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From NIST TN 1297 (1994)
◦ 2.1 In general, the result of a measurement is only an 

approximation or estimate of the value of the specific 
quantity subject to measurement, that is, the measurand, 
and thus the result is complete only when accompanied by 
a quantitative statement of its uncertainty. [emphasis 
added]

From ICRP Pub 60 (1990)
◦ (271) In Practice, it is usually possible without great 

difficulty to achieve an accuracy of about 10% at the 95% 
confidence level for measurements of radiation fields in 
good laboratory conditions. In the workplace, where the 
energy and orientation of the radiation field are rarely 
known, uncertainties by a factor of 1.5 will not be 
unusual in the estimation of annual doses… [emphasis 
added]
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From the foreword of NIST Handbook 150 (2001):

Uncertainty analysis is required by the 
NVLAP in Handbook 150



NIST Handbook 150NIST Handbook 150
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Identify the sources of 
uncertainty
Quantify the sources
◦ Type A
◦ Type B

Combine the uncertainties
◦ Law of propagation of 

uncertainties

Calcuate the expanded 
uncertainty for given element 
responses
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Report dose with 
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uncertainty

Report dose with 
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uncertainty
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Type A - Any uncertainty evaluated using 
statistical methods
Type B – Uncertainty evaluated using any other 
method

For external dosimetry, typically there are no Type 
A uncertainties. Exceptions include situation 
using a mean value of several measurements.



Type B EvaluationsType B Evaluations
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From NIST 1297 (direct quote)-
◦ previous measurement data,
◦ experience with, or general knowledge of, the 
behavior and property of relevant materials 
and instruments,
◦ manufacturer’s specifications, data provided in 
calibration and other reports, and
◦ uncertainties assigned to reference data taken 
from handbooks.



Sources of UncertaintySources of Uncertainty
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Radiation 
source
Radiation 
source Read processRead processDosimeterDosimeter AlgorithmAlgorithm ReportingReporting



Sources of UncertaintySources of Uncertainty
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Radiation 
source Read processDosimeter Algorithm Reporting

•Energy(ies)
•Radiation type(s)



Sources of UncertaintySources of Uncertainty
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Radiation 
source Read processDosimeter Algorithm Reporting

•Orientation
•Time conditions



Sources of UncertaintySources of Uncertainty
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Radiation 
source Read processDosimeter Algorithm Reporting

•Sensitivity
•Calibration
•Pre-fade
•Linearity 
•Background



Sources of UncertaintySources of Uncertainty
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Radiation 
source Read processDosimeter Algorithm Reporting

•Fade



Sources of UncertaintySources of Uncertainty
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Radiation 
source Read processDosimeter Algorithm Reporting

•Calibration
•Linearity 
•Background/noise
•RCF?



Sources of UncertaintySources of Uncertainty
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Radiation 
source Read processDosimeter Algorithm Reporting

•Test irradiations
•Propagated uncertainty



Not as easy as it looksNot as easy as it looks……
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Very different from uncertainty 
evaluations for “normal” technologies
◦ Many variables with lots of interplay
◦ Requires significant number of assumptions –
specify them!

How do you evaluate the algorithm’s 
contribution?
May not be realistic to arrive at an overall 
uncertainty estimate for all situations



Alternate ApproachAlternate Approach-- GUM Supp.GUM Supp.
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GUM Supplement
◦ Use frequency distributions of all identified 
sources (angles, energies, types of radiation)
◦ Use Monte Carlo methods to generate sample 
of expected responses
◦ Process through algorithm and analyze results
◦ Good for overall estimated uncertainty for all 
doses. 
◦ Not for individual situations
◦ Requires (as all methods) big assumptions



Alternate Approach Alternate Approach -- HybridHybrid
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Presented at last years 
meeting

1. Calculate combined 
uncertainties for each 
element for each 
situation to be assessed

2. Generate sample of 
responses based on 
calculated distribution 
using Monte Carlo 
sampling

3. Process sample through 
algorithm and analyze 
results



Key PointsKey Points
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Identify as many key sources as possible
Evaluate all identified sources
◦ NIST says “A detailed description of how each 
component of standard uncertainty was 
evaluated.”
◦ Use “professional judgment” or experience if no 
better data exists

Combine sources of uncertainty
◦ Explain the methodology used to combine



Key Points (ctd)Key Points (ctd)
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Propagate through algorithm
◦ Propagate combined uncertainties
◦ or at least make some estimate
Report expanded uncertainty, U
◦ With coverage factor k 
◦ (typically k=2)
Check for different conditions
◦ Dose levels, radiation types, background levels, 

mixed fields
Reality check 
◦ Do the numbers look right?
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Click on the button below to visit our 
website for references and more 
information. Visit our bibliography page 
for the most up-to-date version of this 
presentation.


