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How often do we find ourselves interpreting data based on someone else’s radiation
measurements without really knowing if the data are valid? Do we know for sure that the data
justify our decisions for radiation safety or possibly expensive actions? Defensible decisions for
radiation safety should begin with good radiation measurements. Unfortunately, many safety
decisions are based on measurements with great uncertainties which are either unknown or
neglected. Once a measurement is written down it seems to take on a life of its own and all
uncertainties are lost. People commonly take the written measurements as gospel and proceed
to interpret the numbers as absolute values, as if they were real. We may not ask questions to
verify the data, especially if the number is above an action level. However, before measurements
are interpreted, they are just numbers. Once interpreted the numbers mean whatever people
believe, often related to their fears of radiation.

There are over 20 errors which can result in measurements that do not represent the real
world. Since radiation is a random phenomenon, even with great care, radiation measurements
are only “best estimates” from a random distribution. When uncertainties are reported for
measurements, in most cases they only account for the randomness of radiation. They do not
include uncertainties due to calibration, energy response, and numerous operator judgment
factors (geometry, location of measurement, speed of probe movement, etc.). Measurements are
often made in contact with a source without taking into account the location of potentially
exposed people and occupancy time. Measurements are made for gamma ray exposure without
knowing that most gamma ray sources will also have a beta component and exposure in mR/hr is
not defined for beta particles.

Other common errors include reading the wrong scale multiplier. For some analog
instruments the switch setting is a multiplier and for others it is to choose a full scale reading.
Errors have been made with digital instruments where people do not understand the symbol for
micro. Because of fears of consequences, people may want to quickly implement safety
decisions without confirming the initial measurements. The golden rule for measurements
should be to repeat the sample and measurement for confirmation, ideally with different people
and instruments, before making an expensive decision. We will review several case studies
where protective actions were implemented based on erroneous measurements that would not
justify the safety decisions.
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Once Numbers are Written
Down by Someone Else
1 We are asked to interpret the data without
any idea if the numbers are valid
1 How do we know if the data justify an
expensive decision ?
1 Defensible decisions should begin with
good measurements
1 Decisions may be based on measurements
with great uncertainties,
—either unknown or neglected
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Measurements are Just
Numbers

1 Numbers have no
meaning until —
they are interpreted w
1 Once interpreted, @
the numbers mean N
whatever people
believe

—Often related to fears of radiation
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My Dismay about
Measurements

1 My work involves providing training on
radiation safety at facilities where
they have not had such training before
1 Workers are concerned for exposures to
NORM, and have had no radiation training
1 They buy aradiation detector and
1) Proceed to take measurements with
the wrong instrument, 2) in the wrong
places, and then 3) misinterpret the data
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Written Measurements

1 Take on a life of their own
1 They are treated as gospel

1 Interpreted as absolute values,
as if the numbers are real

1 All uncertainties are lost
1 May not ask questions about uncertainties

—Especially, if the numbers are above
an action level
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More than 20 Sources of Errors

lon chambers, slow and erratic

GM detectors, window and thickness
Nal Detectors, very energy dependent
Calibration conditions, Cesium - 137
Energy dependence, reference to Cs-137
Background, absorption, scattering
Wrong detector or probe, mR/Hr vs cpm
Geometry, relationship to the sources

. Speed of probe movement

10. Operator fatigue and judgment
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Factors Affecting Uncertainty
In Radiation Measurements

% Radiation is random 1 Reading wrong scale
1 Variation in standards @ Wrong multiplier
1 Sensitivity of 1 Uniformity of samples

instruments 1 Sample location

1 Counting time 1 Sample selection bias

1 Amount of radiation ] Samp|e preparation
1 Background and 1 Volume and weight

variations errors 5

Uncertainties not Included

1 Calibration error, typically +/- 10%
1 Energy dependence, factors of 2 - 100
% Operator judgements

— Right instrument or probe

—Use according to calibration

— Geometry

— Speed of probe

—Thoroughness of coverage

— Location of measurement
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Because of Radiation Fears

1 Many will want to quickly implement
safety decisions
— Without confirming the measurements

1“Golden Rule”
—Repeat measurements to confirm

—ldeally, different instruments
and people

—Ask lots of questions
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Randomness of Radiation

2 Since radiation is random, all
measurements, even with great care

- Are only “best estimates” from a
random distribution

1 Reported uncertainties, usually,

N
only account for randomness, /
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Other Errors

1 Measuring in contact with the source

— Without considering location of people and
occupancy time

1 Measurements for gamma without
considering the accompanying beta
— Exposure in mR / hr not defined for beta
1 Switch setting may be a multiplier
or full scale
1 Digital confusion of pR/hr vs mR/hr
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Summary

1 Measurements when written down are
interpreted as absolute values

1 Interpretation is whatever people believe

1 Over 20 sources of uncertainty

— Usually unknown or neglected

1 Randomness means all measurements
are only “best estimates”

1 Measurements may lead to fears,
which then drive the interpretation
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Questions ?

I
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