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What we did?

ESFR WH

D l C t t C l t E i

Safety Parameters

Doppler Constant

Thermal Expansion 
Parameters Fuel Expansion

Coolant Expansion

Parameters

Diagrid ExpansionControl Rod 
Reactivity Worth

SERPENT TRACE PARCS
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SERPENT vs TRACE‐PARCS



ESFR WH
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ESFR WH

Thermal Power 3600MWThermal Power 3600MW

Average Burnup 100GWd/t

Fuel pellet (U,Pu)O2Fuel pellet (U,Pu)O2 

Inner/Outer Pu ~15%/~17%

Inner/Outer Fuel 225/228
Assemblies

CSD/DSD 24/9
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S2P Wrapper

SERPENT2PARCS
0( , , , , ) Reference XSf cT R H Z  

SERPENT2PARCS

Generates a set of input files and
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Generates a set of input files and 
runs BOL calculations   
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Calculates XS and ∂XS  
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0 Coolant expansion
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Creates PARCS XSEC input card
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0 Control Rod
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Which Serpent parameters?

PARCS XSEC card SERPENT

Transport XS P1_TRANSPXS

Absorption XS RABSXS

P d ti XS NSFProduction XS NSF

Fission XS(J) Detector

 fluxN 
 N  egrid

det
du de
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Scattering Matrix GPRODXS
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Axial Mapping

Upper Axial 
Reflector 102

Upper Fission 
Gas Plenum 101

Fuel 100 

Lower Axial 
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Gas Plenum

Reflector

98 
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Radial Mapping
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Doppler

Parameters INPUT A INPUT B

Temperature TA TB
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( ) ( )T T   ( ) ( )
ln( ) ln( )

A B
DOPPLER

A B

T TK
T T

 


      ln ln ln
A B

A BT T T
 


 

14Madrid, Spain



Axial Fuel Expansion

Parameters INPUT A INPUT B
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Coolant Expansion

Parameters INPUT A INPUT B
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Diagrid Expansion

Radius(core)↑

Mass(coolant)↑Mass(coolant)↑

Spectrum softeningSpectrum softening 
+Axial leakage↑ 

Negative feedback
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Diagrid Expansion
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Control Rod

Parameters INPUT A INPUT B

CR Height CRH CRHCR Height

CR Follower
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FOL AXS  
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Results

PARCS
stand alone

TRACE‐PARCS SERPENT

K effective 1.03809 1.03809 1.03512±7E‐5

Rho, pcm 3669 3669 3392±6

Temperature,⁰C 27 27 27

21Madrid, Spain



Results

Safety coefficients Units SERPENT PARCS RD %Safety coefficients Units SERPENT PARCS
TRACE

RD,%

Axial Fuel Expansion pcm/K ‐0.158±0.003 ‐0.184 16±2

Diagrid (Radial) Expansion pcm/K ‐0.763±0.003 ‐0.656 14±0.4

Doppler constant, pcm ‐1245±5 ‐1327 6±0.4

C l i /K 0 159 0 01 0 197 24 6Coolant expansion pcm/K 0.159±0.01 0.197 24±6

CR worth pcm 5069±10 5167 2±0.2
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Conclusions

• Methodology was developed to generate XS and ∂XS 
using 3D core calculationsg

• S2P (Serpent2Parcs) wrapper was developed for 
Parcs BOL calculations

• Reasonable agreement for Keff and safety 
parameters
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Future Plans

• Comparison with Eranos and Eranos2Parcs
• Transient analyses with Parcsy
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