
f{U$ &0? 223
-185-

INIS-mf--10486

AUSTRALIAN MINING INDUSTRY COUNCIL
ENVIRONMENTAL WORKSHOP
16-20 SEPTEMBER 1985

A NATIONAL APPROACH TO THE REGULATION OF WATER DISCHARGE FROM
URANIUM MINES

A discussion paper by J.L. Willis, Principal Executive Officer,
Radioactive Waste Management Branch, Department of Resources
and Energy.

ABSTRACT

This paper is concerned with outlining the development of a
national approach to the regulation of water discharge from
uranium mines in Australia. The history of the Australian
uranium industry is briefly sketched to illustrate the changes
that have taken place in environmental management, and more
particularly water management, over this period.

The main focus of the paper is on the requirements relating to
the establishment of effluent discharge limits contained in the
Code of Practice on the Management of Radioactive Wastes from
the Mining and Milling of Radioactive Ores, published in 1982.
The code adopts a site specific approach to the formulation of
discharge limits rather than providing generic
recommendations. This approach requires the application of a
rigorous and disciplined methodology.

INTRODUCTION

Radioactivity in effluents discharged to the environment is
transported and dispersed by various mechanisms, taken up in
soil and sediments, plants and animals and in consequence is
also taken up by people or directly exposes them to radiation.
Figure 1 shows the major pathways by which radioactivity
discharged to the atmosphere or to ground or surface waters may
cause exposure of people.

These exposure pathways may be generalised as follows:

Atmospheric pathways
inhalation (of radon and its daughters and of airborne
radioactive particulates)
external radiation (from airborne radioactive material)
ingestion (of foodstuffs contaminated by deposition of
radioactive material)
external radiation (from deposited radioactive material).

Aquatic Pathways
ingestion (of contaminated water)
ingestion (of fish and other aquatic biota)
ingestion (of irrigated foodstuffs)

- external radiation (from waterborne radioactivity).
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Th is paper discusses the development of a national approach to
the regulation of water discharges from uranium mines in
Australia. The history of uranium mining in Australia is
briefly outlined to illustrate the development of current
policy applying to water discharges from uranium mining. The
paper is particularly concerned with the developments in water
management that have taken place since the proposal to
establish the Ranger Mine in the Northern Territory.

THE AUSTRALIAN URANIUM MINING INDUSTRY

Exploration for, and the mining of, uranium in Australia is
normally considered as falling into two time periods, based on
the end use of the uranium. These two periods, from 1944 to
1967 and from 1967 to the present time, can equally be a means
of describing the change in the approach to environmental
management for uranium mines.

The First Period - 1944 to 1967

During this period exploration and mining was geared to the
post-war nuclear defence program of the United States and the
United Kingdom, and uranium sales were controlled by the
Commonwealth Government through either Government to Government
contracts, or by approved contracts to the United Kingdom
Atomic Energy Authority.

The details of the main discoveries and uranium production in
this first period are given in Table I.

TABLE I: Australian Uranium Discoveries and Production 1944-1967

Location

Radium Hill
Rum Jungle
South Alligator
Mary Kathleen
Westmoreland

State

SA
vm

NT
QLD
OLD

Discovery
Date

1906
1948
1953
1954
1956

Production
Period

1954-62
1954-71
1959-64
1956-63

*

Production
(tonnes U)

720
3,000
630

3,460
*

* The limited production from Westmoreland is included with
the South Alligator figure.

Environmental controls on uranium mining during this period,
especially in regard to waste discharge, although in accordance
with public policy of the day, fell far short of those
operating on current uranium mines. For example, at Rum Jungle
tailings from the treatment plant were discharged into an
uncontained tailings area, and there was direct discharge of
untreated mill effluent to the local river system.
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The Second Period - 1967 to the Present

By the mid-1960's nuclear power was established
technologically, and in many parts of the world it offered the
prospect of being more economic than coal - burning power
stations. As a consequence world demand for uranium shifted
from defence-related uses to commercial applications. In 1967
the Australian Government announced an export policy for
uranium designed to conserve known uranium resources for
possible future needs in Australia, whilst encouraging
exploration to establish new uranium resources. In brief, the
policy retained a system of export controls, but permitted
limited exports from new discoveries related to the size and
location of these deposits.

The details of the main discoveries and uranium production in
this second period are given in Table II.

TABLE II: Australian Uranium Discoveries and Production
1967-June 1984

Location State Discovery Resources Ore Grade Production
Date (Tonnes U) (%U3O8)(Tonnes U3O3)

Jabiluka NT 1971 176,000 0.39 n.a.
Ranger NT 1970 97,000 0.26 8,824
Koongarra NT 1970 11,300 0.27 n.a.
Nabarlek NT 1970 10,200 1.84 5,814
Yeelirrie WA 1972 44,500 0.15 n.a.
Lake Way WA 1972 3,400 0.09 n.a.
Ben Lomond Qld 1975 4,000 0.20 n.a.
Mary Kathleen Qld 1954 na na 4,802*
Maureen Qld 1971 2,500 0.12 n.a.
Bigrlyi NT 1970 1,600 0.34 n.a.
Beverley SA 1969 13,500 0.27 n.a.
Honeymoon SA 1972 2,800 0.16 n.a.
Olympic Dam SA 1975 300,000 0.08 n.a.
* This production is for the period 1975-1982 and does not include
production for the period 1956-1963.

The first of this new generation of uranium mines to seek
development approval was the Ranger Mine in the Alligator
Rivers Region of the Northern Territory. As a consequence of
public concern on the possible consequences of uranium mining,
the Government decided to hold a public inquiry (the Ranger
Uranium Environmental Inquiry) into the establishment of this
mine.

DEVELOPMENTS IN ENVIRONMENTAL MANAGEMENT

The major developments in environmental management of uranium
mines and mills over recent years have their origins in the
Ranger Uranium Environmental Inquiry. Activities since the
completion of the Inquiry have related particularly to
developing a practical approach to dealing with the various
environmental impacts arising from such operations.
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The Ranger Uranium Environmental Inquiry (RUEI)

The Inquiry was established in July 1975 and completed on
17 May 1977 with the publication of its Second Report dealing
particularly with environmental aspects of the proposal to
establish the Ranger Mine. The Inquiry concluded that the
Ranger Project should proceed, under certain specified
conditions including the following in relation to water
discharges:

that total amount of contaminants to be discharged
(whether by runoff or by deliberate releases) from the
operations should be minimised

- deliberate releases should only be permitted under
specific conditions reflecting the hydrological
characteristics of the receiving waters
release standards should take account of

quality of water to be discharged
quality of the receiving water
acute toxicity bioassay tests and application factors.

The Environment Protection (Nuclear Codes) Act 1978

Following the then Commonwealth Government's decision on the
Ranger Uranium Environmental Inquiry, the Environment
Protection (Nuclear Codes) Act 1978 was enacted to provide for
the development of uniform national codes of practice for
controlling nuclear activities in Australia. The object of the
Act is to protect "the health and safety of the people of
Australia, and the environment, from possible harmful effects
associated with nuclear activities in Australia".

The process which the Nuclear Codes Act provides for the
development of Codes of Practice fully recognises the role of
State Governments (in administering most aspects of mining
activities, public health and environment protection) and seeks
to avoid legal/administrative duplication. The Act requires
that States be consulted on the need for a Code and provides
for public comment and further consultation with State
Governments before a Code is published. These requirements,
while making for a rather long program for development have
ensured that Codes approved under the Act are the product of
extensive governmental deliberation at technical and policy
levels. It needs to be stressed that the requirements of an
approved Code are not implemented directly but through the
laws, regulations and conditions of development approvals
operated by State Governments.

THE RADIOACTIVE WASTE MANAGEMENT (MINING AND MILLING) CODE
(1982)

The RUEI had drawn attention to the importance of waste
management and referred extensively to the harmful effects of
former operations at Rum Jungle to show that practices adopted
at the time were not effective in protecting the environment.
As a consequence the Commonwealth, States and the Northern
Territory agreed to the preparation of a Code of Practice on
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th e Management of Radioactive Wastes from the Mining and
Milling of Radioactive Ores. Work on the preparation of the
Code by a Working Group chaired by the Department of Resources
and Energy, commenced in 1979. The Working Group included
State Government experts in radiation protection and mining
engineering and a range of experts from Commonwealth Government
agencies.

In the course of developing the Code, many questions were
raised as to the proper scope, format and provisions of the
Code and the extent to which it could detail requirements
without causing a loss of flexibility in dealing with site -
specific problems. The position finally reached was that the
Code should be comprehensive but as clear and simple as
possible in its statement of management principles and
responsibilities.

To ensure that the Code's provisions are at least equal to
those recognised internationally, relevant documentation from
the Nuclear Energy Agency of the OECD, the International Atomic
Energy Agency, the USA and Canada were utilised in its
preparation.

The Code was approved by the then Governor-General in August
1982 and tabled in Parliament on 22 September 1982.

Code Provisions

The object of the Code (Clause 2) "is to provide, both in the
short term and in the long term, for the protection of people
and the environment from possible harmful effects associated
with the radioactive wastes arising from all stages of the
mining and milling of radioactive ores". Clause 7 requires
that waste management procedures shall be such that exposure to
radiation of employees and members of the public will be as low
as reasonably achievable and below the limits prescribed in the
relevant schedules to the Code of Practice on Radiation
Protection in the Mining and Milling of Radioactive Ores (1980).

The Code provides for the prior development and approval (and
subsequent up-dating) of a waste management program for each
mining and milling operation to which the Code applies. This
ensures an approach to waste management suited to the
particular circumstances of each operation.

While the Code is directed towards the management of
radioactive wastes, Clause 4(3) requires that, in implementing
its provisions, due regard be given to the requirements of the
appropriate authority pertaining to non-radioactive
contaminants in the wastes. It is apparent that effective
waste management strategies, especially in relation to water
discharges, require that account be taken of the chemical
characteristics of all the wastes - since radioactive and
non-radioactive contaminants would, in many cases, be
discharged from the same sources and travel the same
environmental pathways.
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Code Requirements Relating to Discharges

The code calls for the owner, operator and manager of a mine or
mill to ensure that "a proposed waste management program,
together with the assessment of potential radiological impacts
of the radioactive wastes arising from all stages of the mining
and/or milling operation, is prepared and submitted to the
appropriate authority for approval" (Clause 6(4)(a)).

Water management is an essential component of the waste
management program and entails a plan for handling all waters
which come into contact with, or are generated in the
restricted release zone (RRZ) of mining and milling
operations. The concept of the RRZ is fundamental to the
development of a water management plan, and is defined in the
code as "an approved zone about and below a mine and/or mill
from which release of radioactive material shall be minimised
in accordance with the requirements of the appropriate
authority". The RRZ is therefore a three dimensional zone from
which the release of all radioactive wastes (solid, liquid or
airborne) is either prohibited or controlled. The RRZ is
typically defined in terms of a geographical area, the limits
of which may be redefined during the life of the project by
agreement between the mining company and the appropriate
authority. The owner, operator, manager of a mine or mill is
required to submit a plan delineating the RRZ to the
appropriate authority for approval prior to the commencement of
mining and/or milling operations (Clause 6 (4)(6)).

Any intended release of radioactive waste from the RRZ requires
the approval of the appropriate authority (Clause 6 (4)(i)).
Such releases are also subject to the prior formulation and
approval of effluent discharge limits (Clause 6 (4)(h)). In
this regard the Code requires that "site - specific discharge
limits for airborne and liquid radioactive wastes and any
consequential operational control limits shall take account of
critical pathways and shall be determined such that the
exposure to radiation of employees and members of the public is
as low as reasonably achievable and below the limits prescribed
in the relevant schedules to the Radiation Protection Code
(1980)". Critical pathways are defined as "those pathways by
which radioactive materials arising from mining or milling
operations would be transferred to human or environmental
receptors such that the predicted exposures of the receptors
would result in the major radiological impacts of these
radioactive materials".

Releases of radioactive waste not controlled by the formulation
of discharge limits are required to be minimised by the use of
best practicable technology and be acceptable to the
appropriate authority. As defined in the Code, best
practicable technology is that technology, from time to time
relevant to a specific project, which enables radioactive
wastes to be managed so as to minimise radiological risks and
detriment to people and the environment, having regard to a
number of specified factors such as available technology, cost
relative to the protection achieved, the adequacy of protection
already being achieved, local site conditions and potential
hazards of the wastes over th<? long term.
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The Code therefore distinguishes between discharges and
releases on the following basis:

A discharge is the liberation of radioactivity into the
environment in a form or manner in which the quantity
liberated or the rate of liberation can be actively
controlled and is directly measureable.

A release is the liberation of radioactivity into the
environment in a form or manner in which the quantity
liberated or the rate of liberation is not directly
measureable. Control is achieved by means of best
practicable technology at the design stage of containment.

From the above discussion the following points may be noted:

(1) The Code does not specify limits on radionuclides in
effluent to be discharged from uranium mines. A
site-specific approach has been adopted so limits may be
different from mine to mine depending on their
environmental circumstances. (This approach is in line
with that recommended by the RUEI for the Ranger Project.)

(2) If a uranium mine is to be operated on a "release system"
then discharge limits are required to be developed and
put forward for incorporation in the waste management
program and approved by the appropriate authority before
a release system can be put into effect.

(3) It is the responsibility of the owner, operator, manager
of a proposed uranium mine to undertake the necessary
studies to enable the determination of appropriate
discharge limits. The appropriate authority would then
assess the data provided to determine if the proposed
discharge limits are acceptable.

Guidelines to the Code

The Code is complemented by relevant advisory material in the
form of guidelines which are published from time to time.
Preparation of this advisory material is not subject to the
provisions of the Act. The preparation of guidelines is
nevertheless an integral part of the mechanism established for
the effective implementation of the Code. Guidelines are
intended to amplify the provisions of the Code in a way which
takes into account the site-specific, operation-specific and
time-dependent characteristics of waste management. Guideline
documents may include specific recommendations and advice, and
consequently need to take into account experience gained from
the operation of particular projects in the Australian
environment and elsewhere. Guidelines are updated to take into
account changes in relevant technology and in the light of
experience in their use by government authorities and industry.

A guideline entitled " Design and Operation of a Water
Management System for a Uranium Mining and Milling Operation"
was published in 1983. The guideline outlines factors which
affect the development and implementation of a water management
plan.
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The objectives of a water management system as outlined in the
guideline are:

to manage the waters inside the project area in accordance
with the adopted strategy and to ensure that the risk of
seepage and release of contaminated water is minimised by
the use of best practicable technology;

to ensure that a guaranteed supply of water of suitable
quality is available for the continued operation of the
mining and milling processes and that such operations can be
carried out in conformity with the requirements of the Code
and the appropriate authority; and

to ensure that surplus waters which come into contact with
the mining and milling operations are controlled and
disposed of without unacceptable deleterious effects on the
environment outside the restricted release zone (RRZ) as
approved by the appropriate authority.

Where it is proposed that the water management system for a
particular project includes, as part of the design, the release
of waters from the RRZ (a "Controlled Release" Water Management
System) the conditions of release will depend on a number of
site specific factors, including:

the quality of the water to be released before or after
treatement;

hydrological conditions of the receiving waters to which the
discharges will be released;

the quality of the receiving waters in the stream to which
the water will be released;

the effect that such discharged waters will have on the
environment.

In June this year a draft of a guideline entitled
"Determination of Limits for Radioactive Discharges and
Releases" was circulated to industry for comment. This
guideline will outline the principles and methodology for
establishing discharge and release limits and sets out examples
of how the methodology can be implemented. It is hoped that it
will be ready for publication early in 1986.

The draft guideline outlines five factors that need to be taken
into account in determining numerical values for discharge and
release limits:

the need to ensure compliance with the annual limits for
exposure and dose

- the impact of .the use of best practicable technology to
reduce discharges and releases
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the site-specific relationships between discharges and
releases and resultant doses and exposures of members of the
public. This includes consideration of:

atmospheric dispersion?
deposition from the atmosphere;
uptake into foodstuffs of deposited airboure material;
other pathways involving deposited material;
dispersion of waterborne effluents; and
uptake of waterborne radioactivity to foodstuffs

the non-uniformity of doses to individuals and the
additivity of doses from various sources. This involves
consideration of critical pathways and critical groups

actions which might be taken in the event that limits are
exceeded.

In principle, the individual and collective doses for each
radionuclide released or discharged to the environment from the
project, taking into account all of the pathways in Figure 1,
need to be evaluated in order to determine that doses are as
low as reasonably achievable and below the limits prescribed in
the Radiation Protection (Mining and Milling) Code 1980. It
would be expected that, in practice, a few radionuclides and
pathways would contribute the major fraction of any individual
or collective dose. The evaluation of the relationship between
discharges and doses can therefore be focussed on these few
radionuclides and pathways, often referred to as critical
radionuclides and critical pathways. However, it is still
necessary to obtain a large amount of information on the
transport and dispersion of the discharged or released
radionuclides in the environment of a mine or mill, and of
their uptake in these sectors of the environment used by
people, in order to establish numerical values for exposure and
dose per unit discharge or release. This information can then
be used to determine discharge or release limits for the
particular operation.

CONCLUSION

The 1982 Code of Practice provides for a uniform national
approach to the management of radioactive wastes from the
mining and milling of radioactive ores. The Code provides for
the intentional discharge of waters from mining projects
subject to specific conditions which are amplified and
discussed under the appropriate guidelines to the Code.

The approach adopted in the Code to the establishment of
discharge limits is site specific rather than generic to take
account of the differing Australian climatic conditions. The
initiative for making use of this Code provision rests with the
operator who must first identify an acceptable discharge limit
based on sound environmental data and analysis, for
consideration by the appropriate authority.
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