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The Mobile The Mobile laboratorylaboratory ofof thethe HungarianHungarian
AcademyAcademy ofof SciencesSciences KFKI KFKI AtomoicAtomoic

EnergyEnergy ResearchResearch InstituteInstitute
•• The mobile The mobile laboratorylaboratory is a Volkswagen is a Volkswagen 
TransporterTransporter (bulit (bulit inin 1990, 1990, weightweight 2400 kg)2400 kg)

•• 1913 cm1913 cm33 OttoOtto
systemsystem boxerboxer engineengine,,
producingproducing 57 kW57 kW

•• SYNCRO SYNCRO inclinationinclination
•• 1 extra 1 extra batterybattery forfor thethe
instrumentsinstruments, , thethe
engineengine chargescharges thethe batterybattery,,
oror itit is is chargeablechargeable fromfrom thethe
mainmain electricityelectricity networknetwork
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The The requirementsrequirements ofof thethe effectiveeffective
radiologicalradiological environmentalenvironmental monitoringmonitoring

•• FastFast reactionreaction
•• ComlexComlex dissectiondissection methodsmethods usingusing atat thethe samesame timetime
•• Mobile Mobile –– portableportable instrumentsinstruments
•• Wide Wide measuringmeasuring rangerange
•• ReliableReliable measurementsmeasurements –– thethe samesame quantityquantity
determinationdetermination withwith differentdifferent measuringmeasuring instrumentsinstruments

•• AutonomousAutonomous functioningfunctioning –– inin ––situsitu evaluationevaluation

•• The mobile The mobile laboratorylaboratory’’ss measurementmeasurement resultsresults assistassist thethe
decisiondecision –– makingmaking prepareprepare

•• The The measurementsmeasurements purposespurposes is is toto forecastforecast thethe
probableprobable irradiationirradiation chargeingchargeing fromfrom thethe naturalnatural andand fallfall
–– out gamma out gamma –– irradiationirradiation isotopesisotopes inin thethe KFKI KFKI campuscampus
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The The environmentalenvironmental monitoring monitoring methodsmethods ofof
thethe mobile mobile laboratorylaboratory

•• RouteRoute monitoringmonitoring
•• InIn--situsitu gamma gamma spectrometryspectrometry
•• SampleSample ((soilsoil, , plantplant, , liquidliquid) ) assayassay withwith
gamma gamma spectrometryspectrometry

•• DoseDose raterate measurementsmeasurements
•• AtmosphericAtmospheric radioactiveradioactive concentrationconcentration
measurementsmeasurements

•• PersonalPersonal dosimetrydosimetry
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SchemeScheme ofof thethe monitoring monitoring systemsystem
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The The equipmentsequipments ofof thethe mobile mobile 
laboratorylaboratory

•• The mobile The mobile laboratorylaboratory equippedequipped withwith::

– GPS
– Notebooks (3)
– Inspektor
– Canberra 2020 HpGe detector
– BNS 98 dose rate meter
– nanoSPEC dose rate, cps, 
spectrum, etc. meter
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MeasurementsMeasurements withwith thethe nanoSPECnanoSPEC
instrumentinstrument

A A handheldhandheld gamma gamma spectroscopyspectroscopy systemsystem
•• The The nanoSPECnanoSPEC is a is a completecomplete gamma gamma 

spectroscopyspectroscopy sytemsytem, , includingincluding
multichannelmultichannel analyzeranalyzer, , amplifieramplifier, , highhigh
voltagevoltage powerpower supplysupply, , memorymemory andand
anan integralintegral pinpin scintillationscintillation detectordetector

•• WithWith thethe nanoSPECnanoSPEC wewe cancan measuremeasure::
– Dose rate
– Count rate
– Live spectrum display
– Nuclide identification

The energy calibration is easy with the
built-in library, we are using 137Cs
source
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RouteRoute monitoringmonitoring
•• The BNS 98 The BNS 98 dosedose raterate metermeter
measuresmeasures thethe actualactual dosedose raterate
andand thethe GPS GPS allocatesallocates thethe
mobile mobile laboratorylaboratory’’ss positionposition

•• The The datasdatas transferredtransferred toto thethe
mainmain notebooknotebook andand thethe routeroute
monitoring monitoring programmeprogramme
representrepresent thethe positionposition andand thethe
actualactual dosedose raterate
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LostLost radioactiveradioactive sourcesource explorationexploration exerciseexercise
inin thethe KFKI KFKI campuscampus

Mobile laboratory’s route
Base

Radioactive source

The dose rate level was
normal background
~ 100 nGy/h

Increased dose rate level
1152 nGy/h
Increased dose rate level
452 nGy/h



BRR2009 10

MTA KFKI Atomic Energy Research Institute

LostLost radioactiveradioactive sourcesource explorationexploration
ThisThis is is howhow wewe dodo......

The The triangulationtriangulation methodmethod
The The backgroundbackground dosedose raterate
levellevel is is aboutabout 100 100 nGynGy/h/h
b, Db, D11, D, D22 areare commensurablecommensurable
a=???a=???

a=[ba=[b22/(D/(D22/D/D1 1 --1)]1)]1/21/2

The The radioactiveradioactive sourcesource
mightmight be be settledsettled rightright
oror leftleft handsidehandside ofof thethe van.van.

Mobile laboratory’s route

Radioactive
source

a

cb

Actual dose rate level

D2

D1
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ThisThis is is howhow wewe dodo......



BRR2009 12

MTA KFKI Atomic Energy Research Institute
CalibrationCalibration & & angleangle dependencedependence

determinationdetermination ofof thethe BNS 98 BNS 98 dosedose raterate metermeter
•• The The calibrationcalibration andand angleangle dependencedependence andand mobile mobile 

laboratorylaboratory shieldingshielding determinationdetermination ofof thethe BNS 98 BNS 98 waswas mademade
fromfrom differentdifferent distancesdistances andand anglesangles, , withwith a Csa Cs--137 137 
radioactiveradioactive sourcesource

•• The The referencereference waswas a a calibratedcalibrated UMO UMO dosedose raterate metermeter
•• D*=DCFD*=DCFCsCs--137137*A/r*A/r22

35 %

78,75 %

97,5 %

100 %

Sensible part
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The The latestlatest onon lineline routeroute monitoring monitoring developmentdevelopment
•• A new central environment control system has been developed at A new central environment control system has been developed at 

the Environmental Protection Service (EPS)the Environmental Protection Service (EPS)
•• One of the goals of this development is to simultaneously displaOne of the goals of this development is to simultaneously display y 

the BNS 98 dose rate meter data and the data provided by the nonthe BNS 98 dose rate meter data and the data provided by the non--
mobile stationsmobile stations

•• This development is made possible by a wireless internet This development is made possible by a wireless internet 
connection between the main server and the Mobile laboratory connection between the main server and the Mobile laboratory 

source

measuring 
results

route

Snapshot of the new central Snapshot of the new central 
environment control system environment control system 
monitor (Stations 16 to 18 monitor (Stations 16 to 18 
are not connected)are not connected)
In the picture the route In the picture the route 
(coloured dots 1 to 20) and (coloured dots 1 to 20) and 
the dose rates measured the dose rates measured 
along this route are along this route are 
demonstrated in the case a demonstrated in the case a 
hypothetical radioactive hypothetical radioactive 
orphan source is placed in orphan source is placed in 
the location marked in the picturethe location marked in the picture
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InIn –– situsitu gamma gamma spectrometryspectrometry
•• ForFor fastfast qualitativequalitative & & quantitativequantitative assayassay ofof thethe environmentalenvironmental

irradiationirradiation wewe areare usingusing inin –– situsitu gamma gamma spectrometryspectrometry
•• DatastoreDatastore & & immediatelyimmediately evaluationevaluation
•• ConversionConversion toto radionuclideradionuclide concenterionconcenterion
•• The The fallfall –– out out radioactiveradioactive contaminationcontamination depthdepth distributiondistribution inin thethe

soilsoil
-- InspectorInspector ((analiseinganaliseing instrumentinstrument))
-- Canberra 2020 Canberra 2020 GeLiGeLi detectordetector::

- Vactive= 93 cm3

- Relative efficiency: 22,2% 
(1333 keV)

- Resolution: 1,89 keV
- Software: GENIE 2000
- Liquid N2 refrigerant
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MeasurementMeasurement evaluationevaluation

•• The The measurementmeasurement timetime is is 
usuallyusually 2000 sec2000 sec

•• The The evaluationevaluation is is fastfast withwith thethe
GENIE 2000GENIE 2000

•• The The programmeprogramme showsshows::
– Nuclid name
– Energy
– Activity concentration
– Dose rate
– Measurement failure
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EfficiencyEfficiency determinationdetermination ofof thethe InIn--situsitu
gammaspectrometergammaspectrometer

•• The The efficiencyefficiency determinationdetermination ofof thethe InIn--situsitu
gammaspectrometergammaspectrometer waswas mademade fromfrom differentdifferent distancesdistances, , 
withwith a Ia I--131 131 radioactiveradioactive sourcesource

•• The The decreasingdecreasing dosedose raterate areare thethe samesame asas thethe measuredmeasured
peakpeak areasareas inin %%

•• The The decreasingdecreasing has rhas r--22 charachteristicscharachteristics
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SemiconductorSemiconductor VS. VS. ScintillationScintillation detectordetector
SmugglingSmuggling trendstrends

•• The The smugglerssmugglers mixingmixing ((putput togethertogether) ) thethe illegalillegal
radioactiveradioactive materialsmaterials toto thethe legallegal radioactiveradioactive carriagescarriages

•• IfIf thethe PuPu mixedmixed withwith BaBa--133 133 oror II--131 131 thethe scintillationscintillation
detectorsdetectors areare notnot ableable toto detectdetect thethe lowlow yieldyield gamma gamma 
lineslines ofof thethe PlutoniumPlutonium

•• The modern The modern portableportable semiconductorsemiconductor
gammasepctrometersgammasepctrometers cancan detectdetect thethe PuPu

Portable Detective2 
semiconductor in-situ
gammasectrometer with
electrical refrigeration

Scintillation detector
Ba-133 &Ba-Pu mix
spectrum

Semiconductor detector
Ba-133 &Ba-Pu mix
spectrum
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SamplingSampling......
•• The The environmentalenvironmental samplessamples assayedassayed withwith inin–– situsitu gamma gamma spectrometryspectrometry
•• The The systemsystem ((HpGeHpGe) has lead ) has lead shieldingshielding
•• ForFor thethe laminatedlaminated soilsoil samplingsampling wewe areare

usingusing specialspecial toolstools, , instrumentsinstruments

•• AtmosphericAtmospheric radioactiveradioactive concentrationconcentration
measurementsmeasurements::
– Sampling from the external air space, usingcombined filter
– The system can separate the organic and
the aerosol attached radioactive iodinecomponents

– The aerosol filter measured with gamma spectrometry
– Continous air sampling in the contaminated
area
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SoilSoil samplingsampling
•• A 1m A 1m depthdepth horizontalhorizontal soilsoil samplesample waswas measuredmeasured withwith thethe inin--situsitu

gamma gamma spectrometerspectrometer
•• The The samplesample waswas takentaken inin thethe KFKI KFKI CampusCampus
•• The The bodybody ofof thethe CsCs--137 137 waswas locatedlocated 55--10 cm 10 cm deepdeep
•• The The averageaverage migrationmigration speedspeed is is ¼¼ cm/cm/yearyear
•• ToTo remediateremediate thethe soilsoil, , onlyonly thethe abovegroundaboveground soilsoil removingremoving is is 

neededneeded

Depth

Activity
Concentration

5 10
After several years the migrating
radioactive material assimilate with
the soil components
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RubbedRubbed samplingsampling
•• ForFor rubbedrubbed samplingsampling wewe useuse thethe MSZ 19391/5.2.2 MSZ 19391/5.2.2 
andand MSZ 19391/F1 MSZ 19391/F1 samplingsampling standardsstandards

•• The The samplingsampling areaarea is 100 cmis 100 cm22

•• The The efficiencyefficiency ofof thethe measurementmeasurement (MSZ 19391/6):(MSZ 19391/6):
X=(1X=(1--AA22/A/A11)*100)*100

•• wherewhere AA11 & A& A22 areare thethe samesame areaarea
•• The The samplingsampling tooltool is a is a cottoncotton woolwool mountedmounted onon a a 
plasticplastic handlehandle

•• The The samplessamples areare measuredmeasured byby thethe inin--situsitu gamma gamma 
spectrometerspectrometer & & thethe BertholdBerthold LB LB lowlow betabeta countercounter
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PersonalPersonal dosimetrydosimetry

Harshaw 6600TLD-100, TLD 7776 cards

Whole body counter
PorTL reader
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InIn –– situsitu radioactiveradioactive IodineIodine measurementsmeasurements
inin thethe humanhuman thyroidthyroid glandgland

•• The The radioactiveradioactive IodineIodine cancan getget intointo thethe atomosphereatomosphere fromfrom thethe
Budapest Budapest ResearchResearch ReactorReactor andand fromfrom thethe InstituteInstitute ofof IsotopesIsotopes
CoCo., ., LtdLtd..

•• The The humanhuman bodybody accumulateaccumulate thethe radioactiveradioactive IodineIodine intointo thethe
thyroidthyroid glandgland

•• The The samplessamples fromfrom thethe nosenose is is thethe firstfirst stepstep toto determinatedeterminate thethe
IodineIodine incorporationincorporation
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InIn--situsitu radioactiveradioactive IodineIodine
measurementsmeasurements

•• The The radioactiveradioactive IodineIodine cancan be be measuredmeasured inin
thethe humanhuman bodybody withwith a lead a lead shieldedshielded
40x40 mm 40x40 mm NaINaI(Ti) (Ti) scintillationscintillation detectordetector

Scintillation detectorLead shielding

Collimator
Amplifier
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IodineIodine profilaxisprofilaxis
•• WithWith stablestable IodineIodine feedingfeeding –– afterafter IodineIodine
contaminationcontamination –– thethe accumulationaccumulation cancan be be 
reducedreduced toto thethe thyroidthyroid glandgland andand thethe dosedose

Iodine (mg)

Do
se

re
du

cti
on
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DeterminationDetermination ofof thethe NORM NORM contaminationcontamination ofof thethe
HungarianHungarian CoalCoal PowerPower PlantsPlants inin thethe environmentenvironment

•• The NORM (The NORM (NaturallyNaturally OccurringOccurring RadioactiveRadioactive MaterialMaterial) ) cancan
be be producedproduced byby coalcoal powerpower plantsplants

•• The The coalcoal thatthat burnedburned inin thethe powerpower plantplant containscontains
radioactiveradioactive materialmaterial

•• The The amountamount ofof thethe radioactiveradioactive materialmaterial cancan be be higherhigher thanthan
otherother placesplaces ifif thethe minedmined coalcoal surroundedsurrounded UraniumUranium, , 
ThoriumThorium andand itit’’ss daughterdaughter elementselements

•• The The coalcoal burnedburned inin thethe stokeholdstokehold, , thethe radioactiveradioactive materialmaterial
andand thethe ashash concentratedconcentrated byby filteringfiltering ofof thethe stackstack gasgas

•• The filtered out The filtered out radioactiveradioactive materialmaterial placedplaced intointo thethe slurryslurry
nearnear thethe coalcoal powerpower plantsplants

•• The The radioactiveradioactive radiationradiation ofof thethe slurryslurry cancan be be muchmuch higherhigher
thanthan thethe surroundingsurrounding placesplaces
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DeterminationDetermination ofof thethe NORM NORM contaminationcontamination ofof thethe
HungarianHungarian CoalCoal PowerPower PlantsPlants inin thethe environmentenvironment

•• MeasurementsMeasurements werewere takentaken nearnear thethe HungarianHungarian coalcoal powerpower
plantsplants

•• SamplesSamples werewere collectedcollected fromfrom thethe slurryslurry andand thethe soilsoil waswas
measuredmeasured withwith thethe nanoSpecnanoSpec andand thethe inin--situsitu gamma gamma 
spectrometerspectrometer

•• The The dosedose raterate levellevel waswas generallygenerally threethree timestimes higherhigher thanthan
thethe avarageavarage, , thethe maximum maximum valuevalue waswas 510 510 nSvnSv/h/h

•• The The outmostoutmost activityactivity concentrationconcentration levelslevels werewere measuredmeasured
nearnear thethe coalcoal powerpower plantplant ofof PPéécscs

•• The The coalcoal thatthat burnedburned inin thethe coalcoal powerpower plantplant ofof PPéécs cs werewere
minedmined inin thethe Mecsek Mecsek mountainsmountains

•• The The coalcoal containscontains UraniumUranium andand itit’’ss daughterdaughter elementselements
becausebecause UraniumUranium minesmines werewere situatedsituated nearnear thethe coalcoal miningmining
areasareas
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DeterminationDetermination ofof thethe NORM NORM contaminationcontamination ofof thethe
HungarianHungarian CoalCoal PowerPower PlantsPlants inin thethe environmentenvironment

•• dfdbvdfdbv

0,25717,8126,58328,19Lırinc
0,30529,1840,72729,89Pécs
0,2580,9216,77439,73Mátra

Ru-106 
(Bq/cm2)

Th-chain
(Bq/kg)

U-Ra-chain
(Bq/kg)

K-40 
(Bq/kg)
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MeasuringMeasuring exerciesexercies withwith thethe armyarmy
•• MeasuringMeasuring contaminatedcontaminated objectsobjects
•• InIn--situsitu gammaspectrometrygammaspectrometry
•• LostLost radioactiveradioactive materialmaterial explorationexploration
•• SamplingSampling (SIRA)(SIRA)
•• RouteRoute monitoringmonitoring
•• NuclideNuclide determinationdetermination

Personal route monitoring
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QualityQuality managementmanagement
•• The EXEL The EXEL tabletable showsshows thethe actualactual calibrationcalibration status status ofof thethe

measuringmeasuring toolstools, , likelike a a deskdesk calendarcalendar, , itit helpshelps toto updateupdate thethe toolstools
•• AnotherAnother EXEL EXEL tabletable showsshows thethe dailydaily actualactual activityactivity levellevel ofof thethe

radionuclidesradionuclides
•• The The sideside byby sideside measurementsmeasurements securesecure thethe accurancyaccurancy

(1. (1. measuringmeasuring tooltool, 2. , 2. calibratedcalibrated measuringmeasuring tooltool))
•• WithWith thesethese equationequation thethe accurancyaccurancy is is commensurablecommensurable andand

verifiableverifiable
D*=DCF*A/rD*=DCF*A/r22
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FutureFuture developmentsdevelopments, , accessoriesaccessories
•• Mini Mini portableportable remotableremotable minicarminicar, , modelmodel
•• helicopterhelicopter (UAV) & (UAV) & boatboat equippedequipped withwith
•• radiologicalradiological measurementmeasurement
•• toolstools, , infrainfra cameracamera, , remoteremote systemsystem, , 
•• weatherweather parametersparameters measuringmeasuring toolstools
•• andand datadata transfertransfer communicationcommunication systemssystems
•• AdvantagesAdvantages::
•• CheapCheap
•• PortablePortable withwith thethe mobile mobile laboratorylaboratory
•• EasyEasy handlinghandling
•• FastFast
•• SideSide byby sideside measurementsmeasurements
•• The The humanhuman radiationradiation exposureexposure is is 
•• minimalminimal
•• The The inaccessibleinaccessible targetstargets areare
•• approachableapproachable
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