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1. Introduction
In the process of the decommissioning of nuclear plants and old reactors is the knowledge of the nu-
clide vector very important, but the costs for the radiochemical analysis are very high. Further is neces-
sary in this decommissioning process also an exact dosimetry including the aerosols path on the work-
places .

Using the new technologies of the microelectronics and microsystem technology it is possible to con-
struct mobile and portable measuring systems to resolve these problems.

We report on a new miniturized alpha / beta spectrometric system. This cheque card 12 bit SARAD
spectra 5011 [1] spectrometric system we can combine with a new developed detector, preamp and
forming unit. A very important application of this new measuring system is the alpha nuclidspecific
surface contamination monitoring. We report of applications to use this new technology to measure
the nuclide vector in old lead cells or construction elements in old nuclear plants. So we can measure
surface contamination in the order of 1 Bq/cm2 of Pu-239 very easy. In this way it is possible to reduce
the costs for radiochemical analysis.

A other modification of this cheque card spectrometer is a radon personal dosimeter. In this case we
have integrated on a cheque card a 8 bit spectrometer, a 1 cm2 silicon detector, the signal processing,
AD-conversion, data storage and transponder system for the data transfer [2, 3 ]. Using this transpon-
der system we can also use a local resoluted dosimetry. The main application of this system is the ra-
don dosimetry on workplaces, for instance water works, mines, show caves and other work places with
high radon levels. This easy system can replace the passive screening methods and also the nuclear-
track etch dosimeters. Because the low price and the easy data read out the amortisation of such a elec-
tronic system is in the order of two years.

2. Methods
We have developed a new miniturized alpha / beta spectrometric system. The heart of this system is a
Smart Card MCA with 12 bit resolution and 32 bit memory for each channel in the dimension of a
cheque card ( see Fig. 1 ). This 12 bit SARAD spectra 5011 spectrometric system we can combine with
a new developed detector, preamp and forming unit.

Development of the MQD-01-03 Detector/Amplifier Unit sets a new standard in the economical meas-
urement of alpha activity on filters or other surfaces in air. The unit, which is not much larger then a
standard detector (c()34 mm, height 30 mm), contains a light -tight, ruggedized semiconductor detector
PLUS the complete pulse-processing electronics for connection to any SPECTRA alpha spectrometer.
The MOD 01-03 comes with detectors of 75, 100, or 400 mm2 active area.

To assess contaminated surfaces in view to its emission of alpha radiation, it's necessary to know the
accessory nuclidvectors, that means the nuclidspecific activity distribution. Commonly these vectors
are determined by very workfull and timeexpansive procedures inside a lab. The results are used in
combination with gross alpha measurements for assessment of the whole interesting area. Therefore,
changes of the nuclidvectors over time and at different places will be not detected. The nuclear industry
works with high security factors for this reason.

So we started the development of an analysis system with the easy handling of a large area proportional
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counter and the information output of a lab-like analysis. We had to solve two main problems for proj-
ect realisation:
• integration of a complete modern alpha spectrometer in a small package and reduction of power

consumption to enable battery powered operation over large times
• matching the analysis software to the specific physical characteristic of alpha radiation inside a me-

dium

With the introduction of our 'check card MCA' based spectrometer series SPECTRA 50xx and the de-
tector/amplifier modul MOD01-03 we could set up the hardware to the requirements described before.
The system consist only of one (5011) or up to 12 (5031) alpha spectrometers in a batterypowered en-
closure with connectors for direct MOD01-03 plugging. It is very easy to arrange the modul at any
place because of its very small outlines (34 mm diameter, 30 mm height). System control is done by a
CAN-bus adapter, plugged direct to the notebooks printer port. The efficiency of the system was de-
termined at 6 counts/minute using a large area 0.05 Bq/cm2 calibration source. If a low absorption in
the probe is expected, its possible to use a collimator, which increases the energy resolution (200 keV).
The disadvantage is the reduced count efficiency (decreases to 30%).

All available software solutions are designed to mach with special probe preparing and vacuum tech-
nics. The Analysis of unprepared probes under environmental conditions lead to significant changes in
peaks shape of the acquired spectra. The cause are energy loses in the probe self, in the ambient air and
in detectors dead layer. Following aspects have to be considered:
• energy shift of the whole peak to left, done by the minimum energy losses of shortest way alpha

particles
• increasing FWHM and maxima-shift to left refer to the right edge of the peak
• large tailings created by the statistical distribution of the different length of particle flight

The software, developed by SARAD realise a perfect fit also for such overshaped peaks. Its possible to
adjust the parameters peak shift, FWHM and tailing for each peak independently. So are different at-
tachment processes can be considered. The peak parameter informations of each nuclide can be stored
in user defined nuclide libraries and are available for further analysis of similar probes. A reference
source for energy and efficiency calibration is recommended.

A other modification low power application of this cheque card spectrometer is the radon personal do-
simeter. In this case we have integrated in the dimension of a cheque card a 7 bit spectrometer , a 1 cm
silicon detector, the signal processing, AD-conversion, data storage and transponder system for the
data transfer [2]. Using this transponder system we can also use a local resoluted dosimetry. The main
application of this system is the radon dosimetry on workplaces, for instance water works, mines, show
caves and other work places with high radon levels. This easy system can replace the passive screening
methods and also the nucleartrack etch dosimeters. Because the low price and the easy data read out
the amortisation of such a electronic system is in the order of two years.

3. Results and discussion
The following sample spectra can give a good system performance overview. The spectra in Fig.2
show the influences of energy loses in air (compared with vacuum Fig. 1 ) to the peak shape ( Am
calibration source). The spectra in Fig.4 of the same source was acquired by using a collimator.

Spectra in Fig. 4 of a 238Pu large area probe with an activity of 0.05 Bq/cm2 (refers to the german valid
administrative limit). The probe is covered with a relative thick protection layer. Therefore results a
large tailing. The peak area is 206 counts, the analysis time 30 minutes.
The spectra in Fig. 5 shows the performance of the analysis software. The natural Uranium probe
(100 cm2) gives a whole activity of about 75 Bq in both, 234U and 238U peak. A thick Aluminium
shielding at the surface of the probe lead to very large changes of peakparameters. But the both main
peaks can still fitted and separated perfectly using the right peak slope. The peak area is about
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3000 counts for each peak, acquired in 45 minutes. The 235U peak with an activity of only 3.5 Bq does
not create a significant 'right edge' to fit this peak in the long tailed probe.

Fig. 1. Spectra of a Am source in vacuum
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Fig, 2. Spectra of a Am source in air
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Fig. 3. Spectra of a Am source with collimator Fig.4. Spectra of a large area Pu source
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Fig.5. Spectra of a thick natural uraniumprobe Fig. 6. Determination of the nuclide vector using
the Analyser software
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A very important application of this new measuring system is the alpha nuclidspecific surface con-
tamination monitoring. The first applications to use this new technology was the test to measure the
nuclide vector in old lead cells or construction elements in old nuclear plants. Using a manipulator we
placed the detector Mod 01-03 Unit (1.5 cm2 detector area), connected to the SPECTRA 5011 with a
5 m long cable, on the surface of the lead cell in a old nuclear plant. In several positions we get differ-
ent spectra ( see Fig. 6 - 12 ). In Fig. 7 the Alpha component is very important. Using the Analyser
software we can describe a nuclide vector ( see Fig 6 ). Fig 8 show a very low contamination and a
negligible alpha component. Fig. 9 show a very high (3-contamination and very low alpha component.
Further we measured the surface contamination of a rusted tube of the first cycle of a old nuclear reac-
tor ( see Fig. 13 and Table 1).
We determined a surface contamination of this roosted tube of

239/240'Pu:
23 8Pu C4 'Am):

0.03 ± 0.006 Bq/cnT
0.016 ± 0.004 Bq/cm2
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So we can measure surface contamination in the order of 1 Bq/cm2 of 239Pu very easy. In this way it is
possible to reduce the costs for radiochemical analysis. Further we can analyse filters with our Mod-
01-03 module of high volume air samplers. For instance in a nuclear waste disposal we found a content
of 146 mBq/m3 of 239Pu (see Fig. 14). We pumped air through the filter and only 1 min after this proc-
ess we measured the spectra. The analyses show the content of Pu on the filter. Using the James/
Birchal ( ICRP 66 ) lung model for a dose calculation we estimate 2 mSv per year by 2000 h working
time on this work place per year.

Fig. 7. Surface contamination of a lead cell MP 2
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Fig. 9. Surface contamination of a lead cell MP 4 Fig. 10. Surface contamination of a lead cell MP 5
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Fig. 11. Surface contamination of a lead cell MP 6 Fig. 12. Energy calibration spectra of a Pu-Am-
Cm source

300

250 •

c 2 C 0 '

U 150

* 100

SO

I

1\
0 50

Me

100

Spunkt 6 Bleizelle

150 200 250

channel

A other modification of this cheque card spectrometer is the radon personal dosimeter. This easy sys-
tem can replace the passive screening methods and also the nucleartrack etch dosimeters. Because the
low price and the easy data read out the amortisation of such a electronic system is in the order of two
years.
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Fig. 13. Alpha spectra of a rusted tube of a old nu- Fig. 14. Alpha spectra of a filter exposed 5min
clear reactor with a high volume air sampler and lmin ana-

lyse time

Table 1. Nuclide vector of the rusted tube

-Me : C:\ALPHA CHV\LP04NEUV3ROROSWU.SPS
Detector : test spectrometer ert CAN-address : 1
Sample : w i l rassen spekrum pu stm cm

Acquisition started at : 12.OS
L I N E S
Energy(fit) Area
S145 34
5441 1 a

N U C L. I D E S
NuclicJe Rank ECfrt)
Pu-239/24O 1 S1 45

Pu-238 1 5441

1997

6
4

dE
-7

- 4 6

MSBM

14:45:53 Acquisit ion time [=]

FVMHM Tailing
6O SO
1OO 8O

•54. Alpha
1OO

1OO

! » » • • • • • •

2034

Nuclide
PU-239/24O
PU-23S

Ares-found +/-
34 6

1 6 4

• • • •

%. Alpha
100
100

-expected

• • • • • • • • • I v | -•

Rank
1
1

ca'*bration factor of the radon personal dosemeter PDR 4001 in
dependence of the radon concentration

In fig. 15 is shown the dependence of the calibration factor with the radon concentration. This figure
show , that the cali-
bration is constant in
a wide range of the
radon concentration.
Using a fast gas trans-
fer membrane for the
radon inlet, the reac-
tion time is in the or-
der of 3 min. So the
system can also use
very successful in
fast changing con-
centrations.

The radon personal
dosemeter was tested
in the international
intercomparision in
Pfibram, CR, June
1997 .There is in a
good agreement with the results of the other participants of this intercomparision.
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