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The presentation is based on:

IAEA Reglonal Training Course on Chronic Exposure
Scenarios (NORM, Past Practices, Radon, etc)
Windhoek, Namibia, November 2009

NORM Monitoring Programs

LECTURE 6

Occupational and enviconmental monitoring: pragrams, equipment
N. Tsurlkov - Australla

IAEA Regional Training Course on NORM
Waste/Residues Management
Damascus, Syria, October 2010

Overview of NORM industries
N. Tsurikov, Australia

1. Relevantindustries

Occupational and environmental monitoring:

programs, equipment

National Training Course on Nuclear Industry Safety and Security,
particularly focussed at Best Practice In Uranium Production Cycle

23 - 25 February 2010, Ulaanbaatar, Mongolia

IAEA Regional Training Course on NORM
Abu Dhabi, UAE, May - June 2011

Lectures 18-19
Environmental monitoring and surveiliance for NORM
{equipment, methody and programmes)
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2. Monitoring andsurveillancedesignof a program
3. Environmentamonitoringmethods

IAEA Regional Training Course
TC Project RAS/AN10 "Developing Safe NORM Waste
Disposal Tachnology And Long Term Ropesitory Designs
(ARASIA)"
July 2010, Vienna, Austria

SAFETY ASSESSMENT AND REGULATORY
FRAMEWORK OF NORM

LECTURE 19
Environmental monitoring for NORM

(N, Tsurlkow, Australia)
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IAEA Reglonal (AFRA) Training Course on Application of
Waste/Residue Management and Remediation
Technologies in NORM Industries and NORM
Contaminated Areas

Windhoek, Namibia, June 2011

Environmentai monitoring and surveillance for NORM
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1. Relevantindustries

2. Monitoringandsurvelllancedesignof a program

i 3. Environmentamonitoringmethods




Which industries require attention

Uranium

Heavymineral sands

Oil & gas

Bauxite/ aluminium

Phosphate

Metal extraction and processingSn Ta,NDb,
Cu,Phb, Bi, Au, Ni, Co,Mn, Mo, Zn,Ir, V)

Iron and steel production

Coal extraction and electricity generation
Downstream processingof mineral sands
(TiO,, zircon& zirconia)

10. Scrapmetal recycling

11. Buildingindustry Safety Reports Series
12. Water treatment
13. Undergroundmining andtunnelling s vovt 1
14. Geothermalenergygeneration i o Wit Contaminaton by Rataraly
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NORM

Abbreviationfor:

Naturally Occurring Radioactive Material

e.g. radionuclides of the Uranium and Thorium dedlagins &K




NOTES:

The symbols a and B indicate alpha and beta
decay, and the times shown are haff-lives.

An asterisk indicates that the isotope is also
a significant gamma emitter.




NOTES:

The symbols a and § indicate alpha and beta
decay, and the times shown are half-lives.

An asterisk indicates that the isotope is also
a significant gamma emitter,




Naturally Occurring Radioactive Material (NORM)

Definitionof NORMIn IAEASafetyGlossaryversionl.2).

Radioactive_material containing no significant
amounts of radionuclides other than naturally
occurringradionuclides

Material designatedin national law or by a regulatory
body as being subject to regulatory control because of
Its radioactivity

TENORM
wNot definedin the SafetyGlossary
wit doesnot serveany usefulpurposefor radiation protection
wits useisdiscouraged
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Mining sclution

Recycle sobulion

Uranium solution

# o processing planl

Miring salution fram
pracessing plant.
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Heavymineral sands
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Heavymineral sands

Radioactivematerial onlocalrubbishtip
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Oil and Gas production
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Containerdor wastes

Fieldstation



Oil and Gas production




Aluminium (bauxite) industry

Bauxite processingred mud
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| Phosphateindustry. phosphogysum

Acid pond water
leadsto leachingof
heavy metals and
radionuclides Into
groundwater

Dry surfaceleadsto
dustemissions
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Blast furnaceslag, cleaningxhaustfilters,
Fe/Ni smelter dust




Coal combustion
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Electrofilters




Titanium pigment production

Contaminated pipe disposal



Refractories

EE

Bricks made of zircoriach refractory material




Scraprecycling

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




Ceramicsand glass industry
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Radicactivity level A
Radicactivite A

hardware store BAE S A



Water treatment
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Transport of NORM
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2.Mon.NORM-vid.mkv
JP00009.MKV

NORM regulatory frameworlc Australia

Basic management process: "

e L Management o f Natura Iy
Occurring Radioactive
By operator or regulator Material (NORM)

Exemption‘

Conditional exemption Regulation/licensing




1. Relevanindustries

2. Monitoring and surveillance designof a program

- 3. Environmentamonitoringmethods




Monitoring

The measurement of dose or
contaminationfor reasonsrelated to the
assessmentor control of exposure to
radiation or radioactive substances,and
the interpretation of the results
Examples

AOccupationamonitoring;
AEnvironmentaImonitoring

AMonitoring of emissionsandeffluents
ASurcemonitoring
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Surveillance

Physical inspection to verify
the integrity of waste =
managemenfacilities

T Vit i e -

Surveillancencludesthe verification of
the integrity and function of structures,
systemsand components (e.g. tailings
containmentsystems)

AU paprmeadones v




Timelines:facility lifespan
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Phasedapproach

Monitoring and surveillanceis required
throughoutthe lifetime of afacility:

wPreoperational(e.g. baseline)

wOperational (occupational, effluents
andenvironment)

wAfter closure(environmental,integrity
of the engineeredstructures)




Environmental radiation monitoring program

Stepsin the developmentof the progrant

1. Theidentificationof & N RA 2 yidzgf il SRSE & (0 €
2. Theidentificationof potential pathwaysof publicexposure

3. Theidentification of potentially most exposedmembersof the
generalpublic (representativeperson)and, where applicablec
areferenceplant/animal

4. Designof initial environmentalmonitoringprogram
5. Datacollectionfor a determinedperiod of time

6. Adjustmentsto the program and developmentof an updated
one

7. Periodicreviewof dataand updateof program




Environmental radiation monitoring program

M® ¢KS ARSYUATFTAOFOAZ2Y 2F aNJ

Uranium chain238U, 230Th, 226Ra,210Pp,
Thorium chain?34Th,%2%Ra,??®Th, (sometimest?Pb)

Site personneland/or chemicalengineer, hydrogeologistbiologist
assistancanay be requiredto identify possibleprocesse®f NORM
generation, its distribution in the environment, and the likely
physicalform.




Environmental radiation monitoring program

2. The identification of potential pathways of public exposure

A Exposureo externalgammaradiation

A Internalradiationexposure(inhalation)
222Rn¢ radonand progeny
220Rn¢ thoron and progeny
Longlivedalpha(dust)

A Internalradiationexposure(ingestion)
water ¢ drinking/washing

surfacecontaminationg dustre-suspension

home-grown produce,milk, meat, andlocallycaughtaquatic
organismge.g. fish, musselsshellfish)




Environmental radiation monitoring program

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

Additional considerations for remote areas and indigenous
people

Indigenouspeoplemay be at a higherrisk of radiation exposureat and around
explorationand miningsitesdueto, for example

ATravellingon dustyroadsin openvehicles

AStting on the ground, living and sleepingin temporary structureswith earth
floors;

Anbsenceof adequatewashingfacilities, consumingocal biota and cookingin
the ground and

ARecreationalactivities




Environmental radiation monitoring program

2. The identification of potential pathways of public exposure

A The exposure to radiation may be a result of not only direct
pathways, but alsoseveralindirectones,which mayalsoneedto be

assessedhcluding
¢ ingestionof contaminatedflora (both surfaceand aquatic)
¢ ingestionof contaminatedfauna(both surface air andaquatic),and

¢ incidentalingestionof dustand soil (particularlyfor children)




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

Exposurgathwaysto humans
A Atmosphericpathways

Inhalationof radonandits daughters
Inhalation of radioactive particulates (dust)

A Terrestrialpathways
Ingestionof contaminatedfoodstuffs
Externalirradiation.

A Aquaticpathways
Ingestionof contaminatedwater.

Ingestion of foods produced using irrigation,
fishandother aquaticbiota.
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Environmental radiation monitoring program

2. The identification of potential pathways of public exposure
Exposurgathwaysto the environment b

A Flora(plants)

Externalgammaradiation;

Qurface contamination (absorption of dust settling on
leavesandbranchesandradon),

Waterborne radioactivity (uptake of radionuclidesvia the
root system)

- A Fauna(animalsand insects)
Externalgammaradiation;
Airborne radioactivity(inhalationof dustandradon)
Waterborneradioactivity(ingestionof radionuclides)

Qurface contamination (on direct contact with
contaminatedmaterial)

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

Exposurgathways to the environment:

A Ground/soillgroundwater (subterranean organisms):
Externalgammaradiation;
Waterborneradioactivity (ingestion of radionuclides).

A Surface waterc aquatic organisms (flora):
Immersiong exposure to external gammadiation;
Uptake of radioactivity from both sediments (via roomhdwater itself. &

A Surface waterc aquatic organisms (fauna):
Immersiong exposure to external gammadiation;
Ingestionof aquatic flora.

— P

w  Atmosphere (fauna):
Airborneradioactivity (inhalation of dust and radon);
Ingestionof contaminated flora and fauna.




Environmental radiation monitoring program

2. The identification of potential pathways of public exposure

» Atmosphere Soll
Terrestrial Plants lv

| <
. v < Dose to
Contaminant —» Groundwater Terrestrial Animals f;’ Humans
source T
i i —p Aquatic Plants

» Surface water

f ¢ Aquatic Animals

Sediment

Computer modelling is typically required to assess all pathways




Environmental radiation monitoring program

3. Theidentification of potentially most exposedmembers of
the general public (representative person) and, where
applicablec areferenceplant/animal

A Olddefinition (criticalgroup):

Thecritical groupis a group of membersof the public comprisingindividualswho

are relatively homogeneouswith regard to age, diet and those behavioural
characteristicghat affectthe dosesreceivedandwho receivethe highestradiation
dosesfrom a particularpractice

A Newdefinition (representativepersonc ICRPLO3, 2007):

Representativd’ersonis an individualreceivinga dosethat is representativeof the
more highly exposedindividualsin the population Thisterm is the equivalentof,
and replaces,W | @ S MNdmBesof the critical 3 N2 deisdflbedin previousICRP
Recommendations




Environmental radiation monitoring program

3. Theidentification of potentially most exposedmembers of
the public (representativeperson)and, where applicableg
areferenceplant/animal

AIn somecircumstancesdentificationof the critical group maynot be possibledueto the
distancefrom the proposedsite being too far for a group to receive any measurable

radiationdose
AHowever there still exitsa needfor the operatorto demonstratethat the impactof the
operationon the localenvironmentis minimalor negligible

A Inthesecasesa referenceplant/animalmaybe selectedfor the study.




Environmental radiation monitoring program

4. Design of initial environmental monitoring program

A All theoretically applicable pathwaysto humansand to
the environmentneedto be studied

A Split the exposurepathwaysinto & f A lasdfaedzsy/ f A 1 S
anddesigninitial programaccordingly
& vyt A pathivadsé screeningassessmenfl0-12 samples)

d A $)étﬁ§/véysc more complex program to account for possible
changesin NJ R A 2 y dpOderitr&®i@aafd in their distribution in the
environment(representativesamplingover about 12 months, to account
for seasonalariations)




Environmental radiation monitoring program

5. Data collection for a determined period of time

A Monitoring of all possibleexposurepathways

A Assessmendf the obtaineddata

Representativénumberof samplesanalysed

Doseassessments$or the public should be carried out for each possible
exposurepathwayusingrealistic scenariosc particularlyin regardsto the

time spent by membersof the public in certain areasand/or performing
specifiedactivities,consumingspecifiedfood and water, etc.




Environmental radiation monitoring program

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

A Analysiof the publicexposurefrom individualpathways

Dosefrom a pathway in order of 0.01 ¢ 0.03 mSv/year ¢ possiblydiscard
from future consideration,dependingon the total value of dose from all
pathways(confirmatorysamplingmaybe requiredin the future);

Dosefrom a pathwayin order of 0.03 ¢ 0.20 mSv/year¢ possiblyundertake
limited area monitoring (no personalmonitoring required) ¢ dependingon
the socialaspectsof the particularoperatior

Dosefrom a pathwayin order of 0.2 ¢ 0.3 mSv/yearc most likely only area
monitoring (with occasionaindividualsamplingwould be required)

Dosefrom a pathway in order of 0.5 ¢ 0.7 mSv/year ¢ regular sampling
would be necessary

Dosefrom a pathwayin order of 1. mSv/yearc a comprehensiveind detailed

monitoring programwill needto be developed




Environmental radiation monitoring program

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

Analysiof the publicexposurefrom individualpathways

Thedosesto the critical group of the public canbe calculatedwith
environmentaltransportmodelsfor radionuclides

A Groundwaterand surfacewater transportmodels,
A Air dispersionrmodelsfor radonand particulatetransport

Computer modellingmaybe necessaryn manycases




Environmental radiation monitoring program

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

A Analysiof a doseresultingfrom a combinationof pathways

Thed R 2 Y A gdthyidysheedto be identified and the monitoring program
for a specificgroup of membersof the public would primarily comprisethe
monitoring of thesepathways

In caseof Wf S A A Ot dn@rvention may need to be consideredwhen
radiationexposureof a representativepersonreacheslO mSv/yearjncluding
the naturalbackground

In somejurisdictions(WA)the intervention may needto be consideredwvhen
a doseto a representativeperson reaches3 mSv/yearabove the natural
background




Environmental radiation monitoring program

7. Periodic review of data and update of program

A Procedureneedsto be establishedor the periodicreview

A Monitoring programneedto be reviewedby the operator ¢ in
consultationwith the appropriateauthority
In caseof the facility that recentlycommencedperations everyyear

In caseof the operationalfacility: everytwo ¢ three years,or in caseof a
significantchangen processingdifferent materialsand/or processes)

In caseof a decommissionedacility: everyfour ¢ five years,or if unusual
resultshavebeenobtained




Environmental radiation monitoring program

/. Periodic review of data and update of program

Do o To Ix

Monitoring is a dynamicprocess
Revisionshouldbe justifiedand documented

The required outcome is an optimised, cost effective and
focussedorogram

Theextent of the programmust be commensuratewith the
risk




Monitoring andsurveillance¢ why?
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- Monitoring andsurveillance¢ why?

- W Monitoring providesthe basisto demonstratecompliancewith the regulatory
requirements

W Monitoring and surveillanceare vital tools in confirmingthat operationsand
facilitiesare performingasexpected




Responsiblilities

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 an
monitoring programmes during normal operations.

Operator In postclosure phase

Responsible for the continuation of the surveillance and monitoring programm
in the postclosure phase




Inputs into amonitoring strategy

Facilities
andreleases

Detection
basics

J

Monitoring strategy




Thefunction of the monitoring program
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Quantifiesradionuclidesand radiation levelsin emissionsgeffluentsand the
environment

Confirmsthe safetyassessments
Demonstratescompliancewith regulatoryrequirements
Protectsthe workforceandthe public




Features of thesurveillanceprogram

Changesn the structural stability of a disposalsite may occur and surveillanceof the
surroundingareais neededto assessdts stability. Thestate of the disposalfacility coverand
engineeredoarriersafter closureis determinedthroughthe surveillancgprogram




