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Outline

A Dose tothe averagememberof the public
nationwide

A Dose tothe mostexposedpersonnearuranium
mine sites

A Dose tothe mostexposedpersonby the Tejo
estuary(radionuclidedrom nuclear medicine;
radionuclidedrom a nucleawvesse)

A Dose tothe representativepersonby the Lisboa
municipalsolidwasteincinerator

A Exposureso radon



1. Assessment of the Effectiizmse to the average member
the public nationwide




Environmentaladioactivitymonitoring

In previousMENVIPR@roject meetingswere
introduced

A Thedesignof environmentaimonitoring
programs

A Environmentasamplingand radioactivity
analysigmethodsandinstrumentg

A Datacollection



Types ofadiologicalmonitoring programs

A Baseline opre-operationalmonitoring
A Operationalmonitoring

A Compliancemonitoring (source control)
A Nationwide routine monitoring*

A Recommendedy the IAEA
A Mandatoryfor EuropearJnionmemberstates



Calculatiorof EffectiveDoseto the average
memberof the publicnationwide

Makesuse of dataon environmentalradioactivityand
radiationfrom the nationalmonitoringprogram such
as

Aambientradiationdose éxternalradiatiory TLD}

Aactivity concentrationof radionuclidesin drinking
water andfood (ingestiorn)

Aactivity concentrationof radionuclidesn aerosols
(inhalation)

Aradonindoorsandoutdoors (nhalation)



Calculation of Effective Dose to the averac
member of the public nationwide

Takesinto account

AThenationalaveragediet (Foodbalance
sheel

AWater consumption

AOtherbeveragesind specialfood items (if
needed

AExternalradiation exposure(varieswith
regiong
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Calculation of Effective Dose to the
member of the public nationwide

Takes inconsideration

-natural radiationbackground (natural
radionuclide$

-additionalexposuregartificial radionuclides
and, in someareas enhancedconcentrations
of naturalradionuclide$



Effectivedose

A The external irradiatiois measuredlirectly as
ambient radiation dose rate.

A Thetotal committed effective dose H.is
computed as

H =Dinh (inhalation)+ Ding (ingestion) Bext(external irradiation)

H can be reporteth mSVy.



Internal dose from Iingested food

Is calculatedas

Dingl ADCFgriIng.

being

A D ng the committed effective dose from radionuclides in the
mgestedfood INn one yeaand expressed IBVYy,

A Athe activity concentration of radionuclide R in the
iIngested food in Bgkg,

A DCE, s the activityto-dose conversion factor through
mgestlon of radionuclide R, BV Bq,

A Ing the food ingestiorrate inkgly



Internal dose fromaerosol inhalation

Is calculateds

DI ADCE .G.INN.. T

D, the committed effective dose from radionuclides in the inhaled dust
and expressed IBVYy,

B
A
A Agthe activity concentration of radionuclide R in the inhaled dust, in
Bakg,

A DCE, < The activityto-dose conversion factor through inhalation of
radionuclide R, 115V Bq,

A

A

A

G the air dust concentration, in kg/f
Inh, the breathing rate in r#ih,
T the exposure time in hours per year.



Calculation of Annual Effective Dose ftt
the member of the public nationwide

A Usuallyoverthe yearsradiationdoses arenostly
dueto the naturalradioactivebackground

A Areabout2.4mSVy, but varybetweenregions
(geologyandradon) and arehigherin uranium
miningareas

A Smallcontributionsfrom artificial radionuclides
presentin the environment(<<10%)

A Largercontributionsfrom artificial radionuclides
following nuclearaccidents



Chernobyl nuclear accident april 19s6)

Calculation of Effective Dose to the member
of the public nationwide

RoutineEEMPmeasurementsn the country,andacross
Europe allowedlocalandregional doseassessment

Doseincreasedl-3 mSvy from fallout.

Advantagesof aroutine EMP.
A Rapididentificationof radionuclidesand specifictransfer

pathways

Aimported carcassesvith high137Csontent, from Eas
Europe

AMlgratory birds(doveandstournelg from BlackSea
region

ADry fruits, seeds and mushroomsrom Midle East
APowdermilk from central Europe
AProtectionmeasuresapprovedandimplementedtimely.




Fukushimanuclearaccidenti1march2o11):

Calculation of Effective Dose to the average member of the public nationwide

Radionuclides measured at Lisbon

Routine EMP provided timely

measurements in the country, and acros: E
Europe, and allowed local and regional i |
dose assessment. - i

Advantages of EMP: *v

Radionuclides determined in air filters at Sacavém, Lisbon, following the
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Calculation of Effective Dose to the
member of the public nationwide

Thelessonto learnis:

A Continuedmonitoringand doseassessments
neededbecausdhat are manyradioactive
sourceg nuclearandnon-nuclear)with
regulardischargesnto the environment and
accidentakeleasesnayoccur

A Thisis neededto ensureradiationsafetyof
the population



2. EXisting exposures:
Doseassessment to the most exposed person from legac
uranium mine sites




Legacyof radium and
uranium mining in Portugal

U Mineralizations — T
of Uranium in ST oy
the centre -North
of Portugal
(region of Beiras)

U 60 deposits
exploited (open
pits or
underground)
from 1908-2001
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oMlinUrare

U Assessmenbf environmentalcontamination
and effectson population health.

Requestedby the Governmentfollowing

population concerns

Recommendations

A To undertake environmental remedial

action (site dependent)

A Environmental radiological

surveillance of old uranium mining
and milling sites

t N 2 S Ot=

MinUrar
Minas de Uranio e seus Residuos
Efeitos na satide da populagdo

Relatorio cientifico T

Jurho de 2005

Antig__éis minas . 2?“.-”“”';’-' ”
de Uranio '




Ambientdoserate at several
uraniumlegacysites

Dose equivalent, mSv per year

Counties Dose
Canas Senhorim county 2.4
(outside mining area)
Mill tailings Barragem Velha 8.8
GE Sludge Barragem Nova 3.2
Low grade ore Escomb Sta Barbara 16.2
Low grade ore Descarga minerio 32.0
Shaft area Zona do Pocon®5 4.5
GN 1 Old mine area Moreira de Rei 2.2
Old mine area Rio de Mel 2.3

GN 2 Reference Satao 1.2




Environmentalremediation

A Approved by the Government

A Implemented by the mining company
holding EDM started in 2006

AGoals:
I Confine the milling tailings ¥
I Concentrate mining waste ir
4 disposal sites 5
I Treatthe acidmine waters Aerial view ofUrgeirica(early 2008)




Tailings cover

Aerial view olUrgeirica
(early 2008)

Multi layer cap

CORTE DO ATERRO DA BARRAGEM VELHA ) /“;
Situagao actual VISEU—;« }
Perfil da escombreira em 2005 " / v:

Aimpermeabilizagdo da escombreira Polietileno Material argiloso
da barragem velha permitiu a redugio

do risco de radiagGes em 90% Geotéxtil
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Decontaminationof facilities

Industrialareas of uraniunmilling

were cleaned

- Removabf contaminatedpipes,
sewersandsoill,

- Dustcontrol duringoperations

- Radiation protectioomeasures

After decontamination several
buildingswere allocated to other
Industrial activities




Mining and milling waste recover

A Therewere manysmall
mines

A Miningandmillingwaste
were concentratedn a few
placesdisposedn duly

preparedpits, andconfined
with multi-layercovers
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Wastedisposain a former uranium mingit



Clean siteseleasedfor public use

Severaformer mine sites
(openpits) were monitored,
cleaned andre-shaped

No significantcontamination
remained and sitesvere
consideredadequatefor public
use as:

A Recreationahreas

A Mine museum

A Waterreservoirfor fire-
fighting




Mine water: chemicaltreatment

Mine water drainage:

A Generallyacid

A Containsstable metals(Ar, Bi, Y, Cu,
t 060X XU

A Oftenin high concentrations

A Containgdissolvedand particulate
radionuclideqU, Th, Ra, Rn, Pb,
. AZ X0

Chemicalreatment:

A Addition ofBaCl2

A addition ofhydroxideto raise
pH to 89,

A Coprecipitatestablemetalsand

A

radionuclides
Beforereleasingreated water




Treatedwater

- Automatedtreatmentand control:
.. |- physicechemicalmeasurements
Addition ofchemicals
Transfer bypumpsinto a sequence
of decantationponds
Releasento surfacestreams
Mud (precipitate) accumulatedn ponds
periodicallyremovedanddisposed




Mine water: treatment by plants

Mine drainage:

A Pumpedinto a sequenceof
pondswith plants (Typha)
growing

A Growingplant biomass
accumulatesnetalsand
radionuclides

A Water parameterschecked
beforerelease oftreatedwater
Into streams

A Plantbiomassncineratedand
disposedas radwaste




Watercoursesdecontamination

Nearuranium milling facilities

andtailings:

A In thepastthe processwater
wasreleaseddirectlyinto
streams

A Bottom sedimentsand soils
accumulatedadionuclides
andchemicals

A Streamswere cleaned
(sedimentandbiomass
removal), re-shaped bedand
banksstabilizedwith
limestone




Radioactivityin the food chain

Effective radiation dose extrapolated to annual basuyear) for members of the public
computed on the basis of the comparison meal made withogahproducts (restaurant).

Absorbed radiation dose from
ingestion (MSvyear)

Sample Origin
Agegroup 2-7 Agegroup. > 17
years years
Soup CunhaBaixa @ 0.7
Soup Restaurant 0.09 0.04
Homemade soup Restaurant soup
Th-230 U-?38 U-235 Th-232 U-238U-235 |, .,
Th-232 : U-234 \
mU-238 "Ra-226 aU-238
aU-233 BU-235
Pb-210. U234 BU-234
mRa-226 BRa-226
@Pb-210 @Pb-210
° P:'Z ;O @P0-210
@Th-232
o Th-230 BTh-232

Ra-226




Alternative water supply

In avalley near CunhaBaixamine:

o 3>

Uranium minewason hillsCslope
abovevillage and agriculturealley
Aquiferwascontamintedby acid
from in situleachingin the mine
In thevalley waterfrom wells
becameacide andccontaminated
with radionuclideq226Ra
Wellswere sealed

Surface watereservoirbuilt on
top of thehillsto provideclean
water for irrigation in thevalley



Water coursesleaning

Milling tailings with the
cover in place, at
Urgeirica In the first
plane, the streanRibeira
da Pantanhaafter clean up
and reconstruction of the
stream bed.
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3.Doseto the most exposed person by
the Tejoestuary:

A) radionuclidedrom nuclearmedicine discharges;
B) radionuclidedrom a nuclearvessel discharge




A)Radionuclideom nuclear
medicinedischarges

Radionucléides dans |'estuaire

k131 Te9%m

Station ¥4 . Praga do Comdrcio

] [l : Monitoring of the
n - food chain: fish,
131 Teasm shrimp,molluscsand

its consumption by
the inhabitants




Dose to the representative person by thiejoestuary
(radionuclides from nuclear medicine)

A Monitoring food chain
A Lowdose

A Butdischargesot acceptable Pressureon
sourcecontrolandreduceddischarges



B) Radionuclidedrom a nuclear
vesseldischarge

Specifianonitoring plan duringvisitsof nuclear
poweredvessels

A Fissiorproducts water, sediments and
musselsasbioindicators

A Cesiuml37dischargdrom a nuclear
submarinein distressat the mouth of estuary
(cesiuml37levelswere enhanced



B) Radionuclides from a nuclear
vessel discharge

A Regulawisitsof nuclearpoweredvesselgo Lisborharbour

A Possiblescenarioof a nucleamaccidentincidentwith releaseof
radioactivityinto the environment

A Aspecificmonitoring planisimplementedduringvisitsof
nuclearpoweredvesseldocusingfissionproducts

Thenuclearpoweredaircraft carrierUSS
Enterprisan the TagusEstuary 2002




Radiologicakurveillanceprogramme

A Continuousmonitoring of the atmosphere

I gammaradiation(dose rate)
I particleborneradioactivity(aerossol$
I radioactiveiodine

A Monitoring of radioactivityin the water,
sedimentandaquaticbio-indicators(mussel$
duringthe entire stay

A Automaticrecord ofradiologicaldataand local
weatherdataup and downwind



Visitof a nuclearsubmarine

A TheHMSTrenchant
enteredthe Lisbon
harbour, 9th October
1998andreporteda
malfunctionin the
nuclearreactor

A Similar case with the
submarine HMS
Tireless, in Gibraltar




Riskof a nuclearaccident

If the accident could not be effectively
contained there would be a significant
radiation risk to the general public

In aworst casescenarioriskassessment
indicatedthat dosescouldbe of 5mSvin a
radiusof 2km

Potentialradioactivecontaminationin a
radiousof 30km.

The HMS Trenchant sailed to base (Davenport

dockyards) for repair
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Surveyof the Tagusestuary

A Collaboratiorbetweenthe PortugueseNavy
andITN/DPRSN

A Implementationof detailedradioactivity
surveyof the Lisbonareaandestuarine
ecosystem

A Aimingat identifyingand mappingany
radioactivecontamination




