Review of Changes to the
High Dose Program at NIST
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Moves, new equipment, retired equipment NIST
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The mention of commercial products throughout this document does
not imply recommendation or endorsement by the National Institute
of Standards and Technology, nor does it imply that the products
identified are necessarily the best available for the purpose.



Radiation processing dose range
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Irradiator Traceability

Vertical Beam 6°Co Traceability Gammacells 220
Pre — 2004 High-dose-rate sources perform
The Gy is realized customer calibrations
through water
calorimetry [ VB Source ] * Alanine dosimetry is used to transfer
measurements source-rate ratios

* GC provide uniform radiation doses
throughout 8” x 6” chamber

Pool-F101

1965 1984 1992

https://www.nist.gov/ ,
history/radiation- i
physics-
building/facilities/cob
alt-60-pool-source

The half-life of Cobalt-60 is 5.26 years

https:/ /digital.sciencehistory.otg/works/3n203218c



Presenter Notes
Presentation Notes
Pool: 50,000-curie cobalt-60 

. In 2004 the calibration scheme was modified so that the Vertical Beam 60Co source would be compared only to the Pool source. To improve several aspects of the measurement, the absorbed dose for this comparison was adjusted lower (140 Gy) for the Pool/Vertical-Beam source comparison. The three Gammacells are calibrated by comparison to the Pool source. The Pool source serves well as an intermediary source in the calibration scheme as its dose rate is closer to that of the Gammacells; this permits longer exposure times, resulting in reduced timer uncertainties.

Pre-2004, VB  Pool, GC
2004, VB Pool GC


Irradiator Traceability
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Presentation Notes
Pool: 50,000-curie cobalt-60 

. In 2004 the calibration scheme was modified so that the Vertical Beam 60Co source would be compared only to the Pool source. To improve several aspects of the measurement, the absorbed dose for this comparison was adjusted lower (140 Gy) for the Pool/Vertical-Beam source comparison. The three Gammacells are calibrated by comparison to the Pool source. The Pool source serves well as an intermediary source in the calibration scheme as its dose rate is closer to that of the Gammacells; this permits longer exposure times, resulting in reduced timer uncertainties.

Pre-2004, VB  Pool, GC
2004, VB Pool GC


Current Traceability

 “Pool source” was de-commissioned in 2018
e (GC207 has been removed from service
» Acquired GR420 in 2022

« GCA45 is now the intermediary source for
traceability

https://www.nist.gov/history/radiation-physics-building /facilities/cobalt-60-pool-source

VB Source

GC232

1992

2022


https://www.nist.gov/history/radiation-physics-building/facilities/cobalt-60-pool-source

Irradiator Dose Rates

—Pool —GC45 GC232 GC207
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* NIST developed the alanine dosimetry system in the early 1990s to replace radiochromic dye film dosimeters.


Presenter Notes
Presentation Notes
Prior to 2004, the Pool source and the Gammacells were each calibrated by a direct dosimeter response ratio to the Vertical Beam 60Co source

the rate effect is estimated to be
zero at dose rates above 2 Gy/s
significant at some value below 2 Gy/s, and
clearly measurable at 1 Gy/s
the rate effect depends on absorbed dose, it
is not measurable at 1 kGy or less
becomes significant above 5 kGy
reaches a maximum effect at about 30 kGy


However, the Vertical Beam 60Co source dose rate has decayed to a level that requires excessive periods of time (>24 h) to perform comparisons at the absorbed doses (≥1 kGy) routinely used. Since the Vertical Beam 60Co source irradiations are performed under water, with the water surface in the vessel exposed to the room environment, there were concerns that a variation in the water level would contribute significantly to the uncertainty of the measurement, as it would be difficult to keep the water level constant for a prolonged period.
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* NIST developed the alanine dosimetry system in the early 1990s to replace radiochromic dye film dosimeters.

e 2008: a previously unknown absorbed-dose-dependent, dose rate effect for the alanine system.
e https://www.nist.gov/programs-projects/basic-metrology-dosedose-rate-effects-alanine-dosimetry
* https://www.nist.gov/system/files/documents/2017/05/09/mfdpub92.pdf

e 2008: Nordion/Best Theratronics discontinued refurbishment of GC220.
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Presentation Notes
Prior to 2004, the Pool source and the Gammacells were each calibrated by a direct dosimeter response ratio to the Vertical Beam 60Co source

the rate effect is estimated to be
zero at dose rates above 2 Gy/s
significant at some value below 2 Gy/s, and
clearly measurable at 1 Gy/s
the rate effect depends on absorbed dose, it
is not measurable at 1 kGy or less
becomes significant above 5 kGy
reaches a maximum effect at about 30 kGy


However, the Vertical Beam 60Co source dose rate has decayed to a level that requires excessive periods of time (>24 h) to perform comparisons at the absorbed doses (≥1 kGy) routinely used. Since the Vertical Beam 60Co source irradiations are performed under water, with the water surface in the vessel exposed to the room environment, there were concerns that a variation in the water level would contribute significantly to the uncertainty of the measurement, as it would be difficult to keep the water level constant for a prolonged period.

https://www.nist.gov/programs-projects/basic-metrology-dosedose-rate-effects-alanine-dosimetry
https://www.nist.gov/system/files/documents/2017/05/09/mfdpub92.pdf

Irradiator Dose Rates

—Pool —GC45 GC232 GC207  —GR420
10
;f 1
(aD]
I
o
v 01
(@]
()
0.01
2000 2010 2020 2030 2040 2050

* NIST developed the alanine dosimetry system in the early 1990s to replace radiochromic dye film dosimeters.

e 2008: a previously unknown absorbed-dose-dependent, dose rate effect for the alanine system.
e https://www.nist.gov/programs-projects/basic-metrology-dosedose-rate-effects-alanine-dosimetry
* https://www.nist.gov/system/files/documents/2017/05/09/mfdpub92.pdf

e 2008: Nordion/Best Theratronics discontinued refurbishment of GC220.
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is not measurable at 1 kGy or less
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NIST developed the alanine dosimetry system in the early 1990s to replace radiochromic dye film dosimeters.
e 2008: a previously unknown absorbed-dose-dependent, dose rate effect for the alanine system.
e https://www.nist.gov/programs-projects/basic-metrology-dosedose-rate-effects-alanine-dosimetry

* https://www.nist.gov/system/files/documents/2017/05/09/mfdpub92.pdf
e 2008: Nordion/Best Theratronics discontinued refurbishment of GC220.
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Prior to 2004, the Pool source and the Gammacells were each calibrated by a direct dosimeter response ratio to the Vertical Beam 60Co source

the rate effect is estimated to be
zero at dose rates above 2 Gy/s
significant at some value below 2 Gy/s, and
clearly measurable at 1 Gy/s
the rate effect depends on absorbed dose, it
is not measurable at 1 kGy or less
becomes significant above 5 kGy
reaches a maximum effect at about 30 kGy


However, the Vertical Beam 60Co source dose rate has decayed to a level that requires excessive periods of time (>24 h) to perform comparisons at the absorbed doses (≥1 kGy) routinely used. Since the Vertical Beam 60Co source irradiations are performed under water, with the water surface in the vessel exposed to the room environment, there were concerns that a variation in the water level would contribute significantly to the uncertainty of the measurement, as it would be difficult to keep the water level constant for a prolonged period.

https://www.nist.gov/programs-projects/basic-metrology-dosedose-rate-effects-alanine-dosimetry
https://www.nist.gov/system/files/documents/2017/05/09/mfdpub92.pdf

Duration to deliver 100 Gy

[ VB Source ] ~3 days

~18 minutes ~17 seconds




HD Changes

Phase I:

March 2021
—April 2022

Phase Il:
Irradiator lab # 2

WY ay—Se pt receive GR420
2022

Suspend HD
Calibrations

Phase Ill:
TBD

Irradiator lab # 1
renovation begins

Move to
renovated EPR
lab

Safety and
uniformity testing

Partial operation
v G>200Gy *
X G <200 Gy

Re-establish
calibration curves

< 5 kGy (via GC)

Establish dose
rate, traceability,
geometries,
comparisons

Renovation
complete, Fully
operational

Revalidate
< 5 kGy

Validate and
restart
T&G < 100 kGy



Characterizing GR420: uniformity
GC220 HDI model GR420
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Presenter Notes
Presentation Notes
https://www1.cgmh.org.tw/intr/intr2/c3s000/corelab/RadiationBiology/doc/%E9%8A%AB137%E7%85%A7%E5%B0%84%E5%84%80.pdf


https://www1.cgmh.org.tw/intr/intr2/c3s000/corelab/RadiationBiology/doc/%E9%8A%AB137%E7%85%A7%E5%B0%84%E5%84%80.pdf
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Presentation Notes
Without a dewar or air … 15 min 20C


Characterizing GR420: transit dose&time NIST
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Equivalent transit time= the absorbed dose received by the dosimeters during
the delivery of the dosimeters to and from the irradiation position.

Alanine dosimeters are irradiated for a series of very short times. The
dosimeter response is measured and plotted versus irradiation time.



Irradiation Transition Time
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Presenter Notes
Presentation Notes
It should be noted that the equivalent transit time, the time subtracted from the timer setting that accounts for the absorbed dose received by the dosimeters during the delivery of the dosimeters to and from the irradiation position, is determined for each source. To measure the equivalent transit time, alanine dosimeters are irradiated for a series of very short times. Typically, these times are 5 s, 10 s, 20 s, 30 s, 40 s, and 50 s. The dosimeter response is measured and plotted versus irradiation time. A linear regression of these data is extrapolated to the x axis. The absolute value of the x intercept is the equivalent transit time.


Transition Dose

[ VB Source ]

~0.280 Gy ~20 Gy
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EPR Laboratory
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The alanine-derived radical anion undergoes deamination
producing a free-radical center that is exceptionally stable.!
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Emergency Response Dosimetry System NIST
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