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With the hope of achieving a six year fuel cycle and to allow for further power uprates a 
new type of fuel was licensed for NPP Mochovce Unit 1 (EMO1). Slovenské elektrárne, a.s. 
introduced the idea for the new fuel type to the regulatory authority in the middle of 2010. 
That’s when the first draft of EMO safety report was made. This was the actual start of the 
licensing process. 

1. Introduction 

Several types of fuel were used in Slovakia (Tab. 1). EMO1 started its first campaign in 
1999 with nonprofiled fuel. For the second campaign profiled fuel had been used. Further 
power upgrades and the need to prolong the fuel cycle requested that second generation 
gadolinia fuel (Gd-II) was first used for the 8. campaign. This fuel has an average enrichment 
of 4,25% U235 (fig 1.). With having the goal to achieve a six year fuel cycle in mind this year 
for the EMO`s 13. campaign a new type of fuel has been used. This fuel is identical in 
geometry and materials used with the 4.25% Gd-II but it has increased average enrichment up 
to 4.87% of U235 (fig. 2). 

Table 1.  - history of used fuel in Slovak NPPs 

2. Licensing 

As previously mentioned NRA was first time informed about the plan to use the 4.87% 
Gd-II fuel in 2010. In the middle of 2010 first version of Safety report (SAR) was made. This 
version was reviewed by EMO and VÚJE. Comments were send to TVEL and a second 
version of SAR was made. This version was independently evaluated by VÚJE. In December 
2010 SAR was submitted to NRA. One month after the application for approval of SAR N-F 
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characteristic was send to the NRA. The review process by NRA resulted that SAR was 
approved in two steps. First the parts concerning fuel transport and storage were approved. 
This was in February 2011. After that the rest of SAR was approved in May. Also with the 
approval of SAR a license was issued for the use of Gd-II fuel with 4.87% enrichment in 
EMO1. This license is valid for campaign number 13. and 14..   

 

3. NRA requirements  

In case of new fuel NRA has several requirements. First extended start up and power test 
need to be made. These additional start up tests include: 

a) Reactimeters adjustment check. 
b) AKNT-07 check by asymptotic period. 
c) Measurement of control rod effectiveness with the most effective control rod stuck. 
d) Measurement of effectiveness of ejected control rod of VI. group. 

As for the additional power tests: 

a) Temperature and power reactivity coefficients measurement. 
b) Core peaking factors and hydraulic bypass measurement. 

Another requirement was that EMO will introduce a fuel behavior monitoring plan. This 
plan ensures that all safety criteria and regulatory requirements will be upheld.   
According to this plan power distribution during the campaign will be compared with 
theoretical. These confidents will be monitored Kq, Kr, K0 and Kk. Theoretical values will be 
provided by VÚJE a.s. and in core monitoring system. Calculation from VÚJE will be made 
for different parts of campaign with the step of 20 to 40 effective days. These will be 
compared with the measured data from 50, 150 and 200 effective days. Three comparisons 
need to be made and at least one of them during 160 to 200 effective days.   
 Long term fuel behavior monitoring includes monitoring and comparison of several 
parameters until the stationary fuel cycle will be achieved. These parameters are: 

a) AZ bypass flow monitoring according to thermocouples measurement  

b) Fuel rod linear power and power output 

c) Maximum fuel assembly and rod burnup  

 

Two independent methods will be used to determine coolant flow though the Active zone. 
Measurement of hydraulic characteristics of primary circuit using standard measurement 
equipment and power output measurement using nonstandard measurement system of 
secondary circuit water flow after the high pressure heater will be used.  
 Since Kola NPP started to use the Gd-II 4.87% fuel before EMO, TVEL and SE, a.s. 
that all the information about the fuel performance and behavior in all the unites that used this 
fuel will be shared. SE, a.s. have agreed to share this information with the NRA.   



 This program also relies on exact Kq, Kv and Kk determination. That’s why 
uncertainties need to be taken into account. For most loaded fuel uncertainty of 3σ is used. 

 

4. Engineering and safety reserve factors 

Engineering factors cover mechanical and methodological uncertainties. Factors for 
Kv = 1.5, Kr = 1.57 and Kq = 1.35 define the maximal section of fuel assembly, rod power and 
maximal assembly power. For engineering factors for the Gd-II 4.25% fuel 3σ and for the 
new fuel with 4.87% enrichment 2σ ware taken. For KN for both factors, power determination 
and power maintaining uncertainty of 2% was taken for 4.87% fuel. For Gd-II 4.25% these 
were +1%. 

 

5. Fuel limits 

There are two limits in technical specification imposed by NRA. One is for fuel rod 
power: 58.1 kW (Gd-II 4.87%), 56.6 kW (Gd-II 4.25%) and 54.5 kW (profiled fuel). Also 
linear power depends on fuel burnpup with maximum up to 325 W/cm. These limits are not 
very useful for the operational staff in the control room. In the future it is expected that those 
limits will be exchanged for reserve to saturation in hot channel and DNBR. But this is still a 
distant future since currently there is no methodology for determination and also the 
capabilities of existing monitoring system are limited.  
 In addition to these limits coolant heating on fuel assembly and maximal assembly 
outlet temperature are also limited. Fuel outlet temperature is limited specifically for each 
type of fuel, from 312°C for nonprofiled fuel up to 319.7°C for Gd-II 4.87%. 

 

6. Uncertainties decrease in measurement of coolant flow through the reactor. 

The 11th campaign of EMO1 was shorter by about 10 effective days than expected. There 
for there was a suspicion that the reactor power levels were not determined exactly through 
the reactor coolant flow (fig. 3). It was decided that in order to decrease the uncertainty in 
reactor coolant flow measurement several changes were made:  

a) Orifice change in pipe behind the high pressure heater 
b) To narrow the steam generator supply pipe in front of the orifice.  
c) To perform several measurements during campaign. 

The same measures were imposed for the 12. campaign of EMO 2nd unit. 

 

7. Determination of heating on fuel assembly 

One reason why is it important to determine the coolant flow through the reactor is that 
this value is needed to calculate the permitted enthalpy rise on reactor. Using the calculated 



enthalpy rise on reactor a table of permitted reactor states is made. Also individual fuel 
assembly enthalpy rise using Krmax, Kkmax, coolant flow through the assembly and average 
assembly thermal power is made. After that the calculation of individual fuel assembly’s 
enthalpies a table of allowed output temperatures on fuel assembly is made. The license 
holder is obligated to follow this table.    
 Advantage of such table is that by using it the operators can check the reactor power 
and there for not allow increase of thermal power output over the limit for each mode. Also 
operators have to check the assemblies output temperature so it doesn`t exceed the limited 
parameters.  
 But there are also disadvantages. The calculation is done only for groups of the same 
type and the burnup is not taken into account. Also the limit is the same for fresh and used 
fuel and not all fuel assemblies in core are monitored. 

8. Storage pool issues 

During the licensing process it became clear that in case of loading fresh fuel with 4.87% 
enrichment into the storage pool the limit for storage kef <= 0.95 will be breached. There for 
there was request for recalculation. Several solutions were suggested. One was to keep several 
lines without fuel. Then in was suggested to plug these places. And finally it was suggested 
that only fuel with burnup high then 45 MW/kgU can be placed into these lines.   
 The final solution is that only fuel with burnup high then 45 MW/kgU can be placed 
into these lines. The licensee must also prepare the unloading plan for storage pool in 
advance.  
 

9. Emergency planning 

The use of new fuel affected also the emergency area. The analyses of new fuel inventory 
and calculation of possible source tem can be higher than at fuel with 4.25 % enrichment. 
There for there is real possibility to enlarge the emergency area. This can cause additional 
expanses to the licensee since he will have to pay more money to the local authorities. 
Analyses of the emergency area will be done in September. Subsequently the existing 
emergency areas around the nuclear power plants will be reviewed.  

10. Monitoring monitored during campaign. 

As previously mentioned several parameters are being monitored during campaign. The 
NRA request for continual monitoring of selected fuel parameters: Kqmax, Krmax, Kv.Kk and 
bypass. These data are stored and send to Russia for analyses and evaluation.   
 As seen on (fig. 6., 7. And 8) the measured data are relatively in accordance with the 
theoretical expectations. 
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Fig. 1. – History of used fuel in Slovak NPPs 

 

 

Fig. 2. ‐ Profiled enrichment of new Gd‐II 4.87% fuel 

 



 

 

Fig. 4 – Coolant flow through the reactor 

 

 

Fig. 5.‐ Fuel storage pool 

 

 

 



 

 

Fig. 6. – Kq during the 13. campaign of EMO1  

 

 

 

Fig. 7. – Kq.Kk during the 13. campaign of EMO1  



 

 

Fig. 8. – Kv.Kk during the 13. campaign of EMO1  

 

 

 

 

 


