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Outline

1. High dose standard
e Historical approaches
2. Development of high dose methodology
e Low dose alanine
e Verification of protocol
3. Industrial dosimetry
* C(Collaboration process



What you need to know

e Currently no high dose standard traceable to a Canadian
facility

e Goal is to develop a high dose dosimetry program traceable
to the NRC



Possible solutions




e Alanine is a neutral non-polar
amino acid

e Z.0f 6.8, close to water

e Density of 1.42 g/cm’

e Radiation induced free radicals
can be determined using EPR




Signal-to-dose conversion

S -k kg
D= t " Kr-C
m

e Sisthe “peak to peak” height from the EPR spectrum

k. and k; represent temperature corrections for time of
readout and time of irradiation respectively

e cis a constant that converts from Edep to spectrum output
e m is the mass of the dosimeter



Canadian absorbed dose primary standard
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Absorbed dose standard comparison

BIPM.RI(1)-K4, SIM.RI(l)-K4, and EUROMET.RI(1)-K4
Degrees of equivalence for absorbed dose to water
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Red diamonds: participants in BIPM.RI(I)-K4
Black squares: BIPM.RI(I)-K4 participants' results that are more than ten years old
Blue triangles: participants in SIM.RI(I)-K4
Green circles : participants in EUROMET.RI{1)-K4




Limits of water calorimetry

Limited to:
e Dose rates less than 10 Gy/min
e Doses less than 10 Gy

Need:
 Transfer dosimeter



Low dose alanine

@ e Historically alanine has
o been used primarily for
doses in the kGy range

e Low dose alanine is
dominated by background
signal

10 NC-CNC




Low dose background subtraction

Raw 5Gy Specturm
 Remove cavity
j‘:f; o background
: e Removes alanine based
background
. e Exploits linearity of
e alanine response
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Alanine calibration using NRC Cobalt-60

Alanine Calibration Curve using Co-60 with residuals
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Uncertainty mitigation

Target: Sub 1 %

Reproducibility
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Reproducibility from pellet positioning
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Reproducibility of spectrometer

Alanine Reproducability without Ruby
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Uncertainty budget

Component Std. Unc (10 Gy)(%)

Primary standard realization of dose 0.4

Alanine readout
Positioning, Precision (5 Pellets), Mass

Spectrometer reproducibility

Overall:
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NRC-NPL alanine dosimetry verification

e NPL has been a world leader in
alanine dosimetry

e Established program since early
90’s

e Has both industrial and clinical
dosimetry service
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Protocol verification

e Step one: irradiation at NRC, readout at NPL
e Step two: irradiation at NPL, readout at NRC
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Equipment available at the NRC

 NRC has a Gammabeam irradiator with ~ 1Gy/min doserate

Industrial dosimetry is not
feasible at the NRC
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Achieving high doses through collaboration: Nordion

dis 1 h 18 min
= 23.7 km
Nordion ()

NEPEAN

KANATA
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Equipment used in process

Range: 0-500 Gy Range: 20 - 5000 Gy  Range: 20 - 200000 Gy -
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Bootstrapping to industrial dosimetry

Bootstrap process to reach industrial dose levels

Nordian high-dose GC

Nordian low-dose GC
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Summary

dose program s efggﬁirtlence with help of
y collaboration

24 NC-CNC




Conclusion

e Alanine has the potential to work as an audit dosimeter with
an overall uncertainty below 1% foro =1

e [tis a suitable dosimeter on the range from 5 Gy to kGy

e NRC has the capability to offer a high dose rate calibration
serive
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