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ABSTRACT

Johnston, A. (1987). Radiation exposure of members of the public resul-
ting from operation of the Ranger uranium mine. Technical Memorandum 20,
Supervising Scientist for the Alligators Rivers Region.#*

The climatic, aquatic and demographic features of the Alligator
Rivers Region that are relevant to the assessment of radiation
exposure to the public resulting from operation of the Ranger
uranium mine are described. The specific locations or activi-
ties at the mine site that act as sources for the transport of
radionuclides into the environment are identified, and the steps
taken to minimise such transport are summarised. Critical
groups for the two principal transport pathways, atmospheric and
surface water transport, are identified.

Data on atmospheric transport of radon and long-lived nuc-
lides in dust are reviewed. The current best estimate of the
annual effective dose equivalent to a member of the critical
group is 0.1 mSv per year. Of this total, 30% arises from radon
daughter exposure, and 70%Z from iInhalation of long-lived nuc-
lides in dust.

Modelling of the radiation exposure resulting from release
of radionuclides into surface waters is described. The estimate
of annual effective dose equivalent received by members of the
critical group via the surface water pathway is 0.003 mSv per
year for current operations.

Thus, for current operation of the Ranger mine and mill,
radiation exposure via the atmospheric pathway dominates., The
critical group's exposure is estimated to be one tenth of the
maximum recommended by the International Committee on Radiation
Protection.

*This article will appear, in an abbreviated form, under the title 'Site-
specific Dose Assessments - Australia' in the monograph 'Environmental
Behaviour of Radium' to be published by the International Atomic Energy
Agency, Vienna.
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1 INTRODUCTION

Four major uranium ore deposits have been identified within that area of
Australia's Northern Territory known as the Alligator Rivers Region;
Ranger, Nabarlek, Jabiluka, and Koongarra (Fig. 1). Current production is
restricted to the two mine/mill developments operated by Ranger Uranium
Mines (~ 3000 tU/y) and Queensland Mines (~ 1300 tU/y) located at Jabiru
and Nabarlek respectively. The site specific dose assessment described
here has been developed for the Ranger mine because it is the larger oper-
ation, it will continue for a long production period, and it is close to a
larger centre of population than the Nabarlek mine. An unusual feature of
the assessment is that it relates to a mining development in a region
where Aboriginal people still have, to a certain extent, a traditional
hunter-gatherer lifestyle.

Control of uranium mining at Ranger is exercised through a complicated
network of interlocking legislation of both the Northern Territory and of
the Commonwealth of Australia. These institutional arrangements recognise
the regulatory responsibilities of the Northern Territory as a self-
governing territory, as well as the responsibilities for control over
national park interests, Aboriginal interests, and the more general con-—
trols in relation to uranium mining and export all of which are exercised
by the Commonwealth. Thus, regulation of uranium mining at Ranger is
carried out by the Northern Territory Government under the Uranium Mining
Environmental Control Aet 1979, whilst co=~ordination of the Commonwealth
and Northern Territory interests is conducted by the Co-ordinating
Committee for the Alligator Rivers Region which was set up under
Commonwealth legislation by the Enviromment Protection (Alligator Rivers
Region) Act 1978, The Co-ordinating Committee is chaired by the
Supervising Scientist for the Alligator Rivers Region, a statutory officer
appointed by the Commonwealth under the same act and who exercises a
supervisory, co-ordinating and research role.

In 1975 the Ranger development was the subject of a public environmen—
tal inquiry (Fox et al. 1976, 1977). Most of the recommendations stemming
from this inquiry relating to the regulatfion, design and conduct of the
Ranger operation were accepted by both governments and the recommended
environmental constraints were included in the UMEC act in the form of a
series of environmental requirements. The institutional arrangements and
the environmental constraints themselves have led to a very strict regime
of environmental control under which uranium mining at Ranger is carried
out, a regime which encompasses research, monitoring, review, and
approval,

2 SITE DESCRIPTION

2.1 Climate

The Alligator Rivers Region is located in the tropical monsoonal belt of
Australia which is characterised by contrasting Wet (December-March) and
Dry (April-November) seasons. Average annual rainfall is about 1560 mm
and the annual evaporation is about 1950 mm. Although there is a net
average evaporation capacity available for water management purposes, it
is not very large.
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Figure 1. Location of wranium deposits in the Alligator Rivers Region of
the Northern Territory, Australia

2.2 Surface waters

The Ranger mine is close to Magela Creek a watercourse whose assoc1ated
system drains a catchment of 1500 km%, of which approximately 600 km? lies
upstream of the minesite. The creek flows seasonally and during the Wet
season flow can exceed 1000 m3/s during periods of cyclonic depression.

Some 12 km downstream from Ranger the Magela Creek enters a floodplain
system; in average years the inundated area is about 200 km?. The flood
plain drains into the East Alligator River during the Wet season but
drainage ceases during July when the flood plain becomes an isolated
freshwater lagoon for the duration of the Dry season. By the end of the
Dry season, evaporation reduces water cover to a few isolated water holes
or billabongs. The flood plain is part of Kakadu National Park which has
been entered on the World Heritage List. It is partly for this reason,
and partly because the Region is occupied by Aboriginal people living, to
some extent, on a diet of traditional bush foods, that the regulatory
regime under which mining is conducted is subject to such strict controls.

During the Wet season surface waters of the region are of high purity.
Suspended sediments are low (~ 10 mg/L) as are total dissolved solids
(~ 5 mg/L). Both Ca and Mg have concentrations of about 0.5 mg/L whereas
those of heavy metals are usually less than 2 ug/L. Radionuclides of the
natural uranium and thorium series are present in concentrations of about
5 mBq/L. The waters are slightly acidic (pH range ~ 4.5-6.5) with poor
buffering capacity, usually containing > 5 mg/L of total organic carbon.




Metals in creek water are approximately equally divided between the par-
ticulate fraction (> 0.45 um) and the filterable fraction; the filterable
fraction is predominantly complexed or colloidal.

2.3 Demography

Demographic information on the region has been summarised by the Ranger
mining company (Koperski 1986) for the purposes of estimating radiation
exposure, About 1600 people live permanently in the vicinity of the
Ranger mine. The main township of Jabiru is located 9 km west of the mine
and mill and has a population of ~1300 including the Aboriginal settlement
at Manaburduma Camp (Fig. 2). The temporary township of Jabiru East,
about 3.5 km NW of Ranger and within the Ranger project area, was set up
during the construction phase of the mine/mill and still supports a
population of about 280 and is the site of scientific laboratories and
light industrial activities. A settlement at Mudginberri Station and a
nearby Aboriginal camp, located on Magela Creek and 12 km NNW of Ranger,
has a population of about 80.

The indigenous Aboriginal population 1s essentially permanent,
although there is always a small number of transient Aboriginal visitors
at each camp from outside the immediate area of Ranger. It is estimated
that fewer than 10%Z of the non-Aboriginal population remain for longer
than four years.

2.4 Mine and mill

The relatively shallow formation of the No. 1 orebody at Ranger (Fig. 3)
has led to exploitation by conventional spiral road open-cut mining. The
mine pit has a surface area of about 52 ha and will ultimately reach a
depth of 175 m below the surface. The resource is estimated at 53 000
tonnes of U3z0g at a mean grade of 0.3%.

The mill uses a conventional sulphuric acid leach and counter—current
decantation to separate leach liquors from tailings, which are neutralised
with lime before being impounded in an earth/rock-fill ring dyke struc-
ture. Uranium is recovered from the pregnant liquors by solvent extrac-
tion, precipitated as ammonium diuranate and calcined to a product as-
saying over 95% U30g. (Baily 1984)

For atmospheric transport of radon and long-~lived nuclides in dust,
the principal potential sources of radionuclides are the mining pit, ore
stockpiles, waste rock dump, primary crusher, calciner and the tailings
dam. Dust suppression and minimisation of radon emanation are achieved in
the pit, on the stockpiles and on the waste rock dump by conventional
water-spraying techniques. Dust concentrations 1in the vicinity of the
crusher are controlled by the use of water sprays and wet impingement dust
collectors. The stacks which ventilate the calciner and product areas are
fitted with wet scrubber systems to minimise the discharge of uranium to
the atmosphere. The regulatory limit on such emissions is 1.5 kg of
uranium per day but actual discharges are much less than this. Emissions
from both stacks are monitored on a monthly basis using isokinetic samp-




i \

Mudginberri : \ //,:

| \ // |

Mudainberri \\ P |

campsite “ |

-

| T 1=
Mudainberri | =
Airstrip | |2
| i3
‘ Ranger i“
Corndorigs I project area 1%
1o
| 1=

‘ A.~Coonjimba

Djalkmara
Jabirn \ |

/ East
/ eoirgetown
/

Manaburduma h |
,’Jabiru ) iz campsite l ‘ =
| township /.2
L s

e

|

|

]

|

| |

LEGEND : :
-

G-‘Ju‘unﬂyi

P - pit e e e
M - mill LLease boundary

TD - tailings dam

0 1 2 km

Figure 2. [Location of the main centres of population at Jabiru, Jabiru
East, and Mudginberri with respect to the Ranger mine site

-4 -




:

|— 8601 00O N

N
\(\

SEEPAGE COLLECTOR
SUMP

Surshar

Biflabong

/

~
—

) Z

)
— LR
.Qfa
é\é‘ \\ 0 500 1000m
& et ————
Coonfimba - — Scale
Billabong \\
s
\
sPiLLwAY U Dlalkrnara
Biltabong \_
(%)
= '\.__
e RP 1
3 Noaﬁ\*\ ‘>\
= ORE BODY \ \
JN
\) $
g & |
~
~e— "/ <|
= Georgetown
Billabong
SEEPAGE COLLECTOR
SUMP

SEEPAGE COLLECTOR )
SUMP

STOCKPILE
AREANO. 3 |

TAILINGS

Pipeline
included
in RRZ

8595 000 N —=—e

()

“--._._--"'"""--</

N \
Figure 3. Ranger mine site




ling techniques to demonstrate compliance with this limit. At the tailings
dam, both radon emission and dust suppression are currently controlled by
the maintenance of a water cover over the tailings, although a change to
sub—aerial tailings deposition has been proposed by the company.

Strict control is exercised over the water management system at
Ranger. A restricted release zone (RRZ) has been defined to include all
areas within the project area in which significant mineralisation occurs
(uranium concentration > 0.02%). It includes the tailings dam, the mine
pit, ore stockpiles, the mill and retention ponds 2 and 3 (RP2 and RP3)
(Fig. 3). RP2 contains relatively clean plant run—off waters and also
receives water from other catchments, including the pit and stockpiles,
either by direct run—off or by pumping. RP3 receives water from a small
catchment including the primary crusher area and adjacent stockpiles. All
water entering the RRZ from rainfall, seepage, and groundwater bores is
retained within the project area and may only be discharged with the prior
permission of the supervising authority. In addition, no process water
may be transferred from the mill/tailings circuit to retention ponds other
than the tailings dam. During the first six years of mining, permission
to discharge RRZ waters to Magela Creek has not been granted even though
this restriction has caused interruptions to mining. Authorisation has
been given for the discharge of some RRZ water by land irrigation during
the Dry season: this authorisation excludes process water and tailings
water.

Areas in which no significant mineralisation occurs are not included
within the RRZ. Thus, runoff from the waste rock dump (which is collected
in RP4) and from the outer slopes of the tailings dam (most of which is
collected in RP1) may be discharged to Magela Creek. The discharge of RP4
water by pipeline to Magela Creek is authorised during the Wet season
subject to legislated water quality standards and hydrological con-
straints. RP1 currently discharges each Wet season via a weir outlet
structure and this mode of discharge will be permitted to continue
provided legislated water quality standards are satisfied. If the trend
of observed contaminant concentrations is such that a violation of these
standards is predicted, an alternative water management system for RP1
will be required. Such a system might include pumping of the initial Wet
season flush to the RRZ or the discharge of water directly to Magela Creek
under controlled conditions. Alternatively, future improvements in the
modelling of exposure of the critical group may allow a relaxation of the
water quality standards.

Shallow groundwater is collected around the periphery of the tailings
dam by a seepage collector system which discharges into four sumps
positioned around the dam. This system is believed to be effective in
intercepting about 707 of the seepage through the wall of the tailings
dam. Water collected in this way is returned to the dam. Seepage through
the floor of the tailings dam to deeper aquifers is not intercepted by the
seepage collector system. Water quality is monitored in RPl which is
down=-gradient of the tailings dam and which is expected to show the first
effects of seepage. BResults of this monitoring program show an increase
in sulphate concentrations in recent years, probably due to seepage, but
no increase in radionuclide concentrations. These results are consistent
with the expected retardation of radionuclide transport with respect to
that of more mobile ions.




3 TRANSPORT PATHWAYS AND CRITICAL GROUPS

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

» atmospheric transport of radon/radon daughters and dust containing the
long-lived nuclides of the uranium series; and

. surface water transport of the long-lived nuclides contained in water
discharged from the mine.

Other pathways, which may be of significance in the future, are not con-
sidered here because their current impact is negligible and their future
impact is subject to regulatory decisions yet to be made. These include
groundwater transport and external radiation from the rehabilitated site.

The two principal pathways give rise to two distinct potential criti-
cal groups. From the point of view of atmospheric transport the critical
group has been identified as that group of inhabitants of Jabiru East who
spend a significant fraction of the day outdoors and whose homes are not
air-conditioned. Although all permanent houses have air—-conditioning
units, these units are frequently not in use in the evenings, particularly
during the Dry season when it is cooler and when the prevailing wind is
from the direction of the mine-site.

Release of radionuclides into the surface waters of Magela Creek does
not give rise to enhanced concentrations in drinking water for the non-
Aboriginal population of the region, since the local potable supply is
derived from groundwater bores. The major effect of such releases would
be increased concentrations of nuclides in aquatic flora and fauna through
bioaccumulation processes. The group most at risk would be those people
who derive a significant proportion of their food from a traditional diet
based on hunting and fishing in the Magela system downstream from Ranger.
The critical group has, therefore, been identified as the Aboriginal
people living at Mudginberri Station.

4 DOSE ESTIMATES FOR ATMOSPHERIC TRANSPORT

4.1 Radon daughters

Estimates of predicted radon concentrations in the vicinity of Ranger
(Clark 1977) were based on calculations of radon emission rates from the
pit, stockpiles, crusher, mill and tailings dam for hypothetical mining
conditions corresponding to production rates of 3000 tonne/year (the
current rate) and 6000 tonne/year (the anticipated rate in 1990). Esti-
mates of near-ground level radon concentrations at distant sites were made
using a Gaussian plume dispersion model which incorporated the results of
a two-year program of meteorological measurements. The annual average
radon concentration at Jabiru East (for the current production rate) pre-
dicted by these calculations was 2 Bq/m . Table 1 lists the corresponding
radon daughter concentration (in mWL) for an equilibrium factor of 0.3 and
the estimate of annual effective dose equivalent for a member of the
critical group resulting from this radon daughter concentration. An
occupancy factor of 100%Z is assumed (since indoor and outdoor radon
daughter levels in the housing at Jabiru East are unlikely to differ) with
a conversion factor of 8.5 mSv effective dose equivalent per WLM exposure.
A less conservative but possibly more realistic conversion factor of
5.5 mSv per WIM could be justified (NEA 1983).




Since the start of mining, Ranger has carried out a comprehensive
monitoring program for radionuclides in the environment, including radon
and radon daughters in Jabiru East. Koperski (1986) has performed an
analysis of the radon daughter data to determine whether or not a stat-
istically significant difference exists between the data set corresponding
to those days on which the wind was blowing from the mine-site and the set
corresponding to those days on which the wind was in the opposite direc~
tion. From this analysis he derived an estimate of the annual average
radon daughter concentration in Jabiru East arising from the mining oper-
ation. This value is given in Table 1 together with the corresponding
estimate of the annual effective dose equivalent., The statistical uncer-
tainty in these results is estimated to be about 60%. The experimental
result is in reasonable agreement with the theoretical prediction and both
are significantly below the current ICRP recommended limit of 1 mSv per
year for total exposure of a member of the public.

A detailed research program has recently been initiated which includes
meso-scale meteorological measurement and modelling, with model verifi-
cation by radon and radon daughter monitoring. This program is considered
necessary because Clark's predictions for average radon concentrations in
the nearby populated areas, 2 Bq/m3, are very much lower than those
observed in the routine monitoring program conducted by the company, about
100 Bq/ma. Although these high concentrations do not appear to be mine
related, their origin will only be established through measurements of
correlations between radon concentrations and meteorological variables
such as wind velocity. This program should enable a considerable improve-—
ment to be made in the estimates of radiation dose arising from radon
daughter exposure.

4.2 Long-lived radionuclides in dust

Initial estimates of the radiation dose received by members of the public
due to the presence of uranium in dust transported from the Ranger mine
were made by Clark (1977) in a manner similar to that described above for
radon daughters. The source inventory used in that work distinguished
between those sources in which radicactive equilibrium could be assumed
(pit, crusher, stockpiles) and those in which uranium would be enriched
(calciner). The annual average concentration of each of 23%7 and 43% in
the air near ground~level in Jabiru East was predicted by this analysis to
be about 0.1 mBq/m3 (Table 1).

Concentrations of the other nuclides were not calculated specifically
by Clark (1977) but an estimate of these has been obtained by subtracting
from the source inventory that fraction which was attributed to the cal-
ciner. The latter represented approximately 70% of the total. The re-
sulting estimate for the annual average concentration of each of the long-
lived daughters of the uranium series in the air at Jabiru East is given
in Table 1.

The values of committed effective dose equivalent corresponding to
these concentrations were obtained using the expression:

H = 8760vf é Q; 64

where v is the breathing rate per hour, f is a correction factor related
to organ size, Qi is the concentration of the ith nuclide in air, and Ci
is the conversion factor between inhaled activity and effective dose




Table 1. Estimates of dose to members of the critical group, at Jabiru
East, resulting from atmospheric tramnsport of radionuclides from the
Ranger mine and mill

(A) Radon daughters

Concentration Mnual dose?
Sour ce (mWL) (mSv/y)
Clark 1977 0.16 0.08
Koperski 1986 0.06 0-03

(B) Long-lived radionuclides in dust

Concentration Annual dose? Total
Source Radionuclide (mBq/mS) (mSv/y) (mSv/y)
Clark 1977 238y, 234y 0.1 0.08
Others? 0.03 0.03 0.11
Koperski 1986 238y, 234y 0,12 0.09
Others? 0.17 0.17 0.26
Pettersson 23t‘U, Z‘“U 0.04 0.03
et al. 1986 Others 0.04 0.04 0.07

4 Effective dose equivalent
Each of the remaining nuclides of the uranium series, with the exception
of radon and its short-lived daughters.

equivalent for that nuclide. The latter were taken from ICRP (1979). The
values for breathing rate (v = 0.6 m’/h) and the protection factor (f = 2)
corregponding to a juvenile member of the critical group were assumed,
since these yield a slightly higher dose estimate than that obtained using
the adult values. The predictions of annual effective dose equivalent
obtained by using Clark's (1977) concentrations of radionuclides in dust
are given in Table 1.

In a manner similar to that outlined above for radon daughters,
Koperski (1986) has analysed the data obtained by Ranger using high volume
air samplers to obtain an estimate of the radiation dose arising from
long-lived nuclides in dust. Concentrations of the nuclides 233U, 23"U,
230m, 24 Ra, 210ph and ?!YPo were measured. The uranium concentrations
listed in Table 1 were attributed to the mining operation. The concen-
tration listed for the other nuclides of the uranium series is the average
of the results obtained for 23UTh, 225 and 41Upo, Concentrations of

'Pb were found to be, on average, a factor of three higher than those of
210Po; however subsequent work (Pettersson et al. 1987) has shown that
such elevated concentrations also occur in rainwater but that they are
independent of distance from the mine site. Also given in the Table are
the values of the annual effective dose equivalent corresponding to con-
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tinuous exposure at these concentrations. Statistical uncertainties are
estimated to be about 50%. The total dose attributed by Koperski (1986)
to nuclides in dust 1is 25% of the dose limit for members of the publice
recommended by ICRP.

Caution should, however, be exercised in the interpretation of these
data. Reliable meteorological data were not available for the perilods
covered by the reported measurements. Me asurements were jdentified as
upwind or downwind on the basis of the prevailing wind direction on a
seasonal basis only. Since the maximum duration of a sampling period was
one week and at most two samples were collected during any single season
(Wet or Dry), the use of the prevailing wind direction is of questionable
validity. In addition, the air concentrations of radionuclides observed
in Jabiru township were similar to those obtained in Jabiru East which is
much closer to the mine site. For these reasons, the deduced effects may
not be mine-related but may simply reflect the variations in the concen-
trations of radionuclides in the soils of the region.

Because of the apparent significance of this pathway, a more detailed
research program was commenced (Pettersson et al. 1987) to discriminate
more clearly between background concentrations and those which are at-
tributable to the mining operation. 1In this project, the variation in the
long-term average concentrations of atmospheric radionuclides is being
measured as a function of distance from the mine site using passive air
sampling techniques. Normalisation of the results is obtained by com—
parison with concentrations measured using high volume air samplers.
Preliminary results, using normalisation of gross alpha concentrations
only, are given in Table 1. These data indicate that the total dose rate
(0.07 mSv/y) is lower than the previous experimental estimate by a factor
of four. The statistical error in the dose rate is estimated to be about
50%.

In summary, the current best estimate of the annual effective dose
equivalent to the critical group arising from atmospheric transport is
about 0.10 mSv per year. Of this total, 30% arises from radon daughter
exposure and 70% arises from long~lived radionuclides in dust.

5 DOSE ESTIMATES FOR SURFACE WATER TRANSPORT

5.1 Diet of the critical group

The group of people theoretically most at risk from a surface water
release of radionuclides has been identified as the Aboriginal community
living at Mudginberri Station. The composition of their diet, which is
made up partly of traditional foods and partly of shop-bought items, has
proved difficult to establish with any certainty, principally because of
the reluctance of the Aboriginal people to become involved in an intrusive
quantitative investigation into the details of their dietary intake.

A diet applicable to the critical group has been estimated by:

. using an average annual food intake corresponding to that observed for
Aboriginals from the Arnhem Land region, namely 430 kg per annum
(Meehan 1977; McArthur 1960);

+ deducing the percentage contribution of each of the components to the
total traditional diet from studies carried out by Ranger staff
(Bywater, private communication; Koperski 1986); and

- 10 -




. estimating the shop-bought contribution to the total diet from the
records of the company which delivers stores to the Mudginberri com—
munity.

The annual consumption of each of the major components in the diet deduced
by this procedure is listed in Table 2. The surface water component of
drinking water has been assumed to be 600 L/y though this is 1likely to be
conservative because, although water intake is expected to be high for
Aboriginal people in this region, the source of most drinking water at
their permanent campsites is, in fact, groundwater bores.

Uncertainties in these figures are, in some cases, large but the most
significant component in terms of radionuclide intake is, without doubt,
the freshwater mussel Velesunio angasi, Other attempts to estimate the
consumption of this component (from private discussions with Aboriginal
people and social workers, by counting shells in contemporary middens
found near local waterbodies, etc.) have led to figures similar to that
shown in Table 2. Also, estimates of the extent of foraging required to
maintain an intake of 4 kg/y by each of the 50 individuals in the criti-
cal group indicate that it would be difficult to exceed this consumption
rate.

5.2 Digpersion model for surface water tramsport

In order to calculate the intake of radionuclides based upon the above
annual diet of Aboriginal people, it is necessary to calculate the in-
crement in the annual average concentration of radionuclides in the water
(C,) and sediment (C,) of the Magela system resulting from the release of
a total quantity (Q;) of any isotope during a short period of the Wet
season. A dispersion model has been developed (Johnston & Murray, unpub-
lished data) which includes:

Table 2. Diet of the critical group for surface water tramsport of radio—
nuclides discharged from the Ranger mine site

Diet Annual consumption
component (kg)
Buffalo 220
Magpie goose 15
File snake 3
Freshwater mussel 4
Turtle 1.5
Fish 38
Goanna 3
Water lily 3
Shop—-bought 140
TOTAL 430
Sur face water 600 L/y

- 11 -




. initial rapid dilution with creek water;
. transport, including deposition and absorption, in the creek region;
. dilution on the flood plain; and

. the annual cycle on the flood plain, including deposition and absorp~
tion, drainage to the sea during the Wet season, evapo-concentration
during the Dry season and possible resuspension during the early part
of the subsequent Wet season.

The available data on natural transport processes were used, where
possible, to determine the parameters of the model. Wherever such data
were not available conservative assumptions were made.

The results of the modelling process are expressed in the form:

Co = kuQ

Cs = kgQ;
where k= 1.7E~12 (Bq/L)/Bq and k, = 3.0E-11 (Bq/kg)/Bq. Research pro-

jects are currently underway (Johnston et al. 1987a) to obtain more pre-
cise information on these transport processes.

5.3 Bioaccumulation of radionuclides in diet components

Concentration factors relating concentrations in the water column or sedi-
ment to those in aquatic or terrestrial animals and plants were used to
represent bicaccumulation processes. Initially, these were derived from
the literature and from previous work in the region (Davy & Conway 1974),
but for some of the most significant food items (freshwater mussels, fish
and water lilies) further experimental work (Johnston et al. 1984, 1985a,
1987b) has led to locally derived concentration factors. This work is
continuing. The concentration factors are listed in Table 3.

Table 3. Concentration factors* for radionuclides of the uranium series

Diet

component 2‘”'J'U,ZJ‘*U ¢30m, 220pa ¢ 1llpy 210p, Medium
Buffalo 4E=3 6E-5 6E—-3 S5E-3 2E-2 Sediment
Magpie Goose 50 20 60 20 620 Water
File snake 24 110 50 95 340 Water
Freshwater

mussel 100 500 19000 5100 10000 Water
Turtle 100 500 210 50 100 Water
Fish 140 230 370 150 680 Water
Goanna 140 230 200 150 680 Water
Water lily 1900 140 230 150 720 Water

*Units: (Bq/kg)food/(Bq/litre)water for water medium
(Bq/kg)food/(Bq/kg)sediment for sediment medium
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The use of equilibrium (steady-state) concentration factors is only a
first approximation to a correct description of bioaccumulation processes
and their use can, in some cases, lead to significant errors in the esti-
mated radiation exposure. For this reason the approach that has been used
in the Alligator Rivers Region was as follows:

. initial estimates of concentration factors derived from the general
literature were used to rank the diet components in order of signifi-
cance with respect to radiation exposure of the public resulting from
release of water from the Ranger site;

. site-specific concentration factors for the most significant diet
components were measured using local species in the local aquatic
system; and

» detailed laboratory and field studies were undertaken to develop an
understanding of the mechanisms responsible for uptake of radionuc-—
lides in the most significant components of the diet of the critical
group.

The detailed studies have shown that the assumptions inherent in the
simplified concentration factor model of biocaccumulation (i.e. steady-
state concentration ratios between compartments with linear kinetics and
constant transfer coefficients) are invalid in some cases. For example,
the rate of uptake of radium in freshwater mussels is dependent on the
caleium and magnesium concentrations in the host water (Jeffree & Simpson
1986) and the half-life for loss of radium is very long, about five years
(Johmston et al. 1985b). Similarly, radium accumulation in water lilies
arises partly via the plant-water interface and partly via the plant-
sediment interface and the dependence of uptake on other variables (e.g.
calcium concentrations in the host medium) is different for each part of
the plant at different times of the growing season (Twining 1985, 1986).

Nevertheless, the simple model of bicaccumulation has been retained in
this assessment because:

. all the non-linear and non-steady—-state effects observed so far are
such that the use of concentration factors yields a conservative esti-
mate of radiation exposure; and

. the resulting estimate of committed effective dose equivalent is
small; about 0.3% of the ICRP limit for public exposure.

In these circumstances, a more rigorous and complicated assessment would
not be justified.

3.4 Dose estimate for current operations at Ranger

As stated in Section 2.4, no discharge of water from the RRZ at Ranger has
taken place during the first six years of operation; the only water dis-
charged to Magela Creek has originated as runoff from the waste rock dump
and from the outer slopes of the tailings dam and the undisturbed catch-
ment of RP1, The total load of each of the long-lived isotopes of the
uranium series released in this way during 1985 is listed in Table 4. To
estimate exposures associated with mining operations to date, these loads
are taken to be typical of the annual discharges under current operation
of the Ranger water management system.
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Table 4. Estimates of dose to members of the critical group, at
Mudginberri, resulting from surface water transport of radionuclides
from the Ranger mine and mill

Annual load Annual intake Conversion factora Doseb
Radionuclide (Bq) (Bq) (Bq/mSv) (uSv)
238y 3,0 x 107 0. 65 2000° 0.33
234y 3.0 x 107 0.65 1800° 0.37
230y, 3.4 x 10° 0.08 4000 0.02
226g, 1.6 x 107 2.5 2000 1.25
21Upy 4.3 x 10° 0.21 400 0.53
21l0p, 5.1 x 10° 0.70 1000 0.70

TOTAL 3.2

2 Conversion factors (Bq/mSv) = Allowable intake/l mSv
0.01 x Stochastic Worker ALI

b

Committed effective dose equivalent for one year's discharge

¢ For uranium, gut transfer factor of 0.2 assumed (see text)

The annual intake, Ii’ of each element i by a member of the critical
group has been calculated using the above results for concentrations in
water and sediment, combined with the dietary and concentration factor
data. Thus:

- ™ A\
L = (ky ?thji + kg imrTri)'Qi

where the sum over j includes aquatic foods j of mass m. consumed per
annum, and the sum over r includes terrestrial foods r of mass m_. The
factors T,. and T_.. are the corresponding concentration factors. The
resulting “estimates of annual intake of each nuclide for current oper-—
ations are given in Table 4,

Two methods were used to estimate factors which convert intake of
radionuculdes to dose for members of the public; these were based,
firstly, on values of the Annual Limit on Intake (ALI) for radiation
workers for stochastic effects (ICRP 1979) and, secondly, on estimates of
doses resulting from the intake of radioncludes by members of the public
(Greenhalgh et al. 1985)., There are infants and children in the group of
people identified as being most at risk from discharges of effluent into
surface waters. Infants would not consume the diet given in Table 2; this
is the estimated diet of an adult. However, the diet of 10-year-—old chil-
dren has been assumed to be similar to that of an adult. Hence, because
of the smaller organs of a child, the most restrictive case in estimating
conversion factors is that of the 10-year-old child.

Following the recommendatons of IAEA (TAEA 1982), a factor of 1/50 has
been applied to the ALI to take into account the difference in dose limits
(1 mSv/year for the public, 50 mSv/year for radiation workers) and an
additional factor of 1/2 has been applied to take into account the mass of
organs averaged over a lifetime. The resulting values of allowable intake
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per milliSievert were taken as conversion factors (Table 4). (The uranium
values have been further reduced by the use of a conservative gut transfer
factor of 0.2, this value being suggested by ICRP as being more appropri=-
ate for environmental forms of uranium than the value of 0.05 used in the
derivation of the ALI).

Estimates of conversion factors were also made using the calculations
of absorbed dose integrated over a lifetime following ingestion of each
radionuclide by a 10-year-old child (Greenhalgh et al. 1985)., 1In all
cases the conversion factors obtained by this method were greater than or
equal to those based on the ALI; the maximum discrepancy was 45%. The
more conservative values given by one hundredth of the ALI were used in
dose estimation.

The estimated dose received by members of the eritical group has been
calculated for each radionuclide (Table 4); the total dose, 0.003 mSv, is
significantly less than the current limit of 1l mSv recommended by ICRP, A
detailed sensitivity analysis has been carried out to estimate the
probable error in the dose calculated using the above dose assessment
model for surface water transport; both statistical and systematic errors
in the variables of the model were taken into account. Al though the
number of variables is large, the calculated dose is dominated by a few
variables, notably the weights of mussels and fish consumed by members of
the critical group and the concentration factor for radium in mussels.
This analysis shows that the dose is unlikely to be underestimated by more
than a factor of two.

The ICRP system of dose limitation is based upon regulation of the
incremental dose from controlled exposures without taking into account the
natural background (except perhaps in exceptional circumstances). It is
of interest to compare the incremental dose to the local Aboriginal popu-
lation arising from current water management practice at Ranger with that
arising from the intake of radionuclides in their traditional diet due to
the natural occurrence of uranium series radionuclides in Magela Creek.
Annual natural loads of radionuclides in Magela Creek have been estimated
from the annual average concentrations of each nuclide in creek water
(Johnston et al. 1985¢) and the average total discharge of the creek at
Jabiru (4.5 x 10% m®). The results for the total load of each isotope and
the corresponding estimate of annual effective dose equivalent for members
of the critical group are given in Table 5. The estimate of total dose
rate is about 0.85 mSv per year. Thus the incremental dose arising from
current discharges of water from the Ranger site is about 0.4% of the dose
arising from the mnatural occurrence of uranium series radionuclides in
creek water.

6 CONCLUSION

The development of wuranium mining in the Alligator Rivers Region of
Australia's Northern Territory has been subject to a very strict regime of

environmental control. In particular, during the first six years of op-
eration of the Ranger mine and mill at Jabiru, the only water discharged
from the mine site has been rainfall runoff from the waste rock dump and
from the outer slopes of the tailings dam. Authorisation for the dis-
charge of water from the restricted release zone has not been given, even
though this has led to significant interruption of the mining operation.
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Table 5. Estimates of dose to members of the critical group, at
Mudginberri, arising from the natural loads of uranium series
radionuclides in Magela Creek

Natural annual load Natural dose ratea

Radionuclide (Bq) (usv/y)
283y 1.1 x 10° 12
234y 1.1 x 107 14
230y 2.0 x 10° 12
226p, 2.6 x 10° 205
210py 2.3 x 107 280
210p, 2.4 x 10° 330

TOTAL 853

2 Effective dose equivalent

As a result, radiation exposure of members of the public via the sur-
face water pathway has been very small. The estimated value of the amnual
effective dose equivalent for an average member of the critical group for
this pathway is 0.003 mSv per annum. Thus, under the current management
system, radiation exposure via the atmospheric pathway dominates, and the
critical group's exposure 1is estimated at 0.1 mSv per annum. Seventy
percent of this total arises from the transport of long-lived radio-
nuclides in dust. The dominance of the atmospheric pathway could change
if the release of RRZ waters is authorised.

The author would like to thank the staff of the Australian Atomic
Energy Commission and of the Alligator Rivers Region Research Institute
for helpful discussions on this topic, and also for the use of data prior
to publication.

7 REFERENCES

Baily, P.A. (1984). Some design and operating aspects of the Ranger
Uranium Mine treatment plant. Australasian Institute of Mining and
Metallurgy, Darwin Conference, 183-191. A.I.M,M., Parkville,
Victoria, Australia.

Clark, G.H. (1977). Assessment of the meteorological data and atmospheric
dispersion estimates in the Ranger 1 Uranium Mining Environmental
Impact Statement. AAEC Report E407.

Davy, D.R. & Conway, N.F. (1974). Environment Studies, Northern Territory
Uranium Province 1971-73. Report 3 of the Alligator Rivers Area Fact
Finding Study, AAEC Report E305.

Fox, R.W., Kelleher, G.G. & RKerr, C.B. (1976 & 1977). Ranger Uranium
Environmental Inquiry. First and Second Reports. AGPS, Canberra.

- 16 -




Greenhalgh, J.R., Fell, T.P. & Adams, N. (1985). Doses from intakes of
radionuclides by adults and young people. National Radiological
Protection Board Report R162, Chilton, England.

TAEA (1982). Basic safety standards for radiation protection.
International Atomic Energy Agency, Safety series No. 9, Vienna.

ICRP (1979). Publication No., 30, Limits for Intakes of Radionuclides by
Workers.

Jeffree, R.A. & Simpson, R.D. (1986). An experimental study of the uptake
and loss of 2%°Ra by the tissue of the tropical fregshwater mussel
Velesunio angasi  (Sowerby) under varying Ca and Mg  water
concentrations. Hydrobiologia 139, 59-80.

Johmston, A., Murray, A.S., Marten, R., Martin, P. & Pettersson, H.
(1984). Uranium series radionuclide concentrations in significant
Aboriginal foods. Alligator Rivers Region PResearch Institute, Annual
Re search Summary, 1983-84. AGPS, Canberra.

Johtnston, A., Murray, A.S., Marten, R., Martin, P. & Pettersson, H.
(1985a). Uranium series radionuclide concentrations in significant
Aboriginal foods. Alligator Rivers Region Research Institute, Annual
Research Summary, 1984-85. AGPS, Canberra,

Johmston, A., Murray, A.S., Allison, H., Cusbert, P., Marten, R. &
Martin, P. (1985b). Freshwater mussels as environmental monitors of
radionuclides and stable metals. Alligator Rivers Region Research
Institute, Annual Research Summary 1984-85. AGPS, Canberra,

Johnston, A., Murray, A.S. & Martin, P. (1985¢). Surface water transport
of radionuclides. Alligator Rivers Region Research Institute, Annual
Research Summary 1984-85. AGPS, Canberra.

Johnston, A., Murray, A.S., Marten, R., Martin, P, & Hancock, G. (1987a).
Transport of radionuclides by surface water, and, Radionuclide
distributions in sediments and macrophytes. Alligator Rivers Region
Research Institute, Annual Research Summary 1985-86. AGPS, Canberra.

Johnston, A., Murray, A.S., Marten, R., Martin, P.,, Hancock, G. &
Pettersson, H. (1987b), Uranium series radionuclide concentrations in
significant Aboriginal foods. Alligator Rivers Region Research
Institute, Annual Research Summary, 1985-86. AGPS, Canberra.

Koperski, J. (1986). Radiation Exposure of the public as a result of the
present operations of Ranger Uranium Mines Pty Ltd. Radiation
Protection in Australia &, 49-54,

McArthur, M. (1960). Report of the Nutrition Unit, in P, Mountford (ed.),
'Records of the American-Australian expedition to Arnhem Land, Vol. 2.
Aturopology and Nutrition'. Melbourne University Press, Melbourne.

Meehan, B. (1977). Man does not live by calories alone: the role of
shellfish in a coastal cuisine, im J. Allen, J. Golson & R. Jones
(eds), 'Sunda and Sahul, Prehistoric Studies in Southeast Asia,
Melanesia and Australia'. Academic Press,

-17 -




NEA (1983). Dosimetry aspects of exposure to radon and thoron daughter
products. Nuclear Energy Agency, Organisation for Economic
Co-operation and Development, Paris.

Pettersson, H., Koperski, J., Johnston, A. & Murray, A.S. (1987).
Radionuclide concentrations in dust near Ranger. Alligator Rivers
Region Research Institute, Annual Research Summary 1985-86. AGPS,
Canberra.

Twining, J.R. (1985 & 1986). Radium-226 uptake by the waterlily,
Nymphea. Progress Report of Environmental Science Division 1984-85,
and 1985-86., Australian Atomic Energy Commission, Lucas Heights, NSW,
Australia.

- 18 -

L3



	TM20 Radiation exposure of members of the public resulting from operations of the Ranger Uranium Mine
	Title page
	Publishing information
	Contents
	Tables & figures

	Abstract
	1 Introduction
	2 Site description
	2.1 Climate
	2.2 Surface waters
	2.3 Demography
	2.4 Mine and mill

	3 Transport pathways and critical groups
	4 Dose estimates for atmospheric transport
	4.1 Radon daughters
	4.2 Long-lived radionuclides in dust

	5 Dose estimates for surface water transport
	5.1 Diet of the critical group
	5.2 Dispersion model for surface water transport
	5.3 Bioaccumulation of radionuclides in diet components
	5.4 Dose estimate for current operations at Ranger

	6 Conclusion
	References 


