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ABSTRACT 

Research related to 300MWth with UN-PuN fuel optimization on GFR using 3D core (X-Y-Z) with the code 

SRAC-COREBN has been carried out. UN-PuN fuel optimization was carried out by studying neutronic parameter 

analysis on variations in the addition of Pu-239 percentages in homogeneous and heterogeneous core configurations, as 

well as on variations in fuel volume fractions. The design of the reactor core is cylindrical pancake with a diameter of 300 

cm and a height of 100 cm. Neutronic calculations are carried out in two steps, the first is the calculation of burn-up per 

fuel pin using the PIJ code system on SRAC and the JENDL4.0 nuclide library. The second calculation is the calculation of 

burn-up at the reactor core level using the COREBN code. The results of the core burn-up calculation analyzed were 

neutronic parameters, such as k-eff, excess reactivity, and power density. The optimal design based on the neutronic 

parameter analysis that has been carried out is a fuel volume fraction of 64% with a heterogeneous core configuration of 3 

types of fuel percentage, fuel 1- fuel 2- fuel 3 = 7.5%-8%-8.5%. The maximum k-eff value is 1.0031841 with a maximum 

excess reactivity of 0.32%. The maximum power density for the X and Y directions is 70.78 Watt/cc; while for the Z 

direction it is 67.97 Watt/cc. 

 
Keywords: SRAC-COREBN, GFR, UN-PuN. 

 

INTRODUCTION 

According to GIF, there are six proposed 

generation IV reactor designs for fulfill the world's future 

energy demand, one of which is the Gas Cooled Fast 

Reactor (GFR) system. The GFR system is a helium gas-

cooled fast reactor with a closed fuel cycle. With a 

combination of fast neutron spectra and actinide recycling, 

GFR can minimize the production of long-lived 

radioactive waste isotopes by breeding plutonium. The 

core outlet temperature reaches 800 to 850 °C, which is 

the advantage of GFR technology. At this temperature, the 

GFR is suitable for hydrogen production (GIF, 2002). 

Based on several things that have been mentioned, GFR 

was chosen as one of the Generation IV nuclear reactor 

systems developed based on its excellent sustainability 

potential. However, GFR has challenges in terms of fuel 

resistance and efficient fuel cycle processes in its 

development (Anggoro et al., 2013). 

 
 

 

Figure-1. GFR scheme (GIF, 2002). 

 

The design of the reactor core design is the initial 

stage and one of the important parts in the development of 

the GFR in order to produce a reactor with a fuel cycle 

that has high resistance and is efficient in a predetermined 

operating time (GIF, 2020). Therefore, it requires the 

development of the GFR core design, one of which is by 

optimizing fuel. To achieve optimal fuel, careful analysis 

is required, one of which is by neutronic analysis. 

 

LITERATURE REVIEW 
Research related to neutronic analysis for GFR 

has been widely carried out. Research (Syarifah et al., 
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2016), indicating that the gas-cooled fast reactor with UN-

PuN fuel has reached optimum with a burn-up period of 

10 years without refueling. Neutronics analysis performed 

using SRAC code with JENDL-3.2 as nuclides data 

library. Study design of modular fast reactor with helium 

gas cooling (GFR) that can be operated for 20 years has 

been carried out(Ilham and Su’ud, 2017). The research 

calculated neutronic analysis of GFR with Mixed Oxide 

fuel (UO2-PuO2) using the code SRAC-CITATION. The 

result obtained is the effective multiplication factor and 

the value of the power density of the reactor core. Other 

research (Syarifah et al., 2017) states that the UN-PuN-

fueled 500 MWth GFR reaches optimum with a burn-up 

period of 25 years. Neutronic analysis is performed with 

the CODE FI-ITB-CHI code. Further research (Syarifah et 

al., 2020) analyzed the effect of the addition of minor 

actinides on the k-eff value in gas-cooled fast reactor 

fuels. The addition of minor actinides in the form of 

americium (Am-241 and Am-243) and neptunium-237 to 

the uranium plutonium nitride material succeeded in 

reducing the k-eff value. The other research about 

neutronic analysis on small modular gas-cooled fast 

reactors using the Open MC code has been carried 

out(Ilham, Raflis and Suud, 2020). The neutronic 

paremeter analyzed in this study is the effective 

multiplication factor (k-eff), neutron flux, and power.  

Design studies of GFR 800 MWth, 900 MWth, 

and 1000 MWth fueled  by uranium plutonium nitride with 

a CANDLE burn-up  scheme have been carried out 

(Syahputra, Razak and Su’ud, 2020). This study was 

conducted using a two-dimensional R-Z cylindrical cell 

model with the code SRAC-CITATION. Research (Irka et 

al., 2021) investigated the neutronic performance of 

natural uranium-fueled GNRs by using a modified 

CANDLE combustion scheme in the radial direction with 

a reactor output power varying from 300-600 MWt. 

Research(Syarifah et al., 2021), is an early study of the use 

of uranium carbide fuel in gas-cooled fast reactors. The 

use of uranium carbide fuel shows less than optimal results 

when compared to the use of UN-PuN.  

Based on the studies that have been carried out 

related to neutronic analysis in GFR, this study is aimed at 

determining the results of optimization of uranium-

plutonium nitride (UN-PuN) fuel in gas-cooled fast 

reactors analyzed in terms of neutronics using a 3D core 

with the code SRAC-COREBN. The objectives of the 

study were achieved by analyzing neutronic parameters on 

the addition of plutonium percentages in homogeneous 

and heterogeneous core configurations, and variations in 

fuel volume fractions using the SRAC-COREBN code. 

The neutronic parameters analyzed include the 

multiplication factor (k-eff), excess reactivity, and power 

density during the reactor operation period. 

 

METHOD 

The reactor used in the study was a 300MWth 

power GFR type with specifications shown by Table-1. 

 

 

 

Table-1. Reactor specifications. 
 

Parameter Specifications 

Power 300 MWth 

Core Geometry Pancake Cylinder 

Active core height 100 cm 

Active core diameter 300 cm 

Burn-up period 10 years 

Fuel Material 
Uranium-Plutonium Nitrida 

(UN-Pun) 

Fuel pinGeometry Hexagonal 

Cladding material Silicon carbide 

Coolantmaterial Helium 

Density of fuel (gr/cm
3
) 14.32 

Variation of Plutonium 

Percentage (%) 
6-15 

Variation of Fuel 

Volume Fraction (%) 
60-65 

Variation of Cladding 

volume fraction (%) 
10 

Variation of Coolant 

Volume Fraction (%) 
25-30 

Pin pitch (cm) 1.45 

 

The fuelpin used is in the form of a hexagonal pin 

divided into six regions, as shown in Figure-2. The three 

most central regions are fuel, the next one region is 

cladding, and the last two regions are coolant.  

 

 
 

Figure-2. Fuelpin. 

 

The reactor core design uses the pancake cylinder 

type shown in Figure-3. The design configuration of the 

reactor core in this study used two types, namely 

homogeneous and heterogeneous. Homogeneous core 

configurations use the same percentage of fuel, while 

heterogeneous core configurations use several types of 

fuel percentages. 
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Figure-3. Reactor core geometry. 

 

Neutronics calculations using the SRAC-

COREBN code aredivided into two stages, the first is the 

calculation of burn-up at the fuel cell level (fuelpin) using 

the PIJ code system on SRAC and the JENDL4.0 nuclide 

library. SRAC (Standard Reactor Analysis Code) is a code 

system for neutronic analysis for various types of reactors 

developed by JAEA (Okumura et al., 2002). The SRAC 

code uses the diffusion equation approach. The neutron 

diffusion equation is a balance equation that describes 

neutron transport in space, energy, and time. The solution 

of the diffusion equation contains a neutron flux that 

represents the rate of neutrons in interacting with the 

surrounding medium as well as neutrons leaking out of the 

reactor (Suparlina et al., 2010). The diffusion equation of 

multigroup neutrons can be mathematically written as 

follows. 

 −∇⃗⃗ . Dg∇⃗⃗ ϕg + ΣRgϕg = χgkeff ∑vgiΣfgiϕgi
gn
gi − ∑Σsg → giϕgi

gn
gi  

 

(Duderstadt, 1976) 

The second calculation is the calculation of burn-

up at the reactor core level using the COREBN code with 

a 3-dimensional core burn up calculation model (X-Y-Z), 

shown by Figure-4. COREBN is a code that multi-

dimensional core burn-up calculations use based on the 

theory of diffusion and interpolation of macroscopic cross-

sections that are tabulated to local parameters such as 

burn-up degree, moderator temperature, and so on 

(Okumura, 2007). 

The calculation using COREBN code begins with 

preparing a PDStoPS code for macro file conversion. The 

result of the cell-level burn-up calculation is in the form of 

a PDS format MACRO file so that to convert PDS file to 

PS, PDStoPS code is required. Then initiation of the 

calculation of the HIST code as a history file. The 

calculation scheme of SRAC-COREBN can be seen in 

Figure-5. The output produced in the core calculation is 

the value of k-eff, excess reactivity, and power density. 

 

  
 

Figure-4. 3D burn-up calculation model (Okumura, 2007). 

 

 
 

Figure-5. SRAC-COREBN Calculation Scheme. 

 

The analysis carried out included: analysis of neutronic 

parameters for each percentage variation of Plutonium-239 

in UN-PuN fuel in homogeneous and heterogeneous core 

configurations, as well as analysis of neutronic parameters 

for variations in fuel volume fractions. Neutronic 

parameter analysis for UN-PuN fuel optimization results is 

seen from the condition of the k-eff value of one (critical 

condition) the maximum excess reactivity value is close to 

zero, as well as distribution of power in the reactor. 

 

RESULT AND DISCUSSIONS 
Research on the optimization of uranium 

plutonium nitride (UN-PuN) fuel in gas-cooled fast 

reactors has been carried out. First, an analysis of the 

effect of adding percentages of Pu-239 in UN-PuN fuel on 

homogeneous configurations on neutronic parameters. A 

homogeneous core is a configuration with the same 

percentage value of fuel (fuel 1 = fuel 2 = fuel 3). The 
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addition of the percentage of Plutonium-239 is carried out 

from a percentage of 6% to 15%. 

Figure-6 shows the k-eff value to the burn-up 

period in a homogeneous core configuration. In the 

picture, the value of k-eff is increasing along with the 

increase in the percentage of fuel. A large percentage of 

fuel has a lot of fissile fuel so that the neutron activity in 

the reactor also increases. The 8% Plutonium-239 

percentage has the most stable k-eff value close to one 

after its burn-up period. 

 

 
 

Figure-6. Graph of k-eff for each addition of Plutonium-

239 on homogeneous core. 

 

The second neutronic parameter analysis is the 

value of excess reactivity. The value of excess reactivity 

(ρ) or excess reactivity is the value of the change in the 
effective multiplication factor of the reactor core caused 

by the condition of the reactor. The value of excess 

reactivity is constantly changing due to changes in the 

operating conditions of the reactor along with the addition 

of the percentage of Plutonium-239, shown in Table-2. 

The best excess reactivity value is the one closest to zero 

because it indicates that the reactivity in the reactor is 

stable. The Plutonium-239 percentage of 8% has a 

maximum excess recativity value of 0.28%.  

The next analysis is the analysis of the power 

density. The average power density value limit is 70 

Watts/cc, and the maximum power density value is 100 

Watt/cc to create a GFR that operates over a long period of 

time. Table-2 shows the average value of the power 

density at each addition of plutonium-239 percentages. 

Based on the table, it shows that the more the percentage 

of Plutonium-239, the higher the power density value. The 

average power density value at a plutonium percentage of 

8% is 75.03 Watt/cc with its maximum power density 

value being 107.4 Watts/cc. 

 

 

 

 

 

 

 

 

 

Table-2. Power density on homogeneous core. 
 

Percentage 

Plutonium

-239 (%) 

Average 

power 

density 

(Watts/cc) 

Maximum 

Power 

density 

(Watts/cc) 

Excess 

Reactivity 

max (%) 

6 73.77 104.71 -14.21 

7 74.45 106.17 -6.25 

8 75.03 107.4 0.28 

9 75.52 108.46 5.72 

10 75.95 109.37 10.33 

11 76.79 110.07 14.29 

12 76.57 110.68 17.71 

13 76.81 111.18 20.71 

14 77.01 111.57 23.35 

15 77.16 111.87 25.70 

 

The second study was the analysis of neutronic 

parameters on heterogeneous core configurations. The 

addition of the Percentage of Plutonium-239 to UN-PuN 

fuel with heterogeneous core configurations is carried out 

by varying the percentage of fuel 1 and fuel 3, while fuel 2 

will be of fixed value as a reference percentage. The 

reference percentage is taken from the most optimal 

percentage value in a homogeneous configuration. The 

percentage variation of Plutonium-239 for heterogeneous 

core is shown by Table-3. 

 

Table-3. Plutonium-239 percentage variation in 

heterogeneous configurations. 
 

Case- 
Plutonium-239 Percentage (%) 

fuel 1 fuel 2 fuel 3 

1 5.5 8 10.5 

2 6 8 10 

3 6.5 8 9.5 

4 7 8 9 

5 7.5 8 8.5 

 

Figure-7 shows the relationship of k-eff values to 

burn-up time in heterogeneous core configurations. All 

cases show a k-eff value below one. This is called a 

subcritical condition; the condition of the neutron 

population goes down with each generation. The closest k-

eff value to one is Case 5 with a percentage of 7.5%-8%-

8.5% with a maximum k-eff value of 0.9911901. 
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Figure-7. Graph of k-eff for each addition of Plutonium-

239 on heterogeneous core. 

 

The next analysis is the value of excess reactivity. 

Case 5 with a percentage of fuel 1- fuel 2- fuel 3 is 7.5%-

8%-8.5% has an excess reactivity value of -0.88%. A 

negative value indicates that the power in the reactor is in 

a subcritical state. The reactivity of the core decreases due 

to changes in the condition of the core configuration 

arrangement so that it affects the entry of neutron sources 

or neutron absorbers into the core and affects the fission 

reaction that occurs. Based on Table-4, Case 5 (7.5%-8%-

8.5%) has an average power density of 69.75 Watts/cc and 

a maximum power density of 95.14 Watts/cc. 

 

Table-4. Power density on heterogeneous core. 
 

Case- 

Average 

power 

density 

(Watts/cc) 

Maximum 

Power 

density 

(Watts/cc) 

Excess 

Reactivity max 

(%) 

1 76.23 110.18 -3.97 

2 72.47 101.8 -3.47 

3 68.9 95.38 -2.79 

4 68.29 95.18 -1.92 

5 69.75 95.14 -0.88 

 

The third study was the analysis of neutronic 

parameters on variations in the volume fraction of fuel. 

The variation in the fraction of the volume of fuel begins 

at fractions from 60% to 65% with an increase per one 

percent. The percentage used in the fuel volume fraction 

analysis study was in the heterogeneous configuration of 

Case 5 with the percentage of plutonium in fuel 1- fuel 2- 

fuel 3 = 7.5%-8%-8.5%. A graph of the relationship of k-

eff with the burn-up period at variations in the fuel volume 

fraction is shown by Figure-8. On the chart it is seen that 

the increase in the fraction of fuel volume is proportional 

to the increase in the value of k-eff. The most optimal k-

eff value is obtained when the volume fraction of fuel is 

64%. Graph of the k-eff value on the fraction of fuel 

volume closest to the value of one along its burn-up 

erythode. It is this condition that signals that the fission 

reaction in the reactor is most stable.  

 

 
 

Figure-8. Graph of k-eff on fuel volume 

fraction variations. 

 

The next analysis is the analysis of the value of 

excess reactivity. Table-5 shows that the value of excess 

reactivity is proportional to the increase in the fraction of 

fuel volume. The fuel volume fraction of 64% obtains a 

maximum excess reactivity value of 0.32%. Based on 

table 5, the average power density value at a fuel volume 

fraction of 64% is 70.78 Watt/cc with a maximum power 

density of 97.98 Watts/cc. 

 

Table-5. Power density on fuel volume fraction variations. 
 

Fuel 

Volume 

Fraction 

(%) 

Average 

power 

density 

(Watts/cc) 

Maximum 

Power 

density 

(Watts/cc) 

Excess 

Reactivity 

max (%) 

60 69.75 95.14 -0.88% 

61 69.66 95.67 -0.57% 

62 69.93 96.19 -0.26% 

63 70.19 96.71 -0.22% 

64 70.78 97.98 0.32% 

65 71 98.41 0.59% 

 

Based on the results of the neutronic parameter 

analysis that has been carried out, the most optimal fuel is 

in the case 5 heterogeneous configuration with the 

percentage of plutonium in 1-fuel 2-fuel 3 = 7.5%-8%-

8.5% at a fuel volume fraction of 64%. Figure-9 shows a 

graph of the k-eff value in the optimization results. The 

maximum k-eff value obtained is 1.0031841 with a 

maximum excess reactivity of 0.32%. 
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Figure-9. The graph of the k-eff value of the 

optimization results. 

 

The power density is analyzed for each of its 

radial and axial directions. Figure-10 is the result of 

direction X relative power density for optimized results. 

Direction X is the cross section of the reactor from the left 

side of the reactor to the right. The per-mesh on the graph 

represents 5.45 cm of the length of the reactor. The power 

density is relative in the X direction for the mesh 0 < 𝑋 <10 dan 45 < 𝑋 < 55 is colored blue. This is because the 

area is reflector (non-fuel area) so that a chain fission 

reaction does not occur in the area and the power density 

is zero. 

 

 
 

Figure-10. Power density distribution for direction 

X direction. 

 

Direction Y is the cross section of the reactor 

from front to back. The blue color for the mesh 0 < 𝑋 <10 dan 45 < 𝑋 < 55 its power density value is zero, 

which indicates the reflector area. The maximum power 

density for the Y direction is 70.78 Watt/cc with a peak 

power factor of 1.389232. 

 

 
 

Figure-11. Power density distribution for direction Y. 

 

Figure-12 shows the power density relative to the 

Z direction by the number of mesh 50. Each mesh 

represents 2 cm of reactor height. Direction Z is the upper 

part of the reactor to the bottom of the reactor consisting 

of the reflector section, upper nozzel, upper gas plenum, 

fuel arrangement, and lower nozzle. The average power 

density in the Z direction is 67.97 Watt/cc with a peak 

power factor of 1.44653. The power density is in the mesh 

area mesh 0 < 𝑍 < 10and40 < 𝑍 < 50 is blue because 

the area is a non-fuel area so that no fission reaction 

occurs. 

 

 
 

Figure-12. Power density distribution for direction Z. 

 

CONCLUSIONS 

Research related to UN-PuN fuel optimization in 

gas-cooled fast reactors uses the COREBN code. The most 

optimal neutronic parameter analysis was obtained in the 

case 5 heterogeneous configuration with the percentage of 

plutonium-239 in 1-fuel 2-fuel 3 fuel is 7.5%-8%-8.5% 

with the volume fraction of fuel used is 64%. The 

maximum k-eff value obtained was 1.0031841 with an 

excess reactivity of 0.32%. The maximum power density 

is 97.98 Watts/cc. The average power density of each 

radial direction obtained is 70.78 Watt/cc. 
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