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1. Introduction 
 

The RAST-F code system has been under 
development for fast reactor core analysis purposes. In 
order to provide a reliable tool for core behavior 
predictions, the validation and verification of state-of-
the-art computational tools and associated databases are 
the first key step. There were several verification and 
validation work for RAST-F, while most of them 
focused on the k-eigenvalue and depletion calculations 
[1-3]. In the framework of the RAST-F developments, a 
neutron transient module has been implemented in 
RAST-F at the core level, which enables to simulate the 
prompt and delayed neutron emission model. For 
further development, theoretical calculations and 
computer modeling of this new implementation need 
experimental validation. 

Among the benchmark sets for validating, verifying, 
and improving methodologies and computer codes, the 
CEFR benchmark [4] has unique design features such 
as using very highly enriched fuel, a small core-size 
reactor, and stainless-steel reflectors. These 
characteristics may result challenging in predicting 
accurately the neutronic parameters for the simulation 
tools, especially the deterministic code system.  

In this study, the time-dependent simulation of the 
CEFR control rod drop experiment was performed 
using nodal diffusion code RAST-F. The comparison 
between simulation and measurement was conducted on 
relative neutron population, dynamic reactivity, and 
control rod worth. The main goal of this paper is to 
demonstrate and validate the transient modeling 
capability of the RAST-F code by comparing the 
RAST-F results to the experimental data. 
 

2. Description of CEFR and CR drop experiments 
 

The CEFR is a pool-type sodium-cooled fast reactor 
in China with thermal power of 65 MW and electric 
power of 20 MW. CEFR reached its first criticality in 
July 2010. In the physical start-up tests in 2010, four 
series of experiments were conducted, including fuel 
loading and criticality, measurement of the control rod 
worth, measurement of reactivity coefficient, and foil 
activation measurements. The physical start-up 
experiments have three different stages of the core: the 
fuel-only loading, the operating loading at the cold 
state, and the operating loading at the hot state. In this 
study, all physical start-up tests were conducted at cold 
state (250 °C). The core at operating loading consists of 
79 fuel sub-assemblies, as illustrated in Fig. 1. The 

active fuel height of the core is 45 cm. FA pitch is 6.1 
cm. In addition, the core was loaded with 8 control, and 
1 neutron source, 394 Stainless steel reflectors, and 230 
boron shield sub-assemblies. The core reactivity is 
controlled by three types of control rod sub-assemblies:  
two regulating rods (RE), three shim rods (SH), and 
three safety rods (SA). The main difference between the 
three types of control rod sub-assemblies is the 
enrichment of 10B in the B4C absorber. The enrichment 
of 10B in regulating, shim, and safety rods are 19.6 a% 
(natural abundance), 92 a%, and 92 a%, respectively. 
Corresponding to the mass of 10B in each control rod, 
the RE rods are used for maintaining the small 
reactivity, while the SH and SA rods are used for the 
compensation of large reactivity change and emergent 
shut-down, respectively. A detailed description of the 
geometry, materials, and experiments can be found in 
Refs. [4-6]. 

 

 
Fig. 1. Core configuration at operating load. 

 
According to the specification of the benchmark, the 

control rod worth (CRW) measurements were carried 
out in two movement procedures, rod-drop, and normal 
speed movements. The measurement by the normal 
movement was excluded from the benchmark due to the 
extremely time-consuming process for neutronic 
simulation. On the other hand, the measurement by the 
rod-drop is much more painless. In the beginning, the 
measured rod was withdrawn to the out-of-core 
position, and other rods were altered properly to 
maintain a slightly supercritical system. After adjusting 
the control rod positions, the neutron flux increase. Two 
source range detectors were used and connected to a 
reactivity meter to measure the counting rate and 
calculate the reactivity in real-time. When the count rate 
from the detector reached a certain count per second, 
the measurement of the CRW started, and the measured 
rod was dropped. By that time, the reactivity meter 
recorded the count rate every 0.1s and calculated the 
reactivity based on the inverse kinetics method. No 
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spatial correction or dynamic corrections were 
conducted. All kinetics parameters were calculated by 
deterministic code for all calculations throughout the 
start-up experiments. The delayed neutrons are divided 
into 6 groups based on the life of the precursor. The 
decay constants of each group are calculated by the 
average of all fission nuclides [4]. 
 

3. Simulation 
 

3.1. XS generation 
 

All XSs were generated using the MCS code [7] for 
the application in RAST-F core calculation. The XS 
was generated on the 24-group energy structure. All 
calculations were performed using ENDF/B-VII.1 
nuclear data files at 250 °C. The thermal expansion 
effect was considered in this simulation. The MCS 
simulations were performed for XS generation using 20 
inactive cycles, 100 active cycles, and 100,000 neutron 
histories per cycle for fuel and non-fuel regions. 
Furthermore, the standard deviation in the flux 
magnitude was less than 1.2% for the thermal energy 
region. The SPH factors were applied for control and 
adjacent fuel sub-assemblies when the control sub-
assembly was inserted into the active core region. 

 

 

 

 
Fig. 2. The models for XS generations. 

 
The XS for the non-fuel region was generated using a 

2D supercell model (as in Figure 2a). The non-fuel 
hexagonal region is located in the center and 
surrounded by six highly enriched fuel (HEU) sub-
assemblies. The boundary condition was reflective in 
the axial and radial directions. The XS for the absorber 
region in the control sub-assembly and nearby fuel 
region was prepared using a 2D supercell model (as in 
Figure 2b). The super-homogenization method was 
applied to correct the XSs in the case of the control sub-
assembly shift. The XS for the blanket (LEU) region 
was generated using a 2D single model (as in Figure 
2a). The XS for the HEU region was generated using a 

2D supercell model (as in Figure 2d). The non-fuel 
hexagonal region is located in the center and 
surrounded by six HEU sub-assemblies. The boundary 
condition was reflective in the axial and radial 
directions. The 2D fuel-reflector model was used to 
generate XS for the most outer fuel region and nearby 
radial reflector region with an axial reflective boundary 
condition, as illustrated in Figure 2e. 
 
3.2. RAST-F simulation 
 

In the 3D core simulation, RAST-F performed 
calculations with 47 axial meshes and with radial and 
axial black boundary conditions. The thermal expansion 
was considered in both axial and radial directions. The 
rod-drop simulation was carried out using the XS 
generated by MCS, delayed neutron spectrum from 
SERPENT code [8], and point kinetic data provided by 
CIAE. In all simulated cases, the rod drop process was 
initiated at t = 0.5 sec, and the total simulated time 
interval was seven seconds for all cases. After the 
insertion, the CR remained in the core, and no other 
changes in the model geometry or composition were 
made. 
 

4. Numerical results 
 
In this study, the calculation is limited to the 

measurements of the CRW of individual safety CRs and 
the second shutdown group (three control sub-
assemblies). The time-dependent normalized neutron 
population, dynamic reactivity, and CRW results from 
RAST-F are compared against the measured results in 
this section. It should be noted that the measured values 
of normalized neutron population and reactivity were 
obtained by the measured neutron count rates from two 
source range detectors (detector #1 and detector #2). In 
contrast, the normalized neutron population and 
reactivity of RAST-F are the core average values from 
the 3D core transient module. The temporal evolution 
of the neutron population is compared in Fig. 3. The 
comparison of the dynamic reactivity is plotted in Fig. 
4. In general, the RAST-F computational results are in 
excellent agreement with measured results for 
normalized neutron population and reactivity in the 
simulation time. The dynamic CRW was obtained by a 
linear fitting in reactivity after the CR was fully 
insertion in the active core, from 0.95 s to 5 s for the 
individual rods and from 0.95 s to 7 s for the second 
shutdown group. The calculated CRWs include the 
results obtained with the static and time-dependent 
methods that are compared against the measured 
CRWs. The numerical values are presented in Table I. 
The “Meas.”, “Static”, “Dyn.”, and “Diff.” 
abbreviations in Table I stand for measurement, static, 
time-dependent solutions, and the difference between 
measurements and calculated values. The results 
presented in Table I demonstrate a very good agreement 
between the experiment and simulations as well as 
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among the applied computational approaches. All 
calculated CRWs agree well within less than one 
standard deviation with the corresponding measured 
values. The discrepancy between the calculated and 
measured CRWs is less than 60 pcm for the individual 
CRs simulations and less than 200 pcm for the second 
shutdown group. 
 

 
Fig. 3. Normalized neutron population comparison. 

 

 
Fig. 4. Dynamic reactivity comparison. 
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Table I. CRW comparison. 

CRs CRW (pcm) Diff. (pcm) 
Meas. Static Dyn. Static Dyn. 

SA1 945 ± 100 916 885 −29 −60 
SA2 911 ± 100 958 866 47 −45 
SA3 946 ± 98 932 932 −14 −14 
3SA 2981 ± 395 2957 2810 −24 ‒171 
 

5. Conclusion  
 

In this study, the CEFR CR drop experiment was 
simulated to validate the transient capability of the 
nodal diffusion code system RAST-F to strengthen the 
accuracy of diffusion solutions. The homogenized XS 
generation by MCS Monte-Carlo code was used in 
RAST-F code for the 3D core simulation. The 
calculation results, such as normalized neutron 
population, dynamic reactivity, and CRWs, were 
compared to the experimental data. In comparing 
neutron population and reactivity, the RAST-F results 
are almost identical with the measurement for all cases. 
The calculated CRWs in both static and time-dependent 
methods show a good agreement with measurement 
data within one sigma. 

Overall, the transient capability was successfully 
tested against the CEFR experiments indicating that the 
RAST-F code system can be used for the FR transient 
analysis. In addition, this work contributes to validating 
the RAST-F code system for neutronic core analysis. In 
the future, the investigation on other benchmarks will 
be conducted to strengthen the time-dependent analysis 
capability of RAST- F for FR. 
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