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ABSTRACT 
 

Works for the rehabilitation of nuclear and radioactively contaminated objects of 
the RRC Kurchatov Institute, continued for several years and now the experts of 
the center began work to prepare for the decommissioning of research reactor MR. 
As part of this work is carried out radiation survey radwaste repositories located in 
its premises, characterization of high-level waste that has accumulated in the 
storage basin and the extracts of the CPS, a survey of loop reactor facilities. 
Radiation survey carried out using robotic tools Broкк, equipped with gamma 
locator for the identification of intense gamma radiation sources. The gamma 
locator installed on a robotic tool serves for control and gamma vision of the Brokk. 
Management of the robotic tool and the gamma locator made from a safe place. 
Transfer of control signals and measurement data of the gamma locator were 
carried over by radio channel. For the radiation survey of the waste placed in 
cooling pools and the gateway of the reactor, the clarification and decontamination 
of water in these reservoirs was carried out. The clarification of the water was not 
carried out from 1993, when the reactor MR was shot down. Water purification was 
executed by standard water treatment systems for small basins. Sand coarse 
filters water collected radioactive particulate matter present in the pools and the 
gateway. Upon completion of the filter as radioactive waste were sent to long-term 
storage of Radon enterprise. Use of standard equipment was fully justified in 
referring to relatively low costs of conducting operations. In 2008 the 
characterization of the high level radwaste placed at the storages in the reactor hall 
was executed. For measuring of specific activities of the casks containing the 
radwaste the gamma locator installed at robot Brokk was used. The gamma locator 
allowed measuring of distribution of activity along the casks. This works allowed 
planning of amount of containers for removing of the high level radwaste from the 
reactor premises.In addition, work carried out on the removal of accumulated spent 
fuel from research reactors, including reactor MP. Now the project of 
decommissioning of research reactor MR is prepared and held its state expertise. 
If it approved at the end of 2009 it’s expected to start work of decommissioning the 
reactor. 

 
 
1. Introduction 
 
In 2008, specialists of Research Center “Kurchatov Institute” began work on 
decommissioning of Center’s research reactors under the Federal Program" Ensuring 
nuclear and radiation safety of Russia in 2008 and until 2015 ". In 2008-2009, in RRC 
“Kurchatov Institute” has been developed the project of “Decommissioning research reactors 
MR and RTF Federal government agencies of Russia Research Center "Kurchatov Institute" 
[1-4]. An endorsement of the FGA "Glavgosekspertiza Russia" and the endorsement of the 
State Ecological Expertise were received. This project was approved by the Federal Agency 
for Science and Innovation. Currently documentation for obtaining a license for the 



decommissioning of the reactors MR and RTF is preparing. As part of preparatory activity 
purchase of the necessary equipment will be entered. According to experts from the RRC 
“Kurchatov Institute” it should be removed up to 3-4 thousand m3 of solid waste and 
extracted and processed about 10 thousand m3 of radioactively-contaminated soil.  
In 2009, major efforts were aimed at obtaining of permits, removal of loop channels of the 
MR reactor, a survey of reactor storage, currently used as a repository for high level waste, 
as well as a sluice hatch between the storage pool and reactor pools, the depths of which 
are ~ 9 and ~ 6 m respectively.  
 
 
2. Radiation survey of reactors premises and removal of loop installations 
 
In the period after the final shutdown in 1993 at the reactor complex the preparatory 
activities, mainly aimed at ensuring the necessary level of its nuclear and radiation safety 
was carried out [2]. In 1996, from the active zone and from the reactor pool-storage working 
spent fuel and loop fuel assemblies (FA) were unloaded. They were placed in "dry" reactor 
storage. To date, radiation survey of the MR and RTF reactors and loop installations of MR 
reactor, which includes more than 600 pieces of equipment located in ~ 70 technological 
areas, has been done. As a result it was found that the contaminated systems, equipment 
and piping loop of the reactor and its facilities is mainly due to the inner surfaces of 
contamination by radionuclides 137Cs, 90Sr and 60Co. Therefore, radiation survey techniques 
and tools developed to perform remote measurements have aimed on the measuring of 
radiation of these radionuclides. Levels of specific activity of equipment and building 
constructions being in the range from 103 Bq/kg and 107 Bq/kg, which determines the range 
of measured values and requirements of the remote means developed. Now some of the 
established means are installed on the robotic systems Brock to use of in the works of 
improving of the radiation situation in the reactor facilities [5].  
To assess the current status and planning of engineering systems and technological support 
for work on the decommissioning of the reactors a radiation survey of systems of radiometric 
control, ventilation, sewage, water, electricity, heating was carried out. Engineering survey of 
the reactor building was made.  
In order to improve the radiation situation in the reactor hall the work of removing parts of the 
loop channels over the pool water storage was carried out. Removing of the loop channel 
items was carried out using robotic «BROKK-330" and “BROKK-180", remotely controlled 
with the help of the developed video system (Fig. 1). Then with the help of “BROKK-180" cut 
channel element was placed in a concrete container. Dose rate, measured from the deleted 
items loop channels, ranged from 2 mSv/h to 0.03 Sv/h. After the segments, protruding 
elements of loop channels were again placed in the pool-store below the water level. As a 
result of work background of gamma radiation in the central hall of the reactor above the 
pool-storage was reduced by more than 20 times (from 0.63 to 0.03 mSv/h), outside the 
basin storage - 2 times (at 0.04 to 0.02 mSv/h).  

 
 

3. Radiation survey of the sluice hatch of the reactor MR. 
 
In 2009 radiation survey sluice hatch between the pool and the reactor’s cooling pools, in 
which large quantities of radioactive products has been accumulated during the exploitation 
of the reactor, was held. There are no events for the purification of these reservoirs has not 
been since the shutdown of the reactor in 1993. Its transparency was very low and does not 
allow for visual inspection and survey tools video. Therefore it was decided to hold water 
clarification to remove the suspension and removal of impurities. Established system of water 
purification using ion exchange resins, today, demanded the audit and repair. 
The work to restore its performance had been scheduled for 2010. Therefore it was decided 
to hold water clarification using the basin of the mechanical filter with a filling of quartz sand.  
After achieving the necessary transparency of water in the gateway was carried out a visual 
examination of objects under a layer of water, and a detailed inspection of the underwater 



area with a special TVsystem. Visual inspection revealed that in the pool sluice hatch 
organized storage of beryllium and graphite blocks of masonry, propellants rods and control 
rods. Storage is organized in two tiers. After the preliminary survey of the contents of the 
pool - the gateway, was detected a number of objects that require a thorough radiation 
survey. The purpose of the survey was to assess the EDR -radiation of different types of 
blocks and products, and the definitionγ spectrometric methods the main dose forming 
nuclides. Based on the study of design documentation it was selected objects for 
measurements that were in the process of exploitation in the immediate vicinity of the 
working fuel assembly channels of the reactor - Beryllium blocks of three types, two blocks of 
displacer and the graphite block. 
 

 

Fig. 1. Cutting elements of loop channels, using remote-controlled robotic mechanisms 
«BROKK-180" and «BROKK-330" 

 
For measurements the assembled leak tight canister was hang out into the pool. The 
detector was placed in the canister at a height of 30 cm from the blocks, located on the lower 
tier in the sluice hatch, and the distribution of EDR was measured. EDR values ranged from 
0,3 to 8,2 mSv/h. For a preliminary assessment of EDR of γ-radiation and the distribution of 
activity planned for the height measurements of products were extracted from the pool, the 
staff left the room and measurements were performed remotely using a measuring complex 
"Gamma-pioneer" in the Brock-90. Simultaneously, the EDR at distance of 1 m was 
measured by a standard dosimeter (see Fig. 2). 
The results of radiation surveys were identified products for spectrometric measurements. 
Spectrometric measurements were carried out by gamma-spectrometric complex ISO-CART 
firm ORTES, spectrometer DigiDART, detector GEM40P4.The detector was located outside 
the reactor hall, at a distance of 14.5 m from the measured object. According to the results of 
measurements it was found that the main emitting radionuclide is 60Co, in the spectrum of the 
beryllium block there is radiation 152Eu and 154Eu.  
 
 
4. Radiation survey of dry repository.  
 
In preparation for the decommissioning of the reactor MR the spent fuel was removed from 
dry repository and placed in the repository of SNF of the center (SFR in the building #109). 
Precise data on the distribution of the spent assemblies and their types were missing. To 
develop the technology unloading of the dry repository it was needed to store inventory of its 
content and get the following inputs: 

- number of loaded cells. 
- type of suspension products in the cell. The presence of protective plugs in the cells. 



- characterization of products by their appearance - SFA, canister, open canister, the 
size of products, weight, presence of markings, etc. 

- technical state of items and its pendants - corrosion, breaking of the guy.  
- the content of the cells - one or two tiers. 
- radiation characteristics – EDR of γ-radiation, measured at a distance of 1 m. 
- video recording of done work. 

 

 

Fig.2. Radiation survey of the objects extracted from the sluice hatch. 
 
The expected dose rate could be hundreds of mSv/h. Therefore it was decided to use for the 
dry repository revision the measuring complex "Gamma-pioneer", which was mounted on 
robot Brock-90 [5]. The staff who managed of the Brock-90 and the complex of "Gamma-
pioneer" was placed outside the hall and was protected by the biological defense of the 
thickness of 1,5 m. The Brock-90 with the complex of "Gamma-pioneer" was installed near 
the dry repository so that the measuring unit of the complex was on distance of 1 m from the 
investigated object. 
During the examination of SFA the radiation characteristics, overall length, diameter of the 
SFA (to determine the type of hermetic packing), the type of connection SFA to the 
suspension canister are evaluated. As a result of works the certification of all 30 cells of dry 
repository was carried out, spent fuel, placed in them, was removed in the main repository of 
the Center.  
 
 
5. Development of the project of decommissioning the reactors MR and RTF. 
 
All data obtained during the preparatory phase were used in developing of the design of the 
MP and RTF reactors decommissioning. As base strategy of design a variant DECON – 
immediate stage-by-stage dismantle of constructions and the equipment of MR reactor and 
its loopback installations, including dismantle of the constructions of the RFT reactor is 
accepted. The validity of the choice confirmed by multivariate analysis and its comparison 
with other alternatives (SAFSTOR, ENTOMB) [4].  
It is planned to use a remotely-controlled means (BROKK), the operator of which can be 
located in the radiation-safe place and manage these mechanisms, using video monitors. 
Dose load on the staff at this case will be 10-100 times lower than with traditional methods. 
All dismantling procedures were divided into three categories, requiring of the similar 
dismantling technologies.  
The first category includes equipment cooling loop and loop facilities, located outside the 
pool of the reactor MR and pit of the reactor RTF. Dismantling of equipment in this category 
will be carried out using remote-controlled means, equipped with different attachments. An 



increase in openings in the technological areas will require for the delivery of equipment in 
the premises and removal of containers with radioactive waste.  
The second category includes equipment located in the pool of the MR reactor. This 
equipment will be dismantled in the pool under a layer of water. In this regard, it was 
proposed the use of remotely-controlled mechanical arm-manipulator mounted on a special 
platform.  
The third category of operations was classified the works executed in the shaft of the RTF 
reactor. For dismantling works, related to the recovery of the graphite stack and cutting the 
reactor, the use of remotely-controlled mechanical robotic arm, installed on a specially 
designed platform, provides. After the removing of the graphite blocks it is planning to 
dismantle and cut the reactor vessel in the shaft. Then the large pieces of shell and 
constructions will be subsequently fragmentized in the pool under a water layer to prepare 
them for the transportation. According to the radiation survey data in the technological rooms 
of reactor cooling system, loops of the MR reactor and analysis of the weight and dimensions 
characteristics of equipment estimations of the amount of solid RW resulting from the 
dismantling operations are made. 
In accordance with the classification of solid waste, depending on their specific activity 
(SPORB-99) with the decommissioning of reactors MR and RTF will form solid waste related 
mainly to the categories of medium-and low-active, amounting to ~ 300 and ~ 1500 m3 
respectively. Thus the total activity of solid radioactive waste resulting from the dismantling of 
reactors and loop systems was estimated as ∼1,0х1014 Bq (∼2700 Ci). 
 
 
6. Results and conclusions  
 
During the preparation for the decommissioning of reactors MR and RTF the radiation survey 
of equipment and their facilities was carried out. The characterization of the high-level waste 
at the sluice hatch between the storage pool and the pool of the reactor MR was executed. 
For each cells of the dry reactor repository the type of the object and canister, the object 
size, weight, presence of markings, the technological status and suspension (the presence of 
corrosion, violating of the guy), the radiation characteristics of objects were determined. 
According to the developed regulations the extraction works, repacking of highly active waste 
and the spent fuel in the made canisters and their moving to special repository of the spent 
fuel in the Center were executed. 
Currently, design of decommissioning of the above reactors is developed, all the necessary 
allowances are received, documents for obtaining a license for decommissioning are 
prepare.  
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