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SUMMARY The extent to which the environment in the vicinity of the Ranger uranium mine has been
protected throughout the past twenty years has been assessed on the basis of radiological, chemical and
biological minitoring. Based on this experience, a risk assessment of the proposed development of the Jabiluka
mine has been carried out. It is concluded that mining of uranium at Ranger has not given rise to adverse effects
on the people or the ecosystems of Kakadu National Park and the natural values of the Park are not threatened by
the development of the Jabiluka mine.

1. INTRODUCTION

Uranium mining has been a significant political
issue in Australia since the mid - 1970s, not least
because of community concerns about the impact, or
the potential impact, of mining on the environment.
While these environmental concerns refer to all
stages of the nuclear fuel cycle, an issue that has
been repeatedly debated is the effect of uranium
mining on the environment in the immediate vicinity
of mine sites and on the health of people who live
nearby.

These issues have been given significant media
coverage during 1998-99 following the visit to
Australia of a Mission of the World Heritage
Committee. The purpose of the Mission was to
assess any ascertained or potential threats to the
World Heritage values, both natural and cultural, of
Kakadu National Park that might arise from the
proposal to mine uranium at Jabiluka. The report of
the Mission concluded that the development of the
Jabiluka mine poses both ascertained and potential
dangers to the cultural and natural values of the
World Heritage property. As a result, the World
Heritage Committee requested that the Australian
Government provide a detailed response to the
Mission report and, in particular, that the
Supervising Scientist provide an assessment of a
number of scientific issues related to the likely

impact of mining at Jabiluka on people and
ecosystems in the World Heritage Property.

It is timely, therefore, to use the experience of the
Ranger mine and the assessment of a possible mine
at Jabiluka to summarise the extent to which the
environment in the vicinity of uranium mines has
been, and can be, protected from the effects of
mining and milling.

2. ENVIRONMENT PROTECTION AT THE
RANGER MINE

For almost twenty years, the mining and milling of
uranium has been undertaken by Energy Resources
of Australia (ERA) at the Ranger mine in
Australia's Northern Territory. The Ranger Project
Area has become surrounded by, but has never
formed part of, Kakadu National Park. Kakadu is
inscribed on the World Heritage List and its
wetlands are listed under the Convention on
Wetlands of International Importance. About half of
the land area of Kakadu National Park, which was
Crown Land, has been recognised as the traditional
estate of Aboriginal people of the region and
ownership of this land has been formally granted to
the traditional owners.

The control regime for environmental protection at
Ranger has, therefore, been designed to ensure the
highest level of protection for both people living in
the region and for the natural environment,
particularly the aquatic ecosystems downstream
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from the mine. Protection of people is achieved by
controls on the emission of radon from the mine site
and the specification of radiological standards for
the release of radionuclides into the aquatic
environment. Protection of aquatic ecosystems from
potential effects arising from the discharge of water
from the site is ensured by the specification of
chemical standards, the use of whole effluent
toxicological testing and biological monitoring at
the species and the community level. The analyses
presented here are summarised from Johnston &
Needham(l).

2.1 Protection of people

The principal pathways by which members of the
public can be exposed to radiation from the mining
and milling operations at Ranger are:

• surface water transport of the long-lived
radionuclides of the uranium series contained in
waters discharged from the mine, and

• atmospheric transport of radon and its short-
lived radioactive progeny and dust containing
the long-lived nuclides of the uranium series.
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Figure 1 Radiation exposure of members of the public

resulting from operation of the Ranger Mine via the aquatic

pathway (upper graph) and the atmospheric pathway (lower

graph).

In the case of the aquatic pathway, doses are
calculated by modelling the physical transport of
radionuclides in the surface water system,
estimating the uptake of these radionuclides in
aquatic flora and fauna, using the diet of the critical
group to estimate the total intake of each
radionuclide and converting this ingested intake into
radiation exposure, eriss has carried out extensive
research on each of these processes to enable
reliable dose estimates to be made. Wherever
uncertainties exist, conservative assumptions have
been made to ensure that the dose is not
underestimated. For example, it is assumed that 70%
of all food consumed by the people concerned is
derived from traditional hunting and fishing. This is
certainly an overestimate.

The results obtained for the radiation exposure of
people arising from the discharge of waters from
Retention Ponds Nos 1 and 4 at Ranger are shown in
figure 1 for each year since operation of the mine
began. Those years for which no estimate is given
were years of low rainfall during which no
discharges of water took place. Also shown in the
figure is a line representing the public dose limit
recommended by the International Commission on
Radiological Protection (ICRP). In all years, the
estimated radiation dose to members of the public is
less than the dose limit by more than a factor of 20.

Radon is a short-lived radioactive gas which,
together with its radioactive progeny, is always
associated with uranium. It occurs naturally in the
atmosphere, arising from trace quantities of uranium
found in all soils and rocks. Radon is released from
a uranium mine at concentrations substantially
above normal background rates and can lead to
increased radiation exposure of the public. As radon
can disperse over large distances from the point of
emanation, its atmospheric concentration at a
location several kilometres from a mine could be
due both to radon sources associated, with the
mining project and to natural background sources.
For regulatory purposes, the contribution from these
two sources needs to be distinguished because the
regulatory dose limits apply only to the contribution
from the mine-related source. The need to make this
distinction becomes important when the combined
radiation dose due to both mine-related and natural
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sources exceeds the prescribed limit, as is the case at
Ranger.

eriss has developed a method of separately
identifying the mine-related and background
components by measuring radon and radon progeny
concentrations arising from wind sectors containing
only the natural background sources, and those from
wind sectors containing both background sources
and mine-related sources. Following the completion
of this research, ERA has used a simplified version
of the method, but one that is adequate for routine
monitoring at Ranger, to make public dose
estimates. The results obtained in this program since
1989 are also shown in figure 1 and a comparison is
drawn with the public dose limit recommended by
the ICRP. These results show that radiation
exposure of members of the public living in the
vicinity of the Ranger Mine due to the dispersion of
radon and its progeny from the mine site has always
been less than 10% of the recommended dose limit.

Similar methods have been used to determine the
dose due to dispersion of radionuclides in dust from
the mine. The estimated dose for members of the
public is about 5% of the recommended dose limit.
The overall conclusion drawn has been that people
living in the vicinity of the Ranger mine have not
been subject to radiation exposure greater than the
internationally recognised limit for members of the
public.

2.2 Protection of aquatic ecosystems

The control regime established to ensure the
protection of aquatic ecosystems is based on the use
of both chemical and biological measures.

The chemical controls consist of a set of site -
specific standards to regulate the maximum increase
in the concentration of a number of constituents in
the waters of the creek once the discharged water
has mixed fully with natural stream water. There are
also limits on the total loads of specified chemical
constituents. The choice of constituents specified for
control was made after careful assessment of the
chemical composition of ore and waste rock, the
identification of substances introduced in the milling
process and examination of the US EPA list of
substances that it recommends for inclusion in the
development of water quality standards.

Preliminary standards were derived using a very
conservative criterion based on the observed natural
fluctuation of constituents in the waters of Magela
Creek. For substances that could give rise to
concentrations in the creek outside the range of
natural concentrations, a detailed toxicological
assessment was made on the basis of both
international and local toxicology data.

In addition to these chemical standards, the flow of
water released is controlled so that the dilution by
creek water is greater than a minimum value
determined by toxicological tests. These tests
determine the lowest concentration of the effluent in
creek water at which a change is detected for some
sensitive measure of the animal's health (the LOEC)
and the highest concentration at which no effect is
observed (the NOEC). The geometric mean of the
lowest NOEC and LOEC values for the three
species tested is then divided by a safety factor of 10
to obtain the safe concentration of the effluent in
Magela Creek. This value is used to specify the
minimum dilution. The choice of species tested was
made following an extensive period of research at
eriss during which 19 different species of local
aquatic animals and plants were examined to
determine the most sensitive species to waters at
Ranger and species that could be successfully bred
and maintained in the laboratory. The large number
of species examined, the use of local native species
and the use of a safety factor in specifying the
dilution are factors that make the testing program
for release of water to the Magela system the most
rigorous anywhere in Australia.

The actual minimum dilution required would be the
larger of the values determined by the above
chemical and biological procedures.

Chemical and biological monitoring programs are in
place to determine the extent to which downstream
ecosystems are protected as a result of the
enforcement of the above control measures. For
example, the data in figure 2 provide a comparison
of uranium concentrations downstream from the
Ranger mine with the receiving water standard
recommended by the Supervising Scientist on the
basis of site - specific toxicological tests using local
native species of aquatic biota. The maximum and
mean annual values are shown for each year of
operation of the mine. The mean value has always
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been lower than the standard by more than a factor
of ten and the maximum value observed throughout
the period of operation of the mine is lower than the
standard by a factor of three. Similar data can be
shown for all of the chemical constituents of
concern at the Ranger mine.

Creekside Monitoring : Snail egg production

Uranium Receiving Water Standard

• UMax
• U Mean
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Figure 2 Comparison of uranium concentrations

downstream from the Ranger Mine with the receiving water

standard recommended by eriss.

An example of biological monitoring is shown in
Figure 3. In this example, freshwater snails were
exposed to waters collected from sites upstream and
downstream of the Ranger mine over a number of
years. The endpoint of the tests was the egg
production rate for each pair of snails. The data
show that there is quite a significant natural
variation in the egg production rate. Nevertheless,
the variation at the downstream site is matched very
well to that at the upstream site and the difference in
response between the two sites is not statistically
significant. The discharge of water from Retention
Pond No 4 (at the times indicated on the figure) had
no detectable effect on the reproductive rate of
freshwater snails. Similar data are available both for
creekside tests on fish and for community structure
measurements on fish and macroinvertebrates.

The conclusion drawn from both the chemical and
the biological monitoring programs is that, while
increases have been observed in the concentrations
of a number of chemical constituents in the waters
downstream from the Ranger mine, the changes are
well within conservative chemical standards and
have not given rise to adverse effects on the aquatic
fauna of Kakadu National Park.
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Figure 3 Biological monitoring of the impact of mining at

Ranger using fish larval survival (upper graph) and

freshwater snail reproduction (lower graph). Data are

shown for animals exposed to water from sites upstream

and downstream of the Ranger Mine. Differences between

upstream and downstream responses are also shown.

Periods of release of RP4 water are indicated.

3. RISK ASSESSMENT
JABILUKA MINE

FOR THE

As stated above, the Ranger mine has been
operating for almost twenty years. The information
gained from research and monitoring associated
with the Ranger mine has enabled a thorough risk
assessment to be carried out for a proposed new
mine at Jabiluka, about 20 km north of Ranger. The
assessment provided here, which is described in
detail in Johnston & Prendergast (2), refers to
ERA'S Jabiluka Mill Alternative, under which all
ore would be milled at Jabiluka.

3.1 Risks associated with surface water dispersal
of contaminants

Unlike the Ranger mine which is open cut, the
Jabiluka mine is an underground development and it
has been designed for the total containment of all
waters that come in contact with uranium ore in a
suitably designed retention pond. As part of the
environmental assessment of the proposed
development, the Supervising Scientist has assessed
the risks to people and the environment arising from
a contingency situation in which the accumulated
runoff from the catchment of the water storage pond
at Jabiluka exceeds the capacity of the pond and the
excess water from the Total Containment Zone is
diverted and allowed to flow freely to surface
waters. Also assessed was the risk to the
environment associated with structural failure of the
water storage pond arising from overtopping of the
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pond, static failure of the constructed embankment,
or the occurrence of a severe earthquake.

As an example of the results obtained, the risk
assessment for exposure of members of the public
resulting from the occurrence of a severe earthquake
are shown in figure 4. The assessment is based upon
a review of all hydrological data for the region (3),
climate change modelling (4) and Monte Carlo
analyses (5) of the proposed water management
system at Jabiluka. From these data it can be seen
that the risk of radiation exposure of members of the
public would be extremely low. At the 1 in 10,000
level of probability, the estimated radiation exposure
is about 30 |J.Sv. The highest calculated exposure,
which is less than one tenth of the internationally
accepted limit, has an extremely small exceedence
probability.
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Figure 4. Probability versus radiation exposure of members

of the public resulting from the discharge of water from the

Jabiluka mine site as a result of a severe earthquake

The site specific information on the toxicity of
uranium to aquatic animals has also been used to
estimate the risk to aquatic ecosystems arising from
an earthquake of sufficient magnitude to cause
failure of the retention pond structure.

Water from the pond would flow to the downstream
floodplain where it would be diluted in floodplain
waters until concentrations of uranium become
lower than the lowest LOEC observed in
toxicological tests. The known hydrological features
of the floodplain enable an estimate of the area of
the floodplain required to provide this dilution. The
resulting area has been termed the "effects area"
inside which adverse effects on some biota would be
expected to occur. Similarly, the "safe area", beyond
which no adverse effects would be expected to

occur, can be estimated using the geometric mean of
the lowest LOEC and NOEC values and applying a
safety factor of ten. The probability versus area is
shown in figure 5 for both the "effects area" and the
"safe area".
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Figure 5. Probability versus the affected area of Magela

floodplain for a severe earthquake. Beyond the safe area

no adverse toxicological effects are expected. Adverse

effects on invertebrates are expected inside the effects

area. Between the two areas, some residual effects may

occur.

Hence the maximum area within which effects
would be expected to occur is about 1.5 km2 but the
probability of this occurring is extremely small. The
"effects area" at the 1 in 10,000 level of probability
is less than 0.5 km2 which is less than 0.3% of the
floodplain area. At the same level of probability,
residual effects may occur for some aquatic animals
out to an area of about 5 km2. Even within these
areas the impact would be very small (for example,
fish should not be-affected) and the system would
fully recover following flushing by the natural
waters of the Magela system.

3.2 Risks associated with ground water dispersal
of contaminants

Under the Jabiluka Mill Alternative proposal
submitted by ERA for environmental assessment,
tailings produced at the mill would be returned to
the mine void in the form of a concrete paste and
also to specially excavated pits in the Kombolgie
sandstone near the mill. This proposal was not
accepted by the Commonwealth Government when
it granted approval for the Jabiluka Mill Alternative
to proceed. Rather, the Government required ERA
to place all tailings in the mine void and in specially
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excavated stopes or silos in the vicinity of the
orebody, some 100m below ground level.

A detailed study of the hydrogeology of the Jabiluka
area and modelling of groundwater contaminant
dispersion has been carried out (6) as part of the
Supervising Scientist's assessment of the Jabiluka
proposal. A two dimensional finite element model
was used to determine flow directions, head
distributions and the range of Darcy velocities. A
three dimensional solute transport model was used
to determine the concentrations of solutes leached
from the tailings paste material for use as the source
concentrations in an analytical dispersion model.
The analytical contaminant transport model was
used to determine concentrations of solutes at
locations in the groundwater aquifer far from from
the tailings repositories. Monte Carlo calculations
using the analytical model were carried out to
determine concentration profiles for a large number
of different parameter values within selected ranges.

Radium-226
10,000 years

0 100 ZOO 300 400 500

Distance from tailings repository (m)

Figure 6. Cumulative probability distribution for dispersion

of radium from tailings repositories at Jabiluka in a westerly

direction over 10,000 years

An example of the results obtained is shown in
figure 6 which shows the predictions for the
movement of radium from the tailings repositories
over a period of 10,000 years. These data show that
there is a 90% probability that radium will move
less than 200 metres from the repositories over this
period. The conclusion of this work was that the
wetlands of Kakadu would not be harmed as a result
of the dispersal of tailings constituents in
groundwater.

4. CONCLUSIONS

The overall conclusions of the review of past
performance at Ranger (1) and the assessment of the
Jabiluka proposal (2) are that:

• Mining of uranium at Ranger has not given rise
to adverse effects on the people or the
ecosystems of Kakadu National Park, and

• The natural values of Kakadu National Park are
not threatened by the development of the
Jabiluka uranium mine
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