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OverviewOverview

United States Department of Energy United States Department of Energy 
(DOE) Laboratory Accreditation Program (DOE) Laboratory Accreditation Program 
(DOELAP) for Dosimetry(DOELAP) for Dosimetry

Performance testing of DOE labsPerformance testing of DOE labs’’ dosimetry dosimetry 
programsprograms
Photons, betas, neutrons, and mixturesPhotons, betas, neutrons, and mixtures
Photon and beta irradiations performed at the Photon and beta irradiations performed at the 
Radiological and Environmental Sciences Radiological and Environmental Sciences 
Laboratory (RESL) in IdahoLaboratory (RESL) in Idaho
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Photon IrradiationsPhoton Irradiations

Isotopic photon sourcesIsotopic photon sources
AmAm--241 (59 keV)241 (59 keV)
CsCs--137 (662 keV)137 (662 keV)
CoCo--60 (1.2 MeV, 1.3 MeV)60 (1.2 MeV, 1.3 MeV)

XX--raysrays
National Institute of Standards and Technology National Institute of Standards and Technology 
(NIST) beams(NIST) beams
International Organization for Standardization (ISO) International Organization for Standardization (ISO) 
beamsbeams
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Traceable IrradiationsTraceable Irradiations

IsnIsn’’t it just a matter of using a calibrated t it just a matter of using a calibrated 
source?source?
IsnIsn’’t it just a matter of using a calibrated t it just a matter of using a calibrated 
instrument, time, and distance?instrument, time, and distance?
What is What is ““traceable?traceable?””
From NIST: From NIST: ““the establishment of an the establishment of an 
unbroken chain of comparisonsunbroken chain of comparisons to to stated stated 
referencesreferences””
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Isotopic SourcesIsotopic Sources

Am-241 Co-60 and Cs-137 Cs-137
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Isotopic Source CharacterizationIsotopic Source Characterization

Source specificationSource specification
<1% K<1% Ka a from from 
impuritiesimpurities
Chemical form, specific Chemical form, specific 
activityactivity
Encapsulation to Encapsulation to 
reduce unwanted reduce unwanted 
radiationsradiations

Facility considerationsFacility considerations
<5% K<5% Ka a from scatter from scatter 
(inverse square test)(inverse square test)
Collimator to reduce Collimator to reduce 
scatter from irradiatorscatter from irradiator
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Isotopic Source CharacterizationIsotopic Source Characterization

Example of ISO 
Collimator

tungsten
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Isotopic Source CharacterizationIsotopic Source Characterization

Standard InstrumentStandard Instrument
““ReferenceReference”” ionization ionization 
chamber chamber –– stable to stable to 
within within ±±2%2%
Calibrated, traceableCalibrated, traceable

Other considerationsOther considerations
Warmed upWarmed up
At least four readingsAt least four readings
Shutter transit timeShutter transit time
Conversion coefficientsConversion coefficients

Calibrated Calibrated 
electrometerelectrometer
Orientation of ion Orientation of ion 
chamberchamber
LeakageLeakage
LocationLocation
Beam sizeBeam size
Chamber supportChamber support
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Isotopic Source CharacterizationIsotopic Source Characterization

Incomplete ion Incomplete ion 
collection?collection?
Beam nonBeam non--uniformityuniformity

What are What are 
considerations for considerations for 
open ion chambers?open ion chambers?

TemperatureTemperature
PressurePressure
HumidityHumidity
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Transfer StandardTransfer Standard

Ion chamber is given KIon chamber is given Kaa/C value traceable to (or /C value traceable to (or 
from) NIST or other national reference labfrom) NIST or other national reference lab
Measured current (C/s) multiplied by calibration Measured current (C/s) multiplied by calibration 
factor yields air kerma ratefactor yields air kerma rate
Exposure time determines air kermaExposure time determines air kerma
Dosimeters mounted on a Dosimeters mounted on a ““phantomphantom””
Published Published CCKK conversion coefficients yield conversion coefficients yield 
personal dose equivalentpersonal dose equivalent
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Corrections to Isotopic SourcesCorrections to Isotopic Sources

DecayDecay
Interpolation between calibration positionsInterpolation between calibration positions
Electronic equilibriumElectronic equilibrium
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Electronic EquilibriumElectronic Equilibrium

Required to ensure depth dose is the Required to ensure depth dose is the 
same regardless of geographical locationsame regardless of geographical location
Must create for CsMust create for Cs--137 and Co137 and Co--6060
Depth dose measured in phantom with Depth dose measured in phantom with 
extrapolation chamberextrapolation chamber
Buildup cap on ion chamber is still Buildup cap on ion chamber is still 
requiredrequired
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Electronic EquilibriumElectronic Equilibrium
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UncertaintyUncertainty

Must estimate for each contributorMust estimate for each contributor
Methods presented in Guide to the Methods presented in Guide to the 
Expression of Uncertainty in Expression of Uncertainty in 
Measurements (GUM)Measurements (GUM)

BIPM/IEC/IFCC/ISO/IUPAC/IUPAP/OIML BIPM/IEC/IFCC/ISO/IUPAC/IUPAP/OIML 
(1993)(1993)
ANSI/NCSL Z540ANSI/NCSL Z540--22--1997 (R2002)1997 (R2002)
NIST Technical Note 1297 (1994)NIST Technical Note 1297 (1994)
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Elements of UncertaintyElements of Uncertainty
Cs-137 Example Am-241 Example
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XX--ray Sourceray Source
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XX--ray Beam Qualityray Beam Quality

Determined by ISO or NISTDetermined by ISO or NIST
Function of peak energy and filtrationFunction of peak energy and filtration

ISO: NS, WS, LK, HKISO: NS, WS, LK, HK
NIST: L, M, H, SNIST: L, M, H, S
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XX--ray Beam Qualityray Beam Quality

How is it measured?How is it measured?
HalfHalf--value layer (HVL) and homogeneity value layer (HVL) and homogeneity 
coefficient (HC)coefficient (HC)

HVL: HVL: ±±5%5%
HC: HC: ±±10%10%
HC = [HVLHC = [HVL11/HVL/HVL22] x 100] x 100

No uncertainty estimation requiredNo uncertainty estimation required
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XX--ray Beam Qualityray Beam Quality
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XX--ray Sourceray Source
Free-air ion chamber (FAIC)
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XX--ray Sourceray Source
Free-air ion chamber (FAIC)
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Transfer Standard for XTransfer Standard for X--raysrays

XX--ray source: fluctuations in current and ray source: fluctuations in current and 
voltage could affect resultsvoltage could affect results
Calibration transferred from ion chamber Calibration transferred from ion chamber 
to xto x--ray machine back to transmission ray machine back to transmission 
chamber for active measurementchamber for active measurement
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Elements of UncertaintyElements of Uncertainty
X-ray Example
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For Further ReadingFor Further Reading

ISO 4037ISO 4037--1,2,3 1,2,3 X and gamma reference X and gamma reference 
radiation for calibrating dosemeters and radiation for calibrating dosemeters and 
doserate meters and for determining their doserate meters and for determining their 
response as a function of photon energyresponse as a function of photon energy, , 
(1996(1996--1999)1999)
http://ts.nist.gov/Standards/Accreditation/http://ts.nist.gov/Standards/Accreditation/
upload/hb150upload/hb150--2d.pdf2d.pdf Technical Guide for Technical Guide for 
Ionizing Radiation MeasurementsIonizing Radiation Measurements
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DOELAP Program StatusDOELAP Program Status

Still using DOE standards for accreditation Still using DOE standards for accreditation 
of whole body dosimetryof whole body dosimetry
Still using ANSI/HPS N13.32Still using ANSI/HPS N13.32--1995 for 1995 for 
extremity dosimetryextremity dosimetry
Updated onsite assessment checklist to Updated onsite assessment checklist to 
include criteria for OSL (optically include criteria for OSL (optically 
stimulated luminescence) assessmentstimulated luminescence) assessment
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DOELAP Program StatusDOELAP Program Status

DRAFT standard written updating assessment DRAFT standard written updating assessment 
criteria to ISO 17025:2005criteria to ISO 17025:2005

Adopts ANSI/HPS N13.11Adopts ANSI/HPS N13.11--20012001
Leaves room to adopt N13.11Leaves room to adopt N13.11--200X and N13.32200X and N13.32--20072007

Program requirements rewritten to adopt ISO Program requirements rewritten to adopt ISO 
17011:200417011:2004
Undergone informal reviewUndergone informal review
Anticipated release for formal review this yearAnticipated release for formal review this year
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DOELAP Program StatusDOELAP Program Status

Some program elements may be affected Some program elements may be affected 
by new US regulation changes in by new US regulation changes in 
10CFR83510CFR835
Roundtable on last day of Health Physics Roundtable on last day of Health Physics 
Society meeting in Portland (July 2007) to Society meeting in Portland (July 2007) to 
discuss dosimetry implicationsdiscuss dosimetry implications
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Questions?Questions?


