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1 Introduction

A detailed description of the Mullagauna uranium project includi
environmental setting is provided in the Mining and Rehabilitati
Management Plan (RMP) provided in support of the Retentio
Recovery Field Trial (ISR-FT).

The Mullaquana project ISR-FT is intended to provide “pr ical and
bench scale tests that have been undertaken for the project. [
practical demonstration of the proposed In Situ Recov
uranium ore body.

geological, hydrological and
ARP) and the Radiation
tion for the In-situ

A secondary but equally important outcome from t i e collection of process, process
control, occupational and environmental data as i seline and modelled data
provided in various documents as part of the M used to refine and improve the
proposed mining approach and to confirm (or d to estimate the occupational
and environmental impacts of the project.

The regulatory framework for the handl 0 disposalof LLRW from IRS operations in
South Australia structured around the:

e Radiation Protection and Control Act
[ )

These Acts are supporteg > [ idelines and policies which detail the
acceptable approach, imitations on the handling and disposal of
LLRW in general and

e Code of Practice 0 ion Protection and Radioactive Waste Management in Mining and
Mineral Processing

Predisposal Manageme Radioactive Waste

de of Practice for NearSurface Disposal of Radioactive Waste in Australia
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3 Justification of Waste Classification

In formulating a RWMP the first step is to classify the waste as eit dioactive or non-radioactive.

This is generally based on the activity of the waste in question.

The current regulatory definition of radioactive material (i.e. th which the Radiation
Protection and Control Act applies) is a specific activity of gr g®. However, the
National Directory® sets an exemption limit below which “re uired”. For
uranium (U?*®) contaminated waste this limit is 5 kBg/kg b iR approximate
equilibrium. For radium the limit is 10 kBg/kg. This discr
Commonwealth guidelines is temporary and the State lj

Directory when the Radiation and Control (lonising R on) Regulations 2000 are next reviewed.

For the purposes of this RWMP, the lower National
(as U%®) and 10 kBq/kg for radium will be used to
consistent with industry best practice and will ac
be at some time in the future. Although the pre
the “institutional control” period of the propose

jon limit of 5 kBg/kg for uranium

e regulatory situation as it will
t known it will certainly be within

The next step is the classification of the radioactive w.

ories of LLRW, these are
evel Waste” (VLLW)

The Classification of Radioactive Waste safety guide defines
“Low Level Waste” (LLW) suitable for near surface disposal and
suitable for landfill disposal.

The ISR Best Practice Guide® (in se

“solid radioactive residues generatet 0ma lonal ISR mine site are classified

n on the rete

i gase is not strictly speaking “mining” (at this
yeen made fo

Blackbush deposit) it is considered that the
sistent with both the regulatory framework

stage no mining lease 3
application of various

8, sewerage, ablution waste and general waste. These will
aste removal contractors or, in the case of sewerage at the Nonowie

fied into radioactive and non radioactive waste as described in
> will be disposed via licensed contractors. Radioactive waste
ational Directory exemption limits) will be stored on site pending

e processed by recovery of the spilled material where practical.
Recovered ma e disposed according to the process outlined in Table 2. Contaminated
soil resulting from Spillage will be classified according to radiological status (based on the
National Directory exemption limits) and chemical contamination status (based on the SA-EPA
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waste fill guideline). After classification waste will be either remo by licensed contractors,

4. Process plant waste will be treated in the same way as labor aste as detailed in Table 3.
The exceptions will be process liquors and calcium bleed so that will be returned to the

Guideline MG5 “Guidelines for miners: tailings and tailings
version 1.4, September 2009 and current SA-EPA guideli ot be used
for the storage or disposal of LLRW.

In general, ISR uranium mines produce solid LLRW pri ly through the production of calCium scale
or sludge. The Mullaquana ISR-FT project is being d ed to avoid production of this LLRW waste
by using a process bleed stream to control calcium e circulatinggleach solution. This bleed

(estimated to be approximately 20% of the circul
well into a barren section of the mineralised aqui shed with sea water. This
approach will dispose of the calcium liquid wa; i ini
the “in aquifer” chemistry will be identical (exce content) to that existing at the
extraction wells.

The estimated radium content (based on bench trials con raniumSA) of the calcium bleed
will be 60 Bg/l and will not be classified as radioactive.

This approach is consistent with the aii SR best practice in that:

1. The production of solid LLRW (fequirtag jtory) is avoided or at least
minimised
2. The extracted radioactive material ( gfuranium) is returned to the aquifer from which
it was extracted.

There will be a number of contingencies in pla@ commodate potential problems with the
proposed calcium disposal s . These are:

Contingency 1

In the event that the dj ; i pcked, the calcium waste stream will be

In the event that the an not be cleared or the disposal well option is not viable for other
will be used as the liquid disposal method and the resultant solid
ased on UraniumSA bench trials and extrapolation of data (for

with barium chloride to remove the radium prior to disposal in the
Id result in a small quantity (currently estimated at about 100kg
d be immobilised in cement and disposed in the bottom of the well

emaining bulk evaporated waste would not be radioactive and
gency 2.

The proposed calci stream disposal system and the various contingencies are shown in
Figure 1. Based on the ctffent understanding of the chemistry of the trial the implementation of the
contingency plans is not anticipated. The need to implement contingency 3 is not considered likely
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of any evaporated calcium
emption limit of 10 kBg/kg.

because bench trials conducted by UraniumSA indicate the radium a
bleed will be approximately 2 kBg/kg, well below the National Direct

ant are expected to be

e ISR-FT. After completion of
ill continue to be stored

rt of the mining

Low level radioactive wastes generated by other parts of the ISR-
relatively small quantities and will be securely stored on site duri
the ISR-FT if the project is to progress to the mining phase the
pending the establishment of a Low Level Radioactive Waste

Processing”.

The option of off-site disposal of low level radioactiv
dependant on the prevailing regulatory framework oposed national or state
repository and the quantity of LLRW generated.

on radioactive waste) will either be
the mining phase or capped and

At the completion of the ISR-FT the evaporati
maintained (and potentially expanded) if the pro
closed if the project is would up.

Source Waste Material Sorting Criteria

Laboratory waste Spilled and Hazards index

Reagents

Surplus Samples eturn to aquifer via
posal well

active waste National Directory
on site pending | exemption levels

Non radioactive waste
removed as industrial
waste by licensed
contractor

assification of Laboratory Waste
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Source Waste Material Disposal Me Sorting Criteria

Fuel or chemicals Recovery when
practical

Excise contaminated ve sa-epa waste

soll
Less than SA-EPA
waste fill criteria
Yellowcake Recovery when Visually clean
practical yellowcake

Uranium content
above national
directory exemption
limit

Excised contaminated
soil

Uranium content
less than National
Directory exemption
limit

Leach or Process
Liquors

Visually free of
settled solids

ith radioactive Activity greater than
e pending trial National Directory
pletion Exemption Limit
Dispose in tailings Activity less than
storage facility National Directory
Exemption Limit

jcation of Waste from Spillage
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Source

Waste Material

Disposal M

Sorting Criteria

Plant Waste

PPE

Activity greater than
National Directory

Consumables

Activity greater than
National Directory
Exemption Limit

contractor

Store with radioacti
; ol

Activity less than
National Directory
Exemption Limit

Activity greater than
National Directory
Exemption Limit

adioactive waste
oved as industrial
ste by licensed
ntractor

Activity less than
National Directory
Exemption Limit

Activity greater than
National Directory
Exemption Limit

spose in tailings
storage facility

Activity less than
National Directory
Exemption Limit

Extraction from plant
area and atmospheric
dispersal

As per monitoring
program

ss Liquors

Return to aquifer via
disposal well

able 3: Classification of Plant Waste
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From Extraction Wells A
B80%
freturned
uranium to
strip in linjection
ion well via
exchange dosing
column plant

To Disposal Well

Contingency 1
Temporary
Well Blockage

Contingency

ed evaporation dam l ——
Solid Waste (non radioactive) to TSF

guid Waste

I _galid LLEW fixed with cement
Place at bottom of decommissioned wells

e 1: Calcium Waste Disposal Flow Sheet
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5 Options Considered for LLRW Disposal

5.1 Solid Waste

With respect to solid waste two disposal options were consider; the ISR Best Practice

Guide (section 4.3.3) which suggests that:

“These (LLRWSs) may be disposed of in a purpose

ilt on-site LLRW dispos
facility, or disposed off-site if approval by the re i

In the case of the proposed Mullguana ISR-FT, th SA Ltd) has been informed
by the regulator that®):

““At this stage, the EPA does not consider offs
radioactive waste a viable option for this project.’

3. Guidelines for miners: tailings and taili age facilities in South Australia®)

It is noted that the near surfé [ : ally excludes waste from operating mines from
it's scope (section 1.2) arenced by the State regulator (SA-EPA) as
being appropriate for t . A signi departure from the code is that the
Mullaquana LLRW re pom off site. This is in consistent with the

undertaken in acco ' requirements of the Code of Practice for the Safe Transport of
Radioactive Materials™¢ the jurisdictional control of the Australian Safeguards and non
Proliferation Office. TherefG e purposes of this RWMP, yellowcake product is not considered
a waste.
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5.2 Liquid Waste

LLRW in liquid form will be generated as part of the uranium reco process during the leach trial.

Such waste may include;
e Surplus laboratory samples
e Groundwater
¢ Raffinate bleed (calcium bleed), Eluate and other process liquors
e Liquids recovered from solid waste or product
.

Consistent with option 2 (section 4.4.3) of the ISR
disposed to the mineralized aquifer through disp
for the following reasons;

hese liquid wastes will be
oach is considered appropriate

1. The radiological status of these waste st ilar to the ground water already in

the aquifer.

2. Any chemical differences between the existing grou d the LLRW liquids will be

neutralised by the natural attenuation discussed in the

There is no current or identifig Jse for the hyper-saline r in this aquifer

The LLRW liquids will be iso ikl@Rment and biosphere by the

used (as a contingency as discussed in sectio liquid waste associated with the calcium bleed
waste stream. This solid wa pration of the calcium bleed will not be

~ -FT will be wet (up to 50% moisture) and will
be packaged with 2" there will be no gaseous emissions from drying or packaging

Radon gas will be relea e extracted water when it is brought to the surface and processed.
ed to the atmosphere for dispersal by wind. As detailed in the
al impact of this radon and the associated daughter products

practice at operating ISR uranium mines the need for more
don and radon daughters is not warranted. The need for additional
ecause atmospheric dispersion modelling with fairly conservative
tive ventilation, radon levels are unlikely to be of occupational or
onsistent with the situation at currently operating ISR uranium

of the monitoring program detailed in the RMP will be used to

suggest that, even witho
pmental significance. Thi
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However, if the extraction and venting system implemented for the M
inadequate, engineering controls will be considered, these may incl

uana ISR-FT project prove

1. Increased ventilation rate
2. Increased release height
3. Filtration with charcoal filters

Option 3 would be considered only as a last resort because

ntially significant
increase in gamma (whole body) exposure to workers inv i

in handling an ing the filters.

6 Discussion of Waste Streams

6.1 Laboratory Waste

LLRW produced by the site laboratory is expec
anticipated that the ISR-FT will generate less t

me and low activity. It is
g of laboratory LLRW.

RW is not bulked up by non
tored in a lined 205 litre steel

Radiological screening of all laboratory waste will en
radioactive waste. The waste will be consolidated, compa
drum.

This waste will be securely stored pending the completion of the ISR-

6.2 Waste From Spillage

Solid LLRW from spillage during the ISR- fied and minimised as shown in Figure 2.

minimize and ¢
spill

Recover spilled Process Liquor or
material when groundwater returned

practical to aquifer via disposal
a | well

ise Contaminated Plant and equipment

Soil clean and reuse when
'ﬁ practical
Non Radioactive Determine Radioactive
Radiological Status
Dispose in TSF Decontaminate if
practical

If Radioactive Store
with LLRW

gure 2: Treatment and Classification of Spilled Material
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6.3 Solid Waste in Evaporation Dam

Under contingency 2 and 3 for the disposal of the calcium bleed t
dam has been classified as non radioactive. This classification is
information is subject to confirmation after the ISR-FT commen
confirmation will be completed within a sufficiently short time fr,
large (and problematic) amounts of LLRW.

id waste from the evaporation
d on the following. This

is anticipated that this

nt the accumulation of

Uranium in calcium bleed 2 mg/l

Ra?*® in calcium bleed 60 Bo/l
Th?*° in calcium bleed 1.1 Bg/l n similar ISR operations
TDS in calcium bleed 34 g/l d on design parameters

irectory procedure) of 0.3
ation of the evaporation dam

These values provide a summed activity ratio (ba
which is less than the exemption value of 1. Thi
residue as being non radioactive.

barium chloride. Bench tests
ately 80% of the radium from the
sulphate precipitate would be a

Under contingency 3, radium will be removed by
undertaken by On Site Technology Pty Ltd indicate th
calcium bleed can be removed by this process. The result
relatively small volume (perhaps 100kg per pattern) of LLRW.

hat this contingency is imp ted, the barium sulphate
90ttom of the injection and extraction wells

It is anticipated that, in the unlikely even
waste will be stabilised with cement
prior to decommissioning.

The liquid waste from the barium chlorid I not be radioactive and placed in the

evaporation dam as per contingency 2.

This approach should be viable for radium lev
times higher than the levels expected for the

e calcium bleed) of up to 1500 Bg/lI which is 25

6.4

Contaminated E

0.4 Bg/cm?
The National Directory exemption limit

n these criteria will be classified as non radioactive and disposed
d contractors.

ial waste through lice
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