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This paper presents results of the development of a small-sized free release monitor designed
for the release of materials, various hand tools, equipment and instruments of nuclear enter-
prises and laboratories staff that weight up to 50 kg, from radiation control. To increase the
registration sensitivity of controlled radionuclides, 12 scintillation units based on a 3" x 3"
sized Nal (TI) crystal were used as gamma-radiation detectors. Volume of the measuring
chamber of the monitor amounted to 200 L, the chosen thickness of the low-background
shielding was 50 mm. The values of the minimum detectable activity of the designed monitor
for the point sources 1231, 131, 99T, 18F were better than 100 Bq with measurement time not

exceeding 60 seconds.
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INTRODUCTION

In the course of its life, any nuclear facility (nu-
clear power plants, fuel cycle processing plants, nu-
clear laboratory, medical organizations, etc.), in addi-
tion to its main product, generates various production
waste (work clothes, shoes, tools, computer equip-
ment, materials related to the work of personnel and
etc.). In addition to activated or contaminated materi-
als that must be evacuated and disposed of as radioac-
tive waste, a large amount of non-radioactive materials
can either be recycled or released into free circulation
[1]. The purpose of free release monitoring is to reduce
the amount of radioactive waste requiring disposal.
This task requires the development of procedures and
criteria for such release, along with the development
of equipment, to ensure highly effective control of
contamination of objects and materials at all stages.

As arule, free release monitors (FRM) designed
for these purposes represent a measuring chamber with
the volume up to 400 L, where the measured objects are
placed, surrounded by passive shielding protection for
screening from external background. To measure the
activity of gamma-emitting radionuclides in a FRM,
gamma-ray detectors based on plastic scintillation ma-
terials are usually used [2-4]. The low resolution of such
detectors actually makes it possible to measure only
137Cs and %°Co by the radiometric method in windows.
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The existing design of modern FRM is contin-
gent on two main factors. The first is the standards for
release from radiation control established by the IAEA
[5, 6], as well as by regional regulatory bodies. For ex-
ample, the EU has adopted the Euroatom directive [7]
and the recommendations of the European Commis-
sion [8, 9] which also establish norms for release from
regulatory control, and somewhat differ from the
IAEA standards. The second factor is the size and
throughput (kg or tons per hour) of controlled objects.

In some cases, for example, in radiological cen-
tres and nuclear medicine clinics, it is often necessary
to perform measurements associated with the release
from regulatory control of materials and instruments
not only for relatively long-lived radionuclides, such
as 137Cs and ®°Co, but also for short-lived ones, such as
1317, 99mTe, 177y, 1231, 8F, etc. [10, 11]. Typically, the
mass of the measured objects in such applications does
not exceed 50 kg.

This task requires not only a high registration ef-
ficiency of the controlling monitors, but also energy
resolution sufficient for the minimum detectable activ-
ity (MDA) of the FRM to allow monitoring of samples
with high throughput. For example, the directive [7]
implies the MDA of such FRM should not be worse
than 100 Bq for '3’Cs and ®°Co and not worse than
500 Bq for '*'I. The measurement time in practice,
however, should not exceed a few minutes in order to
ensure high throughput. To solve this problem, the use
of plastic scintillators is difficult because of the low
energy resolution and, as a consequence, low MDA.
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This work is devoted to the results of the devel-
opment of a small-sized highly-sensitive FRM de-
signed to release materials, various hand tools, equip-
ment and instruments for personnel of nuclear
facilities and laboratories weighing up to 50 kg, from
radiation control. The main purpose of the paper was
to study the possibility of improving the MDA for con-
trolled radionuclides in comparison with the existing
analogues [2-4] and practical demonstration of im-
proved MDA characteristics in the developed FRM.

INCREASING THE EFFICIENCY OF
RADIONUCLIDES REGISTRATION

For the development of FRM for small-sized ob-
jects with improved MDA characteristics, the guide-
lines of the directive [7] were taken as a basis. The
MDA of radionuclides in a particular device is always
determined by the number and sensitivity of the detec-
tors used, their energy resolution, low-background
shielding, and the measurement time. To increase the
registration efficiency and energy resolution of the de-
veloped device, instead of the commonly used plastic
scintillators [2-4], we used 12 smart detection units
(SDU) based on a Nal (TI) 3" x 3" crystal (with a
Hamamatsu R6233 photomultiplier) with a built-in dig-
ital MCA [12] and a high-voltage power supply. The en-
ergy resolution of each SDU at the 662 keV line was not
worse than 7 %. To connect the SDU to a PC, a standard
industrial RS485 interface with a half-duplex scheme
was used, which allows simultaneous start/stop of spec-
trum acquisition on all 12 SDU. Thus, the developed
FRM is actually a 12-channel spectrometer.

The general view of the designed FRM is shown
in fig. 1, and its functional block diagram is shown in

fig. 2. The FRM is a monolithic box construction with
dimensions 800 mm x 800 mm x 1300 mm based on an
aluminium profile frame. Inside the frame, there is a
500 mm x 500 mm x 800 mm measuring chamber
made of stainless-steel sheets with a door for loading
the inspected samples inside. To ensure that the entire
area of the measuring chamber is covered with sensi-
tive detectors maximally evenly, two SDU were
placed on each side wall, so that the centres of the de-
tector crystals lie in the centre of the upper and lower
halves of the wall, respectively.

To reduce the influence of gamma background
on the FRM measurement results, the measuring
chamber is sheathed on the outside with lead plates

Figure 1. General view of the designed FRM
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(including the door), forming a continuous low-back-
ground lead shield 50 mm thick. Additionally, the
FRM is equipped with a barcode scanner and a printer.
The weight of the loaded samples is determined by
electronic scales built into the chamber. The total mass
of the device with the lead shielding was 2800 kg.

The FRM software and operation algorithm

To control the developed FRM, a specialized
GammaPro [12, 13] software was created that performs
the acquisition and accumulation of spectra, creates/ed-
its a working library of nuclides, efficiency calibration,
makes analysis of the spectra and report output.

The operation algorithm of the developed FRM is
quite simple. Rectangular containers with tools or mate-
rials weighting up to 50 kg, are placed into the measuring
chamber. The weight value, which is determined by the
scales built into the chamber, is automatically transferred
to the GammaPro software for further calculations. A
12-channel gamma spectrometer acquires gamma radia-
tion spectra of objects placed in the camera. The FRM
control software analyses the acquired spectra for the
content, activity and MDA of 1311, ®mTc, 177Ly, 1231, '8F,
137Cs, 99Co and other nuclides. After calculating, the pro-
gram gives the user a report and a decision on the release
of the measured objects from radiation control. If the ac-
tivity of the nuclides exceeds the norm for release, then
the report indicates the date when the activity due to de-
cay will be below critical. Based on the analysis results, a
bar code is formed, which can be printed and glued to the
sample. The barcode scanner is used to read the barcode
glued on the measured object and display the information
encrypted in it, in a special information window.

CURVE OF FRM REGISTRATION
EFFICIENCY

The total curve of registration efficiency from all
12 FRM detectors was calculated by the Monte Carlo
method using the MCC-MT program [14]. In the calcu-
lation model, it was assumed that the point source is lo-
cated in the centre of the measuring chamber. The calcu-
lation results in the range of 50-2500 keV are shown in
fig. 3. As can be seen from the graph, the registration ef-
ficiency curve has a classical form, typical for detectors
based on Nal(Tl). In this case, the maximum FRM regis-
tration efficiency falls within the range of 100-500 keV,
which includes all the energy lines of the short-lived iso-
topes 1311, e, 1771y, 1237, F,

Research of MDA of the
designed FRM

The MDA is an important characteristic of any
spectrometric system. For the level of confidence p =
=95 %, MDA can be represented as [15]
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Figure 3. Registration efficiency curve of the developed
FRM for a point source located in the centre of the
measuring chamber
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where ¢ is the registration efficiency for a given en-
ergy, I — the line intensity, 7 — the measurement time,
and By, — the number of pulses within the range of the
peak minus the number of pulses in the area of the
peak.

The MDA was calculated from the background
spectrum for the most intense lines of '3'1, *™Tc,
77, 1231, 18F, 137Cs, ®°Co nuclides. The background
spectrum is shown in fig. 4. The measurement time
was 30 minutes. From the background spectrum, the
count rates were determined in the corresponding ar-
eas of peaks of the nuclides in question.

The results of calculating the MDA of the de-
signed FRM for various radionuclides are presented in
tab. 1. As can be seen from the table, the FRM, dueto a
significantly higher resolution of the applied detec-
tors, makes it possible to measure the activities of not
only ¥’Cs and °Co, but also short-lived medical
radionuclides. For a measurement time of 90 seconds
this FRM provides MDA values better than 100 Bq for
all studied nuclides, except for '"7Lu. The higher
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Figure 4. Background spectrum of the designed FRM,
acquisition time 61755 seconds
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Table 1. The MDA of various radionuclides for the
designed FRM

. MDA [Bq]
Nuclide T=60s T=90s
P11 (364.5 keV) 95 75
P Te (140 keV) 67.4 55
""Lu (208.3 keV) 685 555
1] (159 keV) 74 58
BF (511 keV) 49 38.5
7Cs (661.8 keV) 121 98
%Co (1332 keV) 108 87

MDA values for '"’Lu are due to the fact that its most
intense line at 208.3 keV is superimposed on the rather
intense line at 238 keV (***Th), which is present in the
background spectrum.

Analysis of the characteristics obtained in rela-
tion to the existing Directives [5-9] shows that the de-
veloped FRM meets all the existing standards for
gamma-emitting nuclides in terms of radiation clear-
ance and release from radiation control.

CONCLUSION

As the results of the work showed, the MDA of
the developed FRM quite allows it to be used to release
from regulatory control of materials and instruments
in laboratories and centres of nuclear medicine in ac-
cordance with the EU regulations. The values of the
minimum detectable activity of the developed monitor
for precision sources of short-lived radionuclides '*°I,
131, 99mT¢ 18F are better than 100 Bq with a measure-
ment time not exceeding 60 seconds. At the same time,
the throughput of FRM, referred to the standards spe-
cifically for '3’Cs and ®°Co, is about 1500 kgh™' or
about 30 samples per hour. In the case of analysis only
for short-lived radionuclides, the throughput of the de-
veloped FRM can be several times higher, depending
on the density of the materials under study.
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Cepxu C. IIOXYJ/IUAMHN, Uropc A. KPAUHYKOBC

MNOBO/BIMAIBE MUHNUMAJ/HE NETEKTABMWJIHE AKTUBHOCTU MOHUTOPA
KOHTAMMNHAILIMJE 3A NIPEIMETE MABUX TUMEH3UJA

Y pagy cy TpHKa3zaHW pe3yiATaTH pa3Boja MOHMUTOpA KOHTAMHUHAIWjE Majle BeJIMJYHHE,
IPOjeKTOBAHOT 3a moTpebe ocitodabama o paujalmoHe KOHTPOIIE MaTepHjalia, Pa3InITAX PYIHHIX alaTa,
ompeMe ¥ MHCTPyMEHaTa U3 HyKIICapHUX MOCTpojerba ! laboparopuja, Texkune a0 50 kr. Pagu moeehama
OCETIHLUBOCTH JICTEKIHje PaHOHYKINA MEPEHEM ramMa 3pauetha KOpHITheHO je 12 CHMHTUIAIOHNX COH/IH ca
Nal(Tl) numensnje 3" x 3". 3anpemMuHa KOjy MOHUTOp MOxe fia Mepr m3Hocr 200 nuTapa, a 3aIliTHTOM Off
3pauemwa jeomuHe S0 mm o0e30ebyje ce Hu3ak oH. [loOMjeHe BPEIHOCTH MUHUMAJHE JeTeKTaOuiIHe
AKTHBHOCTH IIPOjEKTOBAHOT MOHUTOPA 3a Taukacte u3zBope 21, 311, ¥ Tc, 18F Guute cy marbe o1 100 Bq 3a Bpeme
Mepema Koje Hije Omto myke o 60 ceKyH/H.

Kmwyune pequ: MOHUIIOp KOHIUAMUHAYU]E, MUHUMAAHA OeiUeKIllaOUIHA AKIUUSHOCIU, eqoUKACHOCIT
Oeitiexyuje, CUUHIUUAAUUOHU OCUeKIOP 2ama 3paierbd, paouoaKiuueHU OHaA0



