gamma irradiation
will be negligible.

The inhalation of ore and tailings dust is another pathway for potential
radiation exposure to members of the public, mainly from the transport
and handling of ore. Trucks carrying ore from Jabiluka to Ranger will be
wetted and covered, reducing dust emissions to negligible levels.
Relatively small quantities of dust will become airborne during tipping at
stockpiles, as is currently the case for the Ranger mine. Environmental
dust monitoring and studies into ore and tailings dust at Ranger
demonstrate that radiation doses to members of the public from this
pathway are negligible in comparison to doses caused by radon progeny
inhalation (see below). The amount of dust generated by the Jabiluka
mine is expected to be small compared to the Ranger mine, thus public
radiation exposure from Jabiluka dust is also expected to be negligible. An
environmental dust monitoring regime will be implemented by the
proponents to measure the actual radioactive dust exposures of critical
groups.

Seepage water into the mine workings will be collected and pumped to the
surface retention pond. Rainwater runoff will also be collected in the
retention pond and disposed of via evaporation. The disposal of excess
water through misting into mine ventilation outlets is mentioned in the
proposal. Mine and runoff waters will contain varying concentrations of
radionuclides. If this water is sprayed as a mist into ventilation outlets,
the solutes contained in the water, including the radionuclides, may
become entrained in the airflow and be ejected to the atmosphere. No
provision is made in the final EIS for calculating the radiation dose to
members of the public which may result from this practice. Solutes
emitted from the vents could also potentially harm nearby flora and
fauna.

In response to a request for further information on this issue, ERA stated
that provided an evaporative process occurs, (i.e., there is no physical carry
of water droplets or aerosols) then there would be no possible loss of
contaminants, including salts and radionuclides, through this process. All
contaminants contained in the water would remain at the point of
evaporation inside the mine. ERA's response also indicated that the actual
mechanism and process has yet to be selected and could include a water
curtain or saturated mat system. Contaminants would be deposited in the
vicinity of nozzles, on bath rims, or mats and would be removed by a
regular procedure which may involve flushing and/or wash down to a
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collection point. The wash water would then be disposed of by use in the
backfill cementation process. In submitting the further information ERA
committed to:

• complete technical design and test work and obtain approval for the
proposed enhanced evaporation system prior to construction; and

• modifying the water management system to an alternative to enhanced
evaporation if the system cannot be demonstrated to operate as an
evaporative system.

The additional information also notes that intensive monitoring would be
implemented in the vicinity of the exhaust vents for any deposition or
carry of water or contaminants from the underground operations. This
would include baseline and ongoing flora studies as well as
infiltration/surface runoff studies. This is seen as an important issue - if
the system were to fail, it would be a failure of the total containment zone
and the no release policy which is a key element of the Jabiluka proposal.

Recommendation 36: ERA must submit the technical design and test
work and associated monitoring programs for the enhanced evaporation
water disposal system to the Supervising Scientist for approval prior to
construction.

Recommendation 37: If the quality of air emissions from the mine does
not meet the standard set by the Supervising Scientist, use of the enhanced
evaporation system should be halted until it can be demonstrated that any
problems have been addressed.

Assuming that misting of water into mine ventilation outlets does not
provide a pathway for contaminants, there will be no releases of
potentially contaminated water to the environment at Jabiluka. Thus the
exposure pathway for ingestion of radionuclides in water or biota by
members of the public will be truncated. Any exposure via this pathway
from the Jabiluka site is expected to be negligible-
Some concern has been raised in submissions about leakage of tailings
from Ranger Pit #3. This is discussed in Section 6.5.

The dominant radiation exposure pathway for members of the public in
relation to the Jabiluka proposal is the inhalation of radon progeny.
Effectively all of the radon progeny attributable to the mine will originate
from the underground workings, and be expelled to the atmosphere via
the mine ventilation system. A very small proportion of the total radon
progeny concentration will be derived from ore stockpiles. Jabiluka tailings
will be deposited in the Ranger mine pits together with Ranger tailings.
Once the depth of tailings reaches two or three metres, which is the case at
Pit #1, the radon emanation rate is independent of tailings volume.
Rather, it is the surface area of the tailings repository which influences
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radon emanation rates. The surface area of the tailings repository is fixed
by the dimensions of the pits. Thus the addition of Jabiluka tailings to
Ranger tailings will not significantly increase the total environmental load
of radon in the area.

As stated previously, effectively all of the radon progeny attributable to the
Jabiluka mine will originate from the underground workings. The
proponent has used an atmospheric dispersion model to calculate the
predicted average annual radon progeny concentration [potential alpha
energy concentration in units of milli Working Levels (mWL)],
attributable to Jabiluka, in the region surrounding the mine. This model
embraces the Gaussian Plume approach, which is an established
methodology for atmospheric dispersion modelling. The critical group
which has been chosen for the purpose of radiation dosimetry are the
occupants of Mudginberri, approximately 10 km south of the mine site.
This is the permanently occupied site with the highest predicted radon
progeny concentration. Other sites in the area are predicted to be subject to
lower radon progeny concentrations and/or have lower levels of
occupancy. The average annual potential alpha energy concentration of
Jabiluka origin radon progeny at Mudginberri is predicted to be
approximately 0.6 mWL above natural background. Using the dose
conversion convention recommended by the ICRP, this exposure leads to
an annual radiation dose of 0.12 mSv, or 12% of the relevant dose limit.
Combined with the annual radiation dose resulting from radon progeny
originating from the existing Ranger mine, the annual radiation dose to
occupants of Mudginberri is predicted to be approximately 0.25 mSv, or
25% of the applicable dose limit.

These calculations assume that the radon source term, ie radon expelled
from the mine ventilation system, is as calculated by the ventilation
design. The comments of the consultant indicate that the radon source
term may be significantly larger than calculated by the ventilation model.
Thus it is possible that radiation doses to the critical group will be larger
than 25% of the relevant limit. If the radon source term is increased by a
factor of three, the radiation dose to permanent occupants of Mudginberri
could be as high as 49% of the relevant limit.

It should be noted that, even if these the dose rates at Mudginberri are
below the public dose limit, there will be regions in the vicinity of Jabiluka
at which restrictions on permanent occupancy might have to be placed
(e.g., Ja Ja) - that is, the annual radiation dose to occupants in some areas
near to the mine may be over the 1 mSv limit. The potential for members
of the public to be exposed to levels above the recommended dose is
viewed as an unacceptable impact and would be of particular concern to
Traditional Owners. As discussed above, this result is only one possible
interpretation of modelling to date and one the company does not agree is
possible.
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Recommendation 38: ERA must ensure radiation doses to members of the
public and mine workers remain within appropriate limits at all times.
ERA must make available to supervising authorities results of
comprehensive monitoring and demonstrate actions consistent with the
ALARA principle in relation to management of radiation doses.

Recommendation 39: ERA must ensure that radiation emissions from the
mine do not exceed levels beyond which members of the public would be
potentially exposed to greater that 1 mSv per annum at any site outside the
fenced project area as a consequence of additive radiation levels (i.e.,
Jabiluka and Ranger combined).

6.5 Impacts Upon the Ranger Mine Site

6.5.1 Extended Use of Ranger Site

Many submissions on the draft EIS questioned the ability of the RWMS to
accommodate any additional burden incurred through processing Jabiluka
ore at Ranger mine. Submissions also drew attention to the performance
of the RWMS since commencement of mining at Ranger in 1979. The
impact of milling Jabiluka ore at Ranger on the RWMS is essentially one
of an extension to the life of existing arrangements rather than imposing
additional loads. Environment Australia notes that the environmental
performance of the Ranger uranium mine is under constant review by the
OSS under the Environment Protection (Alligator Rivers Region) Act
1978. The RWMS for Ranger has undergone appropriate assessment and
subsequently has been approved, as meeting the environmental
requirements set for the project.

While there have been numerous incidents or technical breaches over the
life of the Ranger mine, the Supervising Scientist has no evidence that any
have resulted in a significant environmental impact outside the
immediate mine area.

There have been no direct releases of contaminated water from the Ranger
RRZ to the Magela Creek system, although this has only been achieved
through periodic temporary expansion of the RRZ into bushland in the
Ranger Project Area for irrigation of retention pond 2 water. The use of
irrigation to dispose of waste water was not anticipated when the
environmental requirements were formulated. The land application area
is likely to require eventual rehabilitation due to build up of radionuclides
in the soil.

It should be noted that the Fox Inquiry and ERs do provide for periodic
releases of contaminated water in times of stress to the water management
system, and that such releases would be subject to stringent standards and
controls; however, direct releases have never been made.
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Increase in mill throughput would to some extent lessen pressure on the
RRZ water containment system at Ranger because more water from
retention ponds 2 and 3 would be consumed during ore processing.
However, there will be a corresponding increase in volume in the no-
release "tailings water circuit", where difficulties due to volume are
currently being experienced.

No leaks have been recorded from the Ranger tailings dam although there
is evidence of a plume of contaminated groundwater moving slowly
northwards from the tailings dam as a consequence of seepage. Shallow
groundwater is collected from around the tailings dam in seepage
collectors and pumped back to the dam. Independent consultants agree
that this water mainly comes from rainwater which has infiltrated the
wall.

There have been several occasions where tailings have leaked from failed
pipelines but material has been contained almost entirely within the
restricted release zone. Clean up by ERA has generally been rapid and the
Supervising Scientist has not reported any significant impact on the
environment from these events.

As such, Environment Australia agrees with the proponent that the
RWMS is effective in protecting the environmental values of the area
from the hazards of uranium mining, and therefore the method of
management does not require changing with the input of Jabiluka ore.

While the overall method of water management at Ranger will not
change with the addition of Jabiluka tails, the timeframe of operation will
be extended from approximately 12 years to about 30 years with the
additional input of Jabiluka ore to the plant. The RWMS was based on
recommendations of the RUEI Second Fox Report, and subsequently the
principles of applying Best Practice Technology has resulted in continuous
major improvements during the operation of the mine.

A number of submissions expressed particular concern regarding the
integrity of the existing tailings storage at Ranger. The Supplement notes
that, to date, the Quality Control Committee, composed of technical
experts, Traditional Owners, and representatives from ERA, OSS and the
NTDME, has reported satisfactory performance of the Ranger tailings dam.

6.5.2 Tailings Deposition Impacts - Ranger

Uranium mine tailings will emit radiation for thousands of years (for
example, the radioactive half life of Uranium-238 is 4.8 x 109 years).
Tailings leachate also contains metals which can be toxic at high
concentrations and thus may cause impacts upon the surrounding
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biological systems. For these reasons the fate of tailings from the Jabiluka
project requires careful consideration.

Many submissions outlined concerns over tailings disposal and the
potential for tailings contaminants to enter the surrounding water systems
through groundwater ingress /egress.

Issues relating to the deposition of Jabiluka tailings in Ranger pit #3 centre
around seepage, groundwater ingress/egress and the close proximity of the
Magela Creek system to pit #3 (200 m from the pit).

The hydrogeology in the area of pit #3 has been investigated since the
feasibility stage of the Ranger project in the 1970's. The EIS Supplement
outlines results of investigations, however the extent of connection
between various hydrogeological zones and the connection between the
pit wall aquifer system and Magela creek has yet to be completely
characterised. The final EIS indicates that further hydrogeological studies
will have to be made to complete the picture.

Existing studies have not identified significant aquifers up to 200m above
the expected base of the pit. However, if tailings were deposited above this
point there is the potential for tailings to seep into groundwater at certain
points adjacent to the pit. If tailings from Jabiluka were not deposited in
pit #3, it would be unlikely that the level of tailings deposited would reach
the level at which there is the potential for highest levels of seepage.
There is therefore a clear linkage between disposal of Jabiluka tailings at
Ranger and the potential for increased impacts.

If seepage were to occur, it would be likely that seepage water would
contribute amounts of salts such as sulphate, magnesium and sodium to
Magela creek water. The additions would be within the Maximum
Allowable additions assigned to creek water for the effect of water releases
from Ranger.

The Supplement quotes movement of uranium from the Koongarra
deposit of 80m in one million years, and used this information as
evidence for negligible impact arising from movement of uranium in
groundwater to the surface water system. However, the uranium and
other radionuclides present in tailings are in very different chemical forms
to those in the Koongarra orebody, and it would appear to be more
appropriate to use information derived from studies at the Ranger tailings
dam. For example, tailings samples at Ranger have been found to have a
uranium concentration in solution of 0.5 parts per million. The
Supervising Scientist estimates that about 6 tonnes of soluble uranium
will be present in pit #3 (i.e., about 12 million tonnes of water at 0.5 parts
per million soluble uranium). The proponent was asked for further
information on this issue.
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ERA has estimated that as a result, the possible addition of the
concentration of uranium in Magela Creek is 0.36 micrograms per litre,
which is approximately one tenth of the maximum allowable addition of
3.8 micrograms per litre as set by the NT. It should be noted that the
Australian Drinking Water Guidelines recommend a maximum level of 8
parts per billion (roughly equivalent to 8 micrograms per litre). If seepage
was to occur the concentration implied by the model proposed by ERA
could be expected to continue for about 15 years before depleting the store
of soluble uranium from the pit. However it is also possible that seepage
could occur for longer periods at lower concentrations. The calculations
used by ERA are based on an assumption that there will be no dilution or
sorption of uranium before reaching the creek, whereas it is likely that
these factors will prevent some of the seepage from reaching the creek.

ERA states that its commitment to intervene to reduce seepage to levels
that will not cause impact. The Sinai EIS outlines a number of techniques
by which the impact of seepage from tailings placed below the
groundwater table can be mitigated (S p 5-40). These include:

• lining or grouting the sides of pits to prevent seepage in or out of the
tailings;

• placement of a zone of high permeability around the deposited tailings
to divert groundwater and discourage mixing of groundwater and
tailings water;

• the creation of a low-permeability tailings 'plug' to decrease seepage.

In all cases it is expected that a gravel underdrain will be constructed as has
been built for pit #1 (see Section 4.7.2). ERA proposes that after conducting
further hydrogeological studies, a Best Practice Technology analysis will be
conducted to determine the most appropriate means of mitigating seepage
from the zones of higher permeability. The final EIS states that the
selection of the method will be subject to the agreement of relevant
authorities. It is unlikely that any technique would fully prevent seepage,
rather it would reduce seepage velocity and attenuate the peak
concentration.

The final EIS states that a seepage monitoring system would be used to
detect any failures in the containment system and that further action
would be taken if seepage was detected at levels that could adversely
impact on water quality in Magela Creek, associated downstream
ecosystems or human inhabitants. This would involve further
investigations into using techniques such as cement or chemical grouting
of fractures, and excavation and filling of a cut-off trench with low-
permeability or pollutant-retarding (reactive) material. The most
appropriate approach at the time would be selected to achieve the
principles of Best Practice Technology

Recommendation 40: ERA should provide the findings of the further
hydrogeological studies of Ranger Pit #3 to the Supervising Scientist and
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the relevant NT authority for consideration and that advice from both
authorities be taken into account in the conduct of the Best Practice
Technology analysis.

Recommendation 41: ERA should provide the findings of the Best
Practice Technology analysis conducted for tailings deposition and seepage
mitigation at Ranger Pit #3 to the Supervising Scientist and the relevant
NT authority. The proposed method of tailings deposition and seepage
mitigation must be approved by both the Supervising Scientist and the
appropriate NT authority prior to commencement of deposition of tailings
into Ranger pit #3.

In addition to the 6 tonnes of soluble uranium expected in Pit #3, there
may be approximately 3,800 tonnes of insoluble uranium in the pit, or 630
times the amount in solution. Any dissolution of a small percentage of
this uranium will significantly increase the amount of soluble Uranium.
It is likely that at least some additional insoluble material will come into
solution.

Recommendation 42: ERA should carry out further tests to determine the
relevant characteristics ofjabiluka tailings for use in determining Best
Practice Technology for tailings retention.

A number of submissions raised 'concerns as to whether, under various
scenarios, all tailings produced from the milling of Ranger and Jabiluka
ore could be disposed of in Ranger pits #1 and #3.

There is currently some uncertainty as to the depth to which ore will be
mined from Ranger pit #3. This of course will influence the amount of
tailings that could be deposited in the pit and could also influence the time
at which pit #3 is available for tailings deposition. The final EIS includes a
commitment by ERA to continue mining pit #3 to provide sufficient
tailings space for tailings produced from the milling of Ranger and
Jabiluka ore (including ore currently in the Ranger tailings dam if
required).

Some submissions have noted that the Jabiluka ore body is undefined at
depth. If this is correct and the deposits were mined and processed, then it
is possible that more tailings would be produced than could be contained
in Ranger pits #1 and #3. The final EIS acknowledges this possibility and
recognises that it would be likely to have a significant impact on the
volume of tailings generated, thus raising significant environmental
issues. ERA has committed to submitting a proposal to utilise a significant
extension of the ore reserve to the statutory authorities should this
possibility eventuate. The proposal would incorporate the level of
environmental assessment considered necessary by the authorities.

It is possible that disposal of additional tailings would involve above
ground storage facilities. It is not possible for this assessment report to
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provide advice on possible impacts or recommendations on remediation
required in such circumstances and thus it is necessary to conclude that
further environmental impact assessment should be required by the
Commonwealth under the EPIP Act if a proposal was made to mine and
process more ore from Jabiluka than is specified in the final EIS.

Recommendation 43: Approval to export uranium oxide from the
proposed Jabiluka mine will be restricted to uranium oxide produced from
processing of Jabiluka ore that would result in the production of an
amount of tailings that, when combined with the disposal of Ranger
tailings, can be accommodated in Ranger Pits #1 and #3 to the maximum
levels specified in the final EIS (Pit #1 at Reduced Level + 19m, Pit #3 at
Reduced Level -8.5 m). Any propvsal to mine ore in addition to this
amount from the Jabiluka deposit must require further environmental
assessment at the Commonwealth level under the Environment
Protection (Impact of Proposals) Act 1974.

Ranger Pit #3 will require rehabilitation measures whether or not Jabiluka
tailings are deposited in it. The Supplement outlines two measures which
ERA proposes to investigate further for rehabilitation to natural surface
level:

• to cap the tailings in Ranger #3 with an impermeable layer of non-acid
forming tailings overlain by 2-3 m of waste rock sourced from the
Ranger stockpiles;

• to cover the repositories with waste rock to ground level.

Both of these methods would provide cover thick enough to prevent
direct gamma radiation exposure. Radon emanation is discussed in
Section 6.4. The Supplement (S p 10-9) states that cover materials will be
selected to perform several functions:

• minimise infiltration of rain water (and thus reduce seepage);
• minimise erosion of the batters;
• minimise escape of radon and radon decay products;
• minimise the potential for intrusion into the tailings by plants or

animals;
• retain optimal moisture content.

ERA is required by the NTDME to submit plans for the rehabilitation of
tailings impoundments annually. The Code of Practice on the
Management of Radioactive Waste for the Mining and Milling of
Radioactive Ores 1982 requires that the radioactive tailings generated by
the Ranger uranium mine be isolated from the environment within an
earthen landform for at least 1,000 years. The ERs for Ranger require that
tailings must be disposed of in a manner approved by the Supervising
Scientist. The Ranger Rehabilitation Plan is revised every five years and
the final EIS acknowledges that the plan would be revised to accommodate

The Jabiluka Proposal—Environment Assessment Report
Environment Assessment Branch, August 1997



102

the changes due to mining of Jabiluka (Rehabilitation is discussed further
in Section 6.11).

As noted previously, tailings in Pit #3 will remain radioactive for
thousands of years. During this time it is entirely possible that geological
events, sea level changes, erosion or human interference may breach
tailings containment despite best efforts to ensure stable deposition and
rehabilitation. It should be noted that the tailings are located in what was
previously a naturally occurring uranium ore deposit. In comparison to
the orebody, the fine nature of the tailings would potentially increase
dispersion if exposure occurred, however the tailings contain less that 10%
of the uranium originally in the ore. Although the company has
committed to further action if seepage is detected, the relevance of such a
commitment to an event that may occur 1 000 - 10 000 years or more from
present is questionable. The decision to proceed with this or any proposal
requiring disposal of radioactive tailings implies acceptance of the
possibility that those tailings may become exposed to the environment at
some time in the future. Active management of a known radiation source
by future generations might eliminate this.

6.6 Flora and Fauna

Several submissions to the draft EIS indicated that appropriate
environmental assessment of potential flora and fauna impacts, including
on the Ramsar site and on migratory bird species and habitats, was not
possible because of the lack of baseline data for this project. The need for
further baseline data is discussed in Section 5.15. As such, although
current information does not indicate a significant impact upon any
endangered species, there is currently insufficient information for the
proponent to infer that no rare or endangered species will be adversely
affected. The proponent has recognised the need to undertake systematic
baseline studies to ensure that these species are protected. Environment
Australia supports this commitment.

Recommendation 44: The baseline data surveys to be undertaken by ERA
must identify any species in the project area that are considered to be rare
or threatened. The project design will need to be amended, where
appropriate, to ensure the protection of, and minimal impact on, these
species (in the case of threatened species, recovery should not be
significantly impeded).

6.6.1 Flora

The proposed mine may impact on the region's flora by the following:
• vegetation clearing;
• effects of mining and associated processes; and
• the introduction of exotic flora.
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It is proposed to clear some 90.5 hectares of vegetation as part of the mine
construction. Disturbance of this land is unavoidable if the project is to
proceed. The company has committed to rehabilitating approximately 15
hectares of land immediately following (and during) construction
activities.

Clearance of any native flora is obviously deleterious from a flora
conservation viewpoint. Any clearance creates disturbance, not only to
the remaining plants, whose light, water, wind and competitive
environments are modified, but to regenerating plants which may have to
cope with the frequently associated problems of soil degradation such as
erosion or compaction.

Liquid emissions such as sewage effluent also may result in impacts to
local flora. The proponent has recognised this in the final EIS.
Environment Australia supports the "no release" water management
system and seepage monitoring programs as being measures that will
minimise these impacts.

Concern has been raised that the disturbance created by vegetation
clearance and vehicle movements will open a corridor for invasion by
weed species and plant diseases. These species may be further spread by
fauna attracted to the haul road and power line corridor, to graze in cleared
areas and for ease of movement from one area to another.

Seeds of undesirable species may be introduced to the ARR via tourist
vehicles. Weed infestation attributable to the proposed mine will be
minimised through the implementation of the Weed Management Plan
(Action Plan 13, D 11-25), which includes a baseline survey and periodic
inspections, the development of preventative and control measures, and
employee education. Environment Australia notes ERA's commitment to
the Weed Management Plan and supports liaison with Parks Australia to
ensure that the final weed management strategy is compatible with weed
management in KNP. The final strategy will be included in the EMP.

Recommendation 45: No exotic species, including grasses for
rehabilitation purposes, are to be introduced to the site.

The draft EIS noted that up to 3 ha of mainly Eucalyptus species had died
about 200m south-west of the portal area. The identity of the causal agent
responsible for tree mortality has not been established. Suggested causal
agents include: plant pathogens, insect damage, local hydrology, fire
regimes, seasonal water regime alteration leading to plant stress, human
interference, etc. As no causal relationships have been established, caution
must continue to be used to restrict potential spread of plant pathogens.
Environment Australia considers that further studies are required to
determine the cause(s) of flora mortality in the region. Similarly, isolation
techniques need to be employed to reduce the spread of plant mortality
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into surrounding areas. Environment Australia notes and supports ERA's
commitment in the Supplement to further study this phenomena, but
also notes that the study should be undertaken before construction
activities commence, and a plan of management is required to restrict
vehicle and human entry to this region.

Recommendation 46: ERA should investigate causes to Eucalyptus species
mortality in the vicinity of the proposed mine before commencing the
project. Monitoring of flora mortality should continue during the life of
the mine, and a plan of management, approved by Parks Australia and
NTDME, restricting movement to and from the affected area should be
developed and incorporated in the Environment Management Plan.

6.6.2 Fauna

The project's main impacts on the fauna in the region may come from:
• displacement, or migration pattern alteration, of fauna from land

clearing and mine operations;*
• possible introduction of exotic fauna; and
• fauna mortality from construction and operational activities.

A major impact of the proposed Jabiluka uranium mine will be the
disturbance of natural habitat. The impact on fauna in adjacent areas
depends largely on the amount and type of vegetative cover remaining.
For this reason it is likely that after initial clearing the movements of
small animals which avoid cleared areas will be disrupted.

Noise, vibration and, to a lesser extent, dust from operations, including
haulage operations, may act to drive some animals from the vicinity of the
project, while others may be attracted by noise and lighting or to graze in
cleared areas. These impacts are discussed in Section 6.9.

Fencing the project is not appropriate as this may hinder normal
migratory paths and require substantial clearing. The proponent has
restricted haulage operations to daylight hours to minimise road kills.
Studies by Fanning (1992) have shown that road kills are directly related to
vehicle speeds. The proponent, therefore, has also restricted road speed to
a maximum of 80 km/hr (average 60 km/hr). Road kills can often attract
other predatory species, which feed on the carcasses, and therefore any
animals killed should be removed from the road surface as soon as
reasonably practicable to further reduce the potential for further faunal
road deaths.

Recommendation 47: ERA should ensure that all drivers are fully
educated on the potential for fauna road kills. A record of any significant
fauna road deaths should be kept on-site and included in the Jabiluka
Annual Report.
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Recommendation 48: In consultation with Parks Australia, ERA remove
road kills, as soon as practicable, to a safe distance from the haul road.

The introduction of exotic animals, such as dogs, cats, mice, fish and other
non-endemic fauna could disturb or displace the existing native animal
population, as well as being sources for disease to the sensitive ecosystems
of the ARR. KNP and the township of Jabiru have strict guidelines on
animal importation, and these measures will be reinforced by ERA's
commitment to prohibit animal introduction to the mine area. Cleaning
at the entrance to KNP will minimise potential introduction of exotic
animals, such as mice and lizards, by heavy vehicles.

In the Supplement to the draft EIS, the proponent noted a submission's
claim that the raised road would cause a barrier to wildlife movement,
together with the suggestion that 'dry' culverts be used to alleviate these
effects. This is discussed in Section 6.3.2.2.

Migratory patterns and seasonal movements of flying animals have not
been adequately investigated by the proponent. For example, the proposed
power transmission line may present a hazard to birds and bats. The
Supplement to the draft EIS lists those species most at risk and proposes
mitigation measures to reduce the risks of collision. The main migratory
paths follow major water courses, therefore it is considered that bird
collisions with power lines will be remote given the redesign of the
transmission lines. The proponent intends to incorporate the power lines
in the bridge structures and to keep the conductors in the shadow of the
tree lines.

The final EIS also refers to the Jap an-Australia and China-Australia
Migratory Bird Agreements (JAMBA and CAMBA) and concludes that
listed species will not be adversely affected by the proposed development.
Despite this a final conclusion on the impact upon JAMBA and CAMBA
listed species occurring in the Jabiluka area cannot be made until the
baseline surveys are complete.

Species identified in the draft EIS that are JAMBA and/or CAMBA listed
include: Little Curlew Numenius minutus, Common Sandpiper Tringa
hypoleucos, Marsh Sandpiper Tringa stagnatilis, Terek Sandpiper Xenus
cinereus, and Whimbrel Numenius phaeopus variegatus.

Recommendation 49: ERA should consult with Parks Australia on the
frequency of presence, abundance and distribution of JAMBA and CAMBA
species found in or adjacent to the proposed mine site, to ensure that the
construction and operation of the mine and associated facilities does not
adversely impact on the above.
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6.6.3 Ramsar Wetlands of International Importance

Kakadu National Park Stage I, which abuts the eastern border of the
Jabiluka Mineral Lease, was the second area in Australia to be recognised
under Ramsar Wetlands of International Importance. It was listed by the
Australian Government in 1980, with the extension of boundaries to
incorporate wetland components of Stage El included on the listing in
1995. Stage II of the Park, which borders the northern and western
boundaries of the lease, was listed in 1989. Contained within Stage n, the
Magela Creek wetlands partially encroach the north-western corner of the
Jabiluka Mineral Lease. Stage I was listed as satisfying Ramsar criteria 1 (a),
(b) and (c) for representative or unique wetlands; criteria 2 (a), (b) and (c)
based on plants and animals; and all three criterion relating to waterfowl
(criteria 3)(refer to Table 3.1 in A Directory of Important Wetlands in
Australia, 2nd edition). Stage II meets criteria l(a), l(c), 2(b), 2(c), 3(a), 3(b)
and 3(c).

The declaration of Kakadu National Park Stage II closed many gaps in the
protection of wetlands in the ARR by the inclusion of the Magela Creek
floodplain, the lower South Alligator floodplain, virtually the entire West
Alligator River system and nearly all the Wildman River system.
Together, the two stages place nearly all the wetlands of the ARR under
active conservation management. The floodplains and other wetlands
support over 3 million waterbirds of over 60 species, as well as many other
vertebrate and invertebrate species.

Concern was raised in submissions that the draft EIS failed to recognise
how the special ecological characteristics for which KNP has been listed as
a Ramsar site will be affected by the proposal. The proponent addressed
this matter subsequent to the completion of the Supplement, after
Environment Australia requested further information to substantiate the
claim that no Ramsar wetlands denned within the Park will be affected by
the proposed development. Environment Australia believed that the
proponent should have discussed potential impacts on ARR Ramsar
wetlands in the context of the ecological characteristics of the Ramsar sites
as outlined in the Ramsar nomination documents, the second edition of
the A Directory of Important Wetlands in Australia, and the wise use
principles outlined in the Wetlands Policy of the Commonwealth
Government of Australia.

ERA noted that the nomination documents make reference to the fact that
uranium mining takes place in the catchment, and that this mining is
subject to effective environmental damage control. The proponent
further noted that in the ARR the OSS is required to:
• develop, coordinate and manage research programs into the effect on

the environment of uranium mining within the ARR; and
• develop standards, practices and procedures that will protect the

environment and people from the effects of mining within the ARR.
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Given the long history of detailed research and monitoring of Ranger's
existing operations, in which the proponent notes that the Supervising
Scientist has concluded no detriment, the fact that OSS will continue to
monitor Jabiluka, and that the proposed controls at Jabiluka are more
stringent than those at Ranger, ERA consider that the Ramsar wetlands
will not be adversely affected.

It is particularly relevant that the Jabiluka mine site would operate on a
no-release water management system. If successful, the possibility of
seepage or inadvertent release of low quality water from the mine site to
downstream areas is considered to be negligible and adverse impacts upon
the ecology of the Magela floodplain and associated waterbodies are highly
unlikely. The possibility of impacts associated with the haul road are
discussed in Section 6.3.2, and the possibility of contamination of
waterbirds using the mine retention pond is discussed in Section 6.1.5.

Recommendation 50: ERA must consult with the Supervising Scientist
and Parks Australia to ensure that the special "ecological character" (as
recognised under the Ramsar Convention) of the Magela Creek floodplain
and associated Ramsar wetlands will not be compromised by the proposed
Jabiluka uranium mine.

6.6.4 Insect Disease Vectors

The draft EIS discussed a number of general safeguards to be incorporated
in the design of project facilities to minimise the possibility of insect
breeding. These insects may act as vectors for Malaria, Ross River Virus,
dengue fever and Australia encephalitis, and therefore can cause severe
health problems. Despite the isolation of the mine site and low workforce
population, mine personnel will be at greatest risk to the diseases spread by
problematic biting insects. Environment Australia supports measures
designed to prevent breeding of disease vectors.

The draft EIS and Supplement did not fully recognise or respond
adequately to the issues associated with biting insects on the mine site and
associated smaller drains and ponds. This is particularly important as all
still waters are potential sites for biting insect breeding. The proponent
will need to resolve these issues with the Territory Health Services.

Recommendation 51: ERA must consult with the Territory Health
Services to ensure that the proposed baseline and operational monitoring
and control programs for biting insects are in accordance with the
requirements of the Territory Health Services.
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6.7 Social and Cultural Impacts

This section is based primarily on expert advice by Dr Helen Ross, in her
report "Information on social impacts, the Jabiluka Project EIS" prepared
as part of the assessment of the final EIS (Ross, 1997).

Over 50 percent of submissions on the draft EIS, including those from the
NLC and Government Agencies, expressed concern over the direct and
indirect impacts of the proposal on Aboriginal culture, including impacts
on natural resources, lifestyle and sacred sites. Respondents also criticised
the adequacy of the draft EIS assessment of these issues. ERA have
attempted to address these concerns by providing additional information
in the Supplement.

Baseline data inadequacies have been assessed in Section 5.15. Perhaps
more so than with impacts upon the natural environment, the limitations
on access to both the site and to consultation with the Aboriginal people
have meant that the EIS process has never been in a position to present
sufficient or reliable information on social impacts on Aboriginal people.
Many submissions pointed out that KRSIS would possibly prove a source
of information on the existing social environment which could be used in
the assessment of social impacts of the Jabiluka proposal and argued that
KRSIS should be taken into consideration in the assessment process.

As ERA notes in the final EIS, the EIS guidelines specify that the parallel
KRSIS study will not form part of the Jabiluka EIS. This restriction does
not necessarily prevent consideration of the KRSIS study in the overall
consideration by the Minister for the Environment prior to the Minister's
provision of recommendations, comments and advice to the Action
Minister.

ERA's response to concerns expressed in public comments is in part
summarised on PI 1-5 of the Supplement (with references to other
sections). The response highlights ERA's acknowledgment that:

"The means necessary to more broadly address the existing
and future well-being of the Aboriginal communities in the
region and existing social problems are being addressed in
the Kakadu Region Social Impact Study (KRSIS) .... ERA is
committed to active participation in the implementation of
specific initiatives to be set out in the KRSIS report";

and

'The exact form and content of the project-specific social
impact monitoring program will be formulated to be
consistent with overall social impact monitoring program,
which will be developed as an output of KRSIS ...."
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It can be expected that the KRSIS study will provide necessary background
information on the existing social environment, the contribution of
existing and past mining related activities, and broader cumulative
impacts of other activities such a*s tourism and park management, together
with recommendations on approaches to addressing resulting negative
impacts. It is unlikely, however, that the KRSIS study will provide a
replacement for consultation between ERA and the Aboriginal
community concerning the communities concerns about on site impacts
and broader social and cultural impacts of the Jabiluka proposal.

To place specific final recommendations relating to social impacts at this
point is therefore premature. The final EIS sets out ERA's position that
"no development activities connected with Jabiluka will be commenced
before the opportunity for detailed negotiations with the NLC and the
Aboriginal community have been made available". It would appear that
ERA expects the bulk of such consultation would occur as negotiations
within the framework of the Jabiluka Project Agreement of 21 July 1982
under Section 43 of the Aboriginal Land Rights Act. That agreement sets
out a series of steps by which changes to the original Pancontinental
proposal would be negotiated with the Traditional Owners of the Project
area and other Aboriginal people affected by the Jabiluka Project (as
defined by the agreement).

Submissions by the NLC and recent correspondence to the Minister for the
Environment from Gatjil Djerrkurra, Chairman of ATSIC, raise concerns
about the applicability of the 1982 agreement to the current proposal. It is
not the role of this assessment report to resolve the legalities of the
agreement, however it is important to ensure that appropriate
consultation and negotiation occur prior to any development of the
Jabiluka Proposal.

There would appear to be evidence of marginalisation of the Traditional
Owners and broader Aboriginal community as a result of past decisions
concerning development and management of the region. At the very least
this is reflected in the opposition to the proposal consistently voiced by the
Senior Traditional Owner and has been highlighted in public submissions.
Information presented in the final EIS shows that the Aboriginal
community still confronts a number of social problems despite receiving
royalties from the Ranger mine. The manner in which the
Commonwealth decision is made on this proposal and (if approval for the
project is given), ERA's subsequent handling of negotiations and ongoing
communication, can modify the extent of marginalisation eventually felt
by Aboriginal people.

Recommendation 52: ERA must undertake to do all within its ability to
implement fair and reasonable recommendations of the KRSIS Study as it
relates to the Jabiluka Proposal. It is noted that in most cases the
responsibility for implementation of the KRSIS Study recommendations
will not rest with ERA.
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Recommendation 53: Approval of the Jabiluka Proposal be made on the
condition that there be detailed negotiations on impacts and mitigation
measures between ERA and the NLC and the Aboriginal community prior
to the project proceeding. It is noted that negotiations under the Section 43
Jabiluka Agreement may be used where appropriate.

Within this context, the following assessment of social and cultural
impacts is provided.

6.7.1 Impacts on Town of Jabiru

The final EIS provides a substantial amount of information on Jabiru, its
background, and possible impacts of the Jabiluka Project upon the town.
Further information has also been provided by the Director of National
Parks and Wildlife in relation to his responsibilities for Jabiru. This was
summarised in Section 2.2.

The information provided in the final EIS portrays Jabiru today as a small
regional centre with mixed roles relating to servicing of mining, tourism,
Park administration and regional administration. This contrasts with the
vision of the Fox Report of a town with a finite life focused on mining, as
reflected by the current lease for Jabiru signed on 1 July 1981 for a period of
40 years.

The finite nature of the town has led to concerns that the lease effectively
blocks further investment in the town in that financially it is not enough
to provide adequate security for loans and for business to recoup their
investment.

The servicing of the Ranger mind is still a major focus of town activities.
Wind-down of Ranger activities would occur in about 2008 if Jabiluka did
not proceed, while if Jabiluka was approved, the combined mining
activities would extend to around 2023. The final EIS identifies that the
continuation of the mining activity will enable sufficient support for the
current level of services provided by Jabiru and questions whether these
services would stay at current levels without the economic influence of
mining activities. These services benefit all groups in the community and
the value of the town as a service centre to other organisations such as
Parks Australia and Aboriginal associations may be reduced. Aboriginal
businesses may also suffer a downturn, although many of these are
tourism related.

In contrast, continuation of the large non-Aboriginal population has the
potential to prolong Aboriginal marginalisation. For example, Aboriginal
children may feel increasingly marginalised within the school population.
If the proposal was not to go ahead it may be possible that other Aboriginal
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organisations may benefit from increased housing availability and reduced
marginalisation

The final EIS demonstrates that the facilities at Jabiru are sufficient to cope
with the expected Jabiluka workforce. However, as noted in Section 5.14,
past fluctuations in Ranger workforce levels have led to ERA
accommodation currently being occupied by other households, which are
soon to be displaced due to the upturn in employment associated with
Ranger orebody #3. Other organisations have housing under
construction, however it is possible that housing may remain an issue due
to investment constraints discussed above. It is important that all
organisations involved in housing at Jabiru cooperate to ensure that
housing needs are met.

It is likely that the KRSIS study will consider the future of Jabiru as it
relates to the regional social environment. The key issue of relevance to
the Jabiluka Proposal is that although approval of the proposal will
increase the length of time that the town will be required for mining, it
will not in itself resolve the uncertainty surrounding the future of Jabiru.
This issue has been the subject of attention of the JTDA in recent times.

•
Recommendation 54: As a stakeholder in the future of Jabiru, the
Commonwealth, through the Director of National Parks and Wildlife,
should ensure that problems associated with the current framework for
Jabiru are addressed in a way that involves all stakeholders and ensures
that changes take place in a way that does not damage the natural and
cultural heritage of the Park and World Heritage area in which Jabiru is
located.

6.7.2 Impacts upon Cultural Heritage

As indicated in Section 5.9, the Jabiluka lease area contains sites of cultural
and archaeological importance.

The final EIS outlines measures that should ensure that there is little or
no increase in public access to the lease area as a result of the development.
The final EIS also outlines policies that should ensure ERA employees and
contractors will remain within the project area, thereby minimising
opportunities for damage to or incursion into sacred and archaeological
sites. This includes a commitment that any employees or contractors who
enter areas outside of the "fenced area" without the permission of the NLC
will be fined, dismissed and the NLC informed of the same.

The project area has been designed to avoid known significant sites. The
draft EIS notes that two archaeological sites are located where ground
vibrations from blasting may marginally exceed the recommended peak
criteria for archaeological sites of 3 mm/s. The final EIS states that the
nature of these sites means that the risk of damage due to ground
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vibration would be negligible. Similarly the final EIS describes the risk of
any effect upon the sandstone escarpment as negligible. Monitoring
would include vibration analysis during the initial phase to assist in
determining appropriate charges. Monitoring would include locations
near heritage sites and nearby escarpment areas with ongoing monitoring
at key locations.

The final EIS acknowledges that dust generation from mine operations is a
potential threat to art work. Since the draft EIS, the potential for dust to be
generated by the haul road has been minimised by ERA's decision to seal
the road. Also associated with vehicle use is the potential for site damage
from emissions from vehicle exhausts. While ERA has acknowledged this
possibility in the Supplement (s p 8-17), it concludes that distances from
known sites would suggest that it is unlikely to be a concern. The
Australian Heritage Commission recommends that monitoring of
emissions from vehicle exhausts should be incorporated into the
management of rock art sites in the area.

Recommendation 55: Monitoring of rock art sites in the area surrounding
the project area should include monitoring to detect impact from vehicle
exhausts.

Recommendation 56: Any significant deviations from baseline data
identified by monitoring of rock art sites must be reported to the
Supervising Scientist and Traditional Owners and a course of action
agreed and implemented.

The Supplement provides a revised Action Plan for cultural heritage
management (S p 11-24). A key aspect of the plan is the need to conduct
detailed archaeological surveys of the project area along with the need to
liaise with Traditional Owners regarding site identification, protection and
the development of a cultural heritage management strategy framework.
The Action Plan acknowledges that project layout would need to be
reviewed in light of survey findings and that ERA would report to
agencies on the outcomes. While this is appropriate, the circumstances
relating to lack of baseline data (as described in Section 5.15) prevent a full
consideration of the proposed management approach to cultural heritage
at this stage.

Recommendation 57: ERA must develop Cultural Heritage Management
Plan in consultation with Traditional Owners, and Environment
Australia and relevant NT authorities prior to project construction
commencing.

The Boyweg site is of particular concern and was raised as such in a
submission by the NLC. This site would appear to be a "danger" site which
could be compromised if development proceeds. Information in the
Supplement indicates that the integrity of the site may relate to
groundwater issues, however detailed information was not disclosed so as

The Jabiluka Proposal—Environment Assessment Report
Environment Assessment Branch, August 1997



113

to protect the locations and the rfature of such sites. The Supplement
proposed a monitoring regime in relation to groundwater impacts,
however, given that the nature of the monitoring may itself have
potential impacts upon the site, it would be appropriate to specifically
consult with the Traditional Owners on this issue.

Recommendation 58: ERA should instigate a study to identify potential
dewatering effects at the Boyweg site. This study is to include detailed
consultation with and incorporate recommendations from the Traditional
Owners. If a suitable monitoring program cannot be found, then
alternative water sources must be sought. The monitoring program and
results should be submitted to the Supervising Scientist for review. If
monitoring proceeds and dewatering effects are detected, remedial action
must be taken to the satisfaction of the Traditional Owners and the
Supervising Scientist.

6.7.3 Social Impacts

It should be noted that the following discussion is based on minimal input
from the people it concerns most (for reasons explained previously). In
addition the discussion focuses principally around the possible impacts
upon the Mirrar Gundjehmi people. In doing this it perhaps unavoidably
neglects the interests of the wider Aboriginal community in the Kakadu
Region.

6.7.3.1 Access to Country

As noted in Section 5.13, the Mirrar Gundjehmi people already have
much of their traditional land taken up by the Ranger operation and
Jabiru. Establishment of the Jabiluka surface facilities and associated
infrastructure will impose further access restrictions on 90.5 ha of the
Jabiluka lease. While access to most of the lease will remain, it will
potentially be less attractive. Even after rehabilitation, the land may have
reduced value because of perceived association with radioactivity. While
ERA's commitments to consultation and site area minimisation would
reduce this impact, the impact may remain significant.

6.7.3.2 Ecological Effects and Risk Perception

Submissions highlighted that many of the Aboriginal people in the region
are concerned over the potential contamination of bush food and
medicine. Perception of risk may exist after an issue has been
demonstrably dealt with to the satisfaction of the company and regulatory
agencies. Risk perceptions may remain due to issues of trust in scientific
data collection and in the company, or because measures taken to
minimise risk have not been communicated successfully. The Jabiluka
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proposal may lead to increased perception of risk associated with
contamination of the food chain, or the dangers of increased amounts of
radioactive tailings stored at Ranger. The impacts of these fears have not
been well documented, other than reports (including in the NLC
submission) of reduced usage of the Magela floodplain. Possible social
impacts of these fears can include the psychological and health effects of
suffering fear, reduced use of the area concerned and of species normally
hunted from it. Over a very long period there is a risk of gradual attrition
of knowledge of these areas if they become less frequented and children are
taken there less often for socialisation into traditional ecological
knowledge. The Supplement in part acknowledges this impact and notes
ERA's commitment to cooperate and communicate with community
groups to increase mutual trust and cooperation. While this may reduce
the impact of perceived risk, if such perceptions continue to exist so long
after the commencement of mining at Ranger, it is unlikely that they
could be easily banished.

Recommendation 59: ERA and the Supervising Scientist should aim for
complete transparency in the reporting of environmental monitoring
data, including communication in forms which assist Aboriginal people or
their organisations to evaluate the biophysical monitoring data
themselves. ERA and the Supervising Scientist should look for
opportunities for Aboriginal people to participate in environmental
monitoring research now and in the future.

6.7.3.3 Marginalisation and Empowerment

Marginalisation has two inter-related dimensions, that of power relations,
and that of alienating daily experiences as a small proportion of a
population different to one's own (Aboriginal people are approximately 7.6
percent of the population of Jabiru, their children are 30 percent of the
school population based on 1991 census figures). It affects people's ability,
and sense of effectiveness, to pursue their own planning and development
agendas (including visions for their country and futures) rather than be
forced to adapt to the agendas of others. Empowerment is not precisely the
converse of marginalisation, but helps increase people's effectiveness in
pursuing their own agendas and believing in their ability to do so.

The evidence of literature on the region to date, from the Fox report
onwards, is that Aboriginal people are already highly marginalised.
Approval of the Jabiluka project would continue this degree of
marginalisation over a far longer period (46-48 years post 1977 rather than
31 years). While ERA has committed to accommodate Aboriginal wishes
in project planning, to be successful it must overcome current perceptions
of the company and industry. Approval of mining would maintain or
only slightly modify the stakeholding status quo, with the additional pain
of the company's wish to mine prevailing over the traditional owner's
objections. Non-approval (witho'ut later approval of other mines) would
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simplify the stakeholding relationships in the region after Ranger ceases
operation around 2008, leaving Aboriginal people in a more influential
position overall.

"The traditional Aboriginal owners are so distressed by the
notion of having a further uranium mine developed on
their estate after their experience of the last 15 years that they
refuse to participate in consultations at least until their
concerns have been addressed". (NLC submission, January
1997).

"Mining in the Alligator Rivers region has been to the long
term detriment of the social and cultural environment of
the land owners of the region. Mining has not resulted in
enhanced opportunity for cultural sustenance and
development. It has exacerbated the social fragmentation
produced by the disruption of traditional structures by
European intrusion. It has not brought about local
employment or long term economic well being The
draft EIS does not reveal any basis for a conclusion that a
new mine would not further attack the social and cultural
fabric of the region."(Gundjehmi Aboriginal Corporation
Submission, January 1997)

For reasons as much relating to conduct and perception of conduct of the
Ranger mine as to the Jabiluka proposal, the assessment process to date has
proceeded with minimal participation from the Traditional Owners and
wider Aboriginal community. As noted previously, the manner in which
the Commonwealth decision making process is concluded has the
potential to influence the extent of marginalisation that may be felt. It is
also essential that if approval is given, ERA does all it can to increase
Aboriginal people's participation in decision-making and sense of "stake"
in the mine. ERA has attempted to address concerns such as those raised
in the submission from the Gundjehmi Aboriginal Corporation by
outlining new approaches to employment, training and business
development policies (discussed below).

*
However such commitments need to be viewed in the light of the Senior
Traditional Owner's continued opposition to the mine. The Supplement
acknowledges this opposition, but then proceeds to contrast it with a
statement that "... many other Traditional Owners of the region have
given strong support to mining and the benefits of mining to the
community" (S p 8-14). Given that no formal consultation has taken
place, it is difficult to assign any credibility to this statement. It is also
important to note that the final EIS does not acknowledge the possibility
that, because there has been no formal canvassing of other Aboriginal
people with cultural responsibility for the project area, it is equally possible
that further opposition to the mine and support for the Senior Traditional
Owner's position may be found there. It must be acknowledged that if the
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Senior Traditional Owner maintains opposition to the project (and
particularly if this opposition is supported by other Traditional Owners), a
decision to proceed with this project will increase marginalisation and
social impact no matter what other measures are put in place.

6.7.3.4 Royalty Distribution

The final EIS outlines how the Jabiluka project would provide income to
the Aboriginal community through royalty payments for the life of the
mine. Royalties from Ranger have averaged $7.2 million dollars per
annum and about $2000 per annum to individual beneficiaries. The
royalty distribution arrangements mean that not all of the money is
provided to the local Aboriginal community. Local Aboriginal
associations have successfully invested some of the royalties derived from
Ranger, however there is also the potential for negative impacts through
personal and interpersonal pressures of negotiating and renegotiating
allocations, and also potentially through a decline in services provided by
other agencies to the area receiving royalties. ERA notes that the change of
scope negotiations under the Jabiluka Agreement would provide the
opportunity for a reconsideration by Aboriginal people of the way in
which compensation payment flows to the Aboriginal community and
thus the ways in which the community can best benefit from these
payments.

6.7.3.5 Employment and Business Opportunities

ERA has between 5 and 10 percent Aboriginal participation in it Ranger
workforce and acknowledges that there will be difficulties in employing
many Aboriginal people directly in the Jabiluka mine because many of the
jobs will require specialised training. The Supplement also suggests that
there would probably not be a large pool of Aboriginal people who wish to
work underground for cultural reasons. The best prospects for Aboriginal
employment would be in contract work associated with the mine (for
example the haulage contract).

Some submissions suggested that not enough effort by ERA had been put
into seeking out local Aboriginal people for available jobs, encouraging
them to apply and training them. In the Supplement, ERA agrees with
conclusions that not enough effort has been put into this issue in the past
and outlines changes to its Aboriginal Employment Program (S p 8-6).
This includes:

• expansion of cross-cultural awareness training of all Ranger employees;
• preparation of an inventory of skills held by local aboriginal people;
• preferential Aboriginal employment;
• creation of an Aboriginal training scheme; and
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• proactive seeking of opportunities to establish joint venture
arrangements between ERA and Aboriginal people to undertake
contract works.

The program would also apply to the Jabiluka proposal, as would a policy
of preferential treatment for Aboriginal contractors for construction and
operations contracts.

6.7.3.6 Impacts of Workforce

The final EIS acknowledges that the presence of construction and
operational workforces can have negative impacts upon the Aboriginal
community in relation to potential failure to respect Aboriginal culture,
increased access to alcohol, or engaging in prostitution. The final EIS
outlines ERA's position on these* issues and a commitment to implement
arrangements to minimise and manage the impacts through induction
programs, and ongoing liaison with Aboriginal associations to establish
whether there is room for improvement. If these commitments are
implemented, any specific impacts from this issue should be minimised.

6.7.3.7 Alcohol and substance abuse

Changes to the proposal in relation to the re-opening of Ja Ja camp now
mean that an additional alcohol outlet would be established, although the
final EIS states that alcohol would only be available to employees and
authorised visitors and no take-away sales would be permitted. The final
EIS outlines ERA's involvement in the Kakadu/West Arnhem Gunbang
Action Group, the charter of which is "to reduce-alcohol related problems
in the Kakadu/West Arnhem region". As part of this involvement ERA
has recently changed the lease conditions of the Jabiru Sports and Social
Club to stop the sale of take-away alcohol. ERA has also committed to the
funding of $40,000 to employ a Council for Aboriginal Program Services
counsellor.

It should be noted that access to alcohol and its health and social effects are
increased by having funds (and transport associated with funds). Mining
and its cumulative impacts have the potential to contribute to existing
sources of stress, potentially leading to increased alcohol usage. The main
health effects of excessive alcohol use are physical violence (including
domestic violence), neglect of diet and deterioration of physical health and
traffic and workplace or domestic accidents. Related to this is the potential
for heightened social tensions and difficulties with community leadership
and social control. The extent to which mining and other factors
contribute to problems with alcohol and other substance abuse may be
described in the KRSIS study.
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Recommendation 60: Provision or sale of alcohol must not be established
on the mine lease without expressed permission from the Traditional
Owners through the NLC.

6.7.3.8 Administrative Effort and-Time Demands

Dealing with mining, Park management and participation in Aboriginal
organisations related to these sectors produces stresses and time demands
which contribute to overall social impacts. Such impacts can often fall
unevenly on particular leaders and potentially then on their families.
These pressures may have contributed to the decision not to participate in
the preparation of the draft EIS. If Commonwealth approval is given for
the project to proceed, the Aboriginal community will be faced with a new
round of negotiation and consultation. A submission from the NLC on
the final EIS states that the Traditional Owners would also be obliged to
take responsibility amongst the wider Aboriginal community for any
problems arising from this project being conducted on Mirrar land.

6.7.3.9 Cumulative Impacts

The issues outlined above have the potential to inter-relate with the
background characteristics of the Aboriginal population (and the
characteristics and interests of the other stakeholders in the region) to
form cumulative impacts. Some cumulative impacts may be strongly
associated with mining (e.g., royalty payments) while others such as
marginalisation may also be related to other activities such as tourism.
The KRSIS study may provide a picture of cumulative impacts that
currently exist in the region, although the stated concerns of the Mirrar
Gundjehmi suggest that they are experienced intensely.

The final EIS notes the current context within which the Jabiluka project
would proceed and concludes that the presence of mining projects to date
appears to have made mixed contributions to Aboriginal community well
being (S p 9-24). It also notes that it is for the Traditional Owners and other
Aboriginal people in the Kakadu region to assess whether the social
impacts of mining are worth any benefits to be gained from further
development. While consultative arrangements outlined in the final EIS
would provide an opportunity for this assessment to take place, there
would not appear that the Aboriginal community would have the
opportunity to then refuse the development.

6.7.3.10 Monitoring of Social Impacts

Unlike biophysical elements of the regional environment, social impacts
of uranium mining and other regional activities such as tourism
development have not been continuously monitored through a
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comprehensive strategy. In the final EIS, ERA has committed to the
monitoring of project specific social impacts during both the construction
and operational phases of the Jabiluka Project. The exact form and content
of the project-specific social impact monitoring program would be
formulated to be consistent with an overall social impact monitoring
program to be developed as an output of KRSIS, and in consultation with
relevant parties, including Traditional Owners and other Aboriginal
community groups. The Supplement lists guidelines for the monitoring
program as well as a range of elements to be monitored (S p 11-6 to 11-7).

Recommendation 61: The Social Impact Monitoring Program be provided
to the Supervising Scientist for comment and approval prior to
implementation. The Program should also include monitoring of:

• number and nature of behavioural breaches on the part of the
workforce, and disciplinary actions taken;

• evaluation of the orientation programs for construction and operational
workforces;

• information on rehousing outcomes for those displaced from ERA
housing.

6.8 JaJaCamp

The Supplement to the draft EIS discussed the option of reopening Ja Ja
Camp to house drilling and construction personnel for a period of up to
two years. However, little detail was contained in this discussion.
Subsequent to the completion of the Supplement, ERA has advised that
the reopening of the camp is a definite proposal and that permission for
the crossing of Magela Creek during the wet may not be needed if the
proposal is approved. The proponent estimates that up to 30 people may
be housed at the Ja Ja Camp at any one point in time. A layout for the
various facilities to be established at the camp is currently being prepared,
and will be submitted to the relevant authorities before proceeding with
construction.

This site is immediately adjacent to the Magela wetlands in KNP, and
within 15 km of Mudginberri and East Alligator area Aboriginal living
areas (Figure 3). Environment Australia has concerns about the
environmental and social impacts of such a proposal. Particular concerns
that have the potential to adversely affect the management of the Park,
include:
• the impact that water usage ("less than 10,000 L/d") will have on Ja Ja

Billabong. The proponent noted in the Supplement that the billabong
will be monitored, but no quantitative predictions on water usage were
made;

• the establishment of an alcohol outlet. The need for a "wet mess" has
not been justified, but the Supplement notes that no take-aways will be
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allowed, and alcohol will be available only to employees and visitors
authorised by the camp manager. Guidelines for 'authorised visitors'
have not been given. Environment Australia notes that the
establishment of another alcohol outlet in the region is contrary to the
Gunbang (Alcohol) Action Committee's opposition to additional
alcohol outlets in the region, including those with access restrictions
and no take-aways allowed. Both the proponent and Parks Australia
participate in the Gunbang Action Committee.

• other potential social impacts that the final EIS fails to consider, such
as:

• the potential social impacts on Aboriginal people at Mudginberri
and East Alligator living areas. The Supplement (S 9-17)
describes the problems that construction workforce personnel
can cause for Aboriginal people. Locating construction workers
at Ja Ja may exacerbate these problems;

• the potential social disadvantages for the workers stationed
there, who will have no access to facilities such as are available
in Jabiru;

• the increased likelihood of Ja Ja being the focal site for protests
against the mine, and the environmental, social and safety
implications of protesters locating themselves near this site; and

• the safety aspects of workers and visitors driving between Jabiru
and Ja Ja, particularly at night;

• the management of weeds. The proponent has committed to
implementing weed, vegetation and fire management strategies for the
period that the camp is operational; and

• the potential adverse impacts upon Ja Ja Billabong from sewage.

It is the view of Environment Australia that these issues require
clarification before approval be given to the project.

Recommendation 62: The recommissioning of Ja Ja Camp requires
detailed design, complete with commitments in relation to social impacts
and specific monitoring requirements, in which all potential impacts are
identified and mitigation measures described. ERA must submit this
report to Environment Australia, NTDME, and NTDLPE for assessment.

6.9 Dust/Noise/Vibration

The generation of dust will be unavoidable with maximum levels
expected during construction and mining operations. Dust generation can
be expected to be more pronounced during the "dry" season, where local
effects may be experienced by flora and fauna within the mine site and, to a
lesser extent, along the haul road. The sealing of the haul road will
minimise dust creation during operation of the proposed mine. Local
Aboriginal art sites also potentially may be affected by dust. Dust
suppression measures such as watering and enclosed cabins at the mine
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site, are expected to reduce the risk of respirable dust inhalation by the
workers.

Environment Australia considers that the commitments and procedures
outlined in EIS documentation (Action Plan 9) should minimise potential
excess dust generation, and provide the basis for adequate mitigation and
remedy. The proponent will need to monitor the situation to ensure that
dust does not become an unacceptable problem.

With the exception of short term storm events, noise levels at the
proposed Jabiluka mine site are low. It is reasonable to expect that the
initial establishment, operation and rehabilitation of the project will
impinge on these levels to some degree.

The proponent has conducted two noise surveys at locations adjacent to
the project area. Results indicated that current noise levels would not
unduly increase in these communities. Noises associated with occasional
use of mobile machinery may, by its random nature, show more potential
for annoyance than any "fixed" sources at the project.

These noises are expected to mostly affect personnel immediately working
within the mine area. Noise may be felt at Mudginberri but it is has been
estimated to be lower than Australian Guidelines. Where possible, visual
signals and portable telephones or beepers will replace hooters and
telephone bells.

Noise and vibration from operations, including the haulage vehicles, may
attract wildlife, while others may be driven from the vicinity of the project
area. The draft EIS noted that machinery will be fitted with noise
reduction mechanisms to limit the extent of this noise. Vibration from
blasting, however, may adversely impact some fauna and local art sites,
but the proponent notes that the size and frequency of proposed blasts are
within acceptable limits. Nonetheless, appropriate trials and the setting of
suitable blasting practices should be carried out early in the project life to
minimise these potential impacts. Additionally, low frequency noise from
blasting operations may travel to surrounding areas outside the mine site
and cause some concern to both tourists and local Aboriginal
communities. Any identified communities should be advised of blasting
operations before they commence.

Recommendation 63: ERA must establish their proposed noise and
vibration monitoring program in consultation with Parks Australia and
Aboriginal Traditional Owners to ensure that all reasonable actions are
taken to minimise impacts to local communities and sites of cultural
significance.

With the above recommendation, Environment Australia considers that
noise and vibration control measures (Action Plan 10) proposed by the
proponent are reasonable for ensuring that adverse impacts from noise
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and vibration are kept to a minimum, within Australian guideline
criteria.

6.10 Visual

Some submissions to the draft EIS commented that infrastructure
associated with the project may present a visual impact to tourists.
Ground based tourists will not see the major portion of the project or
associated activities from the Oenpelli Road or nearby wetlands. The
project is located on the opposite side of the Jabiluka outlier. Therefore, a
visual impact is likely only to be experienced by tourists on scenic flights
over the ARR, as the project will only be visible to tourists from the air.
Nonetheless, ventilation raises may be seen because of their height and
location. Provided that vegetation clearance is kept to a minimum, and
the proponent rehabilitates exposed areas in accordance with
commitments made in EIS documentation, Environment Australia
expects that any visual impact will be minimal from popular tourist
vantage points.

Recommendation 64: ERA should maximise the use of vegetation, and
other measures, to ensure that the project area and haul road are visually
secluded from the public as much as possible.

6.11 Rehabilitation

The draft EIS notes ERA's obligations under the existing agreement with
the Aboriginal Traditional Owners to rehabilitate the Ranger mine site
such that it can be reincorporated within KNP at the cessation of the mine
(D 11.2). A rehabilitation trust fund, administered by the Commonwealth
Government, was established. The rehabilitation needs are assessed
annually by an independent expert and adjusted accordingly to ensure that
adequate funds are held.

Recommendation 65: ERA must establish a rehabilitation trust fund for
the proposal to mine at Jabiluka. The Commonwealth should be
consulted on the calculation of an appropriate annual level of
contribution.

Rehabilitation at Jabiluka is subject to the requirements of the Section 43
Agreement under the NT Aboriginal Rights Act 1976. This essentially
requires rehabilitation and revegetation in accordance with a plan that is
periodically updated and approved in accordance with the ERs for the
Jabiluka Project set forth in the Third Schedule to the Mineral Lease
(Appendix B of draft EIS). The proponent expects that similar
requirements as apply to Ranger will also apply to Jabiluka.
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As part of their commitment to rehabilitating the project area, the
proponent has committed to stabilising and revegetating exposed land
surfaces, disguising or remedying alien land-forms, and removing or
immobilising chemical pollutants. The overall rehabilitation objectives in
relation to Jabiluka are listed in the draft EIS (D 11.4). These commitments
are in line with those agreed to for Ranger by the Commonwealth and NT
Governments, the NLC and ERA. However, the proponent correctly has
noted in the Supplement that specific rehabilitation objectives for Jabiluka
can only be defined and agreed to following discussions with the NLC (as
representative for the Aboriginal Traditional Owners).

ERA have proposed a sequential form of rehabilitation starting with
borrow areas and then, at the end of the mine's life, the mine site. All
waste rock from the mining operation at Jabiluka will be returned back
into the underground stopes. This rock will, in the primary stopes, be
cemented to prevent any subsidence propagating to the surface. Secondary
stopes will not contain cemented waste rock. The return of waste rock
underground will reduce rehabilitation requirements at both mine sites
and will reduce the long-term visual impacts of the Ranger project.

Revegetation will be carried out on a site by site basis. An area will be
surveyed for the surrounding vegetation species and these will be used in
the species mix to ensure that disturbed areas are revegetated with species
of the pre-existing plant community. Environment Australia supports the
proponent's initiative to discuss suitable species for revegetation with
Parks Australia.

ERA's commitment to return the Jabiluka mine site to pre-mining
conditions will also allow the mine area to be used for other purposes at
the completion of mine operations, which could include those consistent
with the surrounding KNP. Environment Australia supports complete
rehabilitation of the project area, and believes that this should be further
demonstrated in a detailed rehabilitation plan that commits to on-going
monitoring and maintenance of rehabilitated areas.

Recommendation 66: ERA should develop a detailed rehabilitation plan,
in consultation with appropriate authorities, that incorporates provision
for on-going monitoring and maintenance.

The rehabilitation of the haulage road has not been adequately discussed as
there are two options currently available: complete rehabilitation; or leave
the road as access for the local Aboriginal communities. Similarly, the
continued need for the construction access road will require further
clarification.

Recommendation 67: ERA should investigate, to the satisfaction of
NTDME and local Aboriginal communities, the need and the
requirements for rehabilitating the construction access road if the main
haul road is to be left open follojving decommissioning of the mine.
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6.12 Heritage Impacts

As noted in Section 5.9,, areas surrounding the Project area have significant
World Heritage and National Estate values. ERA recognises that the
World Heritage values of the surrounding area also apply to the Jabiluka
lease and that the listing of two areas within the Jabiluka lease with the
Australian Heritage Commission is testament to this.

As a State Party to the World Heritage Convention, Australia has
obligations to identify, protect, conserve, present and transmit to future
generations, the World Heritage on its territory. Australia's obligations
under the Convention apply not only to actions which take place within
areas inscribed on the World Heritage List, but also to actions outside a
listed property which have the potential to adversely affect World Heritage
values. The Australian Heritage Commission Act requires that
Commonwealth actions should not adversely affect a place that is in the
Register unless the relevant Minister is satisfied that there is no feasible
and prudent alternative. Advice on the National Estate obligations will
also be provided to the Minister for Resources and Energy separately by the
Australian Heritage Commission.

The Supplement (S p 9-26) sets out how the Jabiluka proposal aims to
ensure that the World Heritage values are not affected by:

• ensuring that only a small amount of land would be cleared,
disturbance of areas adjacent to the World Heritage area would be
minimised;

• committing to implement a total containment water management
strategy, which, if successful, would ensure that water emissions would
not impact upon the Magela floodplain;

• designing mine ventilation and ore movement and processing so that
radiation emissions should be very low and not pose a risk to human or
wildlife populations;

• adopting weed and fire management controls to ensure the existing fire
regime is not affected and the possibility of weed infestations is not
increased;

• designing the surface facilities so that they are not visible from
viewpoints available to visitors, and therefor minimising impact upon
scenic values; and,
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• designing the proposal so as to avoid known sites and items of cultural
or archaeological significance.

These measures will also serve to protect the National Estate values.
Because of the close proximity to features and areas that underpin the
World Heritage and National Estate values of the area, almost any of the
impacts discussed in this report have the potential to impact upon those
values if not properly managed. The final EIS, to the best of currently
available knowledge, demonstrates a commitment to ensure that this does
not occur. As discussed in Section 5.15 (baseline issues) it is clear however
that the proposal is currently based on incomplete data sets. There
remains potential for significant adverse impacts upon World heritage
and National Estate values, especially indigenous values, but an estimate
of the magnitude of the risk cannot be made in the absence of adequate
baseline data. For this reason it is important that the identification of
adverse impacts upon, and protection of, World Heritage and National
Estate values, be a focus of attention during the completion of the baseline
data sets and, as analysis proceeds of the need for alterations to the Jabiluka
proposal in the light of information collected.

Recommendation 68: In carrying out the collection and analysis of
baseline data as required by Recommendations 7 to 12, ERA must ensure
that protection of World Heritage and National Estate values are taken
into account.

Recommendation 69: In providing advice on the collection of baseline
data, and in approving any adjustments to the proposal after analysis of
the baseline data, the Supervising Scientist, in consultation with the
appropriate authorities, must ensure that the proposal does not diminish
the natural and cultural World Heritage and National Estate values of the
surrounding area.

Recommendation 70: In complying with all other recommendations in
this report requiring further action, ERA must ensure that any impacts
upon World Heritage and National Estate values are avoided.

6.13 Wilderness Values

The Supplement refers to information in the 1991 KNP Plan of
Management to conclude that wilderness zones are some distance from
the proposed project area (S p 8-22). At the time of preparation, ERA had
also been informed that the assessment of the wild river values of the East
Alligator River catchment had not been completed. The Australian and
World Heritage Group has since provided updated advice on the
wilderness and wild river values*of the area.

The wilderness quality ratings derived from the National Wilderness
Inventory survey (see Figure 9) indicate that the proposal would impinge
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upon areas of high wilderness quality. In particular the proposed haulage
road from the Jabiluka minesite to Ranger is of concern as it would impact
upon areas of high wilderness quality. As is apparent from the map, it
would be possible to reduce the impact by siting the road further to the
west of the proposed corridor. However it is possible that in doing this
other important cultural values may suffer.

The systematic assessment of wild rivers in Australia is nearing
completion, with the final data on potential wild river values presently
undergoing verification by States and Territories. Following the initial
assessment of wild river values in Australia, it appears that the majority of
rivers and streams in the East Alligator River catchment fall within the
high wild river value category. Swift Creek and its tributaries presently
have a River Disturbance Index of zero (ie the highest wild river value)
and construction of infrastructure within the catchment area will have a
significant effect on its wild river value.

Impacts of the Jabiluka proposal on wild river values can be reduced by
minimising infrastructure required in the area, particularly roads and
tracks and maximising the distance of such infrastructure from stream and
river beds. The final EIS indicates that the proposal has been designed to
minimise the area of impact and linear incursions. For example, ERA has
indicated that it would apply to the Northern Territory Conservation
Commission for a relaxation of guidelines that require a 150 m vegetative
screen to separate borrow pits from the haul road (as it is not a public road)
to minimise the extent of clearing associated with such development
(S p 5-11).

Draft "Conservation Guidelines for the Management of Wild River
Values" have been designed to assist in the maintenance of natural
conditions of Australia's wild rivers.

Recommendation 71: ERA should utilise information contained in the
National Wilderness Inventory and wild rivers databases and the
"Conservation Guidelines for the Management of Wild River Values" to
ensure that the development of infrastructure and the undertakings of
mining activities proceed in ways which minimise impacts on wilderness
and wild river values.
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7. Conclusion

This assessment report has provided an examination of the
environmental impact statement prepared by ERA and provided
recommendations as to conditions that should be placed on any approval
given by the Commonwealth for this proposal.

Although a number of inadequacies in the natural, cultural and social
database are highlighted in this report, it should be stressed that ERA has
acknowledged these inadequacies in the EIS and made commitments to
address them. ERA has also put considerable effort into making
commitments regarding environmental design and management of the
project, that, along with the recommendations in this report, should
minimise or avoid impacts.

Recommendation 72: ERA should ensure that the proposal is
implemented in accordance with the environmental commitments and
safeguards identified in the Jabiluka Project Draft Environmental Impact
Statement, or as modified in the Supplement to the draft EIS, and this
assessment report.

In many areas final planning for project design and action plans has yet to
be completed. Environment assessment has been undertaken within this
context and as further detailed information becomes available, ERA will
need to involve relevant Commonwealth and NT Authorities as set out
in the EIS and the recommendations of this report.

As discussed in Section 2.1, both the Ranger and Jabiluka project areas are
subject to environmental requirements (set out in Appendix A and B of
the draft EIS). The adequacy of the Ranger environmental requirements
has been the subject of discussion" for some time and it is generally agreed
that there is a need to revise and update them. The existing Jabiluka
environmental requirements were approved for the Pancontinental
operation and as such may need revision given changes to environmental
management practices in the period since that approval. More
importantly however is that there are a number of significant differences
between the two projects and in a number of areas the environmental
requirements are not appropriate to the proposed operation at Jabiluka. In
particular there are references to water release which is contrary to the
water management system of zero release specified in the EIS; references to
ore processing and tailings disposal which will not occur at Jabiluka; and a
failure to provide sufficiently rigorous direction and supervision of
rehabilitation, monitoring and overall environmental performance.

Recommendation 73: Subsequent to any approval for the Jabiluka project
to proceed, the Supervising Scientist must develop environmental
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requirements tailored to the environmental characteristics of the Jabiluka
area and mine plan in consultation with the Northern Land Council,
ERA, Northern Territory and other relevant stakeholders and authorities.

Recommendation 74: The Supervising Scientist must revise and update
Ranger environmental requirements, taking into account the proposed
use of the Ranger area for processing of Jabiluka ore.

It is considered that the issues raised in this report have been, or will be,
satisfactorily addressed by the proponent provided that the undertakings
and commitments made by the final EIS, as modified by recommendations
in this report, are complied with. Therefore it is important that the
recommendations in this report be placed as conditions on any approval to
export uranium from Jabiluka.
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APPENDIX A

Mechanisms of the Supervising Scientist to ensure adequate protection at
the Ranger mine

A number of mechanisms are used by the Supervising Scientist to ensure
adequate protection at the Ranger mine, and to a lesser extent, the
Nabarlek mine which is in the rehabilitation phase. These mechanisms
will also apply to any other mine which is approved in the Alligator
Rivers Region, including the Jabiluka mine. The main mechanisms are:

Research

The Environmental Research Institute of the Supervising Scientist
(ERISS) conducts research related to the environmental impact of
uranium mining. In addition to research projects conducted throughout
the region, ERISS established several co-operative research projects with
ERA to address key environmental issues at Ranger, including water
management, rehabilitation and final tailings disposal. Current research
at Nabarlek comprises monitoring of radon emissions from the infilled
and rehabilitated mine pit.

ERISS manages the Alligator Rivers Region Technical Committee which
is a forum of stakeholders and research organisations with interests in the
setting of research priorities and development of research programs in the
Region.

Environmental audits

A key component of the Commonwealth's supervisory arrangements for
the uranium mines of the Alligator Rivers Region is a twice-yearly review
of the environmental performance of each uranium mining operation
(Environmental Performance Review). The reviews are undertaken
jointly with the NT DME. Seven EPRs of Ranger and Nabarlek have been
conducted to date.

The EPR protocol involves design of an extensive questionnaire on
environmental performance, meetings with the companies to gather
responses to the questionnaire, examination of documentary evidence to
verify the responses given, a site inspection, and an evaluation of the
adequacy of the response given to each question. The review team then
prepares a summary report for presentation to the Alligator Rivers Region
Advisory Committee on the day following completion of the EPR. This is
a community based committee established to discuss environmental
issues in the ARR and to exchange information.
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Technical assessment

The Supervising Scientist is represented on the Minesite Technical
Committees established for each mine in the ARR. The committees
receive regular environmental reports and special reports (eg. relating to
development of new operational techniques) and applications from the
companies to the NT Minister for Mines and Energy for the introduction
of new procedures and changes in mining operations. These reports are
evaluated and feedback is provided, mainly to the company and/or to the
NT authorities. The NT Minister for Mines and Energy must "have
regard to" recommendations made by the Supervising Scientist in making
his decisions on matters which relate to environmental protection at the
uranium mines.

The Ranger Environmental Requirements specify that operations must be
consistent with Best Practicable Technology (BPT). Assessments of major
applications from ERA are made under a BPT assessment framework, a
process commonly strongly influenced by OSS as a member of the
Minesite Technical Committee and special working groups set up to
consider particular issues, such as the current Ranger Water Management
Working Group.

Working Arrangements

The "Working Arrangements' is a memorandum of understanding
between the Commonwealth and Northern Governments. The MOU
clarifies the roles of NT DME and the Supervising Scientist in
implementing the procedures described above, describes expectations for
appropriate reporting and exchange of information, and emphasises the
need for close consultation between NT DME and OSS and between those
two parties and the Northern Land Council as representatives of the
traditional owners. The Working Arrangements are generic in wording
and apply to all uranium mines in the Alligator Rivers Region. The
document also contains a general description of the functions of each
currently operating Minesite Technical Committee. If Jabiluka proceeds
then a new section describing the functions of a Jabiluka Minesite
Technical Committee would be appropriate.
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APPENDIX B

Baseline environmental studies

Study facet

Archaeology

European
Heritage

Cultural
Heritage

Soils

Hydrology

Hydrogeology—
Jabiluka

Hydrogeology—
Ranger

Water Quality

Previous
investigations

Refer Section 7.7.3 of Draft
EIS
—Kamminga and Allen
(1973)
- M o r l e y (1979,1980).
Morley surveys were
conducted for
Pancontinental for the total
Jabiluka lease area.

Refer Section 7.73 of Draft
EB—survey in 1994 related
to McKinlays expedition.
Historical study of Kakadu
byGoddenMackayin
1994—did not cover lease
area.

Refer Section 7.12 of Draft
EIS—based on anecdotal
information.

Refer Section 6.4 of Draft
EIS.
Bettenay (1981) survey.

Detailed 1992 survey of
western route and mine site

Studies by Pancontinental
for Magela System.

Recording and gauging
stations established by
PAWA. (See Section 6.6 of
Draft EIS)

Studies conducted for
Pancontinental (Kilborn
MWP) and by Woodward
Clyde to west of Hegge
Fault

Various investigations
including Woodward Clyde
(1994) for Ranger #1 and
reviews for Ranger #3.

Various reviews carried out
with data collected by ERA
associated with Ranger
monitoring.

Detailed data available from
Pancontinental work for
western side of outlier.
Comprehensive Magela
Creek database from
Government agencies.

Detailed database for area in
vidnity of Ranger
operations.

Investigations
conducted for EIS

Mine site and haul road
subjected to reconnaissance
survey—detailed survey not
permitted.

Nil

Nil

Reconnaissance survey of
eastern haul road corridor
conducted in 1996 by
helicopter

Review of existing data.

Review of existing d a t a -
access not permitted.

Review of existing data.

Limited sampling (one event
in 1993) for streams to east of
Outlier in area of influence
of Jabiluka. Additional
sampling conducted in
1996-97. wet season.

Future information
needs

Additional mine site, haul
road and access road
investigation needs to be
undertaken.

Condition of rock art sites
and stability issues need
addressing.

Survey of lease area.

Consultation with
Aboriginal landowners to
confirm existing anecdotal
information.

Soils and geotechnical
investigation for detailed
design work for haul road,
access road and mine site
(including retention pond
area) including borrow

uuicriai sources.

Further information on
hydrological regime for
Swift Creek and 7J, North
Magela and Magela creeks in
vicinity of the haul road
crossings.

Confirmation of data for
Jabiluka Water Management
System (WMS).

Review of longer term
Ranger WMS procedures.

Information on groundwater
regime to east of Hegge
fault Geotechnical/
hydrogeology for mine site
area.

Refinement of hydrogeology
of Ranger #3 and Magela
system.

Data required for Swift
Creek and other streams-
See Section 7.5 in this
Supplement.

Review of limnology of
Ranger #3 in reference to
development scenarios
presented in Section 5.13 of
Supplement

Tuning of baseline studies

Detailed study to be
conducted as outlined in
Section 7.7.3 and Appendix R
of Draft EB, to be carried out
once access permitted and
prior to site construction. To
be conducted in consultation
with traditional owners.
See Action Flan 12 in
Section 115

Historical survey to be
conducted following
permission to access. See
Action Plan 12.

Consultation will be
conducted during the
Change of Scope
negotiations.

Full soils and geotechnicai
investigation of mine
facilities and haul road to be
conducted once access
permitted and prior to
detailed design work.

See Action Plan 1.

Gauging Station to be
established on Swift Creek
when access permitted.

WMS at Jabiluka to be
subject to review prior to
detailed design. See Action
Plan 4.

Detailed studies prepared for
bridge crossings at detailed
design phase.

Ranger WMS under constant
review.

Drilling to be conducted
when access permitted and
in dry season and prior to
detailed design. See Action
Plan 7.

Ongoing studies being
conducted—see Section 5.13.
BFT assessment of tailings
deposition.

Initial sampling of Swift
Creek conducted monthly
since February 1997—further
baseline sampling conducted
and to be ongoing
throughout project See
Action Plan 6.

limnology review to be
conducted during detailed
design.



Baseline environmental studies (continued)

Study facet

Tailings

Radiation

Air Quality

Flora

Fauna

Previous
investigations

Reviews of tailings
characteristics conducted by
Pancontinental

Studies by Autyetal.
(1993)—refer Attachment to
Draft E1S. Previous studies
conducted by
Pancontinental

No previous studies of
relevance to Jabiluka
proposal.

Pancontinental studies of
lease area (see Section 6.112
of Draft EIS)

Various studies within and
near lease (see Section 6.12
of Draft EB).

Investigations
conducted for EIS

Testwork on 9 samples (See
Appendix I in Draft EB)

Review of Auty et al. report
and refinement of results
conducted for this
Supplement (see Chapter 10
and Appendix L).

No baseline studies
conducted

Reconnaissance survey
conducted by helicopter (see
Section 6.11.2 of Draft EE).

Further surveys unable to be
conducted due to access
restrictions.

Future information
needs

Ongoing testwork to provide
basis of management
procedures.

Review existing model
information using site
specific terrain and
meteorological data to clarify
existing predicted levels.

Baseline radiation levels.

Baseline levels for
particulate levels and
radionudides in vicinity of
mine site, vents and access
road.

Detailed surveys of mine site
and haul road including
weed infestations and area
of dead trees.

Detailed surveys of mine site
and haul road and aquatic
ecosystems associated with
Magela Creek and Swift
Creek required.

Future studies
planned and timing

Ongoing testwork as mine
develops (see Action Plan 8).

Continue gathering site
specific modified data.
Carry out 3D dispersion
model using terrain
information. Review source
terms. Carry out prior to
detailed design phase for
gnalisation of ventilation
layout.

Baseline levels to be derived
around mine site and vents.
See Action Plan 11.

Static gauges to be
established once access
permitted—to be established
near mine site and near
construction access road and
haul road and near mine
vents. Health of vegetation
in the vicinity of operations
to also be assessed.

Detailed flora survey for
access road, mine site and
haul road to be carried out
once access is permitted and
prior to detailed design.
Dead tree investigation to be
conducted prior to
commencement of
construction (See Action
Plan 2).

Surveys required outlined in
Section 7.9 and Action Plan 3.
To be conducted once access
is permitted.
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APPENDIX C

World Heritage values of Kakadu National Park

Kakadu is listed as a World Heritage area against the following cultural
and natural criteria:

Cultural Criteria

The Park is listed for cultural criteria (i) and (vi).

Criterion (i): Represent a unique artistic achievement, a master-piece of the
creative genius

Criterion (vi): Be directly or tangibly associated with events or with ideas
or beliefs of outstanding universal significance

The cultural sites of Kakadu National Park exhibit six attributes that place
them among the greatest bodies of sites in the world:

• They are of great antiquity and have a continuous temporal span from
the Pleistocene Epoch until the present.

• They exhibit great diversity, both in space and through time, yet the
overwhelming picture is one of continuous cultural development.

• The art sites in themselves represent a unique artistic achievement.
• The cultural tradition demonstrated in the art and archaeological record

is a living tradition that continues today.
• The state of preservation of sites is generally very good and, because the

sites are protected by national park status, this level of preservation is
likely to continue.

• The sites compare favourably with similar types of sites in Australia and
elsewhere.

This combination of attributes makes Kakadu's cultural sites rare, if not
unique, in the world.

Natural Criteria

The Park is listed for natural criteria (ii), (iii) and (iv).

Criterion (ii) Outstanding examples representing significant ongoing
geological processes, biological evolution and man's interaction with his
natural environment.

Kakadu National Park contains examples representing ongoing geological
processes, biological evolution and evidence of human interaction with
the natural environment.

The Jabiluka Proposal—Environment Assessment Report
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• Kakadu National Park incorporates coastal riverine and estuarine
floodplains, sites of ongoing geological processes.

• The park represents a series of interacting ecosystems and contains a
wide variety of environmental gradients and contiguous landscapes,
within which ecological processes are perpetuated.

• The archaeological remains and rock art of Kakadu National Park bear
remarkable witness to past environments in northern Australia and to
human interaction with these environments.

• The early art illustrates species that are long extinct and provides a
record of the changing species composition of the various
environments within the region over tens of thousands of years.

• Archaeological evidence indicates that Aboriginal people actively
managed the landscape, for example, through the use of fire.

Criterion (iii) Unique, rare or superlative natural phenomena, formations
or features or areas of exceptional beauty.

Kakadu National Park contains features of great natural beauty and
magnificent, sweeping landscapes.

• The park contains internationally important wetlands, which are of
considerable conservation significance for many species.

• The park is unique in that it incorporates the entire catchment of a
river system.

• The spectacular escarpment and its outliers extend for hundreds of
kilometres. Large waterfalls surge over the escarpment edge during the
wet season, and small streams have cut cool, moist gorges that are
inhabited by a once more widespread tropical and ancient flora.

• The escarpment has provided natural galleries in which Aboriginal
people have been able to record and express their culture and religion
for thousands of years.

• Views from the plateau are breathtaking: a vast expanse of eucalypt
forest and woodland intermingled with a diversity of other habitats in
close proximity to each other.

• The southern-most landscape incorporates low rolling hills of diverse
geology, confined creeks and rivers, which are important dry season
refuges for much of the park's- wildlife, and vegetation types that differ
from those of the park's northern landscape.

Criterion (iv) The most important and significant habitats where species
of plants and animals of outstanding universal value from the point of
view of science and conservation still survive.

Kakadu National Park plays a vital role in ensuring the continued
existence of many species of outstanding conservation and scientific value,
and is regarded as a key conservation region for Australian biota.
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Kakadu National Park is representative of the ecosystems of a vast area
of northern Australia and contains habitat types not found anywhere
else.
The park has the widest range of habitats and the greatest species
diversity of any similar-sized area in monsoonal north Australia.
Some 58 species of flora in the park are of particular conservation
significance and 46 of these have been listed by a national consensus of
rare or threatened species as having special significance.
Nine plant species and several plant associations are restricted in
distribution to the park.
Kakadu National Park contains more vertebrate species than other
similar-sized areas in northern Australia, with over one-quarter of the
known terrestrial mammal species of Australia, about one-third of
Australia's total bird fauna and freshwater fish species, about 15 per
cent of Australian reptile and amphibian species, and a great diversity
of insect species.
For rare and endangered mammals, the northern part of the NT
(where Kakadu is located) is one of four regions in Australia of
comparable diversity.
Of the many fauna species of particular conservation significance in
Kakadu National Park, 14 have been recognised by national and
international authorities as having special status; and 117 migratory
species are listed under international conservation agreements.
A number of fauna species in the park are of outstanding scientific
value because they are of taxonomic or zoogeographic significance.
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APPENDIX D

Water quality monitoring in the ARR

Surface waters are the chief vehicle for transport and dispersion of wastes,
and because aquatic organisms are continuously exposed to wastes and
therefore are at high risk, much of the research carried out by ERISS has
been centred on the aquatic ecosystems of the region (Humphrey et ah,
1990). The maintenance of the biotic integrity, structural and functional, of
ecosystems is the most crucial aspect of ecosystem protection and only
studies conducted on aquatic organisms can define or be used to assess the
overall effect of waste-waters on these organisms (Humphrey et ah, 1990).
Although ERISS is largely concerned with the monitoring of aquatic
organisms, it also recognises that both biological and physical and chemical
monitoring are necessary in comprehensive environmental assessment
(Humphrey et ah, 1990). Moreover, valuable interpretative and predictive
information may be gained where relationships between changes in water
physico-chemistry (under both polluted and unpolluted conditions) and
organism response can be established (Humphrey et ah, 1990).
Nonetheless, physical and chemical monitoring are only surrogates to
direct measures of the biota (Norris and Georges, 1986).

Assessing the impact of a pollution source generally involves comparison
of biotic communities and their habitats at sites influenced by pollution
with those collected from adjacent unaffected sites (Norris et ah, 1992).
Quantification of community composition allows recognition of temporal
and spatial variations in the biota that may be used to demonstrate the
magnitude of detected changes. Monitoring is done to tell us about how
acceptable the water quality is, therefore, water quality indicators must be
valid to the concerns and be measured reliably to the precision needed.
Norris and Georges (1986) and Maher and Norris (1990) extensively
reviewed the subject of design and analysis for biological assessment of
water quality.

For both short- and longer-term effects, it is important in any monitoring
programme that there be elements that allow both the early detection of
impact and the assessment of degree of impact, in terms of ecological
significance (Humphrey et ah, 1995). For early detection of impact,
monitoring organisms must be sought that are sensitive, either in
toxicological response (acute lethal or sub-lethal) or in uptake
(bioaccumulation), to the wastes of concern (Humphrey et ah, 1995).
When an effect has been discerned from a controlled discharge then
adjustment of release, or identification of a breach in containment, is
possible before substantial and significant impact has occurred. Cairns et
al. (1993) consider that these 'early warning' indicators play an essential
role in environmental protection.
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Humphrey and Dostine (1994) assessed gill-breathing aquatic organisms (or
life stages of organisms) and soft-bodied species as being most at risk from
water-borne contaminants in the ARR. Among these groups of
organisms, benthic macroinvertebrates and fish communities are
considered the most practical and useful choices for monitoring in the
region (Humphrey et ah, 1990). The chosen monitoring programme
should be sensitive enough to detect effects resulting from increased
concentrations of wastes in the water and those arising at depositional sites
from build-up of constituents in sediment (Humphrey et ah, 1995).

Benthic macroinvertebrates are diverse and abundant in ARR streams,
and sampling techniques and methods of data analysis are well established
(Humphrey et ah, 1990). Fish in the ARR are similarly diverse and
abundant, and by their conspicuous presence, where they are utilised by
humans, and the fact that they are at the top of many aquatic food webs are
considered compelling arguments for their inclusion in monitoring
programs (Humphrey et ah, 1990). While sensitivity of fishes to changes
in water quality and physical environment have been demonstrated
worldwide, including Australia, additional advantages for study include
the low cost, rapidity and ease at which data may be collected and analysed
(Norris and Georges, 1986; Humphrey et ah, 1990). In contrast to benthic
macroinvertebrate communities, however (which reflect conditions at the
site of sampling), fishes, many of which are highly mobile, more readily
reflect overall water quality throughout the extent of the stream in which
they move (Humphrey et ah, 1990).

*
In sensitive environments such as the ARR, monitoring programmes
should be designed to establish with some high level of probability that
there is no detectable impact on the ecosystem (Faith et ah, 1991). An
important prerequisite to determining the measurement period needed
before mining, is a well-informed decision, based on the best available
ecological information, upon the level of environmental impact that
would be considered acceptable (Humphrey et ah, 1995). This would
require application of statistical tests with adequate power to ensure that
impacts greater than the predetermined level are detected (Humphrey et
ah, 1995). A minimum number of baseline years before disturbance would
therefore be required in order to achieve some desired level of statistical
power (Humphrey et ah, 1995). With the ARR in mind, Faith et ah (1995)
recommended that baseline data be collected over a period of 3 - 5 years for
high statistical power. This baseline requirement is not seen as a serious
constraint on development, particularly in highly valued environments
such as the ARR, and in light of time-frames required by most mining
venturers to prove a deposit and to proceed to production (Humphrey et
ah, 1995).
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