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Abstract: The MR reactor at the Russian Research Centre Kurchatov Institute (RRCKI), Moscow was a 50 MW 
multipurpose material testing and research reactor equipped with nine experimental loop facilities to test 
prototype fuel for various nuclear power reactors being developed. The reactor was shut down in 1993 and 
defuelled. The experimental loops are located in basement rooms around the reactor. The nature of the research 
into the characteristics of fuel design and coolant chemistry resulted in fission products and activation products in 
the test loop equipment. Decommissioning of the loops therefore presents a number of challenges. In addition the 
city of Moscow has expanded such that the RRC KI is now surrounded by housing which had to be taken into 
account in the radiological protection planning. This paper describes the techniques proposed to undertake the 
dismantling operations in order to minimise the radiation exposure to workers and members of the public. 
Estimates have been made of the worker doses which could be incurred during the dismantling process and the 
environmental impacts which could occur. These are demonstrated to be as low as reasonably achievable. The 
work was funded by the UK Department of Business Enterprise and Regulatory Reform (DBERR) (formerly the 
Department of Trade and Industry) under the Nuclear Safety Programme (NSP) set up to address nuclear safety 
issues in the Former Soviet Union. 

1. Introduction 

The Russian Research Centre Kurchatov Institute (RRC KI) is located in the NW region of Moscow 
and consists of a main site occupying about 100 Ha and a second 4 Ha site about 1.5 km away by the 
Moscow River. Development work began on the site in 1943 and the first reactor went critical in 1946. 
A total of 12 reactors have been constructed at the KI site of which 5 remain operational. 
 
Over the years, the city of Moscow has expanded such that the RRC KI became surrounded by 
housing and the need to decommission shutdown research reactors became an issue. In July 1998 the 
Moscow Government, at the initiative of RRC KI, adopted a resolution “On accelerating the 
decommissioning of radiation-hazardous objects in the Russian Research Centre Kurchatov Institute”.  
 
As part of a Grant-in-Aid assistance programme announced in July 2000, the UK Department of Trade 
and Industry (now the Department of Business, Enterprise and Regulatory Reform (BERR)) funded a 
number of projects, including this one, to address nuclear issues in the Former Soviet Union (FSU) 
countries. The purpose of this project (NSP/03-R73R74R82U34) was to develop the main 
decommissioning planning documentation for MR reactor consistent with international and Russian 
standards and to extend the planning to the GAMMA reactor. The project had the following key 
elements taken from the revised Terms of Reference for the project: 

 
• Development of the decommissioning concept and overall programme; 
• Review of the current state of the reactor, survey of existing facilities, and determine 

radiation / activity levels; 
• Preparation of preliminary decommissioning design/ preparation for dismantling; 
• General description of fuel removal activities; 
• Development of design for reactor dismantling and decontamination of Process equipment; 
• Development of radiation protection documentation (including facilities for protection of 

decommissioning operatives) and safety assessment report.; and 

                                                      
*  Presenting author,  E-mai l :  roger. jackson@serco.com 



• Development and Environmental Protection Measures and the Environmental Impact 
Assessment Report. 

  
Serco Technical and Assurance Services worked with the Kurchatov Institute and Nuvia as sub-
contractors to develop decommissioning methods and documentation for the MR reactor; the 
Kurchatov Institute used the philosophy developed for the MR reactor to prepare similar 
decommissioning methods and documentation for the Gamma reactor. Thus ‘know-how transfer’ to 
Kurchatov was achieved, a fundamental feature of DBERR NSP. Additionally, by inclusion of a 
representative from Kiev research reactor in the core team, ‘know-how transfer’ to Ukraine was also 
achieved. 
 
An options study was carried out which showed that phased decommissioning without deferral was the 
preferred option [1]. 
 
The radiological conditions in the MR reactor hall, the equipment and pipe work in the experimental 
test loops and associated service facilities were reviewed and appropriate decommissioning methods 
were devised to protect workers and members of the public from exposure to radiation hazards. This 
paper outlines the radiological hazards present and the methods developed to protect workers and 
members of the public during decommissioning based on the project deliverable reports 6 
(Radiological Safety of Workers during Decommissioning) and 7 (Environmental Impact Report ) 
according to the Terms of Reference of the project. 

2. Plant Description 

The MR reactor was a channel type pool reactor multipurpose material testing and research reactor  
(Figure 1) equipped with nine experimental loop facilities that represented prototypes of nuclear 
power reactors being developed. The reactor was first operated in 1963 and upgraded in 1967. The 
final total power (including experimental fuel in the loops) was 50 MW. The reactor was shut down in 
1993 and defuelled. Removal of fuel was completed by 1996 with the exception of one of the test loop 
fuel elements. However, this element will be removed before decommissioning commences. 
 
Figure 1  Vertical Section of MR Reactor 
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The experimental loops are located in basement rooms around the reactor. The designation and 
purpose of each of the loops is shown in Table 1. The boiling water and pressurised water loops were 
used for both fuel element testing and research into the effects of water chemistry on controlling 
activity levels in primary coolant. The helium loop and the liquid metal loop were used for fuel 
element testing. In addition, the primary coolant circuit for the reactor itself is included in the 
decommissioning plan for the equipment in the basement. 
 
The facility has been under care and maintenance since the reactor was defuelled. While the buildings 
remain structurally sound, there are signs of water leaks into the basement rooms and signs of 
corrosion in the steelwork supporting the roof slabs of the loop rooms which provide shielding. The 
potential structural weakness of the loop room roof slabs was taken into account in the methods 
proposed for undertaking the decommissioning. 
 
Table 1: Experimental Loops of the MR Reactor and Measured Background Dose Rates 
 

Loop Type Background Dose Rates in April 1996 
mSv.h-1 

  
Room Dose 

rate 
Room Dose 

rate 
Room Dose 

rate 
PVTs-1  Boiling water 50 0.3 51 6.3 52 6.3 
PVK Boiling water 45 2.5 46 3.8   
PV  Pressurized water 67 1.1 67 a  0.23   
PVO Pressurized water 63 1.6     
POV Pressurized water 64 0.06     
PVU  Pressurized water 57 0.03 58 0.5   

S  (PVTs-2)  Boiling water 49 0.11 53 0.05   
PG  Helium 66 0.001 66 a 0.001 66 b 0.001 
PVM  Liquid metal 59 0.007 59 a 0.007 60 0.028 
Primary Circuit Pressurised water 41 0.006 69 0.006 71 0.25 
 

3. Radiological Conditions 

3.1. Reactor Hall 

The driver fuel and most of the experimental fuel has been removed from the reactor, the remaining 
fuel will be removed before decommissioning commences. On the basis of the vertical dose rate 
profile in the reactor vessel it is thought that there are some fuel fragments at the bottom of the reactor. 
This has made it difficult to estimate the inventory of activation products in the reactor components. 
The background dose rate in the reactor hall is sufficiently low to allow preparation work to be carried 
out for the remote decommissioning equipment that will be required to carry out dismantling and 
packaging of the reactor core components.  

3.2. Experimental Test Loop Rooms 

The nature of the research into the characteristics of fuel design and water chemistry resulted in fission 
products and activation products in the test loop equipment.  
 
Levels of contamination within each test loop vary significantly. Comprehensive dose rate surveys of 
each major piece of equipment (vessels, pumps, heat exchangers etc.) were carried out before and after 
removal of the fuel (1993 and 1996). The background dose rates in each room in April 1996 are shown 
in Table 1 and vary from 0.001 to 6.3 mSv.h-1. The contamination within the loop circuits consists of 
fission products and activation products. No detailed assay has been carried out on the contamination 
because it would be necessary to breach containment and incur significant worker doses which cannot 
be justified at this stage in the planning. In July 2002 γ spectrometry surveys were carried out from the 
access corridors in the basement to determine the mean ratio of 60Co to 137Cs as shown in Table 2. 
 



Table 2: Results of Gamma Spectrometry Studies  
 

Gamma - emitter activity  
relative units 

Gamma – emitter activity % 
July 2002 

No Reactor process room  
and loop rooms 

(Room No) 
137Cs 60Co 137Cs 60Co 

1 Primary loop  (41) 1.30E-07 2.00E-08 87 13 
2 PVK              (45) 5.20E-07 4.00E-07 56 44 
3 PVO             (63) 2.60E-07 1.10E-06 19 81 
4 PV                (67) 2.00E-06 6.30E-06 24 76 
5 PVTs-1          (50) 4.81E-07 4.10E-07 54 46 
6 PVU             (58) 2.21E-07 3.00E-07 42 58 
7 POV              (64) 1.31E-07 7.50E-08 63 37 
8 AST              (49) 1.81E-07 1.00E-07 62 38 
9 PG                 (66) 3.21E-08 1.00E-08 76 24 

 
Decommissioning is planned to commence in 2011. The ratio of 60Co to 137Cs at the time of the dose 
rate measurements in 1996 was calculated using the half lives of each nuclide and normalising. The 
ratio of 60Co to 137Cs in 1996 was used as a source term in the Microshieldtm code to estimate the dose 
rate from a unit source in April 1996. The source term was then decayed to July 2011 and the dose rate 
from the reduced source was recalculated. The ratio between the two represents the possible reduction 
in dose rate between April 1996 when measurements were taken and July 2011 when 
decommissioning is planned to commence as shown in Table 3. 

Table 3: Gamma Spectrum Interpolation to April 1996 and July 2011 and Dose Rate Ratio  
 

Gamma – emitter 
ratio  

(initial source term) 
April 1996 

Gamma – emitter 
after decay 

(final source term)  
July 2011 

Ratio of dose rates 
between April 1996 

and July 2011 

No Reactor process 
room and loop rooms 

(Room No) 
  

137Cs 60Co 137Cs 60Co  
1 Primary loop  (41) 77 23 54.15 3.13 2.5 
2 PVK              (45) 40 60 28.05 8.12 4.6 
3 PVO             (63) 11 89 7.56 12.04 6.5 
4 PV                (67) 14 86 9.81 11.63 6.3 
5 PVTs-1          (50) 37 63 26.33 8.45 4.8 
6 PVU             (58) 27 73 19.22 9.82 5.4 
7 POV              (64) 47 53 33.15 7.14 4.2 
8 AST              (49) 48 52 33.80 7.03 4.1 
9 PG                 (66) 62 38 43.76 5.13 3.3 

 
The ratios of the dose rates for each test loop were then applied to the actual background dose rates 
and dose rates on individual components measured in 1996 to give the predicted dose rates at the time 
decommissioning is programmed to commence in 2011. The effects on the background dose rates are 
shown in Table 4.  It has been recommended that further surveys are carried out closer to the 
commencement of decommissioning to confirm the predicted reduction in dose rates and allow 
detailed planning of entries into high dose rate areas.  



 
Table 4: Predicted Background Dose Rates 
 

Loop Type Background Dose Rates in July 2011 
mSv.h-1 

  
Room Dose 

rate 
Room Dose 

rate 
Room Dose 

rate 
PVTs-1  Boiling water 50 0.065 51 1.3 52 1.3 
PVK Boiling water 45 0.55 46 0.8   
PV  Pressurized water 67 0.18 67A  0.035   
PVO Pressurized water 63 0.24     
POV Pressurized water 64 0.014     
PVU  Pressurized water 57 0.005 58 0.1   

S  (PVTs-2)  Boiling water 49 0.03 53 0.013   
PG  Helium 66 <0.001 66A <0.001 66B <0.001 
PVM  Liquid metal 59 0.0015 59A 0.0015 60 0.006 
Primary Circuit Pressurised water 41 0.0025 69 0.0025 71 0.09 
 

4. Radiation Protection Planning for Decommissioning 

4.1. Reactor 

The lack of information on the radioactive inventory of activated materials within the reactor and the 
potential presence of fuel fragments mean that a precautionary approach has been taken in planning 
the dismantling of the reactor. The radiological conditions in the reactor hall allow access until active 
components are removed from the reactor tank. 
 
The dismantling sequence for the reactor internals is based on a top down approach as the only 
feasible method. The safety control systems and upper shield plate were routinely removed for 
refuelling and will be removed using standard operating procedures. Long handled tools will be used 
to disconnect and remove the cooling manifolds and some other components. Where fixing bolts 
cannot be freed they will be over-torqued to shear them. As a last resort abrasive water jet cutting can 
be used on the fixed components of the reactor and on the reactor vessel. 
 
Once free, the active components will be lifted out of the reactor tank using the building crane, under 
remote operation where necessary. They can then be size reduced and loaded into waste boxes using 
remotely operated equipment (ROE) such as Brokk demolition machines equipped with standard 
attachments such as shears and grapples. The reactor hall has sufficient shielding to protect workers 
during remote operations.  
 
The only potential radiological hazard during reactor decommissioning will be from recovery 
operations if there was an equipment failure during remote operations. However, the size of the reactor 
hall allows the use of more than one Brokk to operate at one time so recovery operations could also be 
carried out remotely. 

4.2. Loop Rooms 

The loop rooms are located below ground level. Access for personnel is via stairs in the reactor 
building. Access for larger items of equipment is via hatches in the loop room roof. One of the hatches 
is located within the reactor building but most are located outside the building. Not all loop rooms 
have their own hatch but there are hatches in the access corridors.  
 
The radiological conditions dictate that the majority of dismantling will need to be undertaken using 
ROE. In addition to the standard attachments, it is proposed to attach a proprietary force feedback 
manipulator arm to allow more controlled operations. These include the use of small power tools (such 
as reciprocating saws) in confined spaces and remote connection of lifting attachments to waste 



baskets or large waste items. The ROEs will be operated from a low background dose rate area and 
viewed using Closed Circuit Television (CCTV) both in the loop room and on the ROE itself. 
 
The procedure for dismantling the test loop equipment will be tailored to the dose rates at the time, 
available access and the size and layout of equipment. The basic principle is to free each item from its 
mountings and connections to the circuits using the ROE with appropriate cutting equipment. Vessels 
and pipework will be cut to suitable lengths where necessary and loaded into waste transfer baskets 
which have been lowered down to the loop room level. Once the waste transfer baskets have been 
filled they will be lifted from the loop room level (after being moved to be beneath the corridor hatch 
if necessary) so that the active waste can be assayed and packaged in radioactive waste containers 
approved for the regional radioactive waste repository. 
 
Access into some of the loop rooms is very limited and only the smallest model of the Brokk 
demolition machines will fit. It is considered desirable to construct inactive mock-ups of the rooms 
where access is most difficult to enable operators to determine the best way to proceed with 
dismantling operations. If this is not possible then the first loop room to be decommissioned is the 
helium loop where dose rates are low and operators can gain experience in operating the ROE. 
 
Operator doses have been predicted based on expert judgement of the time it will take to carry out 
each operation and the dose rates to which workers will be exposed (pessimistically using the 1996 
dose rate data). The average daily operator dose is predicted to be about double the daily dose control 
limit of 0.08 mSv. This would necessitate worker rotation to comply with the statutory limit and to 
ensure that individuals were not incurring doses significantly above the average. 
 
The major radiological protection problems in the dismantling procedure concern: 

• the initial preparation for access including installing CCTV (dose rates are low enough to 
allow this if no other suitable alternative can be designed); 

• moving the waste baskets to the hatches (a shielded electric truck is proposed to reduce doses 
from this operation); and 

• recovery following an equipment failure (although dose rates are not so high that short term 
entries cannot be made to undertake recovery operations if there is no better alternative). 

 
In addition, the lids must be fixed onto the full radioactive waste boxes and the boxes must be 
monitored for surface contamination to meet the requirements for transport. The dose rates from waste 
boxes permissible for transport can result in significant doses to workers carrying out these operations. 
 
The aspects of the decommissioning where alternative approaches have been considered are 
arrangements for lifting the waste out from the loop room level and filling the waste containers. The 
structural condition of the loop room roof slabs prevents a high loading being placed near the hatches. 
To overcome this, two options have been developed for lifting the waste from the loop rooms. 

4.2.1 Crane Methodology 

The simplest method for removing radioactive waste from the loop room level is to use a mobile crane 
to lift it out. The waste is then transferred to a separate radioactive waste (RW) conditioning building 
to be assayed, size reduced and packaged into approved radioactive waste containers. This allows 
access to any of the hatches outside the building; it also ensures optimum packing and minimises the 
number radioactive waste containers produced (which represents a significant cost). 
 
Important limitations on this method are: 

• in order to prevent overloading of the loop room roof slabs, the crane has to be located at a 
significant distance from the hatch which means that a large capacity (55-80 t) crane is 
required to lift approximately 1 t at 20-30 m and; 

• unless ‘bagging out’ procedures are used, which could incur additional dose, there is a breach 
of containment during the lifting operations with the potential to release activity to the 
environment, to prevent the spread of contamination, cutting operations will need to be 



stopped and the components to be lifted out from the loop room will be sprayed with a 
polymer coating to fix any loose contamination. 

 
Some of the benefits of this method are: 
 

• simplicity of the operation (the crane would be used to lift each existing hatch cover, remove 
the waste and maintain containment using a lightweight cover after each lift); 

• the mobile crane can be used elsewhere on the site for decommissioning and other tasks; 
• using a dedicated facility for size reduction, radioactive content assay and packaging will 

maximise the usage of space in waste boxes and minimise the number of boxes generated (and 
therefore the cost) and; 

• a building has already been identified for the dedicated RW conditioning facility which will 
also be of use for other projects.   

4.2.2 Modular Containment Methodology 

The modular containment was originally developed in the UK to provide a better engineered 
environment for decommissioning than a tented enclosure. It consists of prefabricated panels which 
can be joined together in various combinations to provide a pressurised suit working area with barrier 
control and posting out facilities for radioactive waste arisings. Although initially used inside larger 
facilities, the modular containment approach has been developed for use as an enclosure outside the 
facility to be decommissioned.  
 
The procedure to be adopted would be: 

• construct a level base around the access hatch to the loop room or access corridor spreading 
the load to load bearing parts of the loop rooms; 

• construct the modular containment on the base complete with lifting gantry; 
• install additional extract ventilation; 
• remove the hatch cover, lower the ROE into the loop room or corridor and commence 

dismantling; 
• load the waste into a ‘basket’ beneath the hatch and; 
• lift the basket out and load it straight into an approved radioactive waste container (or into a 

transfer container for processing in the RW conditioning building). 
 
Important limitations on this methodology are: 

• installation of the base and modular containment would add to the cost of the project and, 
although it could be used elsewhere, it is not as flexible as a mobile crane; 

• construction and movement of the modular containment adds complexity to the operations 
and; 

• it would be more difficult to carry out detailed assay of the radioactive waste to ensure 
optimum packing of waste boxes. 

 
Some of the benefits of the modular containment approach are: 

• maintenance of containment at all times; 
• provision of a low background area from which to operate the ROE and; 
• the ability to retrieve the ROE into the containment for decontamination and maintenance. 
 

The modular containment approach does not preclude the use of the dedicated RW conditioning 
building for size reduction and packaging. A reusable transfer container could be used to take 
radioactive waste from the containment to the conditioning building for assay and packaging which 
would eliminate one limitation of the containment option. 

5. Operational Radiation Protection 

Before decommissioning commences, a further survey of dose rates will be needed in the reactor hall, 
within the reactor vessel, in each of the loop rooms and at the locations used to control the ROE. As 
well as updating the overall dose uptake prediction, this will enable day to day operational control of 



radiation exposure. A dose budget should be calculated in advance for each operation; the dose uptake 
from each operation should be monitored and compared against the expected dose. This will show 
whether the predictions on worker exposures are correct and form part of the method for ensuring that 
worker doses are below statutory limits and are as low as reasonably achievable. 
 
Continuous gamma monitors in routinely occupied locations will protect workers against accidental 
exposures and activity in air monitors will detect any spread of airborne activity. 
 
Regular contamination monitoring, especially on the export routes outside the reactor building, will 
ensure that contamination control is adequate. If spread of contamination is detected then measures 
will be implemented, such as bagging out, to limit the spread. 
 
Airborne activity will be monitored in the discharge stack and at the site boundary to demonstrate that 
members of the public are not affected by the decommissioning of the MR reactor facility.  

6. Conclusions 

The existing information on dose rates from activation of components within the reactor is limited by 
the presence of residual fuel and fuel fragments. However, at least some sections of the reactor 
structure are expected to be significantly activated. Therefore a precautionary approach involving 
remote operations has been developed for removal and packaging of radioactive waste from the MR 
reactor vessel. 
 
The equipment in the experimental loop rooms is significantly contaminated with 60Co, 90Sr and 137Cs. 
Dose rates measured in 1996 showed that entry into many of the loop rooms for more than a very short 
period would not be permissible. Although there will be a reduction in the dose rate from 60Co by the 
time decommissioning is programmed to commence (2011) by a factor of 8, the dose rate from 
137Cs/137mBa (and any Bremstrahlung from 90Sr/90Y) will not have decreased by a significant factor. 
Therefore, for decommissioning of most of the experimental loop equipment will have to be 
undertaken using remotely operated equipment to ensure that doses to workers are below regulatory 
limits and are kept As Low As Reasonably Achievable following international best practice.  
 
Two options have been developed for removing contaminated equipment from the underground loop 
rooms and packaging it into boxes approved by the radioactive waste repository. The benefits and 
detriments of both methods have been identified. The detailed arrangements for decommissioning will 
take account of the results of monitoring dose rates in the reactor hall and loop rooms and on the 
regular monitoring of spread of contamination during decommissioning. 
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