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I. Thermoluminescent Dosemeter (TLD)

* Harshaw 8806' model TLD (Thermo Scientific™ Harshaw™), used at the Y-12 National Security
Complex facility

* It holds up to four different elements:
2 x TLD-600: °Li isotopes in LiF:Mg,Ti for neutrons
— SLi(n,a)°H reaction, Q = 4.78 MeV
2 x TLD-700: "Li isotopes in LiF:Mg,Ti for gamma, beta

— electromagnetic interactions in LiF:Mg,Ti

* One of each pair is covered with a sheet of cadmium filter for spectral discrimination
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* Exchange cycle ~ 3 months
* Harshaw model 8800 reader used to read luminescence when TLD is stimulated with heat

* Various correction factors applied

* TLDs are normalized to a single population response via various calibration/response factors

* Multiple calibrations done at different times (one short calibration daily, extensive one every
two years)

* Spectral correction factors based on assumed neutron spectrum

[1I. Response per Dose Calculation

* Reference neutron spectra from the IAEA compendium’

* Fluence to dose equivalent conversion coefficients A,(10,E)° with same energy bin structure
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* Calculate total response per unit dose as
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* D,O moderated Cf source shows largest TLD response due to its long tail into thermal and
epithermal neutron energies

* Pu-Be (CERN) spectra second
* Narrow, high energy spectra show smaller TLD response

* Relative to each 0 cm (calibration position) case gives relative response
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II. Monte Calo Simulation

* Simulate relative response of TLD using
reference spectra

* Calibration of TLDs done using polymethyl
methacrylate (PMMA) phantoms in albedo

geometry!

* Change of response with increasing air-gap?

* MCNP6.3* model:
> TLD case: A-150 Tissue-Equivalent Plastic’

Substrate: Aluminum

> Cadmium shield covering EL1

>~ PMMA slab (15x15x30) cm®

> Source: Parallel neutron beam

> 60-Energy-bins: 10™ to 630 MeV

Numbers of ®Li(n,o)®H reactions inside TLD: MT = 105, °Li + n — « + *H + E(MeV)
(ENDF-6 Formats Manual*).
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[V. Summary and Conclusion

* Cadmium covered elements less affected by air gap ('"*Cd(n,y)"*Cd reaction cross section®
increases 6 orders of magnitude between 10 eV and 1 meV)

* As gap increases, Cd-shielding becomes less effective for low energy neutrons, however
response as whole goes down

Relative Bare Cf | D20 Cf | Am-Be | Am-B Pu-Be
Response [%] |EL1 EL4 |EL1 EL4 |EL1 EL4|EL1 EL4|EL1 EL4

1 cm Gap 8 80 | 8 81 |8 380 |38 80 |92 85
3 cm Gap 73 67 |77 7272 67|73 66|86 79
5 cm Gap 65 60 |71 66 | 64 59|65 59|81 75

10 cm Gap 46 42 | 55 52 | 46 42 | 45 42 | 63 62

* TLDs in albedo geometry are calibrated with contact to PMMA, potential exposed workers need
to wear the TLD close to the trunk of the body

* Even a 1 cm gap (due to wearing a jacket, when leaning, walking etc.) show large differences up
to 20 %

* Tilting the TLD increases this effect, relative responses as little as 25 % possible for 30° rotated
TLD at ~ 10 cm (data not presented here)

—> TLD-read Doses underestimated!
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Note: The peak in the low energy of TLD
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