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Historical Development [2]: 

 

GCR nuclear reactor - Magnox:  - natural uranium as fuel, 

                                                         - magnesium alloy as fuel clad, 

                                                         - fuel element in the form of rods. 

 

     Major limitations: - Outlet temperature of the gas ~ 400ºC, 

                                   - High reactivity of magnesium alloy with water. 

 

AGR nuclear reactor: - metallic uranium enriched (2.0% - 2.5%),  

                                      - stainless steel cladding. 

 

 

 

 

 

 

 

. 

- Outlet temperature of the gas to the 

range of 650°C, 

 

 -  Increased burnout for 3000 to            

18000 MWd/t 
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HTGR (High Temperature Gas Reactor): - Helium (He) as coolant, 

                                                                     - fuel particles with 2 (BISO) or 3 (TRISO) layers. 

 

Two different technologies: 

- Pebble Bed: fuel element sphere-

shaped with 6cm of diameter. 

- Fuel element in hexagonal prism 

shape. 
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Helium gas allows high output temperatures of the coolant ~780°C. 

Output temperatures 

+ 

Power (cheaper fuel) 

= 

Efficiency  
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Generation IV Nuclear Reactors [6]: 

 

The main objectives can be grouped into four areas: 

 

  - Sustainability (use of fuel resources with waste minimization), 

  

  - Economics (competitiveness in fuel cycle costs and low risks for the capital), 

 

  - Security and reliability: > Safety and Reliability 

                                            > Risk of damage to the reactor core extremely small 

                                            > Unnecessary external emergency response to incidents 

 

  - Proliferation resistance and physical security 

6 news concepts of reactors – VHTR is one of them. 
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VHTR:  - Helium as coolant, 

            - Graphite moderated, 

            - Ceramic core with TRISO particles, 

            - Meet the goals of Gen. IV reactors, 

            - Increased output temperature to 1000 - 1200ºC (important for industrial processes and Hydrogen     

        production). 

    
Advantages: 

 

> Ceramic core with high thermal capacity, capable of withstanding extremely high temperatures 

under accident conditions. 

> Negative coefficient of reactivity 

[3] 
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  - Advantages of Helium: Chemically and neutronically inert, besides not undergoing a phase change at 

or above the operating temperature of the reactor. 

 

  - TRISO particles: each fuel particle is essentially its own pressure container able to retain fission products. 

Gas cooled reactors are able to retain fission products effectively and are designed to prevent radioactive 

release without operator intervention or active safety systems. 

 - No need for containment building, reducing        

capital costs. 

 

 - Future VHTR can be constructed in areas with 

dense population or industrial zones. 
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Safety Aspects: 

 

Active System  X  Passive System 

 

 

Systems that rely on some 

type of energy source to 

operate. 

Systems that do not need external 

sources of energy to operate. Use the 

very laws of nature, such as gravity, 

heat transport by conduction, 

convection and radiation, etc.. 
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For removing heat from the core are used these two kinds of systems: 

 

 1) The Power Conversion Unit, active system, in normal operation. 

 

 2) Shutdown Cooling System - SCS, active system for normal stopping conditions. 

 

 3) Reactor Cavity Cooling System - RCCS, passive system for heat removal in accident conditions   

     (safety system). [3] 

With cooling panels and 

ducts that allow the natural 

circulation of the air. 

10 



AGÊNCIA  BRASILEIRO-ARGENTINA
DE  CONTABILIDADE  E  CONTROLE 

DE  MATERIAIS  NUCLEARES

AGENCIA  BRASILEÑO-ARGENTINA
DE  CONTABILIDAD  Y  CONTROL  DE
MATERIALES  NUCLEARES

  - If the natural circulation is established properly, the RCCS ensures that the accidents are not exceeded 

the maximum temperature limits. 

 

  - The maximum temperatures are reached about 2 days (48 hours), giving time to make repairs, the 

reestablishment of the grid and/or the evacuation of the population. 

Comparison between the fuel temperature with and without the RCCS. 
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Reliability Analisys of Passive Systems: 

 

 - The natural circulation driving forces is weak and its performance is sensitive to material properties and 

deviations in the boundary conditions, among other factors. 

 

 - The reliability analysis evaluates the performance of this passive system, by sensitivity studies, determining 

the probability that the maximum fuel temperature exceeds the limit value set as the criterion of success. 

[13] 
[14] 
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RCCS Reliability Analysis: 

 

In a 600MWt power reactor, is performed a sensitivity analysis of the maximum temperature (Tmax) of the 

fuel as a result of an accident with depressurization of the reactor, varying the parameters of heat 

capacity and thermal conductivity of graphite: 

100% (1,0) of ρCp and K: References Conditions 
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Variation from 50%-150% (0,5~1,5) of ρCp – K in the reference condition:  

[14] 

- Volumetric heat capacity (ρCp) increases: 

 - Increase the heat absorbed by graphite, 

 - Increase of thermal inertia, the response time for big temperature changes is delayed. 
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Variation from 50%-150% (0,5~1,5) of K - ρCp  in the reference condition: 

 

[14] 

- Increased thermal conductivity of graphite: 

- Increased heat transfer from the core to the pressure vessel and then into the RCCS. 

- Reduction of the maximum temperature of the fuel. 
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 - Table with data combined and linear regression equation       

with two parameters (ρCp and K). 

 - The Monte Carlo method was applied to determine the statistical parameters of the fuel maximum 
temperature distribution, based on 5000 random values generated for ρCp and K. 

 

 - It is considered normal distribution for ρCp and K. 

 

 - Knowing the statistical parameters of the fuel maximum temperature (1667ºC, 59,69ºC) was 

determined the probability of exceeding the safety limit established for this temperature under 

accident conditions. 
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 - Analyzing the graphic fuel temperatures X failure 

fraction and combining the results, it was obtained: 

- Prob (Fuel temperature > 2000ºC) = 1,262e-8 

- Failure fraction = 0,0368 
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Conclusions: 

 

• Importance of Reliability analyzes of passive systems. 

 

• A general methodology of the passive system of reliability was applied to a natural circulation safety 

cooling system of an IV Generation (VHTR) nuclear reactor project. 

 

• The results confirmed the existing inherent security of this reactor type, so that for the most critical 

accidents there is a very low risk of important radiation release into the environment (probability < 1,26E-

8 of T > 2000ºC, with fuel failure fraction >5%). 

 

• There were analyzed two factors (ρCp, K) but there are others important ones such as geometric 

variations of the environment temperature and the materials thermal emissivity.   
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Thank you. 

 

igorpiresdarocha@poli.ufrj.br 
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Appendix: Loss of load: 

Negative coefficient of reactivity 
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