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Abstract. In 2018 – 2035, the design lifetime of 11 Russian RBMK-1000 reactors will expire. The fuel of 
shutdown for decommissioning reactor has some residual performance. In case of unit-by- unit 
decommissioning such fuel can be burnt in the RBMK-1000 units which are still in operation and its reburning 
will minimize fresh fuel needs. The poster concerns economical effect of shutdown reactor fuel reburning, 
describes milestones of the SFA handling procedure offered for the Leningrad NPP and provides some 
information about SFA performance assessment and procedure safety analysis. The assessments confirm good 
residual performance of the RBMK-1000 SFAs sufficient for their safe and cost effective reburning in operating 
units of the same type. 
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1. Introduction 

Now 11 power units with the RBMK-1000 reactors are in operation at three NPPs in Russia. 
In 2018 – 2035, the design lifetime of the RBMK-1000 reactors will expire (Table 1). In case 
of unit-by-unit decommissioning, such fuel can be burnt in the RBMK-1000 units which are 
still in operation. 

TABLE I: SCHEDULED DECOMMISSIONING OF POWER UNITS  
WITH RBMK-1000 REACTORS [1]. 

 NPP Unit 1  Unit 2  Unit 3  Unit 4  

Leningrad NPP  2018  2020  2024  2025  

Kursk NPP  2020  2023  2028  2030  

Smolensk NPP  2027  2030  2035  –  

Leningrad NPP  2018  2020  2024  2025  

 

The fuel of shutdown for decommissioning reactor (here and after called as spent fuel or  
spent fuel assembly – SFA) has some residual performance and its reburning will minimize 
fresh fuel needs. The amount of SFAs which have more than a half of their residual 
performance is too large to be reburnt at the operating units of the Leninrgad NPP even if 
some SFAs are rejected as non-conforming by any reason. According to the analyses [2, 3], 
the reburning of the fuel removed from the shutdown reactors of the Leningrad NPP, in case 
of its decommissioning, will allow to save up to 1850 fresh fuel assemblies depending of the 
reburning mode. 
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2. SFA Handling Procedure 

The procedure for handling the SFAs during their preparation for reburning includes the SFA 
storage in the reactor pool, the transportation to the operating unit, the SFA preparation for 
loading into the core and the SFA health checking (see FIG. 1). 

 

 

FIG. 1. Flow Chart of SFA Handling. 

3. SFA Performance Assessment and Procedure Safety Analysis 

The results of the SFAs post irradiation examination in a wide range of their operation period 
were analyzed in order to assess the performance of candidate SFAs [4, 5]. The analysis of 
the corrosion characteristics and mechanical properties of the fuel rod claddings, state of the 
spacer grids and the elements of the SFA skeleton, and the SFA geometry has confirmed the 
performance of RBMK-1000 SFAs further burning after their irradiation for 1100 effective 
days (see FIG. 2). The analysis of the examinations of RBMK-1000 SFA after long-term 
storage in the reactor pools [6] has not revealed any serious changes in the SNF health. 

The standard equipment should be used to transport the SFAs between the units, but it has to 
be modified in order to minimize any risk of the SFA damage during its loading in / 
unloading out of the transport cask. The analysis of the modified procedure for transport the 
SFAs between the units of one and the same NPP has proved its safety under normal and 
accident conditions of operation. The main restrictions to the modified procedure are similar 
to those imposed to the standard one, i.e. the velocity of the container railcar shall not exceed 
5 km/h and the acceleration during transportation shall not exceed 4g. 
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  tensile strength, 20 C;  
■  tensile strength, 350 C; 
●  yield strength, 20 C;  
▲ yield strength, 350 C. 

a 

  total elongation, 20 C;  
■  total elongation, 350 C; 
●  uniform elongation 20 C;  
▲ uniform elongation 350 C. 

b 

 
●, ○  metallography data, RIAR and IRM, resp. 

 oxidization kinetics with uncertainty  
range limits, p = 95 %  

c 

 
 
d 

а, b – mechanical properties of the fuel rod cladding [4]; c – thickness of the fuel rod cladding below 
the spacer grid [5]; d – hydrogen content in the fuel rod cladding [4] 

FIG. 2. Results of some analyses of RBMK-1000 SFA health. 

4. SFA Requirements 

Basing the analysis of the efficiency of the SFA further burning, and of the reliability and 
safety of the procedure for SFA storage, transport and handling at the operating power unit, 
the following requirements were specified: 

Requirements to fuel burnup:  

 max 20 MWday/kgU or  

 period of operation at rated power, max – 1100 effective days (about 4 
years). 

Requirements to SFA cooling period - at least one year of cooling in the core or in the 
reactor storage pool. 

Requirements to SFA integrity. All SFAs subject to further burning shall be leak tight. The 
cladding leak testing shall be performed for all SFA after their removal from the shutdown 
reactor and after their transportation to the operating power unit. 
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Requirements to SFA elements health. Each SFA shall be visually inspected in compliance 
with the following rejection criteria: 

 any damage, displacement or absence of the spacer grid; 

 any dents or damage (incl. corrosion) of the fuel rod claddings; 

 no fuel rod plug; 

 any foreign object between the fuel rods; 

 any change of the FA geometry (distance between the fuel rod 
bundles, dimensions of the spacer grid, etc.) impeding the 
implementation of process operation during the SFA transport or 
irradiation. 

All SFAs shall be twice examined: after their removal from the shutdown reactor and after 
their transportation to the operating power unit. 

5. Conclusion 

The nuclear fuel of the shutdown RBMK-1000 reactor has a good residual performance that 
can be used during the unit-by-unit NPP decommissioning. The reburning of the fuel removed 
from the shutdown reactors of the Leningrad NPP will allow saving up to 1850 fresh fuel 
assemblies. The feasibility to continue SFA operation is confirmed with the examinations of 
the fuel assemblies with burnup up to the maximum design value. At present the procedure 
for SFA reburning is being developed and the Leningrad NPP equipment is being prepared 
for further burning of the SFAs removed from the shutdown reactors. 
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