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Which industries require attention
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1. Uranium
2. Heavymineral sands
3. Oil & gas
4. Bauxite/aluminium
5. Phosphate
6. Metal extractionandprocessing(Sn, Ta,Nb,

Cu,Pb, Bi,Au,Ni, Co,Mn, Mo, Zn,Ir, V)
7. Iron andsteelproduction
8. Coal extractionandelectricity generation
9. Downstream processingof mineral sands

(TiO2, zircon& zirconia)
10. Scrapmetal recycling
11. Building industry
12. Water treatment
13. Undergroundminingandtunnelling
14. Geothermalenergygeneration
15. Transportof NORM



NORM

Abbreviation for:

Naturally Occurring Radioactive Material

e.g. radionuclides of the Uranium and Thorium decay chains & 40K
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238U decay chain
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232Th decay chain
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Naturally Occurring Radioactive Material (NORM)

Definitionof NORMin IAEASafetyGlossary(version1.2):

Radioactive material containing no significant
amounts of radionuclides other than naturally
occurringradionuclides

Material designated in national law or by a regulatory
body as being subject to regulatory control becauseof
its radioactivity

TENORM:
ωNot definedin the SafetyGlossary
ωIt doesnot serveanyusefulpurposefor radiationprotection
ωItsuseisdiscouraged
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Uranium
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Uranium
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Uranium
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Heavy mineral sands
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Heavy mineral sands
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Heavy mineral sands
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Radioactivematerial on localrubbishtip



Oil and Gas production

Containers for wastesFieldstation
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Oil and Gas production
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Aluminium (bauxite) industry

Bauxite processing ςred mud
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Phosphate industry: phosphogysum

Acid pond water
leads to leachingof
heavy metals and
radionuclides into
groundwater

Drysurfaceleadsto
dustemissions
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Smelters, steelworks

Smelter slag and dust heaps
Blast furnace slag, cleaning exhaust filters, 

Fe/Ni smelter dust
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Coal combustion

Dust on ash pond
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Electrofilters



Titanium pigment production

Contaminated pipe disposal
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Refractories

Bricks made of zirconia-rich refractory material
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Scrap recycling

Oil and gas industry: cutting may lead to dust generation and exposure to 
gamma radiation (plus mercury vapor)
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Ceramics and glass industry

¦ǊŀƴƛǳƳ όάŎŀƴŀǊȅάύ Ǝƭŀǎǎ

Tile with red uranium glaze

Found in Australian 
hardware store
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Water treatment
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Underground mine de-watering
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Transport of NORM

video
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NORM regulatory framework ςAustralia 

Basic management process:

NORM identification
By operator or regulator

Initial assessment

Exemption Detailed assessment

Conditional exemption Regulation/licensing
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Monitoring

The measurement of dose or
contamination for reasonsrelated to the
assessmentor control of exposure to
radiation or radioactive substances,and
the interpretationof the results.
Examples:
ÅOccupationalmonitoring;
ÅEnvironmentalmonitoring;
ÅMonitoringof emissionsandeffluents;
ÅSourcemonitoring.
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Surveillance

Physical inspection to verify
the integrity of waste
managementfacilities.

Surveillanceincludesthe verification of
the integrity and function of structures,
systemsand components (e.g. tailings
containmentsystems).
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Exploration Handover & 
SurveillanceDecommissioningConstruction and 

Operation

Regulatory

Timelines:facility lifespan

Impact of waste

Waste Mmgt. Plan

Planning

Planning

Eng. Options

Site, Des. & Const.

Monitoring: Pre-op

Decom. Closure & Controls

Monitoring Ops

Quality Assurance

Health and Safety

Monitoring & Surveillance
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Phasedapproach

Monitoring and surveillanceis required
throughoutthe lifetime of a facility:

ωPre-operational(e.g. baseline)

ωOperational (occupational, effluents
andenvironment)

ωAfter closure(environmental,integrity
of the engineeredstructures)
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Environmental radiation monitoring program

Stepsin the developmentof the program:

1. Theidentificationof άǊŀŘƛƻƴǳŎƭƛŘŜǎofƛƴǘŜǊŜǎǘέ

2. Theidentificationof potentialpathwaysof publicexposure

3. The identification of potentially most exposedmembersof the
generalpublic (representativeperson)and,where applicableς
a referenceplant/animal

4. Designof initial environmentalmonitoringprogram

5. Datacollectionfor a determinedperiodof time

6. Adjustmentsto the program and developmentof an updated
one

7. Periodicreviewof dataandupdateof program
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Environmental radiation monitoring program

мΦ ¢ƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ άǊŀŘƛƻƴǳŎƭƛŘŜǎ ƻŦ ƛƴǘŜǊŜǎǘέ

Uranium chain: 238U, 230Th, 226Ra, 210Pb,

Thorium chain: 232Th, 228Ra, 228Th, (sometimes 212Pb)

Sitepersonneland/or chemicalengineer, hydrogeologist, biologist
assistancemaybe requiredto identify possibleprocessesof NORM
generation, its distribution in the environment, and the likely
physicalform.
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Environmental radiation monitoring program

Å Exposureto externalgammaradiation

Å Internalradiationexposure(inhalation)
222Rnςradonandprogeny

220Rnςthoron andprogeny

Long-livedalpha(dust)

Å Internalradiationexposure(ingestion)

waterςdrinking/washing

surfacecontaminationςdustre-suspension

home-grownproduce,milk, meat,and locallycaughtaquatic

organisms(e.g. fish,mussels,shellfish)

2. The identification of potential pathways of public exposure
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Environmental radiation monitoring program

2. The identification of potential pathways of public exposure
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Environmental radiation monitoring program

Additional considerations for remote areas and indigenous
people:
Indigenouspeoplemaybe at a higherriskof radiationexposureat andaround
explorationandminingsitesdueto, for example:

ÅTravellingon dustyroadsin openvehicles;

ÅSitting on the ground,living and sleepingin temporarystructureswith earth
floors;

ÅAbsenceof adequatewashingfacilities,consuminglocalbiota and cookingin
the ground; and

ÅRecreationalactivities.

2. The identification of potential pathways of public exposure
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Environmental radiation monitoring program

Å The exposure to radiation may be a result of not only direct
pathways, but alsoseveralindirectones,whichmayalsoneedto be
assessedincluding:

ςingestionof contaminatedflora (both surfaceandaquatic);
ςingestionof contaminatedfauna(both surface,air andaquatic),and

ςincidentalingestionof dustandsoil (particularlyfor children).

2. The identification of potential pathways of public exposure
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Environmental radiation monitoring program

Exposurepathwaysto humans:
Å Atmosphericpathways:
Inhalationof radonandits daughters.

Inhalation of radioactive particulates (dust).

Å Terrestrialpathways:
Ingestionof contaminatedfoodstuffs.

Externalirradiation.

Å Aquaticpathways:
Ingestionof contaminatedwater.

Ingestion of foods produced using irrigation,
fishandother aquaticbiota.

2. The identification of potential pathways of public exposure
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Environmental radiation monitoring program

Exposurepathwaysto the environment:

Å Flora(plants):
Externalgamma-radiation;
Surface contamination (absorption of dust settling on
leavesandbranchesandradon);
Waterborneradioactivity(uptakeof radionuclidesvia the
root system).

Å Fauna(animalsand insects):
Externalgamma-radiation;

Airborneradioactivity(inhalationof dustandradon);

Waterborneradioactivity(ingestionof radionuclides);

Surface contamination (on direct contact with
contaminatedmaterial);

Ingestionof contaminatedflora.

2. The identification of potential pathways of public exposure
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Environmental radiation monitoring program

Exposure pathways to the environment:

Å Ground/soil/groundwater (subterranean organisms): 
External gamma-radiation; 

Waterborne radioactivity (ingestion of radionuclides).

Å Surface water ςaquatic organisms (flora): 
Immersion ςexposure to external gamma-radiation; 

Uptake of radioactivity from both sediments (via roots)and water itself.

Å Surface water ςaquatic organisms (fauna):
Immersion ςexposure to external gamma-radiation; 

Ingestion of aquatic flora.

ω Atmosphere (fauna): 
Airborne radioactivity (inhalation of dust and radon); 

Ingestion of contaminated flora and fauna.

2. The identification of potential pathways of public exposure
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Environmental radiation monitoring program

2. The identification of potential pathways of public exposure

Contaminant

 source

Atmosphere

Groundwater

Surface water

Terrestrial Plants

Soil

Terrestrial Animals

Aquatic Plants

Aquatic Animals

Dose to 

Humans

Sediment
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Computer modelling is typically required to assess all pathways



Environmental radiation monitoring program

Å Olddefinition (criticalgroup):

Thecritical group is a group of membersof the public comprisingindividualswho
are relatively homogeneouswith regard to age, diet and those behavioural
characteristicsthat affect the dosesreceivedandwho receivethe highestradiation
dosesfrom a particularpractice.

3. The identification of potentially most exposedmembersof
the general public (representative person) and, where
applicableςa referenceplant/animal

Å Newdefinition (representativepersonςICRP-103, 2007):

RepresentativePersonis an individualreceivinga dosethat is representativeof the
more highly exposedindividualsin the population. Thisterm is the equivalentof,
and replaces,ΨŀǾŜǊŀƎŜmember of the critical ƎǊƻǳǇΩdescribedin previousICRP
Recommendations.
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Environmental radiation monitoring program

ÅIn somecircumstancesidentificationof the criticalgroupmaynot be possibledueto the
distancefrom the proposedsite being too far for a group to receive any measurable
radiationdose.

ÅHowever,there still exitsa needfor the operator to demonstratethat the impactof the
operationon the localenvironmentisminimalor negligible.

ÅIn thesecasesa referenceplant/animalmaybe selectedfor the study.

3. The identification of potentially most exposedmembersof
the public (representativeperson)and, where applicableς
a referenceplant/animal
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Environmental radiation monitoring program

4. Design of initial environmental monitoring program

Å All theoretically applicablepathwaysto humansand to
the environmentneedto bestudied

Å Split the exposurepathwaysinto άƭƛƪŜƭȅέand άǳƴƭƛƪŜƭȅέ
anddesigninitial programaccordingly:

ά¦ƴƭƛƪŜƭȅέpathwaysςscreeningassessment(10-12samples)

ά[ƛƪŜƭȅέpathways ςmore complex program to account for possible
changesin ǊŀŘƛƻƴǳŎƭƛŘŜǎΩconcentrationsand in their distribution in the
environment(representativesamplingover about 12 months, to account
for seasonalvariations)
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Environmental radiation monitoring program

5. Data collection for a determined period of time

Å Monitoringof all possibleexposurepathways

Å Assessmentof the obtaineddata
Representativenumberof samplesanalysed

Doseassessmentsfor the public shouldbe carried out for eachpossible
exposurepathwayusingrealistic scenariosςparticularlyin regardsto the
time spent by membersof the public in certain areasand/or performing
specifiedactivities,consumingspecifiedfood andwater,etc.
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6. Adjustments to the program and development of an updated one

Environmental radiation monitoring program

Å Analysisof the publicexposurefrom individualpathways

Dosefrom a pathway in order of 0.01 ς0.03 mSv/yearςpossiblydiscard
from future consideration,dependingon the total value of dose from all
pathways(confirmatorysamplingmaybe requiredin the future);

Dosefrom a pathwayin order of 0.03ς0.20 mSv/yearςpossiblyundertake
limited area monitoring (no personalmonitoring required)ςdependingon
the socialaspectsof the particularoperation;

Dosefrom a pathwayin order of 0.2 ς0.3 mSv/yearςmost likely only area
monitoring (with occasionalindividualsamplingwouldbe required);

Dosefrom a pathway in order of 0.5 ς0.7 mSv/yearςregular sampling
wouldbenecessary;

Dosefrom a pathwayin order of 1 mSv/yearςa comprehensiveanddetailed
monitoringprogramwill needto bedeveloped.
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6. Adjustments to the program and development of an updated one

Environmental radiation monitoring program

Analysisof the publicexposurefrom individualpathways

Thedosesto the critical groupof the public canbe calculatedwith
environmentaltransportmodelsfor radionuclides:

Å Groundwaterandsurfacewater transportmodels,

Å Air dispersionmodelsfor radonandparticulatetransport

Computermodellingmaybenecessaryin manycases.

49



6. Adjustments to the program and development of an updated one

Environmental radiation monitoring program

Å Analysisof a doseresultingfrom a combinationof pathways

TheάŘƻƳƛƴŀƴǘέpathwaysneedto be identified andthe monitoringprogram
for a specificgroup of membersof the public would primarily comprisethe
monitoringof thesepathways.

In caseof ΨƭŜƎŀŎȅǎƛǘŜǎΩthe intervention may need to be consideredwhen
radiationexposureof a representativepersonreaches10mSv/year,including
the naturalbackground.

In somejurisdictions(WA)the interventionmayneedto be consideredwhen
a dose to a representativeperson reaches3 mSv/yearabove the natural
background.
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Å Procedureneedsto beestablishedfor the periodicreview

Å Monitoring programneedto be reviewedby the operatorςin
consultationwith the appropriateauthority
In caseof the facility that recentlycommencedoperations: everyyear

In caseof the operationalfacility: every two ςthree years,or in caseof a
significantchangein processing(different materialsand/or processes)

In caseof a decommissionedfacility: every four ςfive years,or if unusual
resultshavebeenobtained.

7. Periodic review of data and update of program

Environmental radiation monitoring program
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Å Monitoring isa dynamicprocess;

Å Revisionsshouldbe justifiedanddocumented;

Å The required outcome is an optimised, cost effective and
focussedprogram;

Å Theextent of the programmust be commensuratewith the
risk.

7. Periodic review of data and update of program

Environmental radiation monitoring program
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Monitoring andsurveillance ςwhy?

Mayrequireimmediateaction
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Monitoring andsurveillance ςwhy?
ω Monitoring providesthe basisto demonstratecompliancewith the regulatory

requirements.
ω Monitoring and surveillanceare vital tools in confirmingthat operationsand

facilitiesareperformingasexpected.

54



Responsibilities

Regulatorybody

Responsible for the provisions of the rules, regulations, guidelines and criteria 
needed in the authorisation process for NORM operations and waste disposal 
facilities. 

The operator

Responsible for the design and implementation of the required surveillance and 
monitoring programmes during normal operations.

Operator in post-closure phase

Responsible for the continuation of the surveillance and monitoring programme 
in the post-closure phase. 
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Inputs into amonitoring strategy

Facilities
and releases

Pathways and transfer
in environment

Legal requirements
Objectives

Detection
basics

Monitoring strategy
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Thefunction of the monitoring program
ω Quantifiesradionuclidesand radiation levelsin emissions,effluentsand the

environment.

ω Confirmsthe safetyassessments.

ω Demonstratescompliancewith regulatoryrequirements.

ω Protectsthe workforceandthe public.
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Features of thesurveillance program
Changesin the structural stability of a disposalsite may occur and surveillanceof the
surroundingareaisneededto assessits stability. Thestateof the disposalfacility coverand
engineeredbarriersafter closureisdeterminedthroughthe surveillanceprogram.
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