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Abstract

For post-Fukushima nuclear power plants, there has been interested in accident-tolerant fuel (ATF) since it has better tolerant in the event of a severe accident. The fully ceramic microencapsulated (FCM) fuel is one kind of the ATF materials. In this study, the small modular pressurized water reactor (PWR) loading with FCM fuels was investigated, and the modified Constant Axial shape of Neutron flux, nuclide number densities and power shape During Life of Energy producing reactor (CANDLE) burnup strategy was successfully applied to such compact reactor core. To obtain ideal CANDLE shape, it’s necessary to set the infinity or enough length of the core height, but that is impossible for small compact core setting infinity or enough length of the core height. Due to the compact and finite core, the equilibrium state can only be maintained short periods and is not obvious, other than infinitely long active core to reach the long equilibrium state for ideal CANDLE. Consequently, the modified CANDLE shape would be presented. The approximate characteristics of CANDLE burnup are observed in the finite and compact core, and the power density and fuel burnup are selected as main characteristic of modified CANDLE burnup. In this study, firstly, lots of optimization schemes were discussed, and one of optimization schemes was chosen at last to demonstrate the modified CANDLE burnup strategy. Secondly, for chosen compact small rector core, the modified CANDLE burnup strategy is applied and presented. Consequently, the new characteristics of this reactor core can be discovered both in ignition region and in fertile region. The results show that application of CANDLE burnup strategy to small modular PWR loading with FCM fuels suppresses the excess reactivity effectively and reduces the risk of small PWR reactivity-induced accidents during the whole core life, which makes the reactor control more safety and simple.


Keywords: CANDLE burnup; fully ceramic microencapsulated (FCM) fuel; small modular reactor



Corresponding author: Jinfeng Huang, Department of Nuclear Science and Engineering, East China University of Technology, Nanchang 330000, China, E-mail: fjndhjf@ecut.edu.cn



Funding source: East China University of Technology

Award Identifier / Grant number: DHBK2019149

Funding source: China Scholarship Council

Award Identifier / Grant number: 201706310058

Funding source: Jiangxi Provincial Natural Science Foundation

Award Identifier / Grant number: 20202BAB204021

Funding source: Education Department Project in Jiangxi Province of China

Award Identifier / Grant number: GJJ180402

Funding source: Special High-Level Talent Research Start-Up

Award Identifier / Grant number: DHBK2017132

Award Identifier / Grant number: 110-1410000994




	

Author contributions: All the authors have accepted responsibility for the entire content of this submitted manuscript and approved submission.


	

Research funding: This work was supported by the Ignition Research Funds for East China University of Technology (No. DHBK2019149). The authors are also grateful to the China Scholarship Council (CSC No. 201706310058) for their support, Jiangxi Provincial Natural Science Foundation (No. 20202BAB204021), Education Department Project in Jiangxi Province of China (No. GJJ180402) and Special High-Level Talent Research Start-Up (No. DHBK2017132 and No. 110-1410000994).


	

Conflict of interest statement: The authors declare no conflicts of interest regarding this article.





References

Brown, N.R., Ludewig, H., Aronson, A., Raitses, G., and Todosow, M. (2013). Neutronic evaluation of a PWR with fully ceramic microencapsulated fuel. Part II: nodal core calculations and preliminary study of thermal hydraulic feedback. Ann. Nucl. Energy 62: 548–557, https://doi.org/10.1016/j.anucene.2013.05.027.Search in Google Scholar

Brown, N.R., Wysocki, A.J., and Terrani, K. A. (2017). The potential impact of enhanced accident tolerant cladding materials on reactivity initiated accidents in light water reactors. Ann. Nucl. Energy 99: 353–365, https://doi.org/10.1016/j.anucene.2016.09.033.Search in Google Scholar

Chun, J.-H., Lim, S.-W., Chung, B.-D., and Lee, W.-J. (2015). Safety evaluation of accident-tolerant FCM fueled core with SiC-coated zircalloy cladding for design-basis-accidents and beyond DBAs. Nucl. Eng. Des. 289: 287–295, https://doi.org/10.1016/j.nucengdes.2015.04.021.Search in Google Scholar

Dai, X., Cao, X., Yu, S., and Zhu, C. (2014). Conceptual core design of an innovative small PWR utilizing fully ceramic microencapsulated fuel. Prog. Nucl. Energy 75: 63–71, https://doi.org/10.1016/j.pnucene.2014.04.010.Search in Google Scholar

Hejzlar, P., Petroski, R., Cheatham, J., Touran, N., Cohen, M., Truong, B., Latta, R., Werner, M., Burke, T., and Tandy, J. (2013). TERRAPOWER, LLC Traveling wave reactor development program overview. Nucl. Eng. Technol. 45: 31–744, https://doi.org/10.5516/NET.02.2013.520.Search in Google Scholar

Huang, J., Han, J. Chen, J., Cai, X., Ma, Y., Li, X., Zou, C., Yu, C., and Chen, J. (2015). Breed-and-burn strategy in a fast reactor with optimized starter fuel. Prog. Nucl. Energy 85: 11–16, https://doi.org/10.1016/j.pnucene.2015.05.007.Search in Google Scholar

Huang, J., Li, N., Zhang, Y., Guo, Q., and Zhang, J. (2017a). The safety analysis of a small pressurized water reactor utilizing fully ceramic microencapsulated fuel. Nucl. Eng. Des. 320: 250–257, https://doi.org/10.1016/j.nucengdes.2017.05.022.Search in Google Scholar

Huang, J., Li, N., Zhang, Y., Lin, J., and Guo, Q. (2017b). The excess reactivity management in small pressurized water reactor utilizing fully ceramic microencapsulated fuel. Prog. Nucl. Energy 101: 251–259, https://doi.org/10.1016/j.pnucene.2017.08.005.Search in Google Scholar

Ohoka, Y. and Sekimoto, H. (2004). Application of CANDLE burnup to block-type high temperature gas cooled reactor. Nucl. Eng. Des. 229: 15–23, https://doi.org/10.1016/j.nucengdes.2003.12.001.Search in Google Scholar

Pope, M.A., Sonat Sen, R., Ougouag, A.M., Youinou, G., and Boer, B. (2012). Neutronic analysis of the burning of transuranics in fully ceramic micro-encapsulated tri-isotropic particle-fuel in a PWR. Nucl. Eng. Des. 252: 215–225, https://doi.org/10.1016/j.nucengdes.2012.07.013.Search in Google Scholar

Sekimoto, H., Ryu, K., and Yoshimura, Y. (2001). CANDLE: the new burnup strategy. Nucl. Sci. Eng. 139: 306–317, https://doi.org/10.13182/NSE01-01.Search in Google Scholar

Snead, L.L., Terrani, K.A., Katoh, Y., Silva, C., Leonard, K., and Perez-Bergquist, A. (2014). Stability of SiC-matrix microencapsulated fuel constituents at relevant LWR conditions. J. Nucl. Mater. 448: 389–398, https://doi.org/10.1016/j.jnucmat.2013.09.056.Search in Google Scholar

Sonat Sen, R., Pope, M.A., Ougouag, A.M., and Pasamehmetoglu, K.O. (2013). Assessment of possible cycle lengths for fully encapsulated microstructure fueled light water reactor concepts. Nucl. Eng. Des. 255: 310–320, https://doi.org/10.1016/j.nucengdes.2012.11.007.Search in Google Scholar

Spencer, K.Y., Sudderth, L., Brito, R.A., Evans, J., Hart, C., Hu, A., Jati, A., Stern, K., and McDeavitt, S. (2016). Sensitivity study for accident tolerant fuels: property comparisons and behavior simulations in a simplified PWR to enable ATF development and design. Nucl. Eng. Des. 309: 197–212, https://doi.org/10.1016/j.nucengdes.2016.09.009.Search in Google Scholar

Su’ud, Z. and Sekimoto, H. (2010). Design study of long-life Pb-Bi cooled fast reactor with natural uranium as fuel cycle input using modified CANDLE burn-up scheme. Int. J. Nucl. Energy Sci. Technol. 5: 347–368, https://doi.org/10.1504/IJNEST.2010.035544.Search in Google Scholar

Su’ud, Z. and Sekimoto, H. (2013). The prospect of gas cooled fast reactors for long life reactors with natural uranium as fuel cycle input. Ann. Nucl. Energy 54: 58–66, https://doi.org/10.1016/j.anucene.2012.09.014.Search in Google Scholar

Terrani, K.A., Kiggans, J.O., Katoh, Y., Shimoda, K., Montgomery, F., Armstrong, B., Parish, C., Hinoki, T., Hunn, J., and Snead, L. (2012). Fabrication and characterization of fully ceramic microencapsulated fuels. J. Nucl. Mater. 426: 268–276, https://doi.org/10.1016/j.jnucmat.2012.03.049.Search in Google Scholar

Wu, X., Li, W., Wang, Y., Zhang, Y., Tian, W., Su, G., Qiu, S., Liu, T., Deng, Y., and Huang, H. (2015). Preliminary safety analysis of the PWR with accident-tolerant fuels during severe accident conditions. Ann. Nucl. Energy 80: 1–13, https://doi.org/10.1016/j.anucene.2015.02.040.Search in Google Scholar

Younker, I. and Fratoni, M. (2016). Neutronic evaluation of coating and cladding materials for accident tolerant fuels. Prog. Nucl. Energy 88: 10–18, https://doi.org/10.1016/j.pnucene.2015.11.006.Search in Google Scholar



Received: 2021-03-26
Published Online: 2022-01-13
Published in Print: 2022-04-26

© 2021 Walter de Gruyter GmbH, Berlin/Boston




    


                
            

    



                                


                                
                                



    
        
            
                
                    
                
                
                                    

    
        
            Cite this article

        

    

    
        
            	
                        
                            
                            MLA
                        
                    
	
                        
                            
                            APA
                        
                    
	
                        
                            
                            Harvard
                        
                    
	
                        
                            
                            Chicago
                        
                    
	
                        
                            
                            Vancouver
                        
                    


        

        
            
                
                    Huang, Jinfeng and Jiang, Jiaming. "The CANDLE burnup strategy applied to small modular pressurized water reactor loading with fully ceramic microencapsulated fuel" Kerntechnik, vol. 87, no. 2, 2022, pp. 158-166. https://doi.org/10.1515/kern-2021-0023

                
                    Huang, J. & Jiang, J. (2022). The CANDLE burnup strategy applied to small modular pressurized water reactor loading with fully ceramic microencapsulated fuel. Kerntechnik, 87(2), 158-166. https://doi.org/10.1515/kern-2021-0023

                
                    Huang, J. and Jiang, J. (2022) The CANDLE burnup strategy applied to small modular pressurized water reactor loading with fully ceramic microencapsulated fuel. Kerntechnik, Vol. 87 (Issue 2), pp. 158-166. https://doi.org/10.1515/kern-2021-0023

                
                    Huang, Jinfeng and Jiang, Jiaming. "The CANDLE burnup strategy applied to small modular pressurized water reactor loading with fully ceramic microencapsulated fuel" Kerntechnik 87, no. 2 (2022): 158-166. https://doi.org/10.1515/kern-2021-0023

                
                    Huang J, Jiang J. The CANDLE burnup strategy applied to small modular pressurized water reactor loading with fully ceramic microencapsulated fuel. Kerntechnik. 2022;87(2): 158-166. https://doi.org/10.1515/kern-2021-0023

                
                Copied to clipboard

            

            
                Copy to clipboard

                
                    Download:
                    
                        BibTeX
                    
                        EndNote
                    
                        RIS
                    
                

            

        

    





                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    



    
        
            
                    Share this article
                
        

        	
                
                    
                        
                    
                    Facebook
                
            
	
                
                    
                        
                    
                    Twitter
                
            
	
                
                    
                        
                    
                    LinkedIn
                
            


    




                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    Supplementary Materials

                                    

                                
            

        

    




                                




    
        
            
                
                    
                
                
    
        Please login or register with De Gruyter to order this product.

        
Register
Log in
    


            

        

    







                                

                            

                        

                    

                


            


            
                
                    
                    
                        
                        

                        
                        
                            


                        

                        
                        
                            


                        

                        

                                
                                From the journal

                                
                                    
                                        







      


                                    

                                    
                                    
                                        
                                            Kerntechnik
                                        

                                        
                                        
                                            
                                                Volume 87 Issue 2
                                            
                                        

                                        
                                    

                                


                                
                                
                                    
                                        
                                            
                                                Submit manuscript
                                            

                                        
                                    
                                

                                
                                
                                    
                                        Journal and Issue
                                    
                                


                                
                                


    

        
        
            
            
                
                    
                
            

        


        
                
                
                    
                        
                        
                            This issue
                        
                    

                    
                        
                        
                            All issues
                        
                    


                

            
        

    





                                
                                
                                    

    Articles in the same Issue


    
        
            
                
                    
                    
                        Frontmatter
                    
                    

                


            
                
                    
                    
                        Study of a perforated hollow cylinder and twisted tape inserts as a compound device in a circular tube for heat transfer enhancement
                    
                    

                


            
                
                    
                    
                        Pool boiling performance of oxide nanofluid on a downward-facing heating surface
                    
                    

                


            
                
                    
                    
                        
                            
                            The CANDLE burnup strategy applied to small modular pressurized water reactor loading with fully ceramic microencapsulated fuel
                        
                    
                    

                


            
                
                    
                    
                        Automatic sentiment analysis of public opinion on nuclear energy
                    
                    

                


            
                
                    
                    
                        One-dimensional and three-dimensional coupling simulation research of centrifugal cascade hydraulics
                    
                    

                


            
                
                    
                    
                        Analysis of the anticipated transient without scram (ATWS) initiated by emergency power mode through the full scope simulator
                    
                    

                


            
                
                    
                    
                        Application of radio analytical tracer technique to study the performance of industrial grade ion exchange resin exposed to UV radiations
                    
                    

                


            
                
                    
                    
                        Radioactive waste treatment technology: a review
                    
                    

                


            
                
                    
                    
                        Positron annihilation lifetime spectroscopy of annealed tungsten
                    
                    

                


            
                
                    
                    
                        Simulation of cobalt-60 production in research reactors using OpenMC Monte Carlo code
                    
                    

                


            
                
                    
                    
                        Half-space albedo problem for the Anlı-Güngör scattering function
                    
                    

                


            
                
                    
                    
                        Calendar of events
                    
                    

                


            
        
    




                                
                            
                    


                

            
        


        





        
    

    



        
        
    
    

    









    
        
            
            
                
                
                    
    
        Subjects

    

                    
                        
                            
                                	Architecture and Design
	Arts
	Asian and Pacific Studies
	Business and Economics
	Chemistry
	Classical and Ancient Near Eastern Studies
	Computer Sciences
	Cultural Studies
	Engineering
	General Interest


                            

                        
                            
                                	Geosciences
	History
	Industrial Chemistry
	Islamic and Middle Eastern Studies
	Jewish Studies
	Law
	Library and Information Science, Book Studies
	Life Sciences
	Linguistics and Semiotics
	Literary Studies


                            

                        
                            
                                	Materials Sciences
	Mathematics
	Medicine
	Music
	Pharmacy
	Philosophy
	Physics
	Social Sciences
	Sports and Recreation
	Theology and Religion


                            

                        
                    

                

                
                
                    
                        
                        
                            
    
        Services

    

                            	For Journal Authors
	For Book Authors
	For Librarians
	Rights & Permissions


                        

                        
                        
                            
    
        Publications

    

                            	Publication types
	Open Access


                        

                        
                        
                            
    
        About

    

                            	Contact
	Career
	About De Gruyter
	Partnerships
	Press
	FAQs


                        

                    


                    
                    
                        
                            Social

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                        

                        
                            

                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                    
                    
                        
                            

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                

                
                    

                

            

            
            
                
                    	Help/FAQ
	Privacy policy
	Cookie Policy
	Accessibility
	Terms & Conditions
	Legal Notice


                

                
                    © Walter de Gruyter GmbH 2024

                

                
                
                    

                

            

        

    


    





    Downloaded on 8.3.2024 from https://www.degruyter.com/document/doi/10.1515/kern-2021-0023/pdf




    
    
        
    

    
    
    
    

    

    

    
    
    
    

    
    
        
            
        
    
    
        
    

        
    

    
        
    

    

