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1. Introduction 

 
The Korea Atomic Energy Research Institute 

(KAERI) has been developing a Prototype Gen-IV 

Sodium-cooled Fast Reactor (PGSFR), in which 

blanket-free U-Zr metallic fuelled core concept is 

adopted, to aim at design approval [1, 2].  

To achieve design approval of the PGSFR, proof of 

the fuel integrity during operation is one of the essential 

work. At the view point of core neutronics design, 

validation of the power distribution is one part of this 

proof. Hence, we performed a Mock-up physical 

experiment of the PGSFR (named as BFS-84-1 

experiment) by collaborating with Russian IPPE, which 

includes measurements of fission reaction rate 

distribution to validate power distribution [3].  

In this paper, the fission reaction rate distributions 

measured at the BFS-84-1 experiment are analyzed by 

using as-built MCNP model [4, 5] and ENDF/B-VII.0 

library [6].  

 

2. BFS-84-1 Experiment 

 

The BFS-84-1 critical assembly is composed of duel 

enrichment uranium metal-fueled core surrounded by a 

steel reflector. Two enrichment zones consist of a 15.9 

wt.% enriched Inner Core (IC) zone and 16.8 wt.% 

enriched Outer Core (OC) zone to describe a four batch 

inner core and five batch outer core in the PGSFR [7]. 

Axially, the core is surrounded by a lower steel reflector 

and sodium/gas plenum as described in the reference [8]. 

The radial and axial configuration of the BFS-84-1 

experiment are described in Figs. 1 and 2, respectively.  
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Fig. 1. Radial configurations for the BFS-84-1 critical 

assembly 
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Fig. 2. Axial configurations for the BFS-84-1 critical 

assembly 

 

Fission reaction rate distributions were measured by 

inserting small size fission chamber into the gap 

between experiment rods. Since the small size fission 

chamber was coated by U-235, U-238, and Pu-239, 

fission reaction rates can be measured at both of fuel 

and non-fuel regions.  

Radial fission reaction rate distributions were 

measured at positions along AA’ line and axial fission 

reaction rate distributions were measured at positon B in 

the Fig. 1. Axially, radial fission reaction rate 

distributions were measured at both of core center 

position (AA’ line in Fig. 2) and core top position (BB’ 

line in Fig. 2) as shown in Fig. 2. For radial fission 

reaction rate distribution measurements, the 

measurement results at core top region will represent the 

error of power distribution due to control rod insertion.  

During the measurement of the radial fission reaction 

rate distributions, some positions were not measured 

due to existence of BFS facility safety system.  

 

3. Results of fission reaction rate distributions  

 

3.1 Radial fission reaction rate distributions 

 

Calculation to Experimental values for U-235, Pu-

239, and U-238 radial fission reaction rates are shown 

in Fig. 3 through Fig. 5, respectively. In addition, tables 

I and II show averaged error of radial fission reaction 
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rate at core region and steel reflector region, 

respectively.  

For all of U-235, Pu-239, and U-238 fission reaction 

rates at core region, calculation results show good 

agreement with experimental results. The averaged 

errors of U-235 and Pu-239 fission reaction rates are 

within 1σ range at both of core central and core top 

region. Hence we can conclude that there is negligible 

error in power distribution estimation using ENDF/B-

VII.0 library.  
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 Fig. 3. Radial U-235 fission reaction rate distributions 
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 Fig. 4. Radial Pu-239 fission reaction rate distributions 
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 Fig. 5. Radial U-238 fission reaction rate distributions 

 

 

 

Table I: Averaged error of radial fission reaction rate 

distributions at core region, % 

 Core center Core top 

U-235 -1.3±1.5 -0.3±2.2 

Pu-239 -1.1±1.4 -1.6±2.9 

U-238 1.3±1.9 -1.8±2.3 

 

Table II: Averaged error of radial fission reaction rate 

distributions at steel reflector region, % 

 Core center Core top 

U-235 -5.2±3.0 -1.4±2.4 

Pu-239 -8.3±3.0 -4.4±4.4 

U-238 0.1±6.5 -4.5±7.6 

 

3.2 Axial fission reaction rate distributions 

 

Calculation to Experimental values for axial fission 

reaction rates are shown in Fig.6 and region-wise 

averaged error of axial fission reaction rates are shown 

in table III. 

Similar to the previous radial fission reaction rate 

distributions, calculation results for all of fission 

reaction rates at core region show good agreement with 

experimental results within 1σ range. 

However, for the lower steel reflector region, 

calculation results of Pu-239 and U-235 fission reaction 

rates show ~10 % overestimation while calculation 

results of U-238 fission reaction rates show ~10 % 

underestimation. In contrast, for sodium plenum region, 

calculation results of Pu-239 and U-235 fission reaction 

rates show ~10 % underestimation. For gas plenum 

region, due to large measurement uncertainty, it is 

difficult to confirm tendency of results.  

Although underestimations or overestimations of 

fission reaction rates at non-fuel regions do not 

influence to the error of power distribution, these results 

may be valuable for the future cross-section 

development.  
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 Fig. 6. Axial fission reaction rate distributions 
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Table III: Averaged error of axial fission reaction rate 

distributions, % 

 
Lower 

reflector 

Core Sodium 

plenum 

Gas 

plenum 

Pu-239 10.0±3.8 -0.1±2.4 -10.1±3.4 0.8±8.1 

U-235 7.5±1.3 -0.6±1.7 -8.4±1.7 -0.6±3.0 

U-238 -9.1±5.3 0.8±1.6 2.9±3.4 10.1±13.6 

 

5. Conclusions 

 

In this paper, radial and axial fission reaction rates of 

U-235, Pu-239, and U-238 isotopes, measured at the 

BFS-84-1 experiment, are analyzed using the MCNP6 

code and ENDF/B-VII.0 library on a framework of 

validating power distributions of the PGSFR core.  

For all fission reaction rates at core region, 

calculation results show good agreement with 

experimental results within 1σ range. Since the fission 

power distribution at PGSFR is mostly originated from 

U-235, U-238, and Pu-239 isotopes, we can conclude 

that there will be no significant bias in power 

distribution of the PGSFR core when ENDF/B-VII.0 

library and precise MCNP model were used to calculate 

fission power distributions.  

In addition, considerable error of fission reaction 

rates at non-fuel regions are also reported. These data 

may be useful for improvement of the cross-section 

library using cross-section adjustment method or re-

evaluation method.  
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