2 Environmental assessments of uranium mines

Creekside monitoring, where test organisms are held in tanks on the creek bank, has been
the primary method used for toxicity monitoring since the 1991-1992 wet season (when
toxicity monitoring commenced). Trials of an in situ monitoring method, where test
organisms are held in containers located in the creek itself, commenced in the 2005-06 wet
season. The purpose of these trials was to evaluate whether this method could replace
creekside monitoring as the primary field toxicity method. The findings from this 3 year trial
are presented in Section 3.2 of this report.

Creekside testing in 2007-08 compared egg production in freshwater snails (Amerianna
cumingi) upstream of the minesite (control site) and from the creek just below gauging
station G8210009, some 5 km downstream of the mine (test site, Magela downstream). At
each of the two sites, duplicate containers hold replicate (8) snail pairs (thus 16 pairs of
snails exposed per site).

An initial in situ-only test commenced on 2 December 2007, as there was insufficient water
depth beneath the creekside monitoring pumping stations to initiate the creekside testing at
that time. The first creekside test commenced on 17 December and a further seven four-day
tests were conducted every other week between December 2007 and March 2008 to provide
reference data for comparison with the in situ method.

The results of the initial in situ test and eight subsequent creekside tests in 2007-08 for snail
egg production are plotted as part of a continuous time series of actual and derived
‘difference’ data in Figure 2.11. Descriptions of creekside methods and data quality issues
are provided in the Supervising Scientist’s Annual Report for 200102 and on the SSD
website <http://www.environment.gov.au/ssd/monitoring/magela-bio.html>.
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Figure 2.11 Creekside monitoring results for freshwater snail egg production for wet seasons between

1992 and 2008. Note the last three tests in 2006—07 and the first test for 2007—-08 used the in situ
monitoring method only.
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Snail egg production at upstream and downstream sites was generally similar across all eight
creekside tests, although egg numbers were lower than usual at both upstream and
downstream sites during the sixth test. Overall, the pattern of egg production across all
creekside tests was similar to that observed in previous wet seasons. Importantly, the
upstream-downstream difference values plot around the running mean (since 1991-92 wet
season) and are within the maximum and minimum values recorded over this time.

For this reporting year, improvements have been made to statistical analysis of the toxicity
monitoring dataset for the purposes of impact detection. While a t-test has been employed in
the past to test for differences in the upstream-downstream difference values between two
time periods (in particular, before and after an event or wet season of interest), this testing
can be extended to a two-factor ANOVA (Analysis of Variance), with Before/After (BA;
fixed) and Season (nested within BA; fixed) as factors. The particular ANOVA model used
here is likely to be a statistically more powerful test than the t-test, while ANOVA generally
is a more efficient test in its simplicity in data preparation and testing of data assumptions.
Further, while the first factor (BA) serves the same function as the t-test, the second factor
(Season) can be used to determine whether, within the Before and After periods, any set of
difference values for a wet season is significantly different. Though this latter test may
provide no more additional information in the case of a comparison of the (current) season
of interest versus all previous wet seasons, in a comparison of several ‘before’ and ‘after’
seasons that are of particular interest, it can potentially identify variability among test
responses. Further analysis of the season (BA) factor (ie Tukey’s pairwise comparison)
would then determine if significant differences occur only in the ‘after’ period (variability)
that could indicate impact, even though mean difference values before and after are not
significantly different.

Applying ANOVA testing to the 2007-08 results, upstream-downstream difference values for
snail egg production data were found not to differ from difference values measured in previous
wet seasons (p = 0.709). Moreover, no differences were observed among the difference values
for particular wet seasons within the Before (pre-2008) and After periods (p=0.665). From the
creekside results, it is concluded that no adverse effects on freshwater snails from inputs of
Ranger minesite waters to Magela Creek occurred during the 2007-08 wet season. This is
further supported by the additional in situ monitoring results presented in Section 3.2.

Bioaccumulation in fish and freshwater mussels

Mudginberri Billabong is the first major permanent waterbody downstream (12 km) of the
Ranger mine (Map 3). Local Aboriginal people harvest aquatic food items, in particular fish
and mussels, from the billabong and hence it is essential that they are fit for human
consumption. Consequently, concentrations of metals and/or radionuclides in the tissues and
organs of aquatic biota attributable to mine-waste input to Magela Creek from Ranger must
remain within acceptable levels. Enhanced body burdens and bioavailability of mine-derived
solutes in biota could also potentially reach limits that may harm the organisms themselves.
Hence the bioaccumulation monitoring program serves an ecosystem protection role in
addition to the human health aspect.
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Mussel bioaccumulation data were obtained intermittently from Mudginberri Billabong from
1980 to 2001. From 2002, regular (annual) sampling from Mudginberri and a control site in
the nearby Nourlangie catchment (Sandy Billabong) was initiated. Since data prior to 2000
have been discussed and are available in previous SSD annual reports, only data from 2000
onwards (where methods are standardised and control sites have been included) will be
discussed in this report.

Forktail catfish have been identified as the most reliable species to monitor for uranium
uptake, primarily because there is a reasonable historical dataset, they are sufficiently
abundant in numbers in both billabongs and they are a popular food for the local Aboriginal
people. Collection of forktail catfish, sediment and water occurs every two years at both
Mudginberri and Sandy Billabongs.

Bioaccumulation of uranium and radium in freshwater mussels

Uranium concentrations in freshwater mussels, water and sediment samples collected
concurrently from Mudginberri and Sandy Billabongs are shown in Figure 2.12. The
concentrations of uranium in mussels from both Mudginberri and Sandy Billabongs are very
similar from 2000 onwards, with no evidence of an increasing trend in concentration over
time or with mussel age (the latter a feature of radium concentrations in mussel soft tissues,
see discussion below). Uranium in mussels is reported to have a short biological half-life, a
conclusion that is supported by the data in Figure 2.12, with the uranium concentrations in
mussel flesh being low.
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Figure 2.12 Mean concentrations of U measured in mussel soft-parts, sediment and water samples
collected from Mudginberri Billabong and control billabongs since 2000

The lack of any increase in concentration of U in mussel tissues through time, with
essentially constant levels observed between 1989 and 1995 (previous reports), and
consistently low levels from 2000 to the last sample taken in May 2007, indicates absence of
any mining influence. Mussels were not collected from the control site at Sandy Billabong in
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2007 as sampling occurred in May (instead of the normal October period) to coincide with a
research project investigating the distribution of radium and uranium in mussels along the
length of the Magela Creek, upstream and downstream of the mine. Preliminary results for
this project are discussed in Section 3.3.

Concentrations of Ra in mussels are age-dependent (Figure 2.13) and also appear to be
related to growth rates, water chemistry and location (and associated sediment
characteristics) within a billabong. When comparing data from amongst years and billabongs
(Figure 2.13), concentrations of Ra in mussels from Mudginberri Billabong are higher, age-
for-age, than in mussels from Sandy Billabong. This may be attributable to three factors:

(1) naturally higher catchment concentrations of Ra in Magela Creek compared with
Nourlangie Creek catchment, (ii) lower concentrations of calcium (Ca) in Mudginberri
Billabong waters compared with Sandy (Ca can act as an antagonist to the uptake of Ra by
aquatic organisms); and (iii) finer sediment particle sizes in Mudginberri compared with
Sandy (finer sediments tend to contain higher Ra concentrations) (Ryan et al 2005)." To
address whether the Magela catchment has naturally higher radium concentrations, a study
was undertaken in May 2008 where mussels, sediment and water were collected along
Magela Creek, both upstream and downstream of the mine. Radium, uranium and other key
analytes were measured, as well as assessment of the importance of sediment particle size.
Initial results and discussions are presented in Section 3.3.
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Figure 2.13 226Ra activity concentrations in the dried flesh of freshwater mussels collected from
Mudginberri Billabong 2000-2007 and Sandy Billabong 2002—-2006.
The error bars are + 1 standard deviation.

The average annual committed effective doses calculated for a 10-year old child who eats
2 kg of mussel flesh, based upon average concentrations of 226Ra and 210Pb from
Mudginberri Billabong mussels collected between 2000 and 2005, amounts to 0.24 mSwv.

! Ryan B, Martin P, Humphrey C, Pidgeon R, Bollhéfer A, Fox T & Medley P 2005. Radionuclides and metals in

fish and freshwater mussels from Mudginberri and Sandy Billabongs, Alligator Rivers Region, 2000-2003.
Internal Report 498, November, Supervising Scientist, Darwin. Unpublished paper.
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The average for Sandy Billabong for the same time period amounts to 0.13 mSv. Even in the
unlikely case that the difference in doses between the two billabongs was exclusively mine-
related, the mine contribution would still amount to only 10% of the public dose guideline
limit (ICRP 1996).”

The generally consistent relationship between age and Ra concentration observed for
mussels amongst years and for each billabong (Figure 2.13) currently provides a robust
baseline against which any future mine-related change in Ra concentrations can be detected.
The use of further statistical methods to determine differences in regression relationships
will be explored as a means for quantifying any such future change.

Bioaccumulation of uranium in fish

Time series concentrations of uranium in the flesh of forktail catfish collected from
Mudginberri and Sandy Billabongs are summarised in Figure 2.14, together with U
concentrations measured in water and sediment for 20002007 collections.

The concentrations of U in the flesh of forktail catfish are low (<0.02 mg/kg) with no
significant variation over time. This is consistent with the low concentrations of uranium in
sediments (<1.4 mg kg") and water (<0.05 pg L") of Mudginberri Billabong for the
corresponding period (Figure 2.14).
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Figure 2.14 Mean concentrations of U measured in the flesh of forktail catfish, sediment and water
samples collected from Mudginberri and Sandy Billabongs, since 2000. Error bars represent standard
error. The lack of error bars in some years for forktail flesh samples indicates that the uranium
concentration measured was below the detection limit for all samples.

2 ICRP 1996. Age-dependent doses to members of the public from the intake of radionuclides: part 5.

Compilation of Ingestion and Inhalation dose coefficients. International Commission on Radiation Protection
Publication 72, Pergamon Press, Oxford.
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The similarity of fish communities in Mudginberri Billabong (directly exposed site
downstream of Ranger in Magela Creek catchment) and Sandy Billabong (control site in the
Nourlangie Creek catchment) was determined using multivariate dissimilarity indices
calculated for each annual sampling occasion. A plot of the dissimilarity values (based on
four counts per transect) from 1994 to the present is shown in Figure 2.17.

Figure 2.17 Paired control-exposed dissimilarity values (using the Bray-Curtis measure) calculated for

community structure of fish in Mudginberri (‘exposed’) and Sandy (‘control’) Billabongs in the vicinity of

the Ranger mine over time. Values are means (+ standard error) of the 5 possible (randomly-selected)
pairwise comparisons of transect data between the two billabongs.

In the Supervising Scientist Annual Report for 2003—2004, the decline in the paired-site
dissimilarity measures over time was noted. While that decline in dissimilarity still remains
significant (P < 0.0001), a recent re-examination of the dataset indicates that the decline is
potentially confounded by a change in the field observation method that occurred in 2001. In
that year, the original observation canoe was replaced by a slightly larger and more stable
observation boat that provided greater protection from the increasing number of saltwater
crocodiles observed in the channel billabongs. This method change corresponds with a
significant reduction in the dissimilarity measures (ANOVA result P = 0.004) between
Mudginberri and Sandy Billabong fish communities. Associated with this difference in
dissimilarity, has been a significant increase in the time taken to sample each transect
(ANOVA result P = 0.002), due to the slightly less manoeuvrable boat. Longer observation
times may influence the paired-site dissimilarity between Mudginberri and Sandy Billabongs
as the probability of encountering and recording the more cryptic species would be
enhanced. While comparative observations made between the two methods during the
introduction of the visual boat in 2001 show very little difference between the paired-
billabong community dissimilarity values (average dissimilarity 25.2 and 24.8, canoe and
boat respectively), an investigation of the data is nevertheless underway to determine
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whether the method change is a factor explaining the lower dissimilarities, or whether real
changes in fish communities over time, and unrelated to sampling method, is the cause.

Abundances of Chequered rainbowfish (Melanotaenia splendida inornata) have the most
influence on the paired-site community dissimilarities calculated between Mudginberri and
Sandy Billabongs (Supervising Scientist Annual Report 2004-05, Section 3.6.1). This
species and its identified decline in abundance since 1989 in Mudginberri Billabong (SSAR
200405, Section 3.6.1) does not appear to be influenced by the visual method change
introduced in 2001. Chequered rainbowfish are a schooling species and are easily observed
using both visual methods; not surprisingly, therefore, there is no relationship between
transect time and rainbowfish abundance. Furthermore, the significant decline in Chequered
rainbowfish abundance (P < 0.001) occurred during the canoe observation period (1989—
2000, P = 0.02) and primarily in the earlier years. The continuingly lower rainbowfish
abundances recorded in latter years have simply maintained the overall decline since 1989.

The decline in rainbowfish does not appear to be related to any change in water quality over
time as a consequence of water management practices at Ranger uranium mine. The net
input of magnesium (Mg) from Ranger has been used as a reasonably reliable surrogate
measure of mine waste-water contaminant concentrations in Magela Creek (see SSAR
2004-05, Section 3.6.1 for further information). For wet seasons from 1988-89 to 2007-08,
no significant relationship has been observed between the mine contribution of Mg and
corresponding rainbowfish abundance in Mudginberri Billabong. This is not surprising as
concentrations of U and Mg in Magela Creek arising from mine waste-water discharges are
at least two orders of magnitude lower than those known to adversely affect larval fishes,
including in the case of U, Chequered rainbowfish (SSAR 2003-2004, Section 3.4.1 &
SSAR 2004-2005, Section 3.4).

The significance of previously-identified environmental correlates of the rainbowfish decline,
‘wet season stream discharge’ (negative), ‘natural, wet season stream solute concentration’
(positive) and ‘length of previous dry season’ (positive) (SSAR 2004—05, Section 3.6.1) is
either marginal or no longer held (regression analysis P = 0.07, P = 0.22 and P = 0.05
respectively). However, further correlation and regression analysis using total monthly
discharge in Magela Creek shows that larger flows in either January or February are followed
by reduced numbers of chequered rainbowfish in Mudginberri Billabong (p = 0.027 and

p = 0.015 respectively). These monthly discharge correlates are refinements of total wet season
discharge (from above) and as with the latter measure, are negatively correlated with
rainbowfish numbers in Mudginberri. Previously, it was suggested that low rainbowfish
abundances associated with high stream flows may be the result of low solute concentrations in
the creek waters which may suppress survival of fish larvae (SSAR 200405, Section 3.6.1).
An alternative explanation for this relationship may be the greater dispersion (and hence
‘dilution’) of migrating fish that is possible during periods of high stream flows. Early research
showed that the main stimulus for the upstream migration of Chequered rainbowfish in Magela
Creek was wet season flood events immediately preceding the migrations (Section 2216 in
IR291). Typically, months of greater wet season discharge consist of numerous flood events
that would provide increased stimuli for rainbowfish to migrate. Thus, the reduced rainbowfish
numbers in Mudginberri Billabong following larger January and February flows might suggest
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that early rainbowfish migrations during these wetter months are more successful and result in
greater dispersion of rainbowfish to dry season refuges upstream of the billabong. In wet
seasons in which January and February rainfall is relatively low, the upstream migrations of
rainbowfish may be reduced and limited, resulting in more fish utilising this dry season refuge
site, located lower in the catchment.

Another possible cause for the decline in Chequered rainbowfish identified in the SSAR
2004-05 (Section 3.6.1) was ‘Habitat conditions on Magela Creek floodplain’. This refers to
the increased spread of a number of grass species on the floodplain since the removal of
feral buffalo in the early to mid 1980s. Of particular interest is the exotic Para grass
(Urochloa mutica) which has expanded rapidly on Magela floodplain over the same period
as Chequered rainbowfish have declined in Mudginberri Billabong. These choking grasses
have potentially reduced rainbowfish habitat and breeding grounds and hence subsequent
recruitment success to upstream dry season refuge areas.

Further work is required to elucidate the cause of the decreased dissimilarity of fish
communities between Sandy and Mudginberri Billabongs and the rainbowfish decline in
Mudginberri Billabong since 1989.

Shallow lowland billabongs

Monitoring of fish communities in shallow billabongs is conducted every other year (see
SSAR 2006-07). The last assessment of fish communities in shallow lowland billabongs
was conducted in May 2007 with results reported in SSAR 2006—07. The next assessment
will be conducted during recessional flows sometime between late April and June 2009.

2.3 Jabiluka

2.3.1 Developments

The site continues to be maintained under the long-term care and maintenance regime of
management. Both ERA and SSD made changes to the monitoring programs undertaken in
Swift Creek (Ngarradj) during the reporting period. SSD advised stakeholders of a decision
to cease monitoring at the upstream site in Swift Creek (Jabiluka Swift Creek upstream site,
JSCUS). JSCUS has been shown to demonstrate quite variable water quality and is
considered geomorphologically unsuitable to provide background water quality. Over many
years SSD has developed a detailed understanding of the downstream water quality at JSC
such that any unusual events would be better compared with historical water quality at JSC
as opposed to contemporary water quality at JSCUS. ERA’s changes to the statutory
monitoring program are discussed below.

2.3.2 On-site environmental management

Water management

The site is continuing to be maintained as a passive discharge site.
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Audit and Routine Periodic Inspections (RPIs)

Four inspections were undertaken at Jabiluka during 2007—08. A review of the audit findings
from the May 2007 environmental audit was conducted in December 2007.

An environmental audit was conducted in June 2008 and RPIs were held in August and
February. The focus areas for the RPIs are shown in Table 2.8.

Date Inspection type Foci

22 August 2007 RPI Access road, revegetation of the
hardstand/portal area, Interim water
management pond and walls, vent raise,
Djarr Djarr camp

20 February 2008 RPI Revegetation of the hardstand/portal area,
Interim Water Management Pond and walls,
Northern Tributary

2007 Audit review outcomes

The 2007 audit review focused on one criteria ranked as ‘satisfactory, improvement
recommended’ (S/I) (under the previous grading system) and two observations made during
the May 2007 audit. The criteria relating to capping of the vent raise and conversion to a
sampling point was ranked as S/I during the audit and was found satisfactory at the audit
review. Access to the vent raise and capping was adequate. An observation was made
regarding the requirement to cap redundant bore holes in Mine Valley. Auditors were
informed that plans to complete rehabilitation works were progressing between the NLC/
GAC and EWL Sciences. The final observation related to a discrepancy in the Authorisation
relating to reporting frequencies of monitoring results and was rectified through approving
an application to modify the Authorisation to reflect current practice.

2008 Audit outcomes

ERA was audited for compliance with the conditions relevant to long-term care and
maintenance of the site contained within Jabiluka Authorisation 0140-05. The information
collected against each criteria was assessed and given a ranking as per the grading system
provided in Table 2.5. The audit process found evidence to grade each criteria as acceptable
and one criteria was found to be no longer applicable due to the extinguishment of the
Restricted Release Zone (RRZ) when the site transitioned to long-term care and
maintenance. Several observations were made throughout the audit: the integrity of the
IWMP liner following a fire; radiation inductions for non-ERA employees visiting the site;
and consistent reporting of data collected from the water sampling program in Swift Creek.

The criteria outlining the requirement to convert the vent raise to a sampling point was again
identified as not having been completed. Interpretation of the requirement has been referred
to the Jabiluka MTC.
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Minesite Technical Committee

The Jabiluka MTC met six times during 2007—08. Dates of meetings and significant issues
discussed are shown in Table 2.9. The standing agenda item discussed at each MTC was
progress of the environmental conditions of the EIS and PER.

TABLE 2.9 JABILUKA MINESITE TECHNICAL COMMITTEE MEETINGS
Date Significant agenda items in addition to standing agenda items

26 July 2007 Modification of the statutory monitoring program, wet season reporting, Mine
Valley bore access

1 October 2007 SSD monitoring in Swift Creek, wet season reporting, irrigation of IWMP walls
using IWMP water

23 November 2007 Mine Valley bores rehabilitation, works on the north wall of the IWMP,
Modification of the reporting date for the Annual Environment Report

25 January 2008 Annual Plan of Rehabilitation No 11, Mine Valley bore rehabilitation

8 April 2008 Annual Plan of Rehabilitation No 11, Annual Environment Report, Wet
Season Report

19 May 2008 Annual Plan of Rehabilitation No 11

Authorisations and approvals

Two applications to modify the Jabiluka authorisation were assessed during the reporting
period. Authorisation 0140-04 was issued on 11 July 2007 to reflect a change to the statutory
monitoring program to account for the very low risks to the environment from the site being
maintained in long-term care and maintenance. This authorisation was superseded on

1 November 2007 by 0140-05 which modified the reporting date for the Annual
Environment Report.

Incidents
No incidents were reported for the 2007—08 period.

2.3.3 Off-site environmental protection

Surface water quality

In accordance with the Jabiluka Authorisation, ERA is required to monitor a range of surface
and ground waters on the lease and to demonstrate that the environment remains protected.
Specific water quality objectives (criteria thresholds were described in SSAR 2003—-04) must
be achieved. Each month during the wet season, ERA reports the water quality in Ngarradj
(Swift Creek) to the major stakeholders (SSD, DPIFM and NLC). A detailed interpretation
of water quality across the site is provided at the end of each wet season in the ERA Jabiluka
Annual Wet-season Report.
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In addition to the ERA program, the Supervising Scientist conducts monthly chemical and
physical monitoring in Ngarradj Creek.

The SSD biological monitoring program for Jabiluka ceased in 2004, commensurate with
the low risk posed while the site is in long-term care and maintenance mode. Results from
six-years (1999-2004) of fish community structure studies were reported in SSAR 2003-04
along with results for macroinvertebrate community structures.

Key water quality data from SSD and ERA routine monitoring of Ngarradj are reported at
www.environment.gov.au/ssd/monitoring/ngarradj-chem.html. Highlights and a summary of
the data collected in the 2007-08 wet season are reported below.

Chemical and physical monitoring of Ngarradj Creek

Jabiluka has been in a long-term care and maintenance phase since late 2003 and poses a
low risk to the environment. As a consequence of this low risk and the good data set
acquired over the last six years indicating the environment has been protected, the
monitoring program has been systematically scaled down. In 200708, the Supervising
Scientist Division collected monthly samples from the downstream statutory compliance site
only (with automatic recordings of turbidity and hydrological data at 6-minute intervals
being collected for research purposes by eriss). ERA also sampled monthly from both the
upstream and downstream site but to a different schedule. DPIFM also undertook check
monitoring monthly at Ngarradj (upstream and downstream). These independent programs
complement each other, providing approximately fortnightly water sampling and a
combined dataset to assess the water quality at Ngarradj.

Ngarradj Creek commenced flow late December 2007, with the first water samples collected
at the downstream site by SSD on 3 January 2008. The last water sample was collected on
25 April 2008, after which time it was observed that the creek had ceased to flow. ERA
commenced sampling on 7 January 2008 at the upstream and downstream site, with their last
sample collected on 15 April 2008.

Variables are consistent with measurements from previous seasons with uranium less than
0.4% of the limit (Figure 2.18). As observed in previous seasons, uranium was elevated in
the first part of the seasonal flow, decreasing as the season progressed.

ERA and SSD data collected during the 2007—08 wet season are in good agreement, as
shown by measured uranium concentrations in Figure 2.19.

All variables were within guidelines or limits (set by stakeholders to protect the aquatic
environment) during the 2007—08 wet season providing reassurance that the aquatic
environment of Ngarradj remained protected from any impacts from the Jabiluka site.

Radium in Ngarradj

Since monitoring data from previous years has shown that human health has been protected
and there has been no significant difference between upstream and downstream values, and
the absolute values are in any case very low, monitoring at the upstream site has been

discontinued while Jabiluka remains in long-term care and maintenance. From the 2007-08
wet season onwards, visual comparisons of the charted downstream data will be made with
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previous season’s data to confirm that there are no significant upward deviations from this

control record.

Radium-226 (***Ra) results for the 2007-2008 wet season at the Ngarradj downstream site
(monthly samples) are comparable to previous years as shown in Figure 2.20, giving
confidence that the downstream environment has remained protected from any inputs from

Jabiluka.
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Figure 2.19 Uranium concentrations measured in Ngarradj by SSD and ERA
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39



Supervising Scientist Annual Report 2007-2008

Radium-226 in Ngarradj (Swift Creek) 2001-2008

O Upstream ¢ Downstream =—Wet Season median difference
12
.

c
2
T 84
s
c
8
€T * *
8T, e
>a . .
2 E Oe
z= < &
8 B o % S & o %&% ®0pe®
= o] Dry W Dry Dry @ Dy sse Dry Dry *e*
5 season season season ~ season season season
L No flow No flow No flow No flow No flow No flow

-4

Dec- Jun- Dec- Jun- Dec- Jun- Dec- Jun- Dec- Jun- Dec- Jun- Dec- Jun
01 02 02 03 03 04 04 05 05 06 06 07 07 08

Date

Figure 2.20 Radium-226 in Ngarradj 2001-08 (SSD data). The first season is the only season that the
wet season median difference (shown by the solid line in the graphs) — which is the downstream median
for the season minus the upstream median for the season — is greater than zero, indicating that this was

the only season when Rais higher downstream of Jabiluka compared to upstream. Even in that
season the wet season median difference was very low indicating human health was not at risk from the
presence of *°Ra in Ngarradj.

2.4 Nabarlek

2.4.1 Developments

Previous site operators Hanson placed considerable effort on revegetation of the site during
the 2007-08 wet season, planting in excess of 1200 seedlings. In early 2008, Uranium
Equities Limited (UEL) bought Queensland Mines Pty Ltd, thereby acquiring the Nabarlek
lease, and have since developed plans to further explore the lease, clean up the site and
continue revegetation and rehabilitation works. A new Mining Management Plan (MMP),
including revised rehabilitation bond calculations, was submitted to the Supervising
Authority for approval in May 2008.

Nabarlek Rehabilitation Bond

The current bond held by the Northern Territory Government for the lease remains at
$400 000. As part of the revised MMP, UEL has re-calculated the bond at $1 350 000.
The new MMP, including the bond calculation, is yet to be approved by the Supervising
Authority.

Minesite Technical Committee

The Nabarlek Minesite Technical Committee met once during the reporting period. The
MTC met on 12 October 2007 and discussed the following topics:

e Removal of bund from diesel tank

e Covering the radiologically anomalous area with soil from the diesel tank bund
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e  Water sampling and associated training for field staff
e Removal of the fence

e Closure

o  Worker facilities at the airstrip

In addition to the MTC, a Revegetation Workshop was convened with the aim of reaching
stakeholder agreement on the closure criteria and overall closure goal for the site. This
meeting was held at SSD in October 2007 and concluded after stakeholders agreed that the
closure goal for the site was to be a successional woodland on similar structure and
composition to that surrounding the site. Specific closure criteria for the site are to be
developed through future versions of the MMP and Revegetation Plan. Further development
of closure criteria is yet to be discussed with UEL.

Authorisations and approvals

There was no change to the Authorisation during 2007—-08.

Incidents
There were no incidents reported at Nabarlek during 2007-08.

2.4.2 On-site conditions

Staff from eriss continue to undertake research programs at Nabarlek and the site is subject
to at least two formal visits from 0ss staff during the year. In addition, 0ss may carry out
opportunisitic site inspections if in the area on other business (eg exploration inspections).

The formal site inspections carried out at Nabarlek each year are:

e Post-wet season inspection — the intent of this inspection is to check site stability and
erosion following the wet season and to plan works for the coming dry season;

e Annual audit (pre-wet season) of compliance with the Mining Management Plan.

Audit outcomes

The 2007 audit focused on the remaining relevant commitments of the 2003 Mining
Management Plan as submitted by Hanson. Of the 12 commitments audited, 11 were given a
ranking of ‘satisfactory’, and one was given a ranking of ‘satisfactory, improvement
recommended’. During the audit process it was determined that two of the criteria were no
longer applicable and therefore were not subject to audit.

The criteria ranked as ‘satisfactory, improvement recommended’ relates to occupational health
and safety (OH&S) requirements for the site. Although some of the contractors working on site
have some form of OH&S accreditation through the Batchelor Institute of Indigenous Tertiary
Education, there is no procedure to ensure that the onsite workers are made aware of any
potential safety hazards or other OH&S issues.

Post-wet season inspection

Stakeholders inspected Nabarlek on 5 June 2008 with site operators UEL. The UEL
exploration camp will be established at the airstrip. UEL representatives outlined their
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proposed 2008 drilling program, which constitutes approximately 100 RAB and 100 RC
drill holes.

During the inspection, UEL advised stakeholders of progress towards removing the two tanks
on site and cleaning up the debris in the former camp. UEL expects to commence work on the
removal of the remaining site infrastructure during 2008.

Radiologically anomalous area (RAA)

The area of the RAA is approximately 0.4 ha and is located immediately south-west of the
former pit area. The RAA exhibits elevated levels of radioactivity and has been identified to
contribute about one-quarter of the total radon flux from the rehabilitated minesite and three
quarters of the radionuclide flux from the site via the erosion pathway (greater detail is
provided in SSAR 2004-05).

The issue remains a standing item on the Nabarlek MTC agenda. The proposal to remediate
the RAA put forward by Hanson, involving the complete covering of the area with soil taken
from the bund surrounding the now long empty diesel tank, is being reconsidered due to
possible hydrocarbon contamination of this soil. UEL is currently evaluating remediation
strategies for the RAA which will be put to the MTC for approval once finalised.

2.4.3 Off-site environmental protection

Statutory monitoring of the site is the responsibility of DPIFM and the operator, UEL. DPIFM
carries out all surface and groundwater monitoring on and off site, including surface water
monitoring downstream of the mine in Kadjirrikamarnda and Cooper Creeks. DPIFM reports
the results of this monitoring in the six-monthly Northern Territory Supervising Authorities
Environmental Surveillance Monitoring in the Alligator Rivers Region reports.

SSD continues to undertake research programs at Nabarlek including radiation assessments,
revegetation success and monitoring techniques, and erosion and contaminant transport. The
research is aimed at enabling an overall assessment of rehabilitation success at Nabarlek.
Progress on these programs is reported in Chapter 3 of this Annual Report and in the SSD
Internal Report series.

2.5 Other activities in the Alligator Rivers Region
2.5.1 Rehabilitation of the South Alligator Valley uranium mines

In 1991-92, the Commonwealth Government conducted hazard reduction works to reduce
the radiological and physical hazards of the old (1950s & 1960s) uranium milling and
mining sites in the South Alligator Valley (SAV). Radiologically contaminated materials
from the sites were buried in several containment sites in the valley (Battery bund,

El Sherana Weighbridge Station, El Sherana, Saddle Ridge and SAYV village).

Since the remediation works, the Supervising Scientist Division has conducted an ongoing
program of monitoring through bi-annual inspections of these sites (with visual inspections for
signs of erosion or interference and spot readings of radiation signals compared to background)
and triennial radiation grid-surveys of each of the containment sites.
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During the 1999 survey, previously buried tailings were found to have been exposed in the
course of road works at the Rockhole tailings site. The site was remediated, with loose
tailings and contaminated soil stored in drums in a custom-built above-ground containment
facility (SAV Village Containers) awaiting long-term disposal. The remaining tailings were
left in situ and stabilised with a layer of rock armouring to prevent any further dispersal until
a permanent solution could be put in place. The armoured tailings are referred to as the
Rockhole tailings or Gunlom Road residues.

In June 2006, the Hon Greg Hunt MP, Parliamentary Secretary to the Minister for the
Environment and Heritage, announced funding of 7.3 million dollars over 4 years for phased
rehabilitation of the abandoned uranium minesites in the South Alligator Valley.

The first phase involved rehabilitating the old Sleisbeck and Coronation Hill mines during
the 2007 dry season and the removal of some drill core and infrastructure from the

El Sherana village. In subsequent years other remaining sites will be rehabilitated. The most
extensive works will involve rehabilitating the Gunlom Road residues and earlier
containment sites. The material currently located at these sites will be recovered and
transferred to a purpose built containment in the vicinity of the old El Sherana airstrip.

oss will continue to conduct bi-annual inspections of the existing containments until
rehabilitation is complete. However, the need for the comprehensive triennial survey was
reassessed with Parks Australia and the Australian Radiation Protection and Nuclear Safety
Agency during 2006. Given that the sites were to be disturbed as part of the rehabilitation
process, and annual check monitoring had not indicated a change since the last triennial
survey, all agreed that the triennial surveys were no longer necessary.

eriss has a number of projects related to characterising materials to be remediated and
identifying and monitoring a suitable containment site for low-level radiologically
contaminated material. The major projects are:

1 Collecting and validating gamma radiation data to provide a pre-containment baseline
of the external gamma exposure of the public that may access the site.

2 Monitoring the groundwater (standing water levels, radionuclide activity and metal
concentration) in the vicinity of the planned containment. This will result in the
establishment of a baseline before contaminated material is placed in the containment.

3 Monitoring radionuclides and metals in water from Rockhole Mine Creek to provide
information for possible rehabilitation of the creek.

4  Radiologically characterising materials that are being relocated.

5 Radiologically characterising the containment sites (new and old) before and after
relocation of materials to assess the success of the recovery of contaminated material.

oss inspected the containment sites in the South Alligator Valley, including Gunlom Road
Residues, on 6—7 November 2007.

All sites were found to be sound and gamma radiation was generally at background levels or
comparable with previous years.
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2.5.2 Exploration

oss undertakes a program of site inspections at exploration sites in west Arnhem Land
where Cameco Australia Pty Ltd (Cameco) and UEL are exploring for uranium. During the
reporting period, this entailed inspections of Myra Falls and King River Camps and their
respective exploration activities. The inspections were held on 5—6 September 2007, when
the camps were operating and exploration was being actively undertaken.

The September 2007 inspections were the third undertaken by representatives from oss,
NLC and DPIFM of dry season operations at Cameco’s exploration sites, the first being
undertaken at the end of the 2005-06 reporting period. The inspection entailed a visit to the
helicopter-supported drilling program operating out of Myra Falls Camp and the camp itself.
There were no issues identified with the heli-drilling operations or the operations at the
Myra Falls Camp. The Rotary Air Blast (RAB) rig operated from the King River camp was
also inspected and no issues were identified at the drill sites or camp itself.

2.6 Radiological issues

2.6.1 Background

Applicable standards

The radiation dose limit for workers recommended by the International Commission on
Radiological Protection (ICRP) and adopted in Australia by the National Health and Medical
Research Council (NHMRC) is 100 milliSieverts (mSv) in a five-year period with a
maximum of 50 mSv in any one year. The radiation dose limit to the public from a practice
such as uranium mining recommended by the ICRP is 1 mSv per year. This limit applies to
the sum of all exposure pathways. As outlined in the ‘Code of Practice and Safety Guide on
Radiation Protection and Radioactive Waste Management in Mining and Mineral Processing’
(2009), it is the operator’s and employer’s responsibility to ‘ensure that the workplace and
work procedures are designed, constructed, and operated so as to keep exposures to ionising
radiation as low as reasonably achievable’.

The Code further recommends to separate radiation workers into designated and non-
designated, where designated workers are those who may be expected to receive an
occupational radiation dose exceeding 5 mSv in one year. These workers are monitored more
intensely than the non-designated workers.

Consequently, there are three levels of radiation dose limits to distinguish, which specify the
maximum allowable annual radiation dose from other-than-natural sources:

e the public (1 mSv)
e non-designated workers (5 mSv)

e designated workers (20 mSv per year over 5 years with a maximum of 50 mSyv in any
one year).
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Monitoring and research programs

ERA conducts statutory and operational monitoring of external gamma exposure to
employees (through the use of dose badges), radon decay products and long lived alpha
activity (dust) in the air, and surface contamination levels. The statutory aspects of the
program are prescribed in Annex B of the Ranger Authorisation with results reported to
MTC members on a quarterly basis.

The Supervising Scientist conducts routine monitoring of the atmospheric pathways of
radiation dispersion from Ranger and a number of radiation research projects for human and
environmental protection.

SSD received an application from ERA to optimise ERA’s radiation and atmospheric
monitoring program and provided comments in November 2007. SSD generally supports the
introduction of a new Radiation Monitoring Program and the system of quarterly stakeholder
meetings replacing the quarterly reports. The application is currently under consideration by
the MTC.

2.6.2 Radiation at and from Ranger

Radiological exposure of employees

The three primary pathways of radiation exposure to workers at Ranger are:
e Inhalation of radioactive dust

e Exposure to external gamma radiation

e Inhalation of radon decay products (RDP).

Table 2.10 shows the annual doses received by designated and non-designated workers in
2006, and a comparison with the average doses from the year before as reported by ERA. The
average and maximum radiation doses received by designated workers in 2007 were
approximately 6.5% and 21% respectively of the recommended ICRP 60 annual dose limits.”

TABLE 2.10 ANNUAL RADIATION DOSES RECEIVED BY WORKERS AT RANGER MINE

Annual dose in 2006 Annual dose in 2007
Average mSv Maximum mSv Average mSv Maximum mSv
Non-designated worker Not calculated? 0.4 Not calculated 0.6
Designated worker 1.0 5.1 1.3 4.2

1 A hypothetical maximum radiation dose to non-designated employees is calculated using the gamma exposure
results of employees of the Emergency Services Group, and dust and radon results measured at the Acid Plant.
Consequently, the dose is conservative and would exceed actual doses received by non-designated employees,
and are hence considered maximum doses.

3 ICRP 1991. 1990 recommendations of the International Commission on Radiological Protection. International
Commission on Radiation Protection Publication 60, Pergamon Press, Oxford.
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In 2007 mill maintenance workers and electricians received the majority of their doses from
the inhalation of radioactivity trapped in or on dust, whereas the majority of the radiation
dose received by employees in the mine was from external gamma radiation. Radon decay
products contribute a small fraction to the annual effective doses and are highest for workers
in the mine.

Radiological exposure of the public

The ICRP recommends that the annual dose received by a member of the public from a
practice such as uranium mining and milling should not exceed 1 milliSievert (mSv) per year.
This dose is on top of the radiation dose received naturally, which averages approximately

2 mSy per year in Australia, but typically varies between 1-10 mSv per year. Furthermore the
dose limit applies to the sum of all pathways and practices, and the ICRP (1997)* states in
paragraph 6.2.1 that:

to allow for exposures to multiple sources, the maximum value of the constraint used in the
optimisation of protection for a single source should be less than 1 mSv in a year. A value of no
more than about 0.3 mSv in a year would be appropriate.

There are two main pathways of potential exposure to the public during the operational
phase of a uranium mine and Ranger is the main potential source of additional (to natural
levels) radiation exposure to the community in the Alligator Rivers Region. The two
pathways are the inhalation pathway, which is a result of dispersion of radionuclides from
the minesite into the air, and the ingestion pathway, which is caused by the uptake of
radionuclides into bush foods from the Magela Creek system downstream of Ranger.

Inhalation pathway
Both ERA and SSD monitor the two airborne pathways:

e Radioactivity trapped in or on dust (or long lived alpha activity, LLAA)
e Radon decay products (RDP)

The main areas of habitation in the vicinity of Ranger and Jabiluka are Jabiru, Mudginberri
and Jabiru East, consequently the SSD monitoring focuses on those three population centres
in the region (Map 3). Airborne RDP and LLAA concentrations are measured monthly and
the results compared with ERA’s atmospheric monitoring results from Jabiru and Jabiru
East. Of the two airborne pathways, RDP accounts for most of the dose received by the
public. In 2007, Ranger reported that there was no significant difference between background
and mine derived airborne RDP concentration.

Figure 2.21 shows Jabiru and Jabiru East RDP data and a comparison with ERA data from
January 2004 up to March 2008. RDP concentrations measured by SSD and ERA show the
expected seasonal trend with higher values during the dry and lower values during the wet
season. Higher concentrations are expected in the dry season due to dry soil allowing greater
permeation of radon into the atmosphere, although the dry season values for 2006 and 2007
are shown to be lower than previous years. Differences in sampling time and location may

4 ICRP 1997. Radiological protection policy for the disposal of radioactive waste. International Commission on

Radiological Protection Publication 77, Pergamon Press, Oxford.
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be the cause of the differences in RDP concentrations observed when comparing ERA and
SSD data. Annual term averages are similar and shown in Table 2.11.

Table 2.11 also shows the average annual doses received from the inhalation of radon decay
products in the air, as calculated from the RDP concentration data from ERA and SSD (in
brackets) at Jabiru. This is assuming an occupancy of 8760 h (one year) and a dose
conversion factor for the public of 0.0011 mSv per pJ-h/m3. Mine derived annual doses from
the inhalation of radon progeny, as reported by ERA, are shown in this table as well.
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Figure 2.21 Radon decay product concentration measured by SSD and ERA in Jabiru
and Jabiru East from January 2004 to March 2008

TABLE 2.11 RADON DECAY PRODUCT CONCENTRATIONS AT JABIRU
AND JABIRU EAST, AND TOTAL AND MINE DERIVED ANNUAL DOSES
RECEIVED AT JABIRU IN 2005-2007

2005 2006 2007
RDP concentration [pud/m3] Jabiru East 0.097 (0.097)  0.071(0.066)  0.059 (0.064)
Jabiru 0.088 (0.052)  0.039 (0.046)  0.038 (0.049)
Total annual dose [mSv] Jabiru 0.85 (0.50) 0.38 (0.44) 0.37 (0.47)

Mine derived dose [mSv] at Jabiru 0.037 0.003 =0

47



Supervising Scientist Annual Report 2007-2008

Ingestion pathway

Radium in Magela Creek waters is routinely monitored by both ERA and SSD and the limit
for radium in Magela Creek is based on dietary uptake of the Aboriginal people downstream
of the mine. Local Aboriginal people have expressed concern about the radionuclide
concentration in mussels from Mudginberri Billabong. Consequently, SSD routinely
monitors the aquatic aspects of the ingestion pathway and bioaccumulation monitoring
samples have been collected each year and analysed for both radionuclides and heavy
metals. The collections include yearly collections of mussels at Mudginberri Billabong (the
potentially contaminated site) and Sandy Billabong (control site in the Nourlangie
catchment) and fish being collected from these billabongs every two years. In addition, a
longitudinal study of radionuclide and metal uptake in mussels along Magela Creek was
conducted in 2007 and results are presented in Section 3.3 of this report.

Routine monitoring results from 2000-2007 show that on average the **°Ra activity
concentration in mussel flesh from Mudginberri Billabong is higher than at Sandy Billabong
and the committed effective dose from the ingestion of **Ra and *'°Pb in 2 kg of mussels
from Mudginberri Billabong is about twice the committed effective dose from the ingestion
of the same amount of Sandy Billabong mussels. However, historical data show that there is
no indication of an increase of *°Ra (or uranium) activity concentrations in mussel flesh in
Mudginberri Billabong over time and thus the difference is unlikely to be mine-related.
Reasons for the higher **Ra activity concentrations measured may include the mineralised
nature of the Magela Creek catchment area and the associated naturally higher **°Ra content
in Mudginberri Billabong sediments and water compared with Sandy Billabong, or
differences in sediment particle size distribution. In addition, differences in mussel growth
and health may affect radium uptake (see Chapter 3 for more detail).

2.6.3 Jabiluka

Radiological exposure of employees

The Jabiluka Authorisation was revised in July 2003 and the statutory requirement of
quarterly reporting of radiological monitoring data for Jabiluka was removed. The current
Authorisation requires reporting of radiation monitoring data only if any ground disturbing
activities involving radioactive mineralisation occur on site. No ground disturbing activities
took place during this reporting period.

Radiological exposure of the public

Although there were no activities reported at the Jabiluka minesite, the population group that
may, in theory, receive a radiation dose due to future activities at Jabiluka is a small
community approximately 10 km south of Jabiluka at Mudginberri, comprising around 60
individuals.

The Supervising Scientist has a permanent atmospheric research and monitoring station at
Four Gates Rd radon station a few kilometres west of Mudginberri (see Map 3). Radon
decay product (RDP) and long lived alpha activity (LLAA) concentrations are measured
there on a monthly basis. In addition, radon gas is continuously measured at the station with
radon data being recorded every 30 minutes.
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Figure 2.22 shows the quarterly averages of RDP and LLAA concentrations measured at
Four Gates Rd radon station by SSD up to March 2008. The average airborne radionuclide
concentrations measured in 2007 would translate into an annual total effective dose,
including natural background, of 0.35 mSv from RDP and less than 0.01 mSv from LLAA.
Only a small fraction of these doses would be due to mine derived radionuclides.
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Figure 2.22 Radon decay product (RDP) and long lived alpha activity (LLAA) concentrations measured
at SSD’s Mudginberri Four Gates Rd radon station from January 2004 to March 2008
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