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INTRODUCTION

In the International Intercomparison of the Criticality Accident Dosimetry Systems organized by the
Commision of European Communities at SILENE Reactor in Valduc, France, 1993, the Ruder Boskovic
Institute (RBI) measured the total neutron and gamma tissue absorbed dose (Dn+V) at the body surface
irrespective of neutron and gamma energy spectra variations using the chemical dosimeters DL-M40). For
deriving the neutron dose i.e recoil dose, Dn, from the differences Dn = D n + Y - D,, the total gamma dose
(D^) has to be measured with highest accuracy. The determination of the gamma dose in a mixed field is
complicated because TL dosimeters are sensitive both to neutrons and gammas. Besides, the radiation doses
and energy spectra varry because of scattering and absorption in the body or phantom. Therefore dosimeters
with different sensitivities, energy dependences and encapsulations have to be used.

In this paper only the study of some characteristics of various TL detectors, such as sensitivity, linearity,
supralinearity and fading, for measurement of the gamma component are described. These investigations
were carried out in RBI before and after the Valduc intercomparison experiments. The encapsulations, TL
response corrections for thermal and fast neutron effects as well as the discussion of Valduc results will
be published later.

MATERIALS AND METHODS

The TL detectors investigated and the parameters of readout and annealing time (t) and temperature (T) are
listed in Table 1. The measurements were carried out on a Toledo 654 (Pitman) reader without adjustable
integration of the glow curves. The heating rate was 10°C/s. During the Vladuc intercomparison
experiments there was no possibility for external preheat and annealing. Therefore in all measurements at
the RBI only internal preheat and annealing was used. For gamma irradiations a previously calibrated'2'
Gammacell 220 ^Co radiation source of the RBI was used. In RBI measurements each of the detectors was
encapsulated in 0.1 mm polyethylene foil placed in 3.5 mm thick rubber holder.

Code of detector

Material
Doping
Origin

Preheat, T/t
Read-out, T/t
Annealing, T/t

TLD-700

Li7F
Mg,Ti
Harshaw

120°C/12s
280°C/25s
400°C/40s

TLD-100

LiF (nat)
Mg,Ti
Harshaw

120°C/12s
280°C/25s
400°C/40s

CaF2

CaF2

Mn
US*

120°C/12s
320°C/32s
400°C/40s

A12O3

A1A
Mg,Y
II*

120°C/12s
280°C/25s
400°C/40s

* US: Institute Jožef Stefan, Ljubljana, Slovenia;
II: Institute for Isotopes, Budapest, Hungary

Table 1: Characteristics of TL detectors and evaluation parameters.
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RESULTS AND DISCUSSION

Individual sensitivity
All readings were corrected for individual sensitivity(3) of the particular detector. The standard deviation
(SD) of the TL responses of the detectors after irradiation with a reference dose of 1 Gy was determined
to characterize the batch uniformity. TLD-100 detectors show the best uniformity, (SD= 4.2%), while A12O3

has high standard deviation (SD= 27.4%). The reason was that 25 A12O3 detectors were obtained from
different batches. Using the individual sensitivity correction factor the SD value for A12O3 was improved
to 4.5%. The individual sensitivities of TLD-100 detectors change as a consequence of high thermal
neutron dose irradiation and the SD of the batch uniformity becomes 27.4%. TLD-700 (SD= 5-6%) and
CaF2 (SD= 5-7%) had stable batch uniformity during all measurement cycles.

Linearity and sensitivity
The dose response curves of the dosimeters investigated are linear in the dose range 0-4 Gy. The correlation
coefficients for the curves in Figure 1. obtained by the method of least squares fitting are 1.00.

The relative sensitivities calculated from the curves relative to TLD-700 have been found to be 8.6, 0.9,
and 0.3 for CaF2, TLD-100 and AL,O3, respectively.

After neutron irradiation the recalibration of the response to gamma rays was performed. No change of
sensitivity after neutron irradiation could be observed with TLD-700 and CaF2:Mn detectors. The
reproducibility of Al2O3:Mg,Y detectors deteriorated somewhat, with no systematic change of sensitivity.
The change of TLD-100 sensitivity observed is attributable to the high thermal neutron doses (response
equivalent to about 100 Gy gamma dose).
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Fig. 1: The dose response curves of the TL dosimeters investigated. 1. CaF2; 2. TLD-700; 3. TLD-100; 4.
A12O3.

Supralinearity
The supralinearity was measured in the dose range 1-8 Gy. In this range CaF2 and Al, Q do not show
supralinearity. The corrections of TLD-700 signal for supralinearity between 5.5 and 6.5 Gy were 2 to 4%.

Fading
24 TL detectors were irradiated with a dose of 1 Gy and subsequently stored at room temperature. Three
detectors of each type were read at different time during 48 hours. A second measurement cycle was carried
out for the determination of the fading up to about 400 hours after an irradiation with a dose of 2 Gy. The
summarized results normalized to the TL respone measured 24 hours after irradiation are shown in
Figure2.
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The results obtained for CaF2 and A12O3 are in accordance with our earlier three weeks long fading
investigations*4'. The larger fading of TLD-100 and TLD-700 dosimeters is caused by peak 3(5) which
during the read-out without glow curve analysis could not be eliminated. The measurement cycle up to 400
hours was performed only with detectors already exposed to high neutron doses (up to 5 Gy of fast neutron
dose and up to 7x10" thermal neutrons per cm2). The increased fading of TLD-100 detectors (up to 35%
after 265 hours) could be the consequence of the thermal neutron effect which produced also the decreased
sensitivity and reproducibility of these detectors.
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Fig. 2: Effect of storage on the relative TL signal. The TL response measured 24 hours after irradiation is taken
as 1.0.1. CaF2; 2. TLD-700; 3. TLD-100; 4. A12O3.

CONCLUSIONS

Detailed measurements of sensitivity, linearity, supralinearity and fading of the TLD-100, TLD-700,
CaF2:Mn and Al2O3:Mg,Y detectors were carried out to asses the suitability of these detectors for
measuring total gamma dose and improve the accuracy of gamma dose measurements in a mixed n+gamma
irradiation field during the Valduc International Intercomparison of the Criticality Dosimetry Systems.

The linearity of the dose response of the detectors investigated was excellent, the effect of correction for
supralinearity even for TLD-700 was less than 4%.

The results of fading determinations described in this paper show the importance of fading correction for
the precision of measurements. After mixed field irradiation, some detectors were read at Valduc, others
at the Ruder Boskovic Institute. The readings with fading correction have shown the agreement between
the Valduc and RBI gamma field calibrations. After neutron irradiation the recalibration of the response
to gamma rays was performed. No change of sensitivity after neutron irradiation could be observed with
TLD-700 and CaF2:Mn detectors. The reproducibility of Al2O3:Mg,Y detectors deteriorated somewhat,
with no systematic change of sensitivity. The sensitivity of TLD-100 detectors changed after neutron
irradiation due to thermal neutron component.

The sensitivity of all detectors used is adequate for nuclear accident dosimetry. The combination of
detectors with different photon energy dependences and different fast and thermal neutron sensitivities
applied together to every position of measurement (in free air or on the phantom) increases the accuracy
and reliability of corrections for neutron effects. With adequate combinations of encapsulation the
combined TL detectors can give accurate enough gamma doses in the fields of unknown spectrum. Our
results of gamma dose measurements at the Valduc criticality dosimetry intercomparison have shown very
good agreement with reference data and the mean values of all participating teams'6'.
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