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Introduction
There are two systems for neutron personal dosimetry used at practice in the Czech

Republic:
• Solid state nuclear track detectors in contact with fissionable materials (intermetalic

enriched U+Al alloy, and 232Th) in Cd shield badge [1], and
• Albedo dosimeter based on 6LiF and 7LiF thermoluminescent detectors in a plastic badge

covered from the front side by Cd to screen it from directly coming thermalised neutrons
[2].

The first system is used in National Personal Dosimetry Service (CSOD); its performance is
continuously checked and improved. In this contribution we would like to present some of
results of this development, the contribution to the calibration of the second system included.

Results and Discussion
Basic Principle of the CSOD Neutron Dosimeter [1]

The dosimeter is composed of the Mylar solid state nuclear track detector, 8u.m thick,
placed between two fissionable materials: intermetallic U-Al alloy with U (20 wt %) enriched to
90 % in 235U, and metallic 232Th. These two radiators are afixed to a 0.5 mm thick Cd filter and
the complete set, i.e. two couples of radiators with the track detector in between them, is
inserted in a dosimetric badge. Cd filter serve to absorb thermal neutrons coming or directly or
as albedo. After the use, the track detector is chemically etched and evaluated using a spark
counter. The value of Hp(10) is derived from the apparent value of dose equivalent established
under uranium, H(app)uAi, as equal to 0.0687pUai. The value obtained is corrected using a factor
k which can be found on the base of the ratio of track densities puai /p™ • This ratio is an
indicator of the neutron energy. When primary neutron source is known, the value of Hp(10) is
calculated as: Hp(10) = H(app)uAi.-n.k. The value of n depends on the primary source and it is
equal to 1.0 for Cf, 0.57 for AmBe, and 0.37 for 14 MeV neutrons. When the primary neutron
source is not known, only the factor k, based on the track densities ratio mentioned is used. The
uncertainty of Hp(10) determination in this case deteriorates, of course. The dependence of k on
the track densities ratio was established experimentally through the evaluation of dosimeters
irradiated in more than 50 neutron fields with known spectra determined by means of Bonner
spectrometer. The spectra were chosen in the way to have as large variety of shielding as
possible. When the primary neutron spectrum is known, the uncertainty of the Hp(10) value is
estimated to not less than ± 30% ( la) for Hp(10) > 1.25 mSv (declared minimum detectable
dose equivalent).

This basic interpretation procedure can not be used when track densities ratio is too
high, above 260. It occurs in very heavily moderated spectra. In such case only track density
under U-Al radiator is used. In WWR energetic reactor environment it was found, that the
average factor is equal to 535 tracks under U-Al corresponds to 1 mSv of Hp(10).

The numbers of tracks evaluated are stored, even when the value of Hp(10) is lower than
1.25 mSv. It permits to estimate, at the end of each year, an annual value of Hp(10) based on the
total numbers of tracks during the whole year.
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Performance testing
Performance testing is performed by the calibration realised through the cooperatin with

the Inspectorate for Ionising Radiation of the Czech Metrological Institute (CMI-IIZ). This
institution is authorised to verify the quality assurance of all personal dosimeters in the Czech
Republic. The testing is realised through the irradiation of neutron personal dosimeters to
different values of Hp(10) by means of 252Cf neutrons. The procedure of testing would
demonstrate that the essential performance specifications are maintained in the routine
individual dosimetry. The tests are performed with the regular interval of two years.

The last tests have been realised at the beginning of the 2001-year, CSOD neutron
personal dosimeters were irradiated on the PMMA phantom 30x30x15 cm. The average
difference of the value of Hp(10) established by means of the CSOD routine procedure was
+13% in one case, +15% in other one, when compared to the value determined by CMI-IIZ
from the known neutron emission rate and ICRP 74 conversion factor for 252Cf neutrons, 400
pSv.cm2.

We suppose that the difference obtained is related to the fact, that the routine calibration
of CSOD personal dosimeters was related to previous ICRP recommendations not directly
connected with Hp(10) quantity. We estimated the uncertainty of recalculation of the constant to
pass from H(app)uAi to Hp(10) to about 10%. We decided therefore to lower the value 0.0687
used to calculate Hp(10) from H(app)uAb in 10% (see above). In such way, the differences
comparing to the CMI-IIZ estimation will not exceed 5%.

Using CSOD dosimeter to test an albedo dosimeter applied in Dukovany nuclear power plant
The dosimetry service of Dukovany nuclear power plant (NPP) used for the individual

neutron dosimetry an albedo system based on 6LiF and 7LiF thermoluminescent detectors [3].
Recently, it was decided to modify this dosimeter slightly. First, a plastic hemisphere simulating
10 mm of the tissue was removed from the badge. Furthermore, 0,8 mm thick Cd-shield was
added to protect the dosimeter against directly falling thermal neutrons. To verify the behavior
of this modified albedo-dosimeter, we compared them in real neutron fields in-reactor building
with CSOD neutron personal dosimeter. Two extreme fields were chosen for such tests:
• The board of main circulation pumps, where the spectrum is extremely moderated as found

through the measurements with Bonner spectrometer [4]; and
• The room of "bor-meters", where the spectrum of neutrons corresponds to only slightly

moderated AmBe neutrons.
Both types of neutron dosimeters were irradiated on a phantom, 4 dosimeters of each type were
irradiated together. Some gamma dosimeters were also irradiated at the same time, the results of
their evaluation were recently published [2] and will not be discussed in this work.

In both fields mentioned the dosimeters were irradiated 333 hours. First it should be
reminded that the signal of TLD's in the albedo system is primarily expressed in terms of
kerma-air of reference photons of 137Cs. The results of evaluation of both neutron personal
dosimeters are given in Table 1.

Table 1: The results of evaluation of neutron personal dosimeters irradiated inside NPP
Dukovany

CSOD

Albedo, NPP

Hp(10), mSv
Kair-6LiF = A, mGy
Kair-'LiF = B, mGy

A-B, mGy

-l^dm^f^orrmetejl"
44.7±3.8

16.4±1.9
1.41 ±0.06
15.0+1.9

14.8±1.2

45.0±1.2
2.53+0.05
42.5±1.2

It has to be mentioned that the evaluation of CSOD-dosimeter proved again the
difference in the hardness of neutron spectra in both fields. While the ratio of track densities puai
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/pih in the room of ,,bor-meters" was about 5.5, close to the main circulation pumps about 260.
The values of Hp(10) were therefore in the first case determined by standard procedure with
AmBe as primary source, in the second the factor 535 tracks per 1 mSv was used. It should be,
however mentioned that the value obtained in the second case through the standard procedure,
11.3 mSv, was close to the value given in the Table 1. Supposing that the values obtained with
CSOD dosimeter are correct, a conversion factor permitting to interpret the difference of TLD
signals to Hp(10) can be determined. It is equal to (3.0±0.4) in the case of bor-meter room,
(0.35+0.03) at the main circulation pump. It means that the conversion factor inside of a NPP
can differ for an albedo system up to one order of magnitude. It should be mentioned in this
connection that corresponding conversion factor for neutrons of 252Cf source is equal to
(4.5±0.5), not too far from the value established in "bor-meters" room.

As mentioned, the determination of Hp(10) by means of CSOD dosimeter is, even in so
spectrally different fields as tested, sufficiently correct, the requirement to be inside (-33 to
+50%) [5] would be fulfilled. The use of an albedo dosimeter represents more complicated task.
Two solutions are possible:
1. Dosimetry service ensures the information in what area the person worked during the period

of dosimeter use, or
2. The interpretation starts with more safe hypothesis, i.e. the difference of TLD signals is

multiplied by the highest conversion factor possible. If the value obtained is higher than
some properly chosen limit, the information mentioned in the item 1) has to be ensured.

Technical improvements
As mentioned in the first chapter, CSOD dosimeter is after the etching evaluated by

means of a spark counter. At usual conditions, the maximum number of tracks countable on the
evaluated area 2.5 cm2 was estimated to be about 3000 [1]. It limits of its use to mostly
occupational type of exposure (Hp(10) below few 100 mSv), occasional accidental exposures
would be difficult to evaluate properly. Recently, the spark counter has been modified from this
reason to extend the linearity of the response to 10000 and/or more numbers of tracks per 2.5
cm area of the electrode. We decide to verify to what extent the linearity of the response was
enlarged.

Routine neutron personal dosimeters were irradiated by means of a 239PuBe
neutron source available at the Nuclear Research Center of Fontenay-aux-Roses, France. Its
emission rate is 2.12xlO7 s ' \ diameter 3.95 cm and the height 8.6 cm. The source was
positioned at the center of a room 5x5x3.5 m3, at the height of 1.35 m.

The dosimeters were irradiated at the distances from 15 to 40 cm. Due to rather large
source dimensions, the corrections for non-punctuality were estimated following the procedure
described in [6]. They were equal to - 8 % at the distance of 15 cm, -4% at the distance of 25 cm,
less than 0.5% at the distance of 40cm.

A set of three routine neutron personal dosimeters was irradiated at each distance
mentioned, with the values of Hp(10) from about 100 up to 600 mSv. The dosimeters were
treated in such a way that the corrections for spontaneous fission were negligible. The results of
their evaluation by means of the modified spark counter are presented in the Table 2. The
routine spark counting includes pre-sparking at 1000 V and repeated sparking at 600 V.

Table 2: Results of the evaluation of dosimeters exposed at a 239PuBe neutron source

Exposure

No.
1 (40 cm)
2 (25 cm)
3 (15 cm)

Number of tracks per electrode area of
2.5 cm2 under

Th-NTh

1557 ± 63*>
3902 ± 380
9944 ± 553

UA1 alloy-Nu
2045 ± 78
3610 ±38

7401 ±213

mSv"1

16.2 ± 0.7
16.9 ±1.6
16.5 ±0.9

Nu/H

mSv'1

21.3 ±0.8
15.6 ±0.2
12.3 ±0.4
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The detectors were irradiated in the free-in-air irradiation geometry. In spite of that, low
energy neutrons scattered from the room walls influence the reading of detectors with UAl-alloy
radiator. The larger is distance from the source, the higher is contribution of these neutrons to
the number of tracks under UAl-alloy and the higher is therefore number of tracks per 1 mSv.
One can see in the Table 2 that this is actually the case.

Largely more important is therefore the analysis of data obtained for the number of
tracks behind Th-radiator. One can see in the Table 2 that an excellent linearity is observed for
track numbers between 1500 and 10000. Besides, also absolute values are in quite good
agreement with expectation. Actually, the number of tracks counted behind Th per 1 mSv
during regular calibration by means of 252Cf neutrons is about 8.5 mSv"1 [1]. When the ratio of
fission cross sections is taken into account [7] it should be between 14 and 20 mSv"1, depending
on the spectra taken into account. Some preliminary tests with an AmBe neutron source in the
CSOD irradiation hall have given the value (13.9 ± 0.7) mSv"1.

The tests performed confirmed therefore that the modifications realised would permit to
extend substantially the range of the linearity of counting up to, at least, 10000 tracks per
electrode area of 2.5 cm2. The limit of dose equivalent measurable would be therefore at least
600 mSv for a Pu(Am)Be neutrons, about 1.4 Sv for 252Cf neutrons, up to 5-10 Sv at
experimental reactors, and up to ten times more than the last figures inside nuclear power
stations with a PWR reactor.

When an average quality factor about 10 would be supposed, the absorbed dose up to
about 1 Gy could be measurable with detectors exposed at experimental reactors. It is close to
the accidental conditions, such possibility should and will be tested during an intercomparison
of such types of dosimeters. Nevertheless, it should be recommended first to repeat the tests of
the type described in this report for still larger extent of expected numbers of tracks, up to, at
least, 20-30000.
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