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Rare Earth Element (REE) mining, processing and exploitation are large scale industries that use a
wide range of chemical substancasd generate significant quantities of waste. Additionally, the

ores contain variable amounts whpuritiessuch as nostarget toxic metals, fluorine and

radionuclides that may be released from the ore during processing into the product or waste
strearns, and/or represent safety issues to the workers.

Past REE mining and processing has led to significant environmental impacts in sev&fdl non
countries.However, he EU has a wide range of environmental protection legislationghatid
encompass the dwities involved in the mining angrocessingf REEEqually, the radiological
hazards associated with handling and disposahdionuclidebearing REE ores and tailirgfsould in
theory be regulatechdequatelyby existing EU regulatioihis reportherefore examinsthe current
EU regulations in terms of their application to Rii&ing and processin@nd evaluatethe extent

to which the regulatory regime is preparéal supportthe development of austainableREE industry
in Europe.

The report structuras as follows:
1 Section 2introduces theREE mining and processing sites discussed in this report

1 Section 3 describesthe environmental and health impacts experiencadand aroundREE
mining and processing siteand identifies themain radionuclide and azardous chemical
releasepathways

1 Section 4summaiisesexisting EU legislation that is relevant to the REE mining and processing
industry

1 Section 5 examines the best available techniques reference documents from the perspective
of REE mining angrocessing

i Section 6compares EU and international legislation in some key aspects of protecting the
environment and human health protection

9 Section 7concludes on the state of EU legislation and identifies areas that should be
considered further to suppothe development of a sustainable REE industry in Europe
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In this section, a brief introduction is given to the minamgl processingites discussed in this report.

Thesitesdiscussedire located inAustralia, Brazil, O, India, Malaysia, Russia and Soviet Union,
and the USA.
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2.1. Australia

The Mount Weld REE deposit is located in Western Australia, 35 km south of Laverton. The deposit is
hosted by Mount Weld carbonatite, a circular intrusive igneous complex approximaketyir3

diameter. The Mount Weld mine is operated by Lynas CorporatioiThiglge containson average

0.075 % Thgand 0.0026Us0s, corresponding to averagestivity concentratios of 2.7 Bq g* 2%2Th

and 0.3Bq g' 28U (IAEA2011).

The oreconcentration procesat Mount Wdd involves crushing, grinding afidtation, and the plant
handles bothwater treatment and residue management. The Mount Weld REE concentrate contains
0.130.16 % thorium and 0.0020.0029 % uranium (IAE2011). Thoriumand uranium decay series
radionuclides are in salar equilibrium in the concentrate. Since the sum of the activity
concentrations of*?Th and?®*®U is less than 1Bq @', the concentrate falls outside the scope of the
IAEA Regulations for the Safeansport of Radioactive Material and can therefore be transported as
non-radioactive material (IAE£011). The averagedivity cancentration of?*2Th in the tailings is 1.8

Bg g' (IAEA2011).

The mining and concentration of REE ore at Mount Weldlsded by shipment of the concentrate

to a REE processing facility (LAMP) at Gebeng, Pahang State, Malaysia, where further processing take
place to produce higpurity REE compounds (IARA11). The concentrate has been processed at

the Lynas Advanced Maials Plant (LAMP) since June 2(lyhas, 2013)

2.2. Brazll

In Brazil, monazite sand with a Th@ntent of ~6% was processed for REE from 194892 fla

Costa Lauriand Rochedo, 2005). The first stages of REE processing were carried oubanthe
AmaroMill (USAM)ocated in a densely populated residential district of Sdo Paulo City. The process
used (Figure 4) included two steps that precipitated concentrated radioactive wastes. The
separation of the light and heavy REE was then carried out at thddgos mill site (USIN), located

in an industrial area of S&o Paulo city. Storage facilities were built in Botuxin, a rural location of S&o
Paulo state, to house the wastes.the absence of radiation protection regulatiomagioactive

residues were hadled, transported and stored inappropriately, awére usedto stabilise swampy

land. As a result, the two processing sitesS&o Paulo city required remediatiand the waste

storage site is under investigatigda Costa Lauriand Rochedo, 2005).

2.3. China

/| KAYl R2YAylFdiSa (GKS ¢62NI RQa w99 YAYyAy3d FyR LINERd
alone (Paul and Campbe2011). The export volume of rare earths from China increased gradually

from 1979 until 2006, whethe volume reached a peak wifv,400 tons and then declined from

2007 onwards.

Operations range from large governmemwned facilities to small illegal sites. lllegal exports from
Chinamayamount to 20,000 tonsf REE oxidper year (Oko Instity2011). Often, smaller

operations hae little or no environmental controls in place, and larger operations have only recently
begun adopting such measures (US Environmental Protection Agii3a).
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MONAZITE
85-95 % pure

Magnetic separation [ |

MONAZITE Light fraction
Alkaline Digestion 99%
Filtration I

Phosphate Hydroxide cake
solution Th. U, Ra, REE

Neutralization

CAKEII Filtration | cporide solution
Th and U hydroxide Ra and REE

Precipitation
REE chloride Mesothorium Cake
Ba (Ra)S0O4

Figure2-1 Basic steps of the monazite chemical processing performed in USAM (da Costa Lauria and Rochedo,
2005)

TheBayarrObomine, Inner Mongolids the largest rare earth mine in the world although the main
product is iron(British Geological Surveg011). After more than 40 years of mining, theain and
east ore bodies have bedreavilyexploited(MER 2011) In the operation period up to 2005, the
recovery rate of mineral resources was less than 1¥&sent recovery rates of mineral resources
may behigher, ataround 60% by statewned and 40% bprivately-owned enterprisegBo, 2009
cited in Schiler et al2011) Although the oreconcentratecontainsthorium (0.150.4% Th; IAEA
2011), thishas not been utilised (MEROO9citedin Schiiler et al2011). The Chinese Draft of
Emission Standards of Pollutants from Rare Earths Industry, @0B®8cited in Schiiler et al2011)
indicated that the amount of tailings from the iron and rare earth mining in Bayan Obo has reached
150 million tonsDespite the risk associated with tailings dam failure, thethorities have decided
to stockthe tailings Therelatively rich REE conteat the tailingsmeans that they ara potential

raw materialfor future exploitation when a more efficient extraction methbdcomesavailable.
Therefore, hey are transported tahe impoundmentteservoirfor the whole minng operation(iron
ore and rare earth concentration planisyhichcoversan area okleven square kilometres.

Rareearths areextractedfrom ion-adsorptiontype depositsin the Longnan district, Jiangxi province,

in southern Chind@lnvestorintel.com2012. Anin-situ leachingnethod is usedin whichholes are

drilled into the ore deposiandleaching solution is pumped in. The solution bearing the dissolved ore
componentsis then pumped to the surface and processed. The Chinese government regards the in
situ leaching technology as more environmentally sound than other leaching technologies such as
pond and heap leaching (M]I2010cited in Schuler et gl2011). The use o& carbonateleach
solutionhas a loweenvironmental impactbecausehe use of acids in unsuitable locations can lead
to groundwater contamination, and groundwater restoration aféaidicleaching is difficult
(NEA/IAEAL999). Theion-adsorptiontype ores are particularly suited fo-situ leaching due to the
relative ease with which the REE can be extradtimvever, his alsomakes it possible famall

firmsto be involved, includinglegaloperations(Investorintel.com2012).In-situ leaching is not
considered appropriatéor REE miningn the USAecause of the lack of suitable sites, the likely need

5
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for an acidic leach, the low solubility of REE and the potential contamination of groundiv&er
EPA2012a) The southern Chese ores have low associated radioactivity.

2.4. India

Beach sandn India contains a range of economic minerals emdainlymined by dredgingalthough
dry mining also takes place (IREL, 201S8bjne of the minerals, notably monazitentainhigh levels
of both REE and Thhorium is an asset for future ¥oelled nuclear reactors in India, thttsese
mineralsared LINB & O NJA 0 § Bndet thedAdoinic Fnér§y Act, 196Rdarereserved for use in
the public sector underte Policy on Beach Sand (1998 COT, 2013Although pivate companies
can mine beach sandsr other mineralaunder licence from the Department of Atomic Energy
(Government of India Department of Atomic Energy Public Awareness Divi8ii), monazitehas
to be returned to thebeachin the tailingsor stockpiled.The publically owned IndiaRare Earths
Limited(IRELJs the only company in India with a licencemie andprocessmonazite(Government
of India Department of Atomic Energy Public Awarergsssion 2012) IRElproduceTh
compounds, REE chlorides and trisodium phospfrate monazite(IRE|2013).

The Indiangovernment recently approved a policy to encourage sand mineral exploitation through a
mixture of public and private investment, including foreign investment (SIPCOT, 2013). This policy
aims to upgrade théechnologiedo meet international standards and tadd value to the process
through improved productsidditionally, Toyota Tshusho Corp and Indi&are Earths Limiteldave
agreed a joint venture to export monazite to Japan for REE extraction

2.5. Russia/Soviet Union

At present,rare earth metals are producefrom the Lovozero deposin the Kola Peninsula in the
northwest of RussiéZaitsev and Kogark@012). In addition, scandium fproduct recovery started in
the Dalur uranium mine in February 2013.

Russiaisurrentlyi KS 62 N RQ& & A Eoduber, AcEoNdr 015 %dNg73tW id2X012) bf
world output from three mines: Priargunsky, Dalur and Khiag#e Priargunsky minés the largest
producer of U and usasmderground miningogether withconventional hydrometallurgical processing
methods. Approximately 30 % of Russian uranium is producethisjtu leaching (ISL) in Dalur and
Khiagda mineduring the Soviet period, uranium was mined at a large number of sites in Russia and
Eastern EuropdRussian mining and legacy sites provide insigfiat public exposure to radioactivity

and environmental contamination that have relevance for NOGRM REE sites. Therefore relevant
information has also been gathered relating to these sites.

2.5.1. Lovozero REE mine

The Lovozero REE mine on the Kola Penifsddeen mined for over 50 years (Castor and Hedrick
2006). The Lovozero deposit is hosted by nepheline syenites in the peralkaline Paleozoic Lovozero
massif and loparite [(Ce,Na,G#Ji,Nb)QOs] is the major REE ore mineral. The ore contai8<)2

loparite and total REE content in the loparite isZB% (IAEA011). The main rare earth metals of

the ore are cerium, lanthanum, neodymium and praseodymium. In addition to REE, titanium,
niobium and tantalum are produced.

The Lovozero ore is mined using enground and open pit methods. Beneficiatimvolvessize
reduction, gravity separation and electromagnetic separgtwinich yield €85 % loparite

concentrate (IAEA011). The mineproducesabout 6000 tonnes of loparitper year(Zaitsev and
Kogarkg2012) and the mine plans to double production by the year of 2015. Additionally, there are
plans to improve the ore dressing and extraction of REE from apatite and eudialyte (Zaitsev and
Kogark2012).
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The loparite concentrate contains 0150 % Th@and0.02-0.03% UsOs. Assumingecularequilibrium
and representative Thand WOs concentrations of 0.6 and 0.03 %, respectively, the activity
concentrationsof the concentrateare 21Bq g* 2*2Th and Bq g' 2% (IAEA2011). To estimate the
activity concentrations in the ores, the IAE811) assumed that the concentrationsvere 40 times
lower than the concentratgcorrespondingo 0.5Bq g' 2%2Th and 0.08q g 8.

The loparite concentrate is shipped from Lovozerodabk&msk Magnesium Plant in Perm Krai for
further processing and REE extraction. The Solikamsk plant exports and delivers most of the REE
intermediate products to Estonia (Molycorp Silmet in Sillamée) and Kazakhstan (Irtysh) for REE
separation(|AEA2011).

2.5.2. Sillaméae processing plant

The Sillamée Oil Shale Processing Plant in Estonia was originally used to produce uranium after the
Second World War. In 1970, tantalum, niobium and REE production from the Lovozero loparite
concentrate started at the plant amaperation continued until the demise of the Soviet Union, at the
end of 1991(Lippmaa etl.,2006) In total, 152 379 tonnes of the Lovozero loparite concentrags w
treated atthe plant producing48 676 tonnes of LREE trioxide mixture (Lippmaa.€2006).Cerium,
lanthanum and neodymium were also separated, purified in extraction cascades and sold as
fluorides.

A mixture of sulphuric and hydrofluoric acideasused to extract REE from tlhaparite concentrate.

Most of the niobium, tantalum and ramarths dissolve in the acid, but thorium remains as insoluble
Ffdz2NARS LINBOALAGE GS Agquivakr). Thigrécipitthatkaycor@aing S¢ 6 H dp
about 27 % barium sulphate, with -guecipitated??®Ra, 12 % REO, 6.8 % fluorine, 3 % titanium

dioxide, 3.7 % calcium oxide and 7.9 % silica (I24). The precipitate waslepositedin the waste

facility alongwith other waste(Lippmaa etl., 2006).

2.5.3. Dalur mine

The production oREE as a hyroduct of uranium minings imminentat the Dalurmine, in the
Kurgan region afe Transural uranium districthis site applies isitu leaching andcandium
dissolvesin the leach solutioralongwith uranium. In Febrary 2013, the pilot plant for the
production of the scandiurnoncentrate came into ggration (Basov, 2013)he concentratavill be
delivered toa processing plant in Lermontov for final treatment ahe manufactue of 99.9 %
scandium oxide and aluminoscandium allBsoductionis expected to increaseom 24.5 tonnes of
scandiumconcentate in 2013 to 134 tonnes in 202Basov, 2013)

2.5.4. Kostousovo legacy site

The Kostousovo legacy sigelocated inOzerny irthe Urals, 70 km northeast of Yekaterinburg. A
monazite sand processing facility operategteto support thenuclear and militaryridustries
between 1949 and 1964 (Yarmoshenkak;1996). Kostousovo village is located 3 km south of
Ozerny.

2.5.5. Priargunsky

The Priargunsky Minin@hemical Progction Company (PPGHO) operaitethe Chita region of the

Russian Federation (NEA/IAEB99 | YR A& NBALRYAaAAOES F2NJ YAYAYTI wdz
ore region,Streltsovsky The Streltsovsky uranium ore region covers an area of 15@hkdhas19

uranium deposits with an average grade of about 0.2%dliding began in the area 974 using

open pits and undrground mines and the annual uranium production is about 2500 tonnes
(NEA/IAEAL999).Uranium is leached from the ore usisdlphuric acidit a hydrometallurgicgblant

and isrecoverd by ion exchange. Since the 199M@sv grade oeshave beemrocessed using heap

7
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leaching.The town of Krasnokamensk (population@D) lies approximately 120 km away from
PPGHO.

2.5.6. Khiagda uranium m ine

TheKhiagdauranium mineis located in the Bauntovsky Distrof the Republic of Buryatia and has
been active sinc&999. Insitu leaching is applied and the leachat@riecessed into uranium
concentrate(yellow cake)Theproduction volume increased by 24.8% to 332 tons of uranium
between2011-2012 §SC Khiagda013)

2.6. United States

2.6.1. Mountain Pass

TheMountain Pass deposit in California was discovered by a uranium prospector in 1949 and the
Molybdenum Corporation of America bought the mining claims. The Mountain Pass mine and
refinery began operation in 195#hd poduction expanded greatly in the 196isresponseo the
demand for europiunto makecolour television screendetween 1965 and 199%he mine supplied
most of the world wide rare earth metals.

The Molybdenum Corporation of AmeribacameMolycorpin 1974. The corporation was acquired

by Union Oil in 1977, which in turn became part of Chevron Corporation in Be@&e 1980,
wastewaters were disposed of using percolatigpe surface impoundments and this, along with
conventional tailings managemt impacted on the groundwater quality SEPA, 2018). Two off

site evaporation ponds were built (1980, 1987) and waste waters were pumped to these for disposal.
These pipelines failed on many occasions leading to soil contaminatidnogding twonotably large

volume spills in 1988nd 1990. The first of these major spills also released taillb§ERA, 2013).

The mine closed in 2002 in response to both environmental restrictions and lower prices for REEs.
The processing of previously mined ore conéd at the site \ile theminewas inactiveln 2008,
Chevron sold the mine to Molycorp Minerals LL@reate company formed to revive Mountain

Pass. In December 2010, Molycorp announced that it sekcaltdhe environmental permits and

active mining reommenced in December 2010.

2.6.2. South Maybe Canyon

The South Maybe Canyon Mine Site, in the Blackfoot River Sub Basin, Idaho, was developed for the
production of phosphate, and REEs were recovered aspadduct. The mine closed in 1983. In

1996, six horsem a fielddownstream from the site were diagnosed with selenium toxicosis and a
Administrative Order of Consefdr a site investigation wasntered into by the U.S. Forest Service

and NuWest Mining, Inc. in 1998Jnited States Department of Agriculture Forest ServiagdRet,

1998)

This mine has also been identified as a possible source of REEs for future develdpShERA,
20123

2.6.3. PeaRidge

The Pea Hige Mining Operation, Missouriag mined for iron ore foabout 40 years. The former

owners of Pea Ridge had, however, planned to produce REE as a by product of the process and had
also identified an adjacent ore body that they had pied to mine primarily for REE 2010, the

EPA imposed administrative penakfor violations of theClean Water Act at thsite (US EPA,

201239. A new company, Pea Ridge Resources, now owns the site and began a mine feasibility study
in 2012.
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Pea Ridghasa relatively small heavy REE depositthet ore potentially has higherancentrations
than any other deposit. There is also thassibility ofusingold tailings as a source of REES(EPA,
20123.
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Previous experience of REE mining allows us to examinadhrepathways leading to environmental
contamination and human exposure to hazardous substances. In this Section, experience of

radioactive contamination and radiological exposure are examined first, followed by chemical and
physical hazards.
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3.1. Radioactive contamination and radiological exposure

Human exposure tcadiaion has beerone of themost widely documentedoncernsassociated with
past REE mining and processing activities, due to the high concentrations of U amdi thiir
daughter productghat can beassociated wittREEres.

To put the radiological doses discussed below in context, humans typically receive a background dose
of 2-3 mSv & from natural radioactivity although there are substantial global variatidhg

International Comnsision on Radiological ProtectiCRP2007)assume that there is a linear

relationship between chronic doses from ionising radiation and occurrence of fatal cancer, with a 5%
risk per 1000 mSv recievethe most exposed members of the public must noeiee > ImSv &

from all industrial activities, and this is limited in some countries ta&¥ & per industrial site.

Workers can receive doses of up tor@3v & if justified. However, a basic principle of radiation

protection is that doses shouldveays be kept as low as reasonably achievable. See SeQ@itor 4

more information on EWadiation protectionregulations.

3.1.1. Australia

The hternational Atomic Energy Agency (IAE®11) reviewed the typical doses received by Mount
Weld mine workers and f;md them to be in the rang@.05¢0.40 (max = 1.6nSva?, which is
expected toincrease to 0.80.8 (max <3) mSx¥! after operations start. These doses would not
require the workers to beegistered as radiation worker$he tailings contain an averagetivity
concentrationof 1.8Bq g' 2*2Th and the IAEAR(011) suggestthat they could be managed safely
using suitable tailings management.

3.1.2. Brazil

The lack of radiation protection regulations for monazite processing and waste managenBravil
resuted intwo processing sites in Sdo Paulo ¢iNsAM and USIMBquiring remediation andawaste
storagesite that is under investigatiofda Costa Lauriand Rochedo, 200%ection 2.p

During decommissioningf the USAM sit€19948), wastes were packaged and removed from the
site; contaminated equipment, floors and walls were decontaminated before the buildings were
demolished; angdsoil was classified into differedt®Raactivity concentration categories for
appropriatedisposal Thedose criteria applied to site clearance for unconditional use was 1 hSv a
to the most exposed members of the neighbouring population, and scenario calculatrasised

to identify clearance valugdNational Report of Brazil, 2@). Therebre, soil with > 3Bq ¢g* **Ra

was sent for storage at another site until a suitable disposal facility became available, soil with 0.65
30Bq g' %°Ra was disposed of at a municipal landfill site, and soil with <Blj&f >?®Ra remained

at the site (AEA2011). Despite the remediation measures, there are still public concerns about the
site da Costa Lauriand Rochedo, 2005).

After work at USINstopped in 1990a radiological survey showed surface and deep soil
contamination, with*?Ra and**Ra concentrations between 153 to 33 000 and 50 to 6 500 Bq kg
respectively da Costa Lauriand Rochedo, 2005The contamination arose from leakage of stored
material and the use of the light fraction of monazite samdtabiliseswampy areas on sit@ational

10
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Report of Brazil, 2006[Remediation heravill involve the removal of an estimated 68 of
contaminated soil, of which 80%will be classified as low leveldioactivewaste (National Report of
Brazil, 2011). Thelassificatiorof the contamirated soil will be based on the calculation of the total
specific activity shown in Equation doils with a total specific activity above 30 Bgngll be

classified as radioactive waste, while those below or equal to 30'Bdjlgbe disposed of in a

sanitary landfill. Soil with < 0.5 Bqt¢*°Ra and < 0.5 Bg*g?®Ra will be used for land restoration
(National Report of Brazil, 201Mhe disposal activity limits are more stringent than the IAHA L)
reported for USAM decommissioning wastes, due to the consideration of the total specific activity
rather than just the activity o?®Ra.

Total specific activity = 8%CRa(Bq @) + 9 ¥?*Ra (Bq 9) [Equation 1]

TheBotuxinwaste sorage faciliteswere located ira basin contaimgwells and springs that supply
the local inhabitants with water. dditionally, abrookthat flows across the propertgontributes to
the public water supply of a city that lies 12 kmvay.Snce the Brazilian Nucle&nergy Commission
did not regulate this kind of activity at the time, the radiological environmental impact was not
considered in the site selection (Briquetadt,2004).In total, the facilityreceived 3500 t of waste (20
% thorium hydroxide and 1 % uniam hydroxides~1800Bq g') between1975¢ 1981. The waste
was deposited in seven rectangular pools 3 m deep with 30 cm thick concretedeall®$ta Lauria
and Rochedo, 2005). A monitoring survey in 2000 determined up Bt ??°Rain a site wel with
average valuesf 0.1Bq L* (cf. EU drinking water reference valo€0.5 Bq L for ?2°Ra;(Directive
2013/51/EURATOMseeTable 41). The same programme identified contaminated areas with soil
activity concentrations of up to 70 0@ kg' ??°Ra, 89Bq kg' ?2°Ra and 13 00Bq kg' 23U (Briquet
et al.,2004).Further characterisation of the site is required prior to clean up, including identification
of the source of the higfr®Rawater concentrationsda Costa Lauriand Rochedo, 2005)

3.1.3. China

The ore concentrateat Bayan Obd&EEnine in Chinalsohave an elevatednatural radioactivity
(0.150.4% Th; IAER011), although lowethan the Brazilian monazite sandsis has led to
exposure ofvorkers to radon isotopes via inhalation, and otherdétay chain radionuclides
through the inhalation of dusfThe crushing process emits 61.8 t of Th containing dust per(iytzP
2009 cited in Schiler @l.,2011) andChen etal. (2003) found a signdant relationship between the
inhalation of Thcontaining dusts and lung cancer in miners in a 20 year sRmly. management of
the dust has also led to offsite contaminatjandthe use ofbricks made from process slagbuild
homesincreaseddoses by0.2mSv a (IAEA2011). The radidsotope concentrationgn plants have
also been found to be elevated fgctor of 32 providing evidenceof contamination in theBaotou
region (MEP 2008ited in Schuler edl.,2017).

3.1.4. India

Doses associated witbeachsand mining are generally low, due to the low activity of the bulk sand
(IAEA2011). Dust generation is also low for most sands. Exposure increases as the sand is processed
and the monazite becomes more concentrated in the bulk material. Dust is creatiz) diny

separation of minerals and monazite may be more concentrated in the dust than the bulk material

due to its relatively soft structure.

The EEEcompounds manufactured from monazite generally contain low radionuclide
concentrations. Haridasan et. §2008) examined the gross alpha and beta activities of different
types of REcompounds in India and they ranged from <0.5 to 18.1 and <0.5 toB2Pg},
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respectively. Thé®Ra activityconcentrationin all the samples was below the exemption lirfuit
regulatory purpose(Haridasan etal.,2008) Doses received by workers in the processing plant were
also assessed and the average annual occupational dose was estimated to be 1.9 mSv. External
gamma exposure and the inhalation of thoron progeny knmdrlived alpha activity were identified

as the major routes of exposure (Haridasamlet2008).

3.1.5. Malaysia

alflF@ail Qa LINBGA2dza NI NB SIFENIK NBFAYSNE Ay . dzl Ad
and claims that it was the cause of birthfdets and leukaemia among nearby residents. The refinery

Aa 2yS 2F lairlQa fIFNBSad NIXRA2IFOGAGS gl aiasS Ot Sly
20129), costing a reported $100 million to deal with the radioactive and hazardous wastes.

Following orfrom this, the development and commissioning of the Lynas Advanced Materials Plant

(LAMP)n Gebeng, Kuantan has met resistance. The Oko Institut, Germany, was commissioned by the
G{l @S altftlreairl {d2L) [eyl a¢ Ol YLJchteséditoaa NEDBASH (K
number of levels (Oko Instity2013). Additionally, claims have been made that the regulatory

aedaidsSy R2Sa y20G YSSO AyaGaSNyridAazylt aidlyRIFINRaAZ |y
direct regulators toward certain policiesd so there's massive conflict of interest" (Malaysian

Insider, 2013). Poor communication between the protestors and the Government, including

information about the proposed waste disposal facility (Australian Network News, 2013), also

appears to enhancdistrust and unease.

Radionuclides concentrate in the beneficiation of the Mount Weld &tEEAIthough the IAEA0Q11)
calculated doses to Australian mine workers, the doses to workers at LAMP, which was under
construction at the time of the IAEA reppwere not discussed. LAMP operates under a licence from
the Atomic Energy Licensing Board (AELB) of Malaysia that stipulatélsemasidue must be

returned to its source of origin (AELB, 20I®spite this liceng, there is still a lack of clarity ove
worker exposure and the fate of wastes.

3.1.6. Russia

Lovozero REE mindlo exposure data are available from Lovozero, but based on calculations for
similar types of material and the activity concentrations giwreBection 5.1, a worker exposed to
loparite concentrate could receive an annual effective dose&iSv from exposure to external
gamma radiation and2msSv from exposure to airborne dust (IARB811). Such a situation would
requirethe implementation ofan occupational radiation protection progra For a worker exposed

only to ore, the corresponding annual effective doses would be about 0.1 and 0.05 mSv for gamma
radiation and dust, respectively, and exposure corigalotlikelyto be necessary (IAE2011).

Sillamée processing planThe Sillarée processing plant in Estonia has a repository that contains
wastes arising from both past uranium production and the later REE produttierthorium cake
produced in REE processing was disposed of as a masdecomponent in a repository together

with other waste from uranium and loparite processing, and a large amount of oil shale ash from the
local powermlant IAEA2011). The lower layer consists of black dictyonema shale processing waste
from pasturaniumproduction and thigsthe most radioaciie componenbf the repository
containingseveral kilograms ¢f°Ra precipitated as the low solubiliRaBa sulfate (IAER011). The
upperwastelayer consists of thoriumich loparite waste (Lippmaa at.,2006) this is5-10 m thick

and contairs 4 million tonnes of material (IAE2011). IAEA 2011) state that therepository has been
recultivated and declaredot to pos a radiological hazard:he thorium concentration in the

f SFOKIFGS FNRBY (KS NI LR FmiagwgEondesdtration obEDBAE E(IABA] dzA @1 £ S
2011). This is an order of magnitude lower than ttienking water standard fo?®Ra (0.2 Bqt
Directive2011/007% (NLE}eeTable 41), ashort-lived daughter product of*2Th that is more

12
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radiologically hazardougpon ingestionThe concentrations suggestat long term storage or burial
of this type of thorium residue can be regarded as an acceptable option, perhaps even for final
disposal (IAER011).

PriargunskyJranium Mine Environmental contamination at theriargunsky mine arises
predominately from theailings ponds of the hydrometallurgical and sulphuric acid glarte

tailings have a total volume of 300 million cubic meters aontain9 000 C{3 x 10* Bq)of
radioactivity (NEA/IAEA999).Elevated oncentrationsof radionuclidesave been detecteth

ground water around the tailings pond and in mine waine main challenges identifiédr the site
werethe increasing accumulation of radioactive liquid and solid wastes and, progressive
contamination of natural surface and ground water systdimsadioactive wasteENEA/IAEAL1999).
These problems could lead to the contaminatiorthedf potable water suply. The first stage of
remediating themine waterbegan in 1996 and wdmsed on zeolite sorption technology (NEA/IAEA
1999).

Radon inhalation wasalsofound to bean importanthumanexposurepathway, housing near the
Priargunskysite wasfound to haveindoor radon levels up to 28,000 Bgnabout 190 times
applicable indoor radon standards (Robinsb®99).

Kostousovo legacy sitevionazite processingereresulted in the contamination cdn area of

~10 000 n?, mostly due to the storage of monazite saaddthe sandwas used irthe construction
of buildings and roadwithout control (Yarmoshenko et al1996).2%2Th activity concentrations up to
6 Bg g' were determined in the contaminated zofAEA 2011) and externalgammadose rates
were up to40-50 timeshigher thanthe local outdoor mean valué?’Rn(the Rn isotope in thé*?Th
decay chainfoncentrations in buildingdhat were constructed from monaziteontaminated
materialswere between2.5-15 Bgm3, compared with a maximum of 2.5 Bqj® in uncontaminated
houses(IAEA2011).

3.1.7. International overview

The IAEA2011]) reviewed radiation protection and NORM residue management in the production of
rare earths from thorium containing materials. The case igtsithvolved different ore materials, with
different radionuclide contents. However, the importance of dust control in the workplace was clear
and additional measures, beyond the normal health and safety requirements, may be necessary in
some cases to lowaloses to workers. Dust is a particular issue for dry processing of radioactive
materials. Worker awarenesgpod housekeeping and spillage control were also identified as
important, along with monitoringhe workplaceand assessg the doses received lilge workers.

Radon #°Rn, from the’*®J decay chain) and thoro®{Rn; from the?®*’Th decay chain)

concentrations in the air increase in enclosed, poorly ventilated spaces, such as those used for
storage of materials and can lead to elevated doses fakens in the area.

A review of doses received by workers in monazite processing plaBtaiii, France, India, Malaysia
and the USArior to 1993showed that theannual dose for a workesxceededhe maximum
permissible dos¢during regulated workdf 20 mSv @in a number of cases (IAEZ)11). The highest
doses were associated with workingnitineral storage areas or near Ra removal circuits thus could
be reduced by job rotatioriThe doseseceived are dependent on the radioactivitytbé ores
processed as well as thiadustrialprocessesnvolved, butclearlygood practicecanreducethese
doses.

13
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3.2. Chemical and physical hazards

In general, hard rock mining &the most significant environmental impact on surface water and
groundwater quality S EPA0123. Therefore regulation of the management of tailings and waste
waters is of particular importance. This is also apparent from the past experience of REE mining:

1 The tailing impoundments at Bayan Obo, China, and Mountain Pass, USA have been
identified as sources of environmental contaminat{s EPA, 20&p

1 75 nm? of acidic waste water is generated for every tonne of REE produced at Bayam®bo
very significant amounts have been releageldirst, 2010

1 Groundwater contamination occurred fro the release of process wastewaters through
percolation type surface impoundments at Mountain Pass, USA. The primary contamination
wasfrom high total dissolved solids, due to the neutralization of HCI with NaOH, but there
were also low but detectable BB, Sr and radiological constituents present. The
groundwater is now being remeditated (US EPA, 2p12

1 Hazardous substances, including selenium, were released from the South Maybe Canyon
Mine site into groundwater and surface water at concentrations thateeded the Idaho
state water quality standardd@JS EPA, 204

1 Metals and other constituents (oil and grease, copper, chromium, cadmium, iron, lead, and
total suspended solids) were discharged from the Pea Ridge Mining Operation in Washington
County, Mssouri at concentrations that exceeded the permitted leyelS EPA, 2042

1 Huorine and thoriumhavedispersed into the waste waterdf a concentration plant in
Sichuan, Chingschiler eal.,2017)

Acidictailingsenhancedeachingof hazardous substancghe tailingsat Priargunskyiranium mine

are acidic due to the sulfuric acid used in the procsssa range ofadionuclidesand stable
contaminants leach out and have been found to seleugh the liner at the tailings handly facility
(Robinson1999).In general, mce REE ores do not tend to be sulfidic, acid mine drainage
managemenper seis not a major concern. Howevereutralisation of acid treated ore concentrates
or carbonate mineralss important(Paul and Campbel2011).

Dust and gaseous emissions are also important vectorsdibrenvironmental contamination and
the exposure ofvorkersto toxicsubstanceskor example, ppcessing at Bayan Obo had te the
release of fluorinedust,andwaste gases containirdF and SQUS EPA0123).

An additional concern surrounding tailings he&the potential threat of the tailings pond dam
failing. AtPriargunskyRussia, the waste ponds required reconstruction to lower the rifloading
of the neighbouringralley andvasteseepnginto the rivers(NEA/IAEA 1999femporal banges in
the depth of the water table can also be a concern for tailings managenmetite Imain housingrea
near thePriargunsky sitghe water tablerosefrom depth of 19 meters in 276 to 35 meters below
ground surface in 1996 (Robinsd®99).

In-situ leachingof uraniumat Khiagda, Russia involved introducing high concentrations of sulfuric
acid into the aquifer, and it did not appear that thlanning stage had considerduk later

restoration of ground water quality (Robinsd001). Addressing these issues after the event is
extremely expensive and/or difficult. Additionally, a significant and uncontrolled loss of control of the
leaching chemicals occurréBobinson1999, and the remediation of this type of contamination

event is difficult NEA/IAEAL999. Potential hazards associated withsitu leaching are also

apparent from theuse ofthe techniqueat uranium deposits in Kazakhstamhichhas contributed to
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the need fa anexclusion zoe of 150 x 150 krim which the extraction of drinking water is forbidden
(NEA/IAEA 1999).

With regard to LAMh Malaysiathe Oko institutg2013)voiced concerns over theomposition of
the waste waters rieased, mainly the salt conteandtheir discharge via open earth channeisd
the use of gas and dust treatment systems that arethetbest available technique3hey also
raised the issue of the need to generate funds for site decommissioning and remegiahimh isa
prevalentconcernin Malaysia after the $100 milliorequired to remediatehe MitsubishiREESitein
Bukit Merah

15
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The mining and processing of REE falls within the scopevialeavariety ofEUdirectivesand
regulations as shown in Tabk-1. Directives and regulations are both forms of EU legislation, but
while directives allow member states to formulate the actual laws that apply in their country,
regulations are binding upon all member states.

Table4-1 European legislation relevant to EURARE. The general name used for each piece of legislation in given

in brackets.

Legislation

Title

Relevance

Related to radioactivity

EC Directive 2013/59/EURATOM
(BSS, 2013)

laying down basic safety standards
for protection against the dangers
arising from exposure to ionizing
radiation

All materials used and created in

the different stages of processing
that have sufficient radioactivity to
be considered radioactive.

Updated BSS 1996
(96/29/EURATOM)

EC Directive
2013/51/EURATOM

laying down requirements for the
protection of the health of the
general public with regard to
radioactive substances in water
intended for human consumption

Provides reference concentrations
for radionuclides in drinking water
based on a 0.1 mSv a! critical
group dose limit. If more than one
radionuclide is present, the sum of
the concentration of each
radionuclide divided by the
relevant reference concentration
should be less than or equal to 1.

Commission regulation
(EURATOM) No 3227/76 and
amendments 220/90 and 2130/93

Concerning the application of the
provisions on Euratom safeguards

Control of nuclear materials (i.e. U,
Th and Pu) to safeguard their use
in civil applications

Related to chemicals and hazardous components

EC Directive 2012/18/EU

(Seveso llI)

amending and repealing Council
Directive 96/82/EC on the control
of major-accident hazards
involving dangerous substances
(Seveso)

foperational tai
facilities, including tailing ponds or
dams, containing dangerous
substances shall be included
within the scope

EC regulation 1907/2006 of the
European Parliament and Council

(REACH)

concerning the registration,
evaluation, authorisation and
restriction of chemicals

All chemicals but not the ore or ore
concentrates

EC Regulation No 1272/2008 of
the European Parliament and of
the Council

(Classification, Labelling and
Packaging Regulation)

on classification, labeling and
packaging of substances and
mixtures, amending and repealing
Directives 67/548/EEC and
1999/45/EC, and amending
Regulation (EC) No 1907/2006
(REACH)

Includes mineral ores and ore
concentrates as well as the
products

Related to waste management and emissions

EC Directive 2006/21/EC of the
European Parliament and Council

(Mining Waste Directive)

on the management of waste from
extractive industries and amending
Directive 2004/35/EC
(Environmental Liability Directive)

Waste resulting from the
prospecting, extraction, treatment
and storage of mineral resources
and the working of quarries
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EC Decision 2009/360/EC completing the technical Waste characterisation

requirements for waste
characterisation laid down by
Directive 2006/21/EC (Mining
Waste Directive)

Directive 2010/75/EU on industrial emissions (integrated  Activities subject to these
pollution prevention and control) regulations include: i Pr oc e s ¢
(Recast) non-ferrous metals (2.5).
Production of non-ferrous crude
metals from ore, concentrates or
secondary raw materials by
metallurgical, chemical or
el ectrol ytijaod, pr o

(Industrial Emissions Directive)

fimelting, including the alloyage, of
non-ferrous metals, including
recovered products and operation
of non-ferrous metal foundries,
with a melting capacity exceeding
4 tonnes per day for lead and
cadmium or 20 tonnes per day for
all other metals.a

Radioactive substances are
covered by the BSS and so are

exempt
Directive 2008/98/EC on waste and repealing certain Wastes not covered by the Mining
Directives Waste Directive. Waste waters are

(Waste Framework Directive) out of scope, as they are covered

by the Industrial Emissions

Directive.

Directive 1999/31/EC on the landfill of waste

(Landfill Directive)

Environmental and health protection regulations

Directive 2000/60/EC establishing a framework for Important for the aqueous

Water F k Directi Community action in the field of emissions and tailings

(Water Framework Directive) water policy management; addresses impacts
off-site

Directive 2006/118/EC on the protection of groundwater Important for aqueous emissions

. . against pollution and deterioration and tailings management
(Groundwater Directive) g P 9 g

Directive 92/43/EEC on the conservation of natural Identify Natura 2000 sites (i.e.

) . . habitats and of wild fauna and pr ot ect eMining projeetsip |
(Habitats Directive) and flora, and on the conservation of and around Natura 2000 sites are
Directive 2009/147/EC wild birds not automatically ruled out, but

) . . they must be appropriately
(Birds Directive) assessed if likely to have a

significant effect on a protected

site. If such effects are expected,
mining projects must either be
avoided or amend:

17
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Directive 2003/87/EC

Emissions Trading System
Directive

establishing a scheme for
greenhouse gas emission
allowance trading within the
Community and amending Council
Directive 96/61/EC

Activities to which the directive
applied include:

fMetal ore (including sulphide ore)
roasting or sintering, including
palletisationo,

fProduction or processing of non-
ferrous metals, including
production of alloys, refining,
foundry casting, etc., where
combustion units with a total rated
thermal input (including fuels used
as reducing agents) exceeding 20
MW are operatedo

Directive 2011/92/EU

(Environmental Impact
Assessment Directive)

on the assessment of the effects of
certain public and private projects
on the environment (codification)

Activities subject to these
regulations include:

ftInstallations for the production of
non-ferrous crude metals from ore,
concentrates or secondary raw
materials by metallurgical,
chemical or electrolytic processes.

-pit mines and quarries with a
surface area exceeding 25
hectaresbo

Directive of the European
Parliament and of the Council
2004/35/EC

(Environmental Liability
Directive)

on environmental liability with
regard to the prevention and
remedying of environmental
damage

Polluter pays principle, prevention
and remediation of environmental
damage

Council Directive 98/83/EC

(Quality of Drinking Water
Directive)

on the quality of water intended for
human consumption

Indicator parameters are listed for
selected substances

Work place regulations

Council Directive 89/391/EEC

(Health and Safety at Work
Directive) and later amendments

on the introduction of measures to
encourage improvements in the
safety and health of workers at
work

Council Directive 92/104/EEC

on the minimum requirements for
improving the safety and health
protection of workers in surface
and underground mineral-
extracting industries

Specifically for mining

Council Directive 92/91/EEC

concerning the minimum
requirements for improving the
safety and health protection of
workers in the mineral- extracting
industries through drilling

Specifically for drilling in the
extracting industries

Directive 2002/49/EC

(Environmental Noise Directive)

relating to the assessment and
management of environmental
noise

Directive 2006/42/EC

(Machinery Directive)

on machinery

18
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4.2. EU legislation for r adioactive materials

TheDirective controlling the use and disposal aflioactivematerialshas recently been updated

(Basic Safety Standard33%2013/59/EURATOM Issues related to naturally occurring radioactive

materials (NORM) are addressed more explicitthennew BS$an in the previous version (96/29/
EURATOMFor example, e flexibility previously offered to member states to identify industries

that result in worker exposurt® NORMhas been removedn order to protect workers equally

throughoutthe EU. Thé | OG0 A @A GAS& Ay Ay Rdza daNdalfy accurdNg OS&aaAy 3 Y
NI} RA2y dzOf ARSaz 2NJ I O0 A @ravithirStascaygstighestdRhaREE & dzOK  LINE
mining and processing are relevaifhis is already the case the UKwhere REE mining and

processingare specifically identified asl[dORM industry that falls under thienationalregulations.
ThenewBSSlso address worker exposure to radon explicitly, which will be important for both

worker exposure and waste managemémthe REE industry

As with all radioactive materials, R&Ees with a NORM content below a specific lewelexempt
from regulation. However, if the radioactive content concentrates in certain process streams or
wastes above the exemption level, the industrial process and waste management may require
regulation Conversely, for ores that require regulatiomppess streamand wastes may be cleared
from regulation where the radionuclide content can be shown to be below the clearance $mes|
EURARE (2013) for further information on clearance

Snce theprevious BSS (1996)irectivewasdeveloped for small quantities of radioactive material,
the EUalsoderivedexemption and clearance levdts low concentration, large volume radioactive
wastes(RP122 part, 20@), and NORMvastes(RP122art I, 200L; see Tale 4-2). Theexemption
and clearancéevelswere derived from a range of potentiaxposurescenarios affecting workers
and the general publidThe updated BSS2013/59/EURATOMrovide new regulatory exemption
and clearance activity concentratioftr NORMwhich arebased on natural radioactivity
concentrationghat excluce most natural soils from regulation.

Table4-2 Relevant giidance documents and international safety guides relatedradioactivity

Document Title Relevance

Guidance document: Practical use of the concepts of clearance  Derivation of exemption limits and

RP122 part | (2000) and exemption Part I: Guidance on recommended clearance levels
general clearance levels for practices

Guidance document: Practical use of the concepts of clearance  Derivation of combined exemption

RP122 part Il (2001) and exemption Part 1l: Application of the and clearance levels for NORM
concepts of exemption and clearance to from work activities

natural radiation sources

IAEA (2002) Safety Guide on the management of
radioactive waste from the mining and
milling of ores

Example®f radionuclide partitioning into different waste streams of REE processengiven in

IAEA 2011), andshow that Ra leaching and precipitation is of particutgportance in terms of
generatirg wasteswith relatively high activity concentrationk is essential that the REE salts and
products are of sufficiently low radioactivity to bkeared from rgulation by BS$Vhere the NORM
content of the ores requiresegulation of materials, the operating licence will involve a justification
of the safety of the procedures, including working practice and waste disposal, records to
demonstrate that procedures are adhered to and monitoring of the work place and surraundin
environment.
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When U or Th are produced hg-productsof the REE industrghe nuclear safeguards legislation
(3227/76, 220/90, 2130/93) is relevant. Thigulates the control omaterialsthat are capable of
undergoing nuclear fission, or being usedtoduce a fissile isotope. Uraniu@85 is fissile, while
both 2%8J and®2Th are fertile, i.e. can undergo neutron capture to fdime fissile isotopeg**Pu and
233, respectivelyTransport of radioactive materials is regulated and the relevatgrnational
transport regulations are given in Tabl&4

Table4-3 International regulations and guidance on the transport of radioactive materials

Document

Title

Relevance

IAEA Regulations

Regulations for the Safe Transport of
Radioactive Material, Specific Safety
Requirements No. SSR-6 (Previously TS-
R-1), 2012

Applies worldwide to all modes of
transportation. Focuses on
packaging, in order to provide
safety under both normal and
potential accident conditions.

UN Recommendations

Recommendations on the Transport of
Dangerous Goods

Applies worldwide to all modes of
transportation.

IMO Code

International Maritime Dangerous Goods
Code, IMDG, 1965

Applies worldwide for carriage by
sea of all types of dangerous
goods. Addresses e.g. packaging
and container stowage. For
radioactive materials the basis is
the IAEA Regulations.

ICAO Instructions

Technical Instructions for the Safe
Transport of Dangerous Good by Air, 1981

Applies worldwide to air transport
of all dangerous goods. Contains a
list of dangerous goods, as well as
requirements for packaging,
marking, labelling and
documentation fully consistent with
the IAEA Regulations.

UN/ECE

European Agreement concerning the
International Carriage of Dangerous
Goods by Road, ADR, 2013

Applies to road transport in
Europe. Contains requirements for
the listing, classification, marking,
labelling and packaging of
dangerous goods. Consistent with
the IAEA regulations.

OTIF Regulations

Regulations Concerning the International
Carriage of Dangerous Goods by Rail,
RID, 2013

These regulations constitute
Appendix C of the Convention
concerning International Carriage
by Rail (COTIF). Applies to
transport in contracting countries,
i.e. primarily Europe, Kaukasus
and parts of Middle East.

IAEA¢ International Atomic Energy Agency, dNnited Nations, IMC;, International Maritime Organization, ICAQO
International Civil Aviation Organization, UN/ECHited NationdgEconomic Commission for Europe, OTIF
Intergovernmental Organisation for International Carriage by Rail

Depending on the dosegceived by workers at REE mine sites and processing plants, employees
may need to be classified and treated as Radiation Workers. The four band system for the regulation
of workplaces based on doses received is given in TablBES, 1996).

The IAEA (02) Safety Guide on the management of radioactive waste from the mining and milling
of ores provides a useful flow chart that identifies the need for regulatory control to be in place, and
for processes and waste management to be approved, prior to lisgnshe drinking water

reference values given for radionuclide20il3/51/EURATONhay also be helpful with regard to
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concentrations. The IAEA Safety Guide (IAEA, 2002) also emphasises the importance of ensuring
doses to the workforce are asw as reasonably achievable (ALARA), with social and economic
factors being taken into account, which is a basic principle of radiation protection.

Table4-4 Classification system for wodt exposure

Band Regulation requirement Effective dose (mSv a™

Normal scenario Unlikely scenario
Band 1 No regulation necessary <1 <6
Band 2 Lower level of regulation 1-6 6-20
Band 3 Higher level of regulation 6-20 20-50
Band 4 Process not permitted >20 >50

4.3. EUlegislation for mining and beneficiation

Szczepanski (2012) identified the European legislatienl to regulateniningin general and tis has
been used as a basis for thescussn below. The Mining Waste Directive (2006/21/ECa isey
piece of legiskhon for REEnining and links with the Water Framework Direct{2900/60/EQ and
Groundwater Directiv€2006/118/EQfor the management of mine watef.heQuality of Drinking
Water Directivg(98/83/EQ may also be relevant, arlists severatelevantindicator parameters.
Sevesdll (2012/18/EU)ontrols the management of tailinggith respect to accident prevention,
preparedness and responsisdiscussedn Sectior.2, contaminants associated with hard rock
miningcanhavea significant environmentampact on surface water and groundwater quality.
Therefore these directivesre of particular importance.

Dust and gaseous emissions are other important vectors for environmental contamination and
worker exposure to toxior radioactive substances (s&ection3.2). The Mining Waste Directive
addresgsthese issuesas follows

1 The competent authority shall satisfy itself that the operator has taken the necessary measures
in order to meet Community environmental standards, in particular to prevent, in accordance
with Directive 2000/60/EC, the deterioration of current water statager alig, by:

(a) evaluating the leachate generation potential, including contaminant content of the leachate,
of the deposited waste during both the operational and aftkrsure phase of the waste facility,
and determining the water balance of theagte facility;

(b) preventing or minimising leachate generation and surface water or groundwater and soil
from being contaminated by the waste;

(c) collectingand treating contaminated water and leachate from the waste facility to the
appropriate standard required for their discharge

1 The competent authority shall ensure that the operator has taken adequate measures to prevent
or reduce dust and gas emissions

Industrial emissionarisingfrom non-ferrous metal production from ores and concentratesid thus
from the beneficiation of REE oresge within the scope ahe Industrial EmissionBirective (IED
2010/75/EU) The use of chemicals in mining and benefioiais controlled byhe REACHRegulation
(1907/2006) and the ores and ores concentrates fall under the Claasdit, Labelling and
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Packaging €yulation(No 1272/2008) Allenvironmentallegislation is strengthened by the
Environmental Liabty Directive(2004/35/EQ, which is based ot KS & LJ2 f f dzi SNJ LJ @ aé L.

Pit mines and quarries with a surface area exceeding 25anestfall under the Environmental
Impact Assessment Directive0(L1/92/EU) Also, nining projects that are likely to have a significant
effect on a Natura 2000 sitas defined by the Habitats Directi{@irective 92/43/EEG)nd Birds
Directive(2009/147/EC) require appropriate assessment prior to approvadcording to the
Environmental Liability Directive (2004/35/EtDe operator has a strict liability for damage to
habitats and species that are protected by the Habitats and Birds Direcivédamag to water
guality as defined by the Water Framework Directi2@Q0/60/EQ. Mine workers are protected by
two specific directives for mine worker32/104/EE@nd92/91/EECTable4-1), as well ashe Health
and Safety atWork Directive(89/391/EECG)Environmental Noise Directi{2002/49/EChand the
Machinery Directivé2006/42/EC)

4.4. EU legislation for processing and product development

Theprocesing andmanufactureof REE products will also be regulated by exidiidgggislation. The
chemicals usednd products formed fallithin the scope of the REACIddRlation(1907/2006),

while the industrial emissiorare controlled bythe IndustrialEmission®irective (2010/75/EU)and

the solid wastes by the Waste Framework DirectR@08/98/ECand the Landll Directive
(1999/31/EC)The Water Framework Directi¥2000/60/EG and Groundwater Directive
(2006/118/ECGareimportant with regard to aqueous emissior&vironmental impact assessment is
required 011/92/EU) andevesdll 2012/18/EU) will control managemenmtith respect to

accident prevention, preparedness and respoiismny chemicals are used in the processing that fall
within its scopeThe Emissions Trading Directive may have relevance, and the Environmental Liability
Directive(2004/35/EGI A Ay & 0UNBy3JGKSya GKS 20KSNJ f SaAdh af | A2
the introduction of strict operator liability in certain cases

More generally, lhe processed materials will need to conform to @ikassification, Labelling and
Packaging Regulatier{1272/2008) and relevantawkplace legislation includes the Healthd Safety
at Work Directivg89/391/EECand Machinery Directiv2006/42/EC)

Thelndustrial Emissions Directilies at the centre of thenvironmenal protection legislatiorirom
REE processinghe general prinpiesare that:

(a) allthe appropriate preventive measures are taken against pollution;

(b) the best available techniques are appl{ede Sectiob);

(c) no significant pollution is caed;

(d) the generation of waste is prevented in accordance with Directive 2008/98/EC,;

(e) where waste is generated, it is, in order of priority and in accordance with Directive 2008/98/EC,
prepared for reuse, recycled, recovered or, where thatéshnically and economically impossible, it
is disposed of while avoiding or reducing any impact on the environment;

(f) energy is used efficiently;
(9) the necessary measures are taken to prevent accidents and limit their consequences;

(h) the necessary easures are taken upon definitive cessation of activities to avoid any risk of
pollution and return the site of operation to the satisfactory state defined in accordance with Article
22.
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All industries are required to have a permit to operate that confotonthese principlesThe
regulations do not apply to research or development activities, or the testing of new products and
processes.
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Best Available TechniquéBAT) can be defined as techniques thatrasst effective in achieving a

high level of protection of the environment as a whdlethe EU, théntegratedpollution prevention

and control directivgIPRC; 96/61/ECintroduced the use oBATto helpcontrol air, water and soil

pollution. TheBATconcept wasalsoincluded in therecast of the IPPC directive (2008/1/E&)d
then inthe Industrial Emissions Directiyi=D;2010/75/EQ, whichsupersededhe IPPC directive.

SEVENTH FRAMEWORK
PROGRAMME

Best available techniques reference documents (BB&F)e BATor specific industries and are
based on an information exchange procassoss the European communiticcording to the IED
(2010/75/EV), lhe purposeof BRERS to explorehe techniques that are available and conclude

GKAOK IINB .!¢d NWRGCAGK2MF RKER) aREYOLINBE A ONRK LIi A @S¢
improvements in environmental performance. They should also avoid any interpretation of the IED.
lfK2dAK GKS .1 ¢ O2yOfdzaAazya Ay G(GKS . w&®r I NB y2i

aSGGAY3I LISNX¥AGGAYT O2yRAUGAZ2YAE OL9S5T HAMAKTPKO! O
information from other sources.

5.1. Content of a BREF

Each BREF has a clearly defined scopestamts by describing theector concerned he relevant
productionprocessesurrentlyappliedandthe measuresakento prevent or reduce emissions, and
reportsthe current emission and consumption levels. Techniquestihae beerconsidered in the
determination of BAT are then descrihad.techniquesthat preventemissions to air, water

(including groundwater), and spdr reduce these emissions, or prevent or reduce waste generation.
The following information is required for each technique considered:

Description
Technical description

1

1

1 Achieved environmental benis

1 Environmental performance and operational data
1

Crossmedia effectsi(e. relevant negative environmental effects due to implementing the
technique)

Technical considerations relevant to applicability
Economics
Driving force for implementation

Example plants

=A =/ =4 4 I

Reference literature

This information isised aghe basidor determinng BATwhich are reported athe BAT conclusions
The BREF presents tBAT conclusionis a prescribed wayp includethe key informationEmerging
techniques that ve a good chance of becoming BAT in the future are also documienged
separate section

5.2. Sevilla process

The creation or revision of a BREF docunigiarried out by an expert committee with an open
exchange of information with stakeholdefs]lowing the Sevilla ProcessheSevilh Processs
described in detail in a nelegislative EU Decisiatocument(2012/119/EU). In briefyvhenthe
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Commissiondecides that a BREF document or update is requitéayolvesthe IPPC bureass a

neutral, permanent and technically competent badyorganiseand support thenformation
gatheringprocess andprovide scientific and technical analysis of informatidie IPPC bureau also

has responsibility for writing the BREerBREF that arepscified in legislation other thathe IED,
suitablealternative bodiesanLJt I @ G KA & NBf S® C2NJ SEIF YLX S (KS
consumption are responsible for tloeirrent update of theBREF on mining waste.

Thecommissioralsoselectsrepresentatives of member states, industry and environmental-non
governmental organisations (NGOs) to form a Fortihe main roles of the Forum are to give
opinions on the process, ensure the quantity and quality of information gathered is sufficient and
review two drafts of the BREF. The information gathering process is carried ouetiyrécal

working group(TWG) which consists of representatives of member states, industry, NGOs and the
commissionThe TWGlsoprovides feedbackn each draft of the BREFhe Forum evaluates the
final draft and the process, and then publishes its opinions on théiqally available updated final
draft. BREF should be reviewed and updated at least every eight years.

5.3. BREF relevant to the REE industry

There are twdBREFhat are relevant to the REE mining and processing industiiesnanagement
of tailings and wasteock in mining activities (E2009)and thenon-ferrous metal industr{EC,
2001) An update othe BREF for the neferrous metal industry (EC, 200G%Ravailable as an official
draft (EC, 2013).

TheBREF fathe management of tailings and wasteck in mining activities (E2009)provides
genericBAT conclusions that are relevaatross the sectolt is considered BAT t@duce the
amount of waste, marnise the reuse of the waste material, for example as an aggregate, and to
condition the tailings and waste rock within the process to minimise environmental or safety
hazards. It is also BAT to applg-tycle managemeniand to:

1 Reducereagent consumpbn
1 Prevent water erosion
1 Prevent dusting
1 Carry out a water balance and using the results to develop a water management plan
1 Applyfree water management
1 Monitor groundwater around all tailings and wasteck areas
In terms of emissions to water iSBAT to:
1 Re-use process water

1 Mix process water with other effluds containing dissolved metals so that the finely ground
tailings can absorb dissolved metals (favourable alternative to flocculation)

1 Install sedimentation ponds to capture eroded fines

1 Remove suspended solids and dissolved metals prior to discharge of the effluent to receiving
watercourses

Neutralise alkaline effluents with sulphuric acid or carbon dioxide
Remove arsenic from mining effluents by the addition of ferric salts

1 Apply one ofa number of systemfor neutralising acidic effluents
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However, specific issues relating to the managenséREEniningwasteare not addressed in the
BREF since REE mining does not currently take place in Elhepexperience of the REE mining
industrydoes not contribute to the generic BAT conclusions. mMhaagement of NORM wastes is

not included in the current BREF (EC, 20089ny context eitherThe nextupdateof this BREwill

include uranium mining and $s expected to address BAT for minimising emissions of radionuclides
and radiological exposure of workeithough developments in European REE mining are not likely
to be sufficiently advanced to contribute to the BAT conclusions in this update, thepenacluded

as emerging techniques that are likely to become BAT in the future.

The BREFRor the nonferrous metal industralsoprovides generic environmental protection
techniquesfor metallurgical processes (EC, 20HC, 201B8and emphasises the impgance of re
use, recycling and recovemdowever,since RERre not currentlyprocesedin Europe, these
documents do not contain informatioon BAT for theREENndustry. Equally the issue of NORM in
the beneficiated ore feedstock is not addressed, ttechniques for preventing or reducing the
generation of radioactive waste and environmental emissions of radioactive materials are not
included on any leveExposure of workers to ionising radiation is asdmportant consideration
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Inthis Section.examples ofnternationallegislation and practice are compared with EU legislation

areas of particular relevance to the REE indufryssia, the USA aiNdesternAustraliaare

examined in detaibecause their history of miningspeciallythe mining of RERyould suggest that

their legislation igelativelymature. Summaries of the relevant legislation are given in Appendiees A

C

6. #
|

6.1. Regulatory system and licensing

Thehistoriclack of regulationorinadequate regulationof the REE mining and processing industry
has led towidespread andong term environmental harprand human exposure to harnifu
substancegsee Section 3Although China presents the most marked examples ef Hiimost every
country with a history of REE miningprocessindnas its own examples of poor practice.

/| KAYlFQa w99 AYyRddzaliNE RSOSt 2LISR 4 AdafaggdnumterdzS f A OSy
small companies, which createtiallenges with regard to price competition and over production as

well as environmental impacts and human health. Illlegal mining has been identified as a significant
problem. To regain coml, the Chinese government airtts consolidate the industry inta small

number of state owned firmandhave closed some smaller illegal producers, and merged larger

LINE RdzOSNE® ¢KSe Ffaz2z AdaadzsSR | gKAGS LI LISN 2y (KS
(Chinese Governmen2012).0One of the main pointa/as better coordination of rare earth utilisatio

with environmental protectionandthe white papereferred torecent improvementsn

environmental legislation in general afr the REE industry in particulakn importantaspectisthe

increa®d effort to enforce the regulation§MER 2011), although this may be challenging dueite

legacy of environmental damage, the vast tailing heaps stored as a potential future reserve and the
expectation of a degree of saigulation

Even when a regulatory gg is in place, there can be challenges associated with eliminating illegal
mining.India hasa licence system for beach sand min{8§PCOT, 201But the government of Tamil
Nadurecentlyimposed a suspension on all river areblbhsand mining pendingraeinvestigatiorinto
illegal miningand develojng their policiedurther (Mining weekly.com2013). Furthermore, despite
Russialeveloping legislationver the past two decaddbat in many cases meets or exceeds
commonly accepted international standardise enforcement of this legislain has been uneven
(Josefson2012).

Environmental quality standardgse an important tool in the regulatory systefor planning as well

as transparent interpretation of environmental monitoring results. Thetsedardsmay varyfrom
country to countrybut are generally availablen 011, Chinabrought inPollutant Discharge
Standards for the Rare Earth Industry, which sets the lifmitthe chemical oxygen demandnd
emission opollutantssuchas ammonia nitrogen, phpsorus, fluorine, thorium, heavy metals,

sulfur dioxide, chlorine gas, and particulates for rare earth enterp(iSasiese Governmey2012).
Australiahasboth federaland statewater quality standardswhile the USA hasater quality

standards in the Safe Drinking Water Atgte water quality standards along with guidance from the
EPAINn the USA, emissions must be permitted by aional Pollutant Discharge Elimination Syste
permit program (1972), under th€lean Véter Act(1972).The priority substances$or which water
quality standards areefined in the9 | Water Framework Directive are not of particutalevance

to the REE industryHowevemore extensive environmental quality standards for substances in soil,
water and air are given in national legislation and guidelines, some as a result of EU directives.
Amendments to the Groundwater Directive aaésocurrently under discussion concernirg)the
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comparability of threshold valuassed by member state® define water status, andb) the inclusion

of additional pollutantn the list of substances member states are required to provide threshold
values for The list currently includes cadmium, chloride, sulphate and conductivity, which have been
identified prevously in emissionsdm REE processing (see Sec8@). The Quality of Drinking

Water Directive (98/83/EC) ardirective2013/51/EURATONbr radioactive substances in drinking
water list relevant indicator parameters or reference concentrations that are useful far field
guidelines to apply in waste management strategiad permit requirements

It istherefore clear that both regulation and implementation of the regulations are essential to
protect workers, the public and the environment from the potential hazards associated with the REE
industry. Past experiencdemonstratesthat it is best practice to addresise lifecycle of a factly

within a licence applicatioto ensurethat the best approach is takesturingthe operational and

closure phaseghe impactsare considered and minimisednd a realistic assessmestmadeof the

costs involved in adhering ®nvironmental legislation. Although licensing in the EUnatenal

issue, the legislatiodiscussedn Sectiord defines somdicene requirementsMeaningful penalties

for breaching licence conditiorms operating without a licencare also requiredn the EU, the
Environmental Liability Directive is important legislation for encouraging good practice and
minimising environmental damagé. K S & LJ2 f f dzi SNJ LI 28aé¢ LINAYOALX S KI &
legislation in other countries, for example t®mpehensive Environmental Response,

Compensation and Liability ACGCERCDAn USA andhe Contaminated Sites Act (2003) in Western
Australia TheContaminated Sites Act (200&pates the penalties associated with roampliance
includnga daily penaltyo discourage delay

6.2. Environmental i mpact assessment(EIA)

Environmental impact assessment is an increasingly common reggliviefor obtaininga mining

licene, andmine sites with a surface area greater than 25 hectaresin scope othe EW &
Environmental Impact Assessment DirectiVlere is also a need for appropriate EIA if a proposed
mine may impact a Natura 2000 sita the USA, an EIA is a necessamgmanent of the licene
application if the area to be explored or mined is on or agljad¢o federal land, or if the operations
will discharge into surface water€lean Water Act, 1972JS EPA, 2012a his has wide applicability
sincemine sites and associated facilitieee large and areommorly built on a combination of

federal and pniate land (National Academy of Sciences, 198&3eline environmental studies may
alsobe required prior to licensing to determine the presence of sensitive species and habitats that
might be impactede.g. Endangered Species Act, 1973)

In Russiaexploration and production of mineral resourcaso requires a licexe that isregulated
throughthe SubsoilLaw (1992) and awarded by the Federal Agency for SubsoilRisnédra
(Josefson2012. The sub soil licercconditions specify environmental contaminatiimits and the
licen@ can be terminated if there is an immediate risk to human hedltle Environmental Expert
Review Law1995)and the Environmental Protection Lg2001)require that anElAis carried ait
whena project may impact natural resourcdhe EIA needs to evaluate the possible adverse
environmental impacts and ecological consequences and develop measures for decreasing or
preventing adverse impact$heconstruction and operation of various facilities analy permitted if
the EIA is approved hifie unified State Environmental Expert Review (Josefd0i?).Additionally a
mining allotment, land use permit and operating licerare required (Morozov&008).

In WesternAustralia,an Exploration Licenas required according to th®lining Act 1978&nd then

an EIA igequiredprior to miningunder the Environmental Protection Act (1988he first stage of

this is an Environmental Scoping Document whicaippproved and deemed necessary, would lead to
a full EIA. A mining companyay also be able teeekapprovalfor mine developments in a given
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regionfrom the Environmental Protection Authoritgsan alternativeto the traditional mineby-
mine approactd 2 Sa G SNY | d281B)NJ f A Qa 9t !

China is also bringing in an environmental risk assessment system for the REE industry, and
increasing efforts to enforce the regulatioMdER 2011)

6.3. Waste management

Waste management in the USA is controlled by the ResoConservation and Recovery Act (1976),

which protects human health and the natural environment from waste disposal. However, the Bevill

' YSYRYSyid SEOfdzRS& ¢l aiSa GKIFEG I NB dadzyAljdzSte I aa
regulation as hazardous was, and these are instead treated as non hazardous solid wastes.

The Contaminated Sites Act (2003) in Western Australia introduces three important principles
relevant to waste management: polluter pays, fulldifgcle costs and waste minimisation. Thé# f

life cycle costs principle means that the costs of effective waste disposal should be reflected in the
price of the productsTailing storage facilities in Western Australia are controlled by the Mine Safety
and Inspection Act (1994), the Mining Ac®T8), Environmental Protection Act (1986) and the Rights
in Water and Irrigation Act (1914), along with other heritage and environmental conservation laws
that may be relevant (Department of Mining and Petroleum, 20$@gcific guidelines are provided

on the safe design and operating standards for tailings storage (Department of Mining and
Petroleum, 1999) and for the management of NOBivtaining tailings (Department of Mining and
Petroleum, 2010Figure 61)). The physical stability of tailings storage facilities and mining pits are of
primary importance, thus flatter slopes are encouraged to minimise erosion and passive solutions are
promoted to minimise the demands for long term managem@ifte radioactivity bthe wastes

affects the stabilisation steps requirednd a 50 cm cover layer of clay/soil is advised to limit
emanation of radon gas and limit water percolation through the facility.

In the EU, waste facilities are required to have a permit by the Miwitaste Directiver Waste

Directive and the application for thisncludes a waste management plan for minimizing
environmental impacts (EIONED13). Facilities with a significant accident hazard also require an
emergency plan to be drawp by the comptent authority. Additionally, the operator must provide

a financial guarantee before operations start to ensure that the financial resources for restoring the
waste facilities are always available. The operator must maintain the site until the competent
authority approves site restoration and closure, and then the operator must maintain and monitor
the site for as long as the competent authority considers necessary (EICMNET.

6.4. Management plan for the post-closure or dormant periods

The importance of adressing closurand site rehabilitatiorat the licensing stage of REE miniisg
clear fromthe closure and rehabilitation issues associated with histmamiummine sites
worldwide (e.g. NEA/IAEA 1999). The better control throughout the lifetime cfrd,ghe lower the
environmental contamination and the greater the relative ease of closure.

In the USAthe Surface Mining and Control Act of 1977 states Hit& closure must be planned in
advance for mines located on federal landad that the land mst be restored to the level where it
canat leastsupport the same uses as it did prior to min(RiSEPA 202a) This legislation was
written for coal mining but is also relevait REE extractiorAdditionally, vhile the mine is idle, the
waste pilesthe tailings ponds, and other mine areas must be stabilized and man@igedClean
Water Act(1972)authorizes the National Pollutaftisharge Elimination Systepermit program
(1972) which regulates point source discharges into surface waters. Groundwatetected by the
Safe DrinkingVater Act(1974).
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In WesternAustralia, acording to the Mining Safety and Inspection Regulations (19%%pjact
Management Plan must be writtdmefore operations start with details of the project and major risks
andrisk management stragies. If the mine plans to suspend, restart or cease operations, a
notification must be submitted to the appropriate authoripyovidingprescribed information on the
precautions taken to ensure safety. If a mine is subject to thatia safety part of the Mining

Safety and Inspection Regulations (1995), a Radioactive Waste Management Plan is required in the
initial licence applicatiorincludngan outline proposal for the eventual decommissioning and
rehabilitation of the mineThis plan should be updated at agreed intervals, andfihal, detailed
planmust be authorised separately before the site is decommissioned.

As discussed abovihe EU Mning Waste Directive requiresoperatorsto provide afinancial

guarantee before operations starand site closure is approved by the competent authority.
Therefore, acceptable site management should be possible under likely scematriogolving
bankruptcy TheSevesdll legislation and the Environmemtaiability Directivestrengthen this

further. Sevesdll addresgsoperator responsibility to prevent major accidents, and the enforcement
of the directive through regular inspections by competent authorities. Althdaglesdll does not
address mineragxploitation in mines, it does address operational tailings disposal facilities.
However, the regulations controlling mine management during idle periods are not clear at an EU
level This reflects the issue that mine management, as opposed to mine wastagament, is
embedded in general EU environmental regulaticether than addressed directly

6.5. Ste management in the case of large scale accident or
bankruptcy

The Contaminated Sites Act (2003) of Western Australia identifies that the Director of amirisol

company may be made liable for the costs of remediating land contaminated by the company.

However, this is only the case if he or she is judged to have known about the activity that caused

O2y il YAYLFdA2Y YR RAR y2i soWend linked ® avoitayicR of i KI & { K
responsibility for site remediation. Ultimately, if the director is also bankrupt or not judged to be

liable, the state takes responsibilityn the USACERCLgpecifies thabil and chemical companies

are taxedio create adt & dzZLJISNF dzy Ré¢ (2 LI & F2NJ 6KS 9tand(i2 Of Sty
respond to short term emergencies

There is currently a discussion ofligaster risksharingfund in the EU to cover large scabelustrial
accidens (damage exceedirgf00 million) funded by a mandatory insurance premium of a

percentage of the annual net sales. An EC discussion documengrgségons that need to be

addressed for such a fund to be appropriate in light of the polluter pays prin@plel(telligence
Service,2013). The fund could not subsidise operators or it would be in breach of this principle, but if
the funds are to be raid, there is the question of whether liability should be capped. Different
industries have different levels of risk and thene differences in the extent to which environmental
damage is covered by existing private insurance in different member states. These factors affect how
such a EUfund should be defined.

The NorEnergyExtractive Industry Pansliggestshat the fund & unnecessarin the EU given the
stringency of the Environmental Impact Assessment, Mining Wasteesdll, and Environmental
Liability Directivesand the financial controls they defii€oppenholle et al2013) They argue that
adherence to the Elaw should make the fund unnecessary, and that the fund may encourage low
standards in industry. Howeveasnvironmentalremediation aftedarge scale accidents does need
consideration and as does tmeanagement of siteand contaminatd landthat are no longer under
ownership.
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6.6. Regulation of NORMwastes and residues

The IAEA Basic Safety Stand4®d4) includeNORM explicitly, whicts beneficial for the regulation

of NORM irthe REE industry globallhe current situation in the USA shothe complexity of

managing NORM indirectly, since technologically enhanced NORM is regulated via the Clean Air Act
(phosphate industry and uranium mines), the Clean Water Act (emissions of radioactive materials not
specifically addressed under the Atorinergy Act; Discharge limits for mines and mills), Safe

Drinking Water Act (Maximum contaminant goal level for ionising radiation az@htentration

limit) and CERCLA as a support (US EPA 20T12he are also specific sub parts of the federal

lonizing Rdiation Protection Program Regulations that specifically address NOREt. definition of
NORM industries that are within scope of the regulations is an impostamt forward

Counties with large scale NORM industriesve developed their regulatioder NORM wastes to a

higher level than othersften taking lead from theJN,ICRP andNEANorway hasntegrated its

legislation foractivities that involve or may involve radioactive pollution or radioactive waste
managemeninto its 2011 PollutiorControl Act (Liland edl.,2012). This is appropriatgiven the

FAY 2F GKS 100 G2 GLINRBGSOG GKS 2dziR22NJ SY@ANRBYYS
LI2ffdziAz2y> (2 NBRAzOS GKS ljdz ydAade 2F sl aidsS +FyR 0
controlsthe permit system

NORM wastes in Norway are domi@d by theoffshoreoil and gas industry, sindarich scales

form in the pipes that require regular removal and dispoRarich water has traditionally been
discharged to seandNorway is the lagest emitter of Ra to the NE Atlantic. However, OSPAR aims to
reduce discharges to sea and so the industry has been instructed to investigate posshtE®n
water purification technologies (Liland, 201®yith regard to?**Ra, dicence is required ifite

specific activitys > Bq g' or the total activityis > 1000 Bgear?. If the??®Rain the waste exeeds 10

Bqg g' and the tofal activity is > 1000 Bgyear?, the waste must be disposed of in a repository (Liland
et al., 2012)Wastes between 1 and 1B g' are disposed of in a hazardous waste facility with a
licence for radioactive wast@he Stangenesatepository has been built in Gulen municipafity the
disposal of the higher activity wastes, wdth > 10Bq g of 2°Ra, 22°Ra or*'%Po. The repository is
privately run, and the owners are required to have addor closure andemediation. The state has
also guaranteed to manage the site if the company is no longer able. The system allows private
companies to develop v&te facilities and apply for a licence.

The UK also has specific guidance for the disposal of NORM wastes, again largely driven by the off

shore oil and gas industry. Here, NORM industrial activities are specified in the legislation and

materials mustak S FTNRY 2yS 2F (GKS AYRdAZAGNASE YR 0S I 072
to require regulation Wastes that are in scope can be disposeih @ppropriate facilities based on

their activity concentration and total activifpK NIEA,E5°A and ER013)

Environmental legislation in Australia is enactedbath a federal and state leveghusthe Australian
Radiation Protection and Nuclear Safety Agency (ARPANSA) puBl&hason Protection Serig®
guide state laws andromote good practiceThe @des of Practicdocumentsare a part of this
seriesandgive prescriptivgracticespecificradiation safetyrequirements The Code of Practice and
Safety Guide: Radiation Protection and Radioactive Waste Management in Mining and Minerals
ProcessingARPANSARO0®) istherefore hghly relevanhere. Additionally, the Western Australia
D2@SNYYSyYydQa 5SLI NIYSy lsweten extensivigyidelings yoanaghg N2 f S dzY
NORMin the mining and processing indus{(gee Figure 4). Compliance wh these guidelines is
recommended althougkhey do not constitute théaw. In South Australia, radioactivity is regulated
by theRadiation Protection and Control (lonising Radiation) Regula&fx). However, sinceltese
regulations defind? NI R A 2 |stdithogeSvith2a Nfecific activigyeater than 38q g, the
mining, processing and waste disposal of lower activity ores are regulated through environmental
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and mining lawsSouth Australi@lsohas radiation protection guidelines farineral exploration,
includingoccupational radiation protection and waste management guidance for drilling operations
in areas of known radioactive mineralisation, and when exploring for new uranium/thoriumsitepo
(EPA South Australia, 2010)

[ System of radiation protection in mines (NORM-1) ]
4
Preparation of a radiation management plan (NORM-2)
Exploration(2.1) Miningand processing (2.2)
\ 2
(ﬂonitoring ) /Controlling N Assessing Reporting and
NORM NORM doses notifying
(NORM-3) (NORM-4) (NORM-5) (NORM-6)

sDust control

*Pre-operational (3.1)

«Operational (3.2) strategies (4.1)
*Management of

strategies (3.3) radiactive waste

«Airbourne (4.2) BOSWELL: Assessmentand
radioactivitysampling| | ‘Transportof NORM| | reporting database (NORM-7)

(3.4) &-3) y

* Measurement of

particle size (3.5)
Figure6-1h GSNIBAS S 2F 2 S&a i SNYy mazagihdlNARM (Addpteddidmh ReépartinghSal  F 2 NJ
Mines and Petroleum, 2010)

*Air monitoring

ARPANSA (2005) statesitta Radiation Management Pland a Radioactive Waste Managernhen
Planmust be written and approved prior to any work taking place that involves NORM. This is an
integral part of the licensing system. One of the criteria for mines to be subjé¢icetRadiation

Safety partof S & G SNy  MomagiShietf akd Ir@@ton Regulation§19%) is thatworkers

can receive a dose >MSv &. TheRadiation Management Plareeds to identify a critical group, and
sources of exposure and exposure pathways for both workers and the critical group. Justification of
the equipmentand facilities, institutional controls, training and monitoring, prior to and during
operation, are also required. However, the level of detail should be commensurate with the potential
radiological exposure and the expected difficulty in controlliniliberal stockpile management

must also be addressed irRadiation Management Plaince the radiation levels near the stockpile
may be elevated and saltation can lead to material redistribution. Simple precautions can often
reduce the associated risks (@tment of Mining and Petroleum, 2010).

The depth and level of detail of tHiRadioactive Waste Management Pktmould also reflect the

amount and activity of the wastes, as well as the degree of processing, as this can affect the
leachability of theadionuclides present. Therefore this information should be provided along with a
description of the intended waste management facilities, the host environment and rehabilitation of
the site. Finally, the expected emissions and long term monitoring prageashould be addressed.
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Tailings are often disposed of in excavated mine sites and Western Australia encourages the dilution

of low level radioactive wastes with nattive wastes in to allow unrestricted future use of the site

(Department of Mines and Petleum, 2010). When this is carried out, the dilution must be sufficient

for the mixed material not to be classified as radioactive (1-Bg4h and/or?%U). It is also only
considered suitable for radioactive wastes generated prior to any chemicdient that breaks the

secular equilibrium. Dilution of contaminants is also recommended to allow the use of mine wastes

in other industries, such as road building. The process for clearing materials for reuse is described in

the NORM guidelines (Departmiesf Mines and Petroleum, 2010). Western Australia also allows

potentially valuable tailings to be stored in tailings dams for future use if adequate safeguards are in

place (Department of Mines and Petroleum, 2010

The attitude to NORM residués changig in genera{lAEA2013)and therecyclingof NORM
residues or their use as fproductsare increasingly encouragedihis results from sustainability

O2yaARSNI GA2ya FYyR GKS NBFtA&alGA2Y GKIG YAYAYal d

tom- 1S G4KSAN RA & (AEA RELAN toyolvel @bt $oBe countries, such as the

Netherlands, have made specific provisions in their national regulations for NORM residue recycling

FYR NBdzAS oO6L! 9! X HnmMoO® ¢ BEASY Alaf Ga2lyTaSiiadie SLYNIR yoOGLEE

generation of radioactive waste must be kept to the minimum practicable level by means of

F LILINBLINRAF S RSaA3dy YSIadsaNBa yR LINROSRdAz2NBAZX
2006). Dilution of NORM residues ecbming acceptable in this context and it may also be
acceptable to disperseomewastesthat are close to the clearance level into the surrounding
environment (e.g. land spreading).

Theneed tomanage wastes from the remediation NORMcontaminated sits has been seen to
drive regulatoryand policydevdopments in Braz{{Section 3.1.2 Other NORMremediation projects
alsoshow the importance of clear policies and disposal optitm©len Belgiumwastes arising from
aradium extractiorprocesswere essentially dumped on twsitesfrom 1922 till 1969 andthe banks
of a nearby river and some streets of the surrounding town bé&stamecontaminated.Part of the
contamination has been remediatefut thedumpsites stilfequireremediaion. According to
Belgian lawall radioactive wastenustbe managed byhe public bodyNIRAS/ONDRA&Ithough the
operator of the site is responsible for funding the woftke operator is currently waiting for the
public body todevelopa strategy for the management ofriglived NORMwvaste.In Port Hope
Canada, pproximately 1.2 million cubic metres of ldevel radioactive wastéom auranium and
radium refinerywill betransferred to arengineered, abovground moundThis nitiative followsa
legal agreement betweethe Government of Canada and tlecalmunicipalities federalfunding
and the approval of amendments to the site liceniglajor remediation projects have also been
initiated at former uranium mining sites, e.g. the Wismuth site in saaktern Germany.

6.7. Mining and processing techniques

Theprinciples of the Mining Waste Directiy2006/21/ECpand the BREF document dre
management of tailings and wasteck in mining activitieEC 2009)are reflectedin somemodern
international practice. Theecentlylicensed processes at Mountain Pass, USA, involve the
dewatering of tailings andumping theresultant paste to an onsitetable containment mound (US
EPA, 2018). It has been estimated thahis will eliminate the need for 120 acres of evaporation
ponds.The Industrial Emissions Directiy2010/75/EU)is also consistent with some developments in
the USAFor example90 % of the wastewater generated thie new plant at Mountain Pass wlilé
treated usingeverse osmosisral reusa&l. TheRO reject will be further treated to produce value
added products that can be reused in the process or $dddvy metalghat concentrate in the RO
rejectwill be precipitated out of solution andemowed usingnhanofiltration. The brine from this
processwill be driedon-site usingevaporation pondsprior to final disposal (UBPA 2012a).
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Thorium waste will be produced along with rare earths mined from the proposed operations at Pea
Ridge, and the previous owners intended to construct a regional thorium stockpile witarine

earth refinery.The UEnvironmentaProtection Agency (2052 suggessthat athorium storage

facility might help address environmental liability concemghie production of rare earthd.horium
would be stockpiled in anticipation of usingai nuclear fuel

The Western Australian Norm Guidelines (Department ofdgliand Petroleum, 2010) encourage the
dzaS 2F UGUKS a0Sad LINI OGAOlotS GSOKyz2f238¢ (2
is most effective and efficient at the design stagelrive for technological improvements that
benefit the industy, enhance yields and lower environmental impdstalso good practice, ante
EURARE project is an example of this in Eulogs. but not least, awareness and simple measures
often help improve radiological exposure situations, for exanatationdoses to workers at Bayan
Obo, China, have been improved by better ventilation and dust control equipment @BEL\,
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Regulation of the mining industry is well estabkd in Europeand compares favourally with
international standards. Furthermorthe BREF document for the management of tailings and evast
rock (EC, 2009) promotes goprhctice Since the main environmental and health and safety
implications of REmining are common to those of the ndarrous metal mining industry, the
legislation for a European REE mining industry is largely in plaveever, since many aspects of
mining are regulated through general environmental legislation, there are somesitisaieare not

addressed directlyThese includenine site managementyhich results in a lack of centralised
controland affectghe requirements for important potentiallypolluting phases such as idle periods

The regulation of NORM has also recentlgioémproved through BSS (Z)59/EURATOM and this
meets or exceeds the requirements of IAEA BS8$4. However, theBREBocumentfor the
management of tailings and waste rock (EC, 2008 not addressadioactive hazarsland should
therefore be exterded to encompass the best available techniques for minimizing exposure to
radiationandsafe long term containment of the radionucliddhe Australian guidance documents
(Department of Mines and Petroleum, 2011; EPA South Australia, 2AlOAEAZ011) are good
references for this

SEVENTH FRAMEWORK
PROGRAMME

The REE processing industry is also well served by existing industrial emission, waste management
and environmental protection legislation. There is however a need to extend the BREF document on
best available techniques ingmon ferrous metals industrigEC, 2001) to include REE processes

and, as for mining, address the best available technigues for minimizing radioactive hazards in the
workplace and in waste managemeBeest available technigues for NORM waste dispesdt build

upon existing experiengdor examplan Norway and the UKAdditionally, individual member states

can benefit by developing more prescriptive guidelines, limits or processes to meet the specific needs
of their industries, as seen in Norway, UKl &ustralian territories.

With the development of the REE industry, thése need to assess whether the environmental
guality standards in place encompas® protect the environment againite mainassociated
hazardsAdditionally the discussion diunding for the remediation of abandoned sites is applicable
to the REE industryhus the industry should be represented in the decision making process.

In conclusion, the existing EU legislation does support the development of a sustainable REE industry,
but this could be improved further by an evaluation of the environmental quality standards in light of
the REE industry, the inclusion of the REE industry in the deamkimg process with regard to a
remediation fund, and the development of the rele¥@REF documents to include the REE industry

and NORM.
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ARPANSA Australian Radiation Protection and Nuclear Safety Agency

BREF Best Available Techniques Reference Document

BSS Basic Safety Standards

CERCLA Comprehensive Environmental ResporSempensation and Liability Act (USA)

EIA Enviroimental impact assessment

EPA Environmental Protection Agency

EU European Union

EURARE EU Framework 7 project: Develqpment of aﬁsustvaipable exploitation scheme for
Europ€2a wl NB 9F NUK 2NB RSLIZ2aAda

ICRP International Commission on Radiological Protection

IREL Indian Rare Earths Limited

IAEA International Atomic Energy Agency

LAMP Lynas Advaced Materials Plant, Malaysia

MEP Ministry of Environmental ProtectigrChina

MIIT Ministry of Industry and Information Technology of China

NORM Naturally Occurring Radioactive Materials

REE Rare Earth Element

RP Radiation protection

UN United Nations

USAM Santo Amaro MiJIBrazil

USIN InterlagosMill, Brazil
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A list ofrelevant Russian ming andenvironmental legislation is found in Table A.
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Federal and regional regulation

In accordance with theonstitution of the Russian Federation, environmental protection legislation is
enacted at both federal and regional lev@lsesefson2012)

The main federal laws regulating environmental protection are Federal Law MbY%2Z a
Environmentat NE G SOGA2y ¢ RIGSR mn WIydZd NE HAanwm ¥
Law No. 174%Y ahy 9y @ANRYYSy it 9ELISNI wSgAa
9 ELISNI w S ®3eBan2012: (Bee dlsodable 1).

(0p))

&\

M o‘
m

To produce naturalasources, companies must obtain a number of licenses and permitalinga
subsail license, a mining allotment, land use permits, operating licenses andusaiialeo
environmental assessment (Morozova 2008).

International regulation

Russia is a party tmost of the major international conventions and treaties in the area of
environmental protection: Convention on Biological Diversity (1983, Convention on the Control of
Transboundary Movements of Hazardous Wastes and Their Disposal (1989) and Convetiition o
Transboundary Effects of Industrial Accidents (1991) among others.

According to the Russian constitution, if the provisions of any environmental regulation established
by an international convention or treaty and/or those established by the Russikandl or regional
laws contradict, the provisions of the international convention or treaty prédagefson2012)

Legislation of radioactivity

The Federal law "On Radiation Safety of Population" is the basis of a nesinfitpsoncept of the
cumuldive effective radiation exposure dose received over the life of a person. The requirements of
national radiation safety standards (NR8, OSPOR® and SPORED02) are further elaborated by

60 regulatory documents and 128 filementation guidelines (Snewnd Roudak 2013).
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Table AThe legal framework of the natural resources industry of the Russian Federatiglevant to the REE
industry.

Legislation Title Relevance

Related to activities with mining of mineral@he natural resources industry ahe Russian Federation)

Subsoil LawNo. 2395l (Feb. 21,| Federal Law On Subsoil Obligations under a Subsoil License among
1992), restated as others:

CSRSNIE [Fg ah 1 To keep environmental contamination
27-FZ (Mar. 3, 1995) within specifiedimits, and

9  Certain social obligations, such as paying
compensation to local indigenous groups
respective area and providing other types
of support to the local communities.

Environmental protection regulations

Federal Law No.-FZ OnEnvironmental Protection 1  Sets out the fundamental principles of
Russian environmental regulation,
dated 10 .2001 1  Provides an overall framework for

environmental management, and
1 Imposes general environmental protectior|
requirements related to the construction
and operation of various facilities that may
be harmful to the environment.
1 Requiresthe performance ofan
environmental impact assessmeltlf)
1 Requires State Environmentdtxpert

Review
Federal Law No. 17BZ On Environmental Expert 1 ElArequired
Review 1 SEERequired
The Codes of the Russian Civil Code
Federation Land Code
Water Code
Forest Code
Tax Code
Code on Administrative
Violations
Criminal Code
SupremeCouncil Regulationsor] ¢ { dzo a2 Af ' asS |
the Procedure of Enactmentof | wS 3 dzf | GA2y aé
the Provisions on the Procedure
of Licensing of the Subsoil Use
1992
Related to radioactivity
Federal Law No.-BZ dated ahy wl RALF G A 2y| [Sneve and Roudak 20T3je Federal Law
09.01.1996 t 2LdzZ F GA2YyE defines the radiation safety of the population.

The law establishes radiatiesafety standards
(radiation dose limits):

1  For the population, the average annual
effective dosds 0.001 Sv or 0.07 Sv over
the lifetime (70 years)

1 The annual effective dose for a particular
year may be larger, provided that the
average value over any five consecutive
years does not exceed 0.001 Sv
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