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The TRIGA 2000 reactor in Bandung is planned to change its fuel type from the 

TRIGA fuel rod type to the U3Si2-Al plate type of low enriched uranium of 19.75 % 

with uranium density of 2.96 gU/cc. A study on the neutronic parameters from the 

equilibrium core has been done. To ensure safe operation of the new fuel,  

thermodynamic evaluation of the core needs to be done. The purpose of this study is 

to conduct a reactor safety analysis of reactivity insertion during withdrawal of the 

control rod and to study the effect of this reactivity insertion on the power and the 

maximum temperature of the fuel and the cladding. Reactivity insertion accident is 

the main factor of the design basis accidents in nuclear reactor design. A simulation 

of transient for reactivity insertion has been carried out using a coupled neutronic 

and thermal-hydraulic MTR-DYN code. The code was developed based on three-

dimensional multigroup neutron diffusion theory. The coupled space and time-

dependent problem were solved by adiabatic model. Transient analysis was 

performed for a reactivity insertion of 32.33 pcm/s with the assumption that all of 

the control rods were rapidly withdrawn. For the insertion at a low power of 100 W, 

the maximum power achieved was 2.74 MW while a maximum power of 2.3 MW 

was achieved for the power transient of 1 MW. The maximum temperature of the 

coolant, the cladding, and the fuel for TRIGA 2000 core does not exceed the 

allowable safety limit for reactivity insertions. 
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INTRODUCTION 

The TRIGA MARK II Bandung reactor has 

been operated since 1964 under a thermal power of 

250 kW. To enhance radioisotope production 

capability and other research activities, the reactor 

power was up-rated to 1 MW in 1971. With the 

increasing demand of medical radioisotopes, the 

TRIGA MARK II serves as a backup reactor in case 

the RSG-GAS is in outage condition. To fulfill the 

task, the TRIGA MARK II reactor power was again 

increased to 2 MW in 2000 and the name of the 

reactor was changed to TRIGA MARK 2000 

Bandung reactor. 
                                                 

Corresponding author. 
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At present, the TRIGA 2000 Bandung reactor 

is still operating using the standard TRIGA fuel 

elements (FE) supplied by General Atomics (GA). 

Currently, however, the GA as the sole supplier of 

TRIGA reactor standard FEs has decided to cease 

the production, so the reactor operation now uses the 

available burnt FEs and a limited number of fresh 

FEs purchased in the past. On the other hand,               

PT INUKI (a BATAN subsidiary company) has long 

time experience in producing plate type FEs for 

domestic material testing reactor (MTR) of the            

RSG-GAS reactor. In relation to this expertise in 

domestic FEs manufacturing, to assure long-term 

continuation of the reactor operation, BATAN 

initiated a core conversion program in 2015, namely, 

a switch to the use of the domestically manufactured 

MTR plate-type FEs for replacing the GA FEs.             
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An investigation into the effects of proton beam exposure on high- and low-copper 

structural materials for nuclear reactors has been carried out. The aim of this work 

was to investigate the impact of proton energy irradiation on the damage of the 

materials. The damage parameter used in the evaluation was displacement per atom 

(dpa) in material as a function of proton energy. In addition, a TRIM code was used 

to identify the penetration depth in response to changes in proton energy. The effect 

of proton beam exposure on the irradiation induced hardening of the different 

copper levels was investigated by Vickers Hardness tests for microstructural 

changes examination. The proton beam incident energy was 3 MeV and the 

temperature was kept at approximately 30 ᴼC. A 25 μm flat damage profile was 

achieved at 0.367 and 0.373 dpa for low and high copper samples, respectively.         

The hardness variation with depth and yield strength variation with dose (dpa) were 

also investigated. Based on the results, the study found that the hardness test for the 

high copper was higher than the low copper. 
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INTRODUCTION 

Ion irradiation experiments allow control of 

ion energy, dose, dose rate and temperature to obtain 

reproducible and specific results desirable for 

studying changes in irradiated micro-structure and 

property of a material in a shorter time [1-3]. 

However, the evolution of irradiated microstructure 

is dependent upon a combination of damage rate and 

irradiation temperature. Damage cannot always be 

reproduced in a relatively shorter time through 

increased displacement rate (dpa/s) alone, so 

temperature shift relations have to be created to 

allow for more correlation of one type of damage 

evolution from one irradiation environment to 

another using dose, dose rate and temperature [4]. 

One of the advantages of using proton beam is that 

parameters can be easily varied. Ion beams are also 

generally cheaper to produce a given dose compared 

to neutron sources. 

Copper impurity has been found in older 

generation reactor pressure vessel (RPV) steels due 
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to the use of copper coated welding rods [5]. It was 

found that 0.3 and 0.05 wt% were used for high        

and low impurity levels of copper, respectively.            

A study by Zhang et al. [6] suggests that copper 

precipitates that are rich in other impurities (Ni, Al 

and Mn) formed under proton irradiation remain 

stable with further irradiation. Clusters of these 

precipitates inhibit the movement of dislocations 

under stress, which causes a net increase in hardness 

after irradiation. The mechanism of irradiation 

hardening is similar to that of aging except that 

proton radiation increases the free movement of 

vacancies, which encourages the diffusion of 

solutes. Another similarity to thermal aging is that 

under irradiation, instead of dissolving the 

precipitates coarsen. This fenomena cause the 

material to soften to some degree [6].                    

The conclusions that can be drawn from            

Zhang et al. [6] is that hardness increases with 

segregation of impurities in RPV steels, one of them 

is copper. Their binding to point defects in the 

matrix furthers the movement of these Cu-rich 

precipitate clusters. These clusters migrate to the 

areas of low energy such as grain boundaries, and 

sometimes they act as ‘sinks’ to which point defects 
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