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Sommario
As in PAR reports of previous years, the activity of radiation transport by means of Monte
Carlo modelling has proceeded along twin tracks: development and application. The
development is directed at calculating local responses within eigenvalue calculations (as
employed 111 reactor cores or storage arrays of fissile material). Currently considered
application of presented method is that of the monitoring of the corium position in PWR severe
accident scenarios. This is carri ed out in collaboration with IRSN (French Institute for
Radiation Protection and Safety).
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1. INTRODUCTION 

As in PAR reports of previous years, the activity of radiation transport by means of Monte 

Carlo modelling has proceeded along twin tracks: development and application. The 

development is reported in the following §2 and the application in §3. The development is 

directed at calculating local responses within eigenvalue calculations (as employed in reactor 

cores or storage arrays of fissile material). 

The methodology utilised takes advantage of a variance reduction (VR) technique within an 

eigenvalue source-iteration calculation. VR improvements and optimization have mainly been 

concerned with fixed source calculations where deep penetration problems frequently occur. 

By contrast, with the present method, a VR scheme within Monte Carlo eigenvalue source 

iteration calculations is considered. 

The developed tool has been employed to evaluate ex-core as well as in-core responses 

within an eigenvalue calculation. Up till now, for ex-core problems it has been usual to split 

the procedure into 2 parts: first an eigenvalue problem in which the fission sites are binned 

and utilised as source terms in a second calculation in which the ex-core responses are 

obtained. Choosing the decoupling point as the fission sites, rather than, for example, the 

leakage current from the fissile region, reduces the stored data requirements since an analytic 

fission distribution is employed and therefore the neutron source energy and direction is not 

stored. 

A currently considered application is that of the monitoring of the corium position in PWR 

severe accident scenarios. This is carried out in collaboration with IRSN (French Institute for 

Radiation Protection and Safety). Some innovative aspects of the EPR reactor design include 

several safety devices in order to deal with and contain severe accidents. Core meltdown is 

considered and the corium position is progressively detected by means of fibre optics cables 

within all containment layers downstream from the active part of the reactor core. 
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2. DEVELOPMENT OF MONTE CARLO ALGORITHMS EMPLOYED 

IN EIGENVALUE CALCULATIONS WITH THE SOURCE-

ITERATION APPROACH 

Following on from the development of Monte Carlo algorithms for fixed source radiation 

transport modelling (see for example /1/), the transfer of the algorithms to eigenvalue 

problems, as communicated in previous PAR reports (see for example /2/), has continued, 

culminating in /3/. 

For obvious copyright reasons, this paper cannot be attached and only the following 

information can be reproduced: 
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We attach in the Appendix a summary, in presentation form, of this work. 
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3. Support to IRSN (Fr) on the DISCOMS Project (Monitoring the Position 

of the Corium following Perforation of the Pressure Vessel): Calculation of 

Neutron and Gamma Spectra at Various Positions of the Collectrons 

outside the Pressure Vessel and Estimation of Radiation Damage to the 

Fibre Optics Cables.  

The detection system consists of fibre optics cables and collectrons, monitoring the 

neutron and gamma fluxes. Both collectrons and fibre optics cables will be placed at a variety 

of positions outside the pressure vessel and in the lower part of the pressure vessel well, the 

reactor pit, melt discharge channel and spreading area (lined with sacrificial material). The 

neutron and photon spectra are required at each proposed collectron position for design 

purposes (type of collectron to be employed, shape of expected signal). The neutron flux and 

gamma dose are required for radiation damage estimates to the fibre optics cables at a limited 

number of positions. 

This work is ongoing. As a first step, the “classic” approach of decoupling the in-core 

eigenvalue calculation from the ex-core fixed source calculation is currently underway, with 

the point of decoupling being the fission sites, as described in §1. As a second step, the 

algorithm described in §2 will be employed. For reasons of confidentiality, very little 

reporting of this activity can be made at the moment. 

 
Corium spreading test at the French CEA VULCANO facility (UO2 with some ZrO2) 

(http://www.iaea.org/NuclearPower/Downloads/INPRO/Files/2010-Feb-DF-WS/15-

Teller.pdf) 
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Core melt retention system 

(http://www.iaea.org/NuclearPower/Downloads/INPRO/Files/2010-Feb-DF-WS/15 

Teller.pdf) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 8 21 

 

4. References 

 
 Burn, K.W., 2011. Optimizing Monte Carlo to Multiple Responses: the Direct 

Statistical Approach, 10 Years On. Nucl. Technol. 175, 138-145. 

 Burn, K.W., 2013. Use of Monte Carlo in state‐of-the-art PWR design: study of tilt in 

the NEA UAM PWR benchmark and development and testing of new algorithms 

within Monte Carlo eigenvalue calculations employing the source iteration method. 

ENEA-ADPFISS-LP1-015 

 Burn, K.W., 2014. Optimizing Variance Reduction in Monte Carlo Eigenvalue 

Calculations that Employ the Source Iteration Approach. Ann. Nucl. Energy 73, 218-

240. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 9 21 

 

Appendix 
  



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 10 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 11 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 12 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 13 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 14 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 15 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 16 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 17 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 18 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 19 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 20 21 

 

 

 

 



 

 

  Ricerca Sistema Elettrico 

Sigla di identificazione 

ADPFISS-LP1-029 

Rev. 

0 

Distrib. 

L 

 Pag. di 

 21 21 

 

 

 


