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ABSTRACT

Decontamination and decommissioning of the research reactors MR (Testing Reactor)
and RFT (Reactor of Physics and Technology) has recently been initiated in the 
National Research Center (NRC) "Kurchatov institute", Moscow. These research 
reactors have a long history and many installations - nine loop facilities for experiments 
with different kinds of fuel. When decommissioning nuclear facilities it is necessary to 
measure the distribution of radioactive contamination in the rooms and at the equipment 
at high levels of background radiation. At "Kurchatov Institute" some special remote 
control measuring systems were developed and they are applied during dismantling of 
the reactors MR and RFT. For a survey of high-level objects a radiometric system 
mounted on the robotic Brokk vehicle is used. This system has two (4pi and collimated) 
dose meters and a high resolution video camera. Maximum measured dose rate for this 
system is ~8.5 Sv/h. To determine the composition of contaminants, a portable 
spectrometric system is used. It is a remotely controlled, collimated detector for 
scanning the distribution of radioactive contamination. To obtain a detailed distribution 
of contamination a remote-controlled gamma camera is applied. For work at highly 
contaminated premises with non-uniform background radiation, another camera is 
equipped with rotating coded mask (coded aperture imaging). As a result, a new system
of instruments for remote radioactivity measurements with wide range of sensitivity and 
angular resolution was developed. The experience and results of measurements in 
different areas of the reactor and at its loop installations, with emphasis on the 
radioactive survey of highly-contaminated samples, are presented. These activities are 
conducted under the Federal Program for Nuclear and Radiation Safety of Russia.

INTRODUCTION

Currently, a large number of nuclear reactors are being decommissioned. At the NRC
"Kurchatov Institute", in frame of the Federal target program "Nuclear and Radiation 
Safety of Russia", decommissioning of research reactors MR and RFT are conducted 
[1]. During the operation of main and auxiliary equipment of reactors it was subjected to 
strong radioactive contamination. The character of this contamination requires individual
strategies for the decontamination work. To minimize the personal dose of staff,
involved in the work, it is necessary to remove the most contaminated parts of 
equipment first. To accomplish this it is necessary to measure the distribution of 
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radioactive contamination on the premises and equipment in high background radiation. 
Thus, the NRC "Kurchatov Institute" developed and applied a few special remote-
control systems for this project.

EQUIPMENT

Radiometric system of robotic complex Brokk-90

Remote γ-radiation metering in the reactor areas of intensive background radiation 
required a collimated radiometric system [2], which was installed on the remotely 
operated "Brokk-90" vehicle (Fig. 1a).

a b c

Fig 1. a) Radiometric system of robotic complex Brokk-90, b) remotely operated
portable spectrometric system, c) portable gamma camera «Gammavisor».

The system consists of: a detector for measuring the exposure dose with a measuring 
range from 0.4 mSv/h to 8.5 Sv/h; a collimated detector (partial dosimeter) for 
measuring the γ-radiation incident to the angle of collimation of the detector and to 
determine the contribution to the total flux of radiation from a given direction (the angle 
of collimation 12°, the thickness of the protection 30mm); camera with a 26-fold optical 
zoom, set along the detector, for a detailed visual inspection of the facilities during the 
radiation survey; and a set of lights. The unit is incorporated on a remote-controlled 
"Brokk-90" robot with a unit for information processing. This unit combines the radiation
readings and processes the signals from the detectors, overlaying the results of 
measurements on the video image, and transfers the results to the control panel. The 
measuring unit and processing unit are connected by a cable for transmitting the
signals. The measuring system contains two sensors CdWO4 scintillator-photodiode.
The signals from the detectors are presented as text in superimposition with the video 
image and are transmitted to the remote operator by radio or cable. Video images,
together with measurements, are displayed on the monitor screen and recorded on a 
video recorder for later analysis. Management is done remotely from a console room 
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with a camera loaded with in the reactor hall. Sensors measuring system brings the 
object under study by video image transmitted from the camera of the system.

Remotely operated portable spectrometric system

This remote-controlled spectrometer system was designed and built for remote
measurements of radioactive contamination in highly contaminated areas of the reactor
[3]. The system (Fig. 1b) consists of a spectrometric collimated gamma-ray detector, a 
color video camera and a control unit, mounted on a rotator, which are mounted on a
tripod with the host computer. The angle of view of the collimator is about 10 degrees. 
To change the angle of collimation up to 5 degrees the lead insert with a collimator hole
of 10 mm must be added. Three interchangeable gamma detectors may be used. Two
of the detectors are based on a optocoupler scintillator using CsI(Tl) and a photodiode
(with a volume of scintillator VSC ~ 20 and 5 cm3 respectively) and a CdZnTe
semiconductor detector with a volume of 60 mm3. Through detector substitution the 
sensitivity of the device can change. The system parameters are given in Table I.

Table I,. Detector parameters for remotely operated spectrometric system.

Detector
Sensitivity, (pulse∙s-1)/(uSv∙h-1) Resolution, %

Gamma-ray line, keV
662 (Cs-137) 1173.3 (Co-60) 662 (Cs-137)

CsI(Tl), Vsc=20 cm3 760 212 8.4
CsI(Tl), Vsc=5 cm3 250 64 8.8

CdZnTe 9 - 1.7

All components of the device - a collimated detector, video camera, turning device and
control unit are easily decontaminated. A protective housing allows the use of the 
device in contaminated areas. The on-board computer, spectrum analyzer, and the 
unit's power and rotational control are located in control unit. The signal from the 
detector is amplified and transmitted to a spectrum analyzer SCA-08 "Kolibri", which is 
controlled by onboard computer. The signal from the camera goes through the universal 
serial bus to on-board computer. The camcorder is positioned so that its axis of 
symmetry is parallel to the axis of symmetry of the collimator. The camcorder displays a 
same angle as the collimated detector. The rotation of the detectors is also controlled by 
the onboard computer. The device has been used for the survey of canisters with solid 
radioactive waste, containers with other radioactive wastes, the loop reactor channels 
and other high-level objects. The system was installed in the reactor hall. All work 
(moving the channels, loading containers, and the measurement of the radiation 
spectrum) were carried out remotely from the operator's cab.

Portable gamma camera ”Gammavisor”

A new compact gamma camera “Gammavisor” [4] has been designed and constructed
to visualize the radioactive contamination. The device (Fig. 1c) consists of a gamma 
radiation detector, black-and-white video camera, a power supply, a collimated detector
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and video camera for gamma imaging, all mounted in the housing. This detection unit is 
fixed on the rotary device mounted on a tripod. It is cable controlled by a laptop
computer. The collimated detection unit consists of a gamma radiation detector encased
in a lead shielding and placed in a metal casing. The detector itself is a scintillation 
crystal CsI(Tl) (3 mm thick and 40 mm in metal housing, and includes a scaling fiber-
optic plate (taper),image intensifier on the basis of the MCP (Micro Channel Plate) and 
a digital camera with lens to capture the images on the output screen of image 
intensifier and route it into the computer. An aperture for gamma imaging rotatable 
hexagonal coded (hURA) mask of rank 9 is used. An interesting feature of hURA type 
mask is that the mask is transformed into its opposite - antimask when turning 60 
degrees. If the two shadow images are subtracted for the mask in the main position, 
and in the antimask position, the background (part of the signal, which is not modulated 
by the mask) will be eliminated. The mask rotation by 600 and back is conducted by the
electric motor mounted on the casing.

The mask/antimask procedure also allows: 1) reduction of the influence of background 
in the detector, 2) elimination of the influence of a non-ideal mask (which has a finite 
thickness), which leads to different changes in the transparency mask open elements 
(depending on the environment of this element - transparent or opaque elements) and a 
bias of the source from the axis of the system. The second effect is reduced for masks 
with holes having a diameter smaller than the step pattern mask. The device is useful 
for images of the radioactive contamination distribution within reactor equipment.

SURVEY AND RESULTS

Dismantling, sorting, segmentation and removal of the loop equipment from the MR and 
RFT storage pools is one of the stages of decommissioning. The remotely controlled 
measuring equipment, particularly radiometric system of robotic Brokk-90, remotely
operated portable spectrometric system and portable gamma camera ”Gammavisor”, 
was used to carry out a survey of the loop facilities. Equipment has been installed in the 
immediate vicinity of the pool-storage in the main hall of the reactor MR (Fig. 2). 
Management of the measuring equipment was carried out remotely from a safe carrier 
space.

The spectral composition of the radionuclides in the loop facilities are determined with 
help of portable spectrometric system, and gamma images of object of study, combined 
with video, were obtained using “Gammavisor”.

An analysis of the radiation spectra was conducted using the developed methods and 
the activity of radionuclides for each channel was determined. The measurement results 
showed that most of channels contained Co-60, however, some channels contain other 
radionuclides with a complex spectrum of gamma radiation, for example, radionuclide 
Nb-94 (Fig. 3a).
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Fig. 2. The location of the equipment in the survey of the loop facilities.

A scan of loop channel’s elements was carried out using the radiometric system 
installed on the robotic complex Brokk-90. An image with values of dose rate on opened 
and collimated detectors was transmitted to system’s control monitor and saved on 
video recorder (Fig. 3b).

a b

Fig. 3. a) The radiation spectrum of one of the loop channels, b) Image obtained from
radiometric system of robotic complex Brokk-90, and contains information about dose 

rate on opened and collimated detectors.

After the scan, video images were analyzed in laboratory. As result, the distributions of 
dose rate on the length of the channel’s elements were plotted (Fig. 4a). It was 
compared with the distributions of activity obtained with a compact gamma camera 
“Gammavisor” (Fig. 4b).
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Analysis of the results showed that the activity along the loop channel’s elements is not
evenly distributed, but usually at the bottom of the elements, which was located directly 
in the reactor core.

Completed analysis allowed the most optimal scheme of cutting and packaging of the 
loop channel’s elements to be determined depending on the activity. The most active 
parts of facilities were cut and sent for long-term burial near the reactor storage. Low 
activity parts were packed in containers and sent to the landfill for low level waste for 
burial.

a b

Fig. 4. a) The distribution of dose rate along the loop channel’s part, obtained after 
processing the results of scanning, b) Gamma image of the loop channel’s part, 

superimposed on its video.

All work on the measurements, movements, cutting and packing of loop facilities were 
carried out remotely using robotic vehicles and remote measurement techniques. 
Application of remote-controlled systems and devices has significantly reduced radiation 
doses for personal.

CONCLUSION

Adaptation of complex remote measurements of radioactivity and survey of 
contaminated installations of research reactor before dismantling in high dose 
conditions has proven successful. The radioactivity measuring devices for operation at 
high, non-uniform dose background were tested in the field and a new data of 
measurement of contamination distribution in the premises and installations were 
obtained.
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