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Definition

Dilution is the processin which a
contaminant becomes less
concentrated It is similar for both e
organicandinorganiccontaminants, ERZGHIGIEEE RS R (=
. Includingradionuclides

It reduces risk because resulting

. exposureswill be lower. By itself, Remediation of Sites with
however, dilution does not reduce Mixed Contamination of
contaminantmass rather it spreads Radioactive and Other
the areaof potential exposure Hazardous Substances

i
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Approaches; IAEA

SAFETY SERIES No. 111-F

'safety,
SEIES

0 3D8) XThe preferred
approach to radioactive waste
management IS concentration
and containment of
radionuclides rather than
dilution and dispersion in the
environment

10

However,as part of radioactive The Principles of
waste management,radioactive Radioactive Waste
Management

substances may be released
within authorized limits as a
legitimate practice into the air,
water and soil, and alsothrough
the reuseof materialse

A PUBLICATION
WITHIN THE RADWASS PROGRAMME

~ SAFETY FUNDAMENTALS

\J
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' Observationsc IAEA

The problem Is aggravated by
accumulatingeffectsalongthe food chain
Another uncertainty that to date remains
unresolved is the potential effect of
prolonged exposure to very low
concentrations

- In the light of these concerns,discharges
and releases have been prohibited Extent of Environmental
(declared radioactive  waste) or Contamination by Naturally
significantly curtailed in some regions of Occurring Radioactive
the world through international Material (NORM) and
agreements, for example the London Technologlcal Options

convention 1972 on the Prevention of
Marine Pollution by Dumping of Wastes
and Other Matter.

4
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Observationsc IAEA

There i1Is no doubt that, even where not proscribed by
legislation, the dilute and disperse option IS opposed by
el regulators,environmentalgroupsandthe publicat large

Remediation of Sites with
Dispersed Radioactive
Contamination

The deliberate dilution should not be used as a means to
release relatively high specific activity materials by the
deliberate mixing of contaminated and uncontaminated
building rubble in order to meet clearancelevels Thisis a
different situation to the use of dilution in order to meet
specificdisposakriteria on the content of wastepackageX
: el Dilution needsto be usedsensitivelyin order to demonstrate
et implementer credibility and ethics in the management of
LS radioactive waste and thereby maintain public acceptance
Nevertheless, it is a potentially valuable technigue in
appropriatesituationsand hasbeenusedsuccessfully

-

-
TECHAICAL REPORTS SERIES N0. (LA

Is blending of radioactive waste before disposal acceptable?



' Observationsg IAEA: NORM waste

IAEA TECDOC 1484

Somelegal options for NORMr residue disposalmight include the
release and dilution of residuesinto water bodies, incorporation
recumony snamenaemene0@CKINtO the Naturalenvironmentor undergroundplacement

approaches for the control of

o anvironmental resits However,in someMember Statesone or more of theseoptions may
racacive maeralvor) - NOt pe legally acceptable The same situation may exist when
™ consideringpossiblerecyclingand reuse of material For example,

the recycling of residues containing NORM for use in road

constructionis permitted in someMember Statesbut not in others.

Disposamethodsfor NORMwastesfall into four maincategories
I.  Dilution and dispersalof the waste into the environment, e.qg.
Radiation Protection and s quUId S gaseougISChargeS .

e Management of 1. CONCeNtrationand containmentof the wasteat authorizedwaste
ol and 0 R disposafacilities
iii. Processing of the waste with other chemical waste by

Incinerationor other methods

Iv. Disposalbf the waste by returning it backto the initial sourceof

the material(reinjectioninto the reservoir)

Is blending of radioactive waste before disposal acceptable?




Observationsg IAEA: NORM waste

IAEA-TECDOC-1T12

Management of NORM Residues

S)IAEA

Intornational Atomic Energy Agency

The use of slag as a component of construction
materials such as cement or bricks may need to
involvedilution with other materialssuchasfly ashin
order to meet radiologicalstandardsfor construction
materials

Dilution as a meansof increasingthe amounts
of NORM residues that can be used as by-
products should not only be permitted in terms
of the national approach,but shouldactuallybe
encouraged
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Observationsc other countries

USA

Conferenceof RadiationControl ProgramDirectors (CRCPD$uggestedstate Regulation
PartN for TENORMZ2001):

Rationale

G ¢ FCRCPoesnot considerit appropriateto perform purposefuldilution of TENORM
in order to be excludedfrom theseregulationsunlessotherwiseallowed by specificstate
regulatoryactionse

ImplementationGuidance

a | a puypdasefuldilution to render TENORMvaste exemptshallnot be allowedwithout
prior agencyapprovalé

Part N.4a. & R 2 iid@explicitly prohibit the purposeful dilution of waste to render the
waste exemptfrom regulation.. Purposefuldilution to render TENORMxemptshallnot
be performedwithout regulatoryagencyapproval a

%
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Observationsc other countries

Belgium

axXdeliberatedilution with non radioactivematerialin order to reachthe clearancdevelis
forbiddeng

Spain

The deliberate mixing of contaminated and non-contaminated materials in order to
achievedeclassificationlevels has been expresslyprohibited during the dismantling of
Vandellosl nuclearpower plant.

Netherlands

The by-product use of NORM residues as the primary target of a NORM residue
managementsystem For applicationin civil engineering a specificrequirementin Dutch

legislation is that the NORMresidue is diluted to a level such that it is no longer
consideredradioactive(in that it doesnot exceedthe relevant¥ S E S Y lsGel ZhiD
dilution in this caseis not only a treatment option but alsoa legalobligation Onlyif the

optionsof recyclingor useare not feasiblecanthe materialbe disposedof, and only then

Isit consideredo be waste

s

W TR TR NS .
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Possibility of NORM blending for disposal

StorageA disposal
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NORMblending fordisposalg current practice

Western Austialia

Mines Safety and Inspection

Regulations 1995 16.35. Long term waste management

. Reprint 3: The regulations as at 4 March 2005

(2) Each responsible person at a mine must ensure that, so far as 1s
practicable, radioactive waste 1s diluted with other mined
material before 1t 1s finally disposed of in order to ensure that in
the long term the use of the disposal site 1s not restricted.

aJ
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NORMblending fordisposalg current practice

Managing naturally occurring radioactive material (NORM) in
mining and mineral processing — guideline

NORM-4.2

mateﬂa] (NORW m mmlﬂﬂ Controlling NORM  maunagement of radioactive waste
and mineral processing

Energy
Western Australia

WMIAC

£ 1832« Government of Western Australia
Department of Mines and Petroleum




NORMblending fordisposalg current practice

Proposedevelsfor the possibleutilisation of residues
(subjectto the governmentalapproval on the caseby-casebasis)

Many regulatorysuggestionsvere studied EU(1999and 2009, CzeciRepubliq1999), Poland(2002),
Finland(2002, t S 2 LRepukligof China(2002), Azerbaijan2005), Tajikistan(2006), etc.
A combinationof Polishand Chinesestandardswvasacceptedin 2008

Two indexes are established:

1. External exposure index: fi = % + % + ,SF@'_I{}{D

2. Internal exposure index: fo = %

Where: Cgg. Crp and Cg are the concentrations of radinm 226, thorium 232 and potassinm-40),
respectively, expressed in Bg/ke. It both uranium and thorium decay chains in the material are in a
secnlar equilibrinm, the value tor the concentration of radinm 226 can be replaced by uraninm - 238,

and the value for thorium 232 can be replaced by radinm 228,

The index fy describes the content of NORM in a particular material and is caleulated on the basis
of concentrations of radinm- 226, thorium 232 and potassinm-4().

The index fo lmits the concentration of radinm 226 due to the potential internal radiation exposure
to radon 222 and its decay products.

Index fi is used in all cases, index f3 - only in situations when it is known that radon exhalation
rate trom a particular maternial cannot be disregarded from the radiation protection point of view,
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NORMDblending fordisposalg current practice

Applicationof the levels
Potentialuseof residueshasbeenclassifiedn five groupsandthe limiting factorsare:

. Material for buildings for human habitation.  Application of the material 15 not restricted:
fi=l, o<l

. Decorative material (tiles, boards, ete.) for buildings for human habitation. Application of the
decorative material is not restricted: fi<1, fo<2.

. Decorative material (tiles, boards, ete.) for buildings for human habitation. Application of the
decorative material is restricted to the external walls of a building: fi<3, fo<5h.

. Material 1s not recommended tor bnildings tor human habitation. Application of the material is
restricted to the underground parts of a building, including road and rail tunnels: f1<5, f2<7,
and a thorongh assessment of potential exposures will be reguired. The material can also be
userd as a base in road constrction.

5. Material with values of f1=5 and fo=>7 can only be used after a comprehensive dose assessment
and a detailed environmental impact study — and only in situations where both the exposure
of the members of the general public and the release of radionuclides into the environment are
extremely unlikelv, Examples of such sitnations are the construction of central parts of large
bridge piers and sea shore erosion control applications (such as the construction of sea walls
and /or artificial reefs — preferably in and around industrial ports).
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‘ NORMDblending fordisposalg current practice
l

Pleasenote that ¢

Theseindexesshould be usedonly as screeningtools for
identifying of the likely usefor particular materials

- Additional approvalsfrom an appropriate authority will

! be required In each case, based on a separate dose
assessmentcarried out for scenariosfor the situations
where the material is usedin atypical expectedway.

o
% Is blending of radioactive waste before disposal acceptable?




Principle¢ blending of monazite with mine tails
l I | I

The diagram Non-optimum use Optimum use
from IAEA 2007 of regulatory of regulatory

NORM-5 = resources resources
conference
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& blen
Zircon, U-238
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Examplec blending of monazite with mine tails

Separation of monazite from otheminerals
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