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1 2 3 4 5 6 7 8 9 10
1.041 | 1.013 | 0.922 | 0.960 | 0.983 | 0.960 | 0.971 | 1.029 | 0.967 | 1.025
1.005 | 1.025 | 0.978 | 1.031 | 1.056 | 1.019 | 0.971 | 1.029 | 1.060 | 1.024
1.000 | 1.041 | 0.984 | 0.949 | 0.970 | 1.017 | 0.950 | 1.101 | 0.958 | 1.055
1.016 | 1.049 | 1.016 | 1.064 | 0.917 | 0.944 | 1.033 | 0.934 | 1.006 | 1.050
1.014 | 1.024 | 1.068 | 0.963 | 0.997 | 1.005 | 0.900 | 0.986 | 0.996 | 1.056
1.053 | 1.017 | 1.000 | 1.041 | 1.016 | 0.986 | 1.046 | 0.936 | 1.057 | 0.982
0.998 | 0.980 | 0.996 | 0.983 | 1.040 | 0.997 | 1.017 | 0.975 | 0.913 | 0.979
1.030 | 1.023 | 0.960 | 0.967 | 1.004 | 0.938 | 1.040 | 0.988 | 0.999 | 0.943
1.034 | 1.022 | 0.944 | 1.065 | 0.946 | 1.005 | 0.978 | 1.001 | 1.009 | 1.001
J | 1.044 | 1.031 | 1.030 | 0.958 | 0.973 | 0.977 | 0.943 | 1.016 | 1.020 | 0.967

Table 6 This Table is the individual chip factor for each TLD. It was calculated using equation 1.

— | IO Mmool w >

These chip factors are all within respectable limits and will allow us to reproduce results consistently.

Table 7 contains information comparing a TLD-100 set and the TLD-100H set.

Parameter TLD-100 TLD-100H
Average Chip Factor 1 1
Chip Factor

Standard Deviation | 20887796 | 0.039781661

Output Average (nc) | 1060.168 10562.526

Output Standard
Deviation (%) 6.80 4.23
Individual TLD
Standard Deviation 3.032 2.712

Average (%)
Table 7 contains the comparison data for the TLD-100H set and a set of TLD-100. These sets are arbitrary and a different set

would produce a different result.

This table shows many different things about the sets. It is important to remember that because each
TLD is different, if we picked a different 100 TLDs at random from a set of 1000 it would not necessarily
produce the results above. The average chip factor is 1 for both sets, this means that statistically the
sets have a normal distribution of thermoluminescent output. The standard deviation of the chip factors
is used to show the width of the Gaussian. They are on the same order of magnitude and for these sets
the TLD-100H’s have a smaller distribution. The output standard deviations are also within an order of
magnitude so the TLDs are comparable, however the TLD-100H in this case has a smaller distribution
again. The average of the individual chip percent standard deviation is a small difference. This statistic
shows that the sets of TLDs can be used with the same overall reliability.

The last parameter was the average output. Notice that the average output of the TLD-100H’s is
approximately 10 times higher than that of the TLD-100. This is an impressive increase in output. This
difference is made greater by the fact that the TLD-100H’s were irradiated with half the dose of the
original ones. There is a 17.9% difference in their thermoluminescent output. This means that the TLD-
100H dosimeters need less time to collect the same charge so lower dose can be measured more
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accurately. The impact of the characterization experiments is these new TLDs will allow for a smaller
dose to be measured, so that the time is significantly shorter. It might also provide the ability for seeds
that have two different sources in them to be characterized. This was limited in the past because
normally one of the sources had a very short half-life, meaning that many of the characterization
experiments would not reach completion before the source degraded past useful levels.

Conclusion

The addition of a thermal reservoir to the High Temperature Oven provides a stable
environment for TLD Annealing. This stability brings consistency and accuracy to the annealing process.
The open air tray temperatures were short of the 240°C goal by about 60 degrees whereas the reservoir
brought it to about 7 degrees difference. This is a large step toward the accurate annealing of TLDs,
where the only difficult step is tuning the reservoir system to output the temperatures required. All the
data from the tray experiments had results similar to those not involving the tray showing that the oven
system is consistent and the tray has little effect on the 25 pound reservoir.

One ongoing experiment that is currently being carried out is using the TLD-100H’s to find the
radial dose function, dose rate, and anisotropy dose function. This creates a profile for the seed that can
be used in treatment planning. This test was to compare the two types of TLDs when it came to
measurements using a source that has already been characterized, a Theragenics Model AgX100 **|
brachytherapy source. Besides a time reduction from 38 to 3 days, for the calculation of the radial dose
function, the TLD-100Hs have agreed within 6% of the value of the old TLDs. More data is needed to

investigate the comparability of the results.

Another direction to investigate is different annealing parameters and seeing the effect on the
sensitivity of the TLD-100H. Also more data should be collected on the full annealing process. A better
tray could be built for testing the air temperature of the small chambers on the TLDs. All of this would
create a better way to test other annealing procedures used by researchers. This would lead to more
accurate and consistent results from everyone.
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Appendix A

Three thermo.vi

CA\Users\Will\Dropbox\Yale Summer Research\App Development\3 thermo device\Three thermo.vi

Last modified on 4/6/2012 at 2:22 PM
Printed on 4/7/2012 at 6:39 PM

Three thermo.vi
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Appendix C

Characterization of Temperature Profile for Annealing

1) Things to check before beginning

2)

3)

4)

a)

b)

c)

Thermocouple connections

i) InYale USB connector thermocouple 3 should be plugged in

ii) In UConn USB Connector Thermocouple 1 should be plugged in
Computer application settings

i) Experiment Type: Custom time

ii) Custom Interval: 2 sec

iii) Length of Collection: 5 hours 30 minutes or more

iv) File location: anywhere in the dropbox

Use Hand held reader to confirm Block is greater than 240°C

15 minute high temperature Annealing portion

a)
b)
c)
d)
e)
f)

Start computer program at same time as opening the door
Insert thermocouple into tray hole

Insert tray into slot

Close door (make sure thermocouple is not going to be caught)
Start timer when door closes

When 15 minutes completed

i) Opendoor

ii) Remove thermocouple

iii) Remove tray

iv) Close door

Cool Down 1 (45 minutes) (Continued from before)

a)
b)
c)
d)
e)
f)

Place tray on lead block

Start timer

Insert thermocouple

Swap thermocouple 1 for thermocouple 4

Swap Thermocouple 3 for thermocouple 2

Once 45 minutes completed remove thermocouple from tray

2 hour Low Temperature Annealing (Continued from Before)

a)
b)
c)
d)
e)
f)

Open Door

Insert thermocouple into hole
Place tray in center of chamber
Close Door

Start Timer

When time is complete

i) Open Door

ii) Remove thermocouple

iii) Remove tray

iv) Close door
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5) Cool Down 2 (2 Hours)
a) Place tray on lead block
b) Start timer
c) Insertthermocouple

6) Cycleis now complete

Important Notes:
e Clear chart after thermocouple swap
e Astandardized note sheet was used to document important times during experiments
e Follow annealing procedure for oven on time cyclings
e HTO should be ready after 48 hours
e LTO only takes 2 hours to warm up
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