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1. Introduction 

 
This paper presents the preliminary result of 

BEAVRS Hot Full Power (HFP) solution at Beginning 

of Cycle (BOC).  It is solved by in-house Monte Carlo 

code which is being developed at Ulsan National 

Institute of Science and Technology (UNIST) [1-2]. 

The code employs simple 1-dimentional Thermal 

Hydraulic (TH) module and multipole based On-The-

Fly (OTF) cross section generation module. In this 

paper, fission reaction rate, fuel temperature, 

moderator density, moderator temperature, fuel 

temperature, and xenon number density distributions 

are presented.  

 

2. Methods and Results 

 

2.1 TH Coupling 

 

The 1-dimentional TH module has been 

implemented [3]. It receives the power distribution in 

the fuel pin from MC code. This module updates the 

coolant condition with the boundary condition of 

incoming coolant temperature and flow rate. After that, 

it updates the fuel temperature with fixed coolant 

temperature determined previous step. TH module 

sends the temperature and density profile to the MC. 

The pressure is fixed to 15.5 MPa. The geometry of TH 

module is pincell which means it does not consider the 

cross flow through pin.  

 

2.2 Temperature Dependent Cross Section 

 

The OpenW module developed by MIT CRPG has 

been implemented [4-5]. The OpenW module is On-

The-Fly Cross section generation module based on the 

multipole method. MIT CRPG provides the multipole 

library for 72 nuclides. The nuclides which is not in the 

library list can be treated with SIGMA1 kernel. 

SIGMA1 kernel generate the ACE format file before 

transport calculation [6-7].  

 

2.3 Equilibrium Xenon 

 

Xenon number density in the fuel changes 

depending on the power. The xenon effect is negligible 

if the reactor is in HZP condition since the xenon 

number density to very small. However, the Xenon 

number density should be properly considered if it is in 

Hot Full Power (HFP). To calculate the Xenon number 

density with given power, Xenon update subroutine has 

been implemented [8-9]. The MC tallies the fission 

reaction rate and absorption reaction rate of xenon, and 

updates the xenon number density according to the 

following equation  
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where 
Xe  is the cumulative fission yield of Xe-135, 

f is the macroscopic fission cross section,   is the 

flux, 
Xe is the decay constant of Xe-135, and 

,Xe a is 

the microscopic absorption cross section of Xe-135.  

 

3. Results 

 

3.1 BEAVRS Benchmark  

 

BEAVRS (Benchmark for Evaluation and Validation 

of Reactor Simulation) was published by MIT [10-11]. 

It is PWR benchmark contains very detailed 

information. The conditions used to simulate HFP is in 

Table I.  

 

Table I: Problem Description 

Core power 3,411 MW 

Inlet coolant temperature 560 ℉ 

Pressure 2,250 psia 

Core flow rate 61.5× 106 kg/hr 

Boron concentration 975 ppm 

Control rod position ARO 

 

3.2 Simulation Result 

 

BEAVRS core is composed of 50,952 number of fuel 

pins. In the MC code, fuel pin is divided into 60 equal 

volume meshes (3 radial meshes and 20 axial meshes). 

In the TH module, fuel pin is composed of 10 radial 

meshes and 20 axial meshes.  

The simulation was performed on Linux cluster with 

24 processes (i7 4790K @ 4.00 GHz). Total 345 

million histories were used with 900 inactive cycles, 

6,000 active cycles, and 50,000 histories per cycle. TH 

feedback and xenon update subroutine was performed 

every 300 cycles.  

Table II shows the multiplication factor, memory per 

process and the simulation time.  
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Table II: Summary of Result 

keff 0.96089 

SD 0.00002 

Memory per process ~ 50GB 

Simulation time 616 mins 

# of processes 24 

 

Figs 1-5 show the distribution of five different 

quantities: flux, fission reaction rate, fuel temperature, 

moderator density, moderator temperature.  

 

 

 
 
Fig. 1. Flux distribution.  

 

 
 
Fig. 2. Fission distribution.  

 

 

 
 

Fig. 3. Fuel temperature distribution.  

 

 

 
 
Fig. 4. Coolant temperature distribution.  

 

Figs. 6-7 show the pin averaged xenon number density 

distribution and one group microscopic absorption 

cross section of Xe-135. The grin colored region in Fig. 

6 contains burnable absorber (BA). Therefore, the 

microscopic absorption cross section of Xe-135 is 

smaller because of the spectrum hardening and the 

number density of Xe-135 is larger. Fig. 8 shows the 

spectrum in two assemblies positioned at (7,2) and 

(7,3). The assembly at (7,2) contains 3.1% enriched 

fuel and 20 BA rod, and the assembly at (7,3) contains 

1.6% fuel and no BA rod. 
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Fig. 5. Coolant density distribution.  

 

 
 
Fig. 6. Pin-wise xenon number density. 

 

 
 
Fig. 7. One group microscopic absorption cross section of Xe-

135. 

 

 
 
Fig. 8. Integrated spectrum in assembly at (7,2) and (7,3).  

 

3. Conclusions 

 

This paper presented preliminary solution of 

BEAVRS HFP state at BOC by Monte Carlo code 

which is being developed at UNIST. The five quantities 

were presented and all looks reasonable: Fission 

reaction rate, fuel temperature, xenon number density, 

moderator density, moderator temperature. The next 

task would be the verification work. And the 

BEAVERS HFP depletion calculation will be studied.  

 

ACKNOWLEDGEMENTS 

 

This work was supported by the National Research 

Foundation of Korea(NRF) grant funded by the Korean 

government(MSIP:Ministry of Science, ICT and Future 

Planning) (No. NRF-2015M2A8A2075906) 

 

REFERENCES 

 
[1] H. Lee, W. Kim, P. Zhang, A. Khassenov, Y. Jo, and D. 

Lee, “Development Status of Monte Carlo Code at UNIST,” 

KNS Spring Meeting, Jeju, Korea, May 12-13, 2016. 

[2] H. Lee, C. Kong, and D. Lee, “STATUS OF MONTE 

CARLO CODE DEVELOPMENT AT UNIST,” Proc. 

PHYSOR 2014, Kyoto, Japan, Sep 28–OCT 28, 2014, 

American Nuclear Society, 2014. 

[3] T. Downar, Y. Xu, V. Seker, PARCS v3.0, Theory 

Manual, University of Michigan, 2010.  

[4] C. Josey, P. Ducru, B. Forget, and K. Smith, “Windowed 

multipole for cross section Doppler broadening,” Journal of 

Computational Physics, 2015. 

[5] A. Khassenov, S. Choi, and D. Lee, “On the Fly Doppler 

Broadening Using Multipole Representation,” KNS Spring 

Meeting, Jeju, Korea, May 7-8, 2015.  

[6] F. B. Brown, MCNP – A General Monte Carlo N-Particle 

Transport Code, Version 5, LA-UR-03-1987, Los Alamos 

National Laboratory, 2003. 

[7] T. Goorley, et al., Initial MCNP6 Release Overview, Nucl. 

Technol., 180, pp 298-315, 2012. 

[8] F. Yang, G. Wang, G. Yu, K. Wang, 

“IMPLEMENTATION OF INLINE EQUILIBRIUM XENON 



Transactions of the Korean Nuclear Society Autumn Meeting 

Gyeongju, Korea, October 27-28, 2016 

 

 
METHOD IN RMC CODE,” Proc. PHYSOR 2016, sun 

valley, USA, May 1-5, American Nuclear Society, 2016. 

[9] A. Isotalo, J. Leppanen, J. Dufek, “Preventing xenon 

oscillations in Monte Carlo burnup calculations by enforcing 

equilibrium xenon distribution,” Annals of Nuclear Energy, 

60, 78-85, 2013.  

[10] N. Horelik, and B. Herman, MIT benchmark for 

evaluation and validation of reactor simulations (BEAVRS), 

Version 1.1.1, MIT: MIT Computational Reactor Physics 

Group, 2013. 

[11] M. Ryu, et al., “Solution of the BEAVRS benchmark 

using the nTRACER direct whole core calculation code,” 

Journal of Nuclear Science and Technology, 52, pp. 961-969, 

2014. 


