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Figure 2.13 Mean concentrations of uranium measured in the flesh of forktail catfish, sediment and
water samples collected from Mudginberri and Sandy Billabongs, since 1981.
Error bars represent standard error.

The concentrations of uranium in the flesh of forktail catfish are low (<0.02 mg/kg) with no
significant variation over time (Figure 2.13). The large range in the error bars indicates that
sample contamination was a significant issue in 1999 and 2001. However, refinement of
sample processing methods and analytical procedures reduced the influence of
contamination in subsequent years.

Monitoring using macroinvertebrate community structure

Macroinvertebrate communities have been sampled from a number of sites in Magela Creek
at the end of significant wet season flows, each year from 1988 to the present. The design
and methodology have been gradually refined over this period (changes are described in the
2003—-04 Supervising Scientist Annual Report). The design is now a balanced one
comprising upstream and downstream sites at two ‘exposed’ streams (Gulungul and Magela
Creeks) and two control streams (Burdulba and Nourlangie Creeks).

Samples were collected from each site at the end of each wet season (between April and
May). For each sampling occasion and for each pair of sites for a particular stream, a
dissimilarity index is calculated. This index is a measure of the extent to which
macroinvertebrate communities of the two sites differ from one another. A value of ‘zero’
indicates macroinvertebrate communities identical in structure while a value of ‘one’
indicates totally dissimilar communities, sharing no common taxa.

Disturbed sites may be associated with significantly ‘higher’ dissimilarity values compared
with undisturbed sites. Analysis of the full macroinvertebrate data set from 1988 to 2006,
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and data from the paired sites in the two ‘exposed’ streams, Magela and Gulungul Creeks,
for 2007, has been completed with results shown in Figure 2.14. This figure plots the paired-
site dissimilarity values using family-level (log-transformed) data, for the two ‘exposed’
streams and the two ‘control’ streams.
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Inferences that may be drawn from the data shown in Figure 2.14 are weakened because there
are no pre-mining (pre-1980) data upon which to assess whether or not significant changes
have occurred as a consequence of mining. Notwithstanding, the plots show that the mean
dissimilarity value for each stream across all years is approximately the same (~0.3) and that
the values are reasonably constant over time. Confirming this, single-factor ANOVA (a
statistical comparison) shows no significant difference in the mean dissimilarities between the
two treatment groups, ‘control’ versus ‘potentially disturbed’ streams.
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Dissimilarity indices such as those used in Figure 2.14 may also be ‘mapped’ using
multivariate ordination techniques to depict the relationship of the community sampled at
any one site and sampling occasion with all other possible samples. Samples close to one
another in the ordination indicate a similar community structure. Figure 2.15 depicts the
ordination derived using the same macroinvertebrate data that were used to construct the
dissimilarity plot from Figure 2.14. Data points are displayed in terms of the sites sampled in
Magela and Gulungul Creeks downstream of Ranger for each year of study (to 2007),
together with all other control sites sampled for the same period. Because the data-points
associated with these two sites are generally interspersed among the points representing the
control sites, this indicates that these ‘exposed’ sites have macroinvertebrate communities
that are similar to those occurring at control sites.

Collectively, these results provide good evidence that changes to water quality downstream
of Ranger as a consequence of mining in the period 1994 to 2007 have not adversely
affected macroinvertebrate communities.

A related study of macroinvertebrate communities, sampled from shallow lowland
billabongs in May 2006, is aimed at providing a biological basis for developing water
quality closure criteria for the billabongs immediately adjacent to Ranger (see research
highlight in section 3.5).
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Figure 2.15 Ordination plot of macroinvertebrate communities sampled from sites in several streams in
the vicinity of Ranger mine for the period 1988 to 2007. Data from Magela and Gulungul Creeks for 2007
are indicated by the enlarged symbols.

Monitoring using fish community structure

Assessment of fish communities in billabongs is conducted between late April to the end of
June of each year. Data are gathered, using non-destructive sampling methods, from
‘exposed’ and ‘control’ sites in deep channel billabongs and shallow weedy lowland
billabongs. Details of the sampling methods and sites were provided in the 200304
Supervising Scientist Annual Report.
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For both deep channel and shallow lowland billabongs, comparisons are made between a
directly exposed billabong in Magela Creek catchment downstream of the mine versus a
control billabong from an independent catchment (Nourlangie Creek and Wirnmuyurr
Creek). The similarity of fish communities in exposed sites to those in control sites is
determined using multivariate dissimilarity indices, calculated for each sampling occasion.
Dissimilarity indices are described and defined above (‘Monitoring using macroinvertebrate
community structure’). A significant change or trend in the dissimilarity values over time
could imply mining impact.

Channel billabongs

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 from 1994
to the present is shown in Figure 2.16.
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Figure 2.16 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
Ranger uranium mine over time. Values are means (+ standard error) of the 5 possible (randomly-
selected) pairwise comparisons of transect data between the two billabongs. There has been a
significant decline in paired-site dissimilarity over time but there is no evidence that this decline is mine-
related (see text for further explanation).

In the Supervising Scientist Annual Report for 2003—2004, an apparent decline over time
was noted in the paired-site dissimilarity measures. The value for 2007 is the second lowest
on record (Figure 2.16), although higher than for 2006.

The decline is primarily attributed to the particularly high abundances of chequered
rainbowfish (Melanotaenia splendida inornata) and to a lesser extent glassfish

(Ambassis spp) in Mudginberri Billabong in the early years of the study, relative to Sandy
Billabong. Chequered rainbowfish have declined in Mudginberri Billabong since sampling
commenced in 1989. The decline in rainbowfish numbers and, by association, the paired
billabong dissimilarity value, is not related to any change in water quality over time as a
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consequence of water management practices at Ranger. This issue was examined in greater
detail in the Supervising Scientist’s 2004-05 Annual Report where the environmental
correlates (1) wet season stream discharge, (2) natural, wet season stream solute
concentration, (3) length of previous dry season, and (4) habitat conditions on Magela Creek
floodplain, were identified as possible causes of the decline in rainbowfish.

The decline has been less influenced by chequered rainbowfish and glassfish in the latter
years, suggesting that more subtle changes in community structure are also occurring.

Shallow lowland billabongs

The scope of the monitoring programme for fish communities in shallow billabongs was
reviewed in October 2006. An outcome of the review was a reduction to biennial sampling
in six billabongs that comprise three ‘control’ versus ‘exposed’ site pairs. The reduction in
sampling effort to biennial sampling was justified on the basis that an extensive baseline of
data had been collected since 1994 together with evidence that changes to fish communities
arising from potential mining impacts would arise over long time spans.

In a similar manner to fish communities in channel billabongs (discussed above), the
similarity of fish communities in the directly exposed sites downstream of Ranger on
Magela Creek (Georgetown, Coonjimba and Gulungul Billabongs) to those of the control
sites (Sandy Swamp and Buba Billabongs on Nourlangie Creek and Wirnmuyurr Billabong
— a Magela floodplain tributary) was determined using multivariate dissimilarity indices
calculated for each sampling occasion. A plot of the dissimilarity values of the control-
exposed site pairings — Coonjimba-Buba, Georgetown-Sandy Swamp and Gulungul-
Wirnmuyurr Billabongs — from 1994 to the present, is shown in Figure 2.17.

The paired-site dissimilarities shown in Figure 2.17 average between 40 and 60% indicating
fish communities in each of the billabongs comprising a site pairing are quite different from
one another. Differences between the fish communities are most strongly linked to the type
and density of aquatic plant communities in each billabong. For example, Coonjimba
Billabong is dominated by an emergent reed (Eleocharis sp). Increasing density of
Eleocharis (measured as weight) results in reduced fish abundance (Figure 2.18) and fish
species number (R2 = 0.12, p = 0.012). In contrast, Buba Billabong is dominated by
emergent grasses and in this habitat the number of fish species is greatest at an intermediate
grass density (unimodal regression, R2 = 0.2, p = 0.0048). Thus fish find increasing densities
of Eleocharis unfavourable but are favoured by emergent grasses until these become so
dense that they physically prevent fish movement. For either habitat, excessive aquatic plant
densities are unfavourable for fish communities.

The particularly high dissimilarity values observed in the Coonjimba-Buba and Gulungul-
Wirnmuyurr site pairings in 2002 and the Coonjimba-Buba site pairing in 2007 (Figure 2.17)
are attributable to high plant densities in one or both of the billabongs comprising the site
pairing. In 2002, there was a particularly high biomass of aquatic vegetation caused by drier
(than normal) conditions at the time of sampling. This sampling was conducted after a wet
season of relatively low rainfall, possibly resulting in favourable growing conditions and the
rapid drying of billabongs that effectively concentrated and increased the density of aquatic
plants in the available sampling areas.
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Figure 2.17 Paired control-exposed site dissimilarity values (using the Bray-Curtis measure)
calculated for community structure of fish in ‘directly-exposed’ Magela and ‘control’ Nourlangie
and Magela Billabongs in the vicinity of the Ranger uranium mine over time. Values are means
(+ standard error) of the 5 possible (randomly-selected) pairwise comparisons of average trap
enclosure data between the pairwise billabong comparisons, Coonjimba-Buba, Gulungul-
Wirnmuyurr and Georgetown-Sandy Billabongs.
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Figure 2.18 Regression relationship between average fish abundance and average weight of
Eleocharis sp (kg) per trap enclosure in Coonjimba Billabong since 1994
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The relatively high dissimilarity associated with the Coonjimba-Buba Billabong pairing in
2007 is attributable to unusually high Eleocharis densities in Coonjimba Billabong in this
year. This increase in density appears to be related to natural growth cycles, whereby a
reduction in density (as experienced in 2003) is followed by a recovery period. Of particular
note, one of the sites randomly selected for sampling in Coonjimba Billabong comprised the
only area without Eleocharis. As expected, the fish community sampled here differed
greatly from the other sites. This caused a large variance in the data set for the fish
community structure within Coonjimba, in turn reflecting the high paired-site dissimilarity
value for 2007.

The dissimilarity associated with the Coonjimba-Buba site pairing has increased over time
(R2=0.21, p=0.0008) (Figure 2.18). This increase is significant irrespective of the
previously-discussed high values in 2002 and 2007 (R2=0.21 p = 0.0026, 2002 and 2007
removed). ERA’s water chemistry data and eriss water quality spot checks taken at the
time of sampling show that inputs of salts from the mine site (based on electrical
conductivity data) to Coonjimba Billabong have increased over time. However, because
the levels of contaminants (including Mg and U) are relatively low in relation to the
concentrations known to adversely affect fishes, it is unlikely the increasing paired-site
dissimilarity values are directly related to minesite inputs. The increase in dissimilarity is
more likely the result of changes to the structure of aquatic plant communities in both
billabongs. Whether altered water quality or hydrological conditions in Coonjimba
Billabong as a consequence of mining at Ranger are the cause of these changes is not
known at this stage. Further analysis is required to properly infer the cause of this increase
in paired-site dissimilarity over time.

2.3 Jabiluka

2.3.1 Developments

No developments occurred at the Jabiluka site during the reporting period. The site is
maintained as a passive discharge site under the long-term care and maintenance regime of
management.

2.3.2 On-site environmental management

Water management

The site is continuing to be maintained as a passive discharge site.

Audit and Routine Periodic Inspections (RPIs)

Four inspections were undertaken at Jabiluka during 2006—-07. A review of the audit findings
from May 2006 was conducted in November 2006. An audit was conducted in May 2007
and RPIs were held in August and February. The focus areas for the audit and RPIs are
shown in Table 2.6.
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TABLE 2.6 RPI FOCUS DURING THE REPORTING PERIOD

Date Inspection type Foci

14 August 2006 RPI Access road, Djarr Djarr camp (Figure 2.19),
Ngarradj (Swift Creek)

12 February 2007 RPI Revegetation success, water level in the
Interim Water Management Pond, Djarr Djarr
camp, meteorology stations, repeater station

Figure 2.19 Djarr Djarr camp revegetation

May 2007 Audit outcomes
The audit team comprised personnel from oss, DPIFM and NLC. The subject of the audit
was compliance with the Jabiluka Authorisation 0140-03.

The audit team was generally satisfied that the Jabiluka project area complied with the major
components of the Authorisation.

Minesite Technical Committee

The Jabiluka Minesite Technical Committee (MTC) met six times during 2006—07. Dates of
meetings and significant issues discussed are shown in Table 2.7. Standing agenda items
discussed at each MTC were the Mining Management Plan and progress of the
environmental conditions of the EIS and PER.

Authorisations and approvals
There were no changes to the Authorisation during 2006-07.

Incidents
There were no reportable incidents at Jabiluka during 2006-07.
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TABLE 2.7 JABILUKA MINESITE TECHNICAL COMMITTEE MEETINGS

Date Significant agenda items in addition to standing agenda items

21 July 2006 Site access following Cyclone Monica, revegetation at Djarr Djarr

9 October 2006 Access following Cyclone Monica, Wet Season Report, Mine Valley
6 November 2006 Review of monitoring, Mine Valley access

15 December 2006 Statutory monitoring programme

31 January 2007 Rehabilitation in Mine Valley, Plan of Rehabilitation no. 10

1 June 2007 Findings of the May 2007 audit, review of authorisation

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 Supervising Scientist
Annual Report 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.

In addition to the ERA programme, the Supervising Scientist conducts monthly chemical and
physical monitoring in Ngarradj (Swift Creek).

The SSD biological monitoring programme 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 the 2003—04
Supervising Scientist Annual Report 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 2006—07 wet season to date are reported below.

Chemical and physical monitoring of Ngarradj (Swift Creek)

Toward the end of 2003 Jabiluka entered a long-term care and maintenance phase. Since the
2004-05 wet season, the Supervising Scientist’s water chemistry monitoring programme at
Ngarradj has included monthly sampling with automatic recordings of turbidity and
hydrological data at 6-minute intervals being collected for research purposes by eriss.
DPIFM resumed the role of performing check monitoring at Ngarradj, also on a monthly
basis. These independent programmes complement each other, providing approximately
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fortnightly water sampling and a combined dataset to assess the water quality at Ngarrad;.
ERA carries out independent monitoring on a monthly basis.

The first water chemistry samples for SSD’s 2006—07 wet season surface water monitoring
programme were collected from Ngarradj on 31 January 2007. Monitoring continued on a
monthly basis until 25 May 2007. ERA commenced monitoring at the upstream site on the
16 January 2007 and at both downstream and upstream sites on the 23 January 2007 when
flow first established at the downstream site. ERA continued sampling until 19 June 2007.

Uranium concentrations were elevated at the downstream site in the first few weeks of flow,
but as flow established, concentrations reduced to levels comparable with downstream and to
previous years (Figure 2.20). The trend of elevated concentration at the start of the year has
been observed since data collection began in 1998 and while the initial concentrations were
higher than in the previous seasons, the concentrations were only about 0.5% of the limit
(similar or higher values have been recorded upstream of the site occasionally) (Figure 2.20).

Magnesium and conductivity concentrations were above the guideline level at both the
control site upstream of Jabiluka and the compliance site downstream of Jabiluka in the first
week of sampling. This initial high magnesium concentration has been observed in previous
seasons (2001-02 and 2002—-03) and is natural as indicated by the high values upstream of
any potential influence from Jabiluka.

Between 27 February and 2 March 2007, the Ngarradj catchment (like the Magela and
Gulungul catchments) experienced an extreme rainfall event resulting in overbank flow at
the upstream and downstream sites. As a result of the increased stream flow in Ngarradj,
turbidity and uranium concentrations (which usually increase with increased turbidity)
increased slightly at both upstream and downstream sites but were still comparable to
measurements from previous years (Figures 2.20, 2.21).

ERA and SSD data collected during the 2006—07 wet season are in good agreement.
Uranium concentrations measured by ERA and SSD during the 2006—07 wet season are
shown in Figure 2.22.

Apart from on the first sampling occasion all variables were within guidelines or limits (set
by the stakeholders to protect the aquatic ecosystem) throughout the 2006—07 wet season
providing reassurance that the aquatic environment of Ngarradj remained protected from
impacts of activities at the Jabiluka site.

Radium in Ngarradj

Radium-226 (226Ra) results for Ngarradj for the 2006-2007 wet season weekly samples
(composited to give monthly averages) can be compared to previous wet seasons data
(Figure 2.23).

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 (as can be seen in Figure 2.23) that
this was the only season when ***Ra was consistently 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.
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Figure 2.20 Uranium concentrations in Ngarradj since the 1998-99 wet season (SSD data 1998-99 to
2004-05, SSD & ERA data 2004-05 onward)
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Figure 2.21 Turbidity in Ngarradj since the 1998-99 wet season (SSD data 1998-99 to 2004-05, SSD &
ERA data 2004—-05 onward)
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Figure 2.22 Uranium concentrations measured in Ngarradj by SSD and ERA in the 2006-07 wet season
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Figure 2.23 Radium-226 in Ngarradj 2001-07 (SSD data)
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2.4 Nabarlek

2.4.1 Developments

The impact of Tropical Cyclone Monica in addition to a number of fires during 2005-06
caused considerable damage to the site, hampering rehabilitation. Hanson Pty Ltd (Nabarlek
lease holder) has developed a plan for increased revegetation and rehabilitation efforts
during 2007-08.

Nabarlek Rehabilitation Bond

A Closure Plan for Nabarlek was submitted to MTC members in December 2006, and was
the subject of a technical meeting held with all stakeholders in June 2007. Hanson
committed to revising the revegetation components and to updating and finalising the
Nabarlek Closure Plan, which will then form the major component of the Mining
Management Plan. A revision of the security held for the site will be based upon this Plan.
The current Mining Management Plan and level of security applies until the Nabarlek
Closure Plan (Mine Management Plan) is approved. Stakeholders continue to work on
identifying suitable closure criteria for the site.

Minesite Technical Committee

The Nabarlek Minesite Technical Committee met twice during the year. Table 2.8 provides
information on the meeting and the major points of discussion.

TABLE 2.8 NABARLEK MINESITE TECHNICAL COMMITTEE MEETINGS
Date Significant agenda items

29 November 2006 Radiologically anomalous area, environmental monitoring, Mining Management
Plan and security, closure criteria

25 June 2007 As above, as well as site infrastructure: removal and planned upgrades,
rehabilitation

Authorisations and approvals

There were no changes to the Authorisation during 2006-07.

Incidents

There were no reportable incidents at Nabarlek during 2006—07.

2.4.2 On-site conditions

Staff from eriss continue to undertake research programmes at Nabarlek and the site is
subject to at least two formal visits from oss staff during the year. In addition, 0ss often
carries out opportunistic site inspections if in the area on other business (eg exploration
inspections).
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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 (in November) of compliance with the Mining Management Plan, or
Closure Plan.

Audit outcomes

The intention of the audit was to assess Hanson Pty Ltd’s occupational health, safety and
environmental management at Nabarlek by evaluating selected sections of the current Mining
Management Plan (MMP). The audit team endeavoured to:

e identify statutory non-compliance;
e identify areas for improvement; and

e present the findings as non-judgemental feedback on the performance of Hanson Pty
Ltd as perceived by the audit team at the time of the audit.

Of the 14 commitments audited, the outcomes were:
e  Satisfactory (12 items)
e No longer applicable (2 items).

Radiologically anomalous area

The radiologically anomalous area (RAA) is approximately 0.4 ha and lies to the southwest of
the former pit area. The area has elevated levels of radioactivity and has been identified to
contribute about one quarter of the total radon flux from the rehabilitated mine site and three
quarters of the radionuclide flux from the site via the erosion pathway (greater detail is
provided in the Supervising Scientist’s 2004—05 Annual Report).

The issue remains a standing item on the Nabarlek MTC agenda. Hanson is planning to
spread the soil that currently forms the bund around the diesel tank across the RAA to
promote vegetation growth thereby stabilising the site against further erosion. This action
will also contribute to reducing the radon emanation rate from the RAA.

2.4.3 Off-site environmental protection

Statutory monitoring of the site is the responsibility of DPIFM and the lease holder, Hanson,
via their contract organisation Demed. 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 programmes 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 programmes is reported in chapter 3 of this Annual Report
and in the Internal Report series.
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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 SAV village).

Since the remediation works, the Supervising Scientist Division has conducted an ongoing
programme 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.

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 mine sites in the South Alligator Valley.

The first phase involves rehabilitating the old Sleisbeck mine in the 2007 dry season. In
subsequent years other remaining sites will be rehabilitated. Probably 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 North 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.
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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.

2.5.2 Exploration

oss undertakes a programme of site inspections at exploration sites in west Arnhem Land
where Cameco Australia Pty Ltd is exploring for uranium. This entails two inspections — of
Myra Falls Camp and King River Camp and their associated exploration activities. The
inspections are scheduled to take place when the camps are operating and exploration is
being actively undertaken, which is during the dry season.

On 21 August 2006, representatives from 0ss, NLC and DPIFM conducted the second dry
season inspection of Cameco’s exploration sites, the first being undertaken at the end of the
200506 reporting period. The inspection entailed a visit to the helicopter-supported drilling
programme 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 2007 inspections of Cameco’s exploration sites will be undertaken outside of this
reporting period and will be reported in the 2007-08 Annual Report.

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 Code of Practice and Safety Guide on Radiation Protection
and Radioactive Waste Management in Mining and Mineral Processing (2005) recommends
separating 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 intensively than the non-designated workers. 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.

Consequently, there are three levels of radiation dose limits 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).
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Monitoring and research programmes

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
programme are prescribed in Annex B of the Ranger Authorisation (0108-07) with results
reported to MTC members on a quarterly basis.

The ERA Radiation Monitoring Programme is undergoing review with input from the MTC
Radiation Working Group. The Alligator Rivers Region Technical Committee has expressed
support for the overall approach used in radiation monitoring and protection.

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

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).

Mill maintenance workers and electricians receive approximately half of their dose from
inhalation of radioactivity trapped in or on dust. The majority of the radiation dose received
by employees in the mine and mill production is from external gamma radiation.

Table 2.9 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 2006 were
approximately 2% and 26% respectively of the recommended ICRP 60 annual dose limits.

TABLE 2.9 ANNUAL RADIATION DOSES RECEIVED BY WORKERS AT RANGER MINE

Annual dose in 2005 Annual dose in 2006
Average mSv Maximum mSv Average mSv Maximum mSv
Non-designated worker Not calculated’ 1.1 Not calculated 0.4
Designated worker 1.0 4.8 1.0 5.1

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.

2 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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Radiological exposure of the public

The ICRP recommends that the annual dose received from a practice such as uranium mining
and milling should not exceed 1 milliSievert (mSv) per year. This dose is in addition to the
radiation dose received naturally, which averages approximately 2 mSv 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 mine site into the air, and the ingestion pathway, which is caused by the uptake of
radionuclides into bushfoods 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 SSD monitoring focuses on those three population centres in
the region (see Map 3). Airborne RDP and LLAA concentrations are measured monthly and
the results compared with ERA’s quarterly atmospheric monitoring results from Jabiru and
Jabiru East. Of the two airborne pathways, RDP accounts for most of the dose received.

In 2006, Ranger calculated an average background RDP concentration of 0.039 pJ per m’ and
a mine-derived concentration on top of the background of 0.003 wJ per m’. Multiplied with the
hours when the wind was blowing from the mine and background areas, respectively, one can
calculate that approximately 0.37 mSv are received from the inhalation of natural background
and 0.003 mSv (approximately 1% of the total) from mine-derived radon.

Figure 2.24 shows Jabiru and Jabiru East RDP data and a comparison with ERA data from
June 2004 up to June 2007. Both RDP and LLAA concentrations measured by SSD and
ERA show the expected seasonal trend with higher values during the dry and lower values
during the wet season. Differences in sampling time and location may be the cause of the
slight differences in RDP concentrations observed at Jabiru.

Table 2.10 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 hrs (one year) and a dose
conversion factor for the public of 0.001 ImSv per puJ-h/m3. Mine-derived annual doses from

3 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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the inhalation of radon progeny are shown, as calculated by ERA using a wind correlation
model developed by eriss, which correlates wind direction with airborne radon decay
product concentration.

—&— ERA-Jabiru RDP - - ERA-Jabiru East RDP
0.18 1 —4A— SSD-Jabiru RDP - 4- SSD-Jabiru East RDP

RDP [microJ per m3]

Figure 2.24 Radon decay product concentration measured by SSD and ERA in Jabiru
and Jabiru East from June 2004 to June 2007

TABLE 2.10 RADON DECAY PRODUCT CONCENTRATIONS AT JABIRU
AND JABIRU EAST, AND TOTAL AND MINE DERIVED ANNUAL DOSES
RECEIVED AT JABIRU IN 2004-2006

2004 2005 2006
RDP concentration [pJ/m3] Jabiru East 0.103 (0.095) 0.097 (0.097) 0.071 (0.066)
Jabiru 0.079 (0.063)  0.088 (0.052) 0.039 (0.046)
Total annual dose [mSv] Jabiru 0.76 (0.61) 0.85 (0.50) 0.38 (0.44)
Mine derived dose [mSv] at Jabiru 0.014 0.037 0.003

Ingestion pathway

Radium in Magela Creek waters is routinely monitored by 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 concerns 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 (the potentially contaminated site) and Sandy Billabongs
(control site) and fish collected from these billabongs every two years. Results from this
sampling programme are reported in section 2.2.3.

46



2 Environmental assessments of uranium mines

With the rehabilitation of Ranger there will be radiological protection issues associated with
the land use by local Aboriginal people and a shift towards terrestrial food sources including
both animals and plants. Over the last 25 years, SSD has gathered radiological concentration
data on bush foods throughout the Alligator Rivers Region in the Northern Territory. These
data are used to replace International Atomic Energy Agency default radionuclide
concentration factors with locally derived values, providing a more reliable estimate of
ingestion doses. In addition, local radionuclide concentration factors will be used to derive soil
closure criteria for the rehabilitation of Ranger.

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 project area, 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.

Figure 2.25 shows the quarterly 018 o4
averages of radon decay product —=—RrOP
and long-lived alpha activity .
concentrations measured at Four
Gates Rd radon station by SSD
up to June 2007. The average
airborne radionuclide
concentrations measured in 2006
would translate into an annual
total effective dose, including
natural background, of 0.72 mSv
from RDP and less than

0.01 mSv from LLAA. Only a
small fraction of these doses Figure 2.25 Radon decay product (RDP) and long-lived alpha

would be due to mine-derived activity (LLAA) concentrations measured at SSD’s Mudginberri
radionuclides. Four Gates Rd radon station

RdP [microJ per m3]
LLAA [mBq per m®]
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