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ABSTRACT 

 

Reactor calculation and simulation are significantly important to ensure safety and better utilization of a research 

reactor. The Malaysian’s PUSPATI TRIGA Reactor (RTP) achieved initial criticality on June 28, 1982. The 

reactor is designed to effectively implement the various fields of basic nuclear research, manpower training, and 

production of radioisotopes. Since early 90s, neutronics modelling were used as part of its routine in-core fuel 

management activities. The are several computer codes have been used in RTP since then, based on 1D neutron 

diffusion, 2D neutron diffusion and  3D Monte Carlo neutron transport method. This paper describes current 

progress and overview on neutronics modelling development in RTP. Several important parameters were analysed 

such as keff, reactivity, neutron flux, power distribution, Beff, and fission product build-up for the latest core 

configuration. The developed core neutronics model was validated by means of comparison with experimental and 

measurement data. Along with the RTP core model, the calculation procedure also developed to establish better 

prediction capability of RTP’s behaviour. 
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PUSPATI TRIGA REACTOR 

RTP has reached its first criticality on 28 Jun 1982. It loaded standard TRIGA UZrH1.6 fuels with 8.5 

wt%, 12 wt% and 20 wt% of uranium fuel. Enrichment of 235U in uranium fuel is 19.7 %. It is cylindrical 

core surrounded with graphite reflector and cooled by natural convection.  Both top grid plate and 

bottom grid plate are made of Al-6061. RTP has 4 control rods which are made of boron carbide. Three 

of them are fuel follower type and the other is air follower type. The fuel follower control rods (FFCR) 

consist of 8.5 wt% of uranium and B4C absorber on top of the fuel section. The reactor utilizes hydride 

fuel, homogeneous mixture of uranium and zirconium hydride (UZrH1.6). The ZrH1.6 is used as main 

moderator above 0.14 eV of neutron energy. The cross-sectional view of RTP shown in Figure 1 and 

Figure 2. Fuel elements are arranged in seven circular rings in the core and the spaces between the fuel 

elements are filled with water that acts as coolant and moderator.  

 



As computational power continues to increase, it becomes more practical to utilize Monte Carlo methods 

to perform neutronics calculations. Monte Carlo methods have gained interest due to the ability to more 

accurately model complex 3-dimesional geometries. One of the key features of MCNP neutronics 

analysis is an accurate model of the reactor; the geometry and materials composition. Ideally, such 

geometry would be known exactly. However, because of various uncertainties, connected with the 

geometry itself and material composition and densities changes through long fuel burnup and resident 

time in the core, further analysis have to be performed. The accuracy of both the neutron transport 

physics as represented in MCNP and the user-defined model must be assessed. Even though MCNP has 

been proven to simulate the physical interactions correctly, it does not necessarily follow that the MCNP 

model of the reactor and core will provide accurate solutions. Therefore, to put full confidence in the 

model, it is decided to perform a comparison calculation with measurement data for the validation of 

the RTP MCNP 15th core configuration model.  

 

COMPUTER CODES 

RTP core neutronics analysis have been done using deterministic and Monte Carlo code. Monte Carlo 

methods have gained interest due to the ability to more accurately model complex 3-dimesional 

geometries (figure 3). TRIGLAV is a deterministic code, based on diffusion approximation of transport 

equation, which uses WIMSD program to calculate a unit cell averaged cross section data (figure 4). 

TRIGLAV program package is developed for reactor calculations of mixed cores in TRIGA Mark II 

research reactor. It can be applied for fuel element burnup calculations, for power and flux distributions 

calculations and for critically predictions.  In previous work, in reference 2 and 3, RTP MCNP model 

with fresh fuel was developed and validated against experimental data. However, a core model with 

burned fuel is needed in order to obtain accurate analysis for current and future core parameters. 

 

RTP core neutronics analysis using MCNP code for current configuration will involve burnup and 

nuclide inventory data. Therefore, as shown in the calculation procedure in figure 5, the MCNP model 

must include actinides and fission products where determination of fuel burnup will based on TRIGLAV 

calculation. Based on the core burnup, the burnup value for each individual fuel rod can be determined. 

TRIGLAV output produced individual fuel burnup in MWD. Actinides and fission product build-up 

calculation will be done using MCNPX. Each fuel with specific burnup value will be matched to its 

actinides and fission products inventory, and used in material input deck of the MCNP core model. 

 

 

 



MCNP FRESH FUEL CORE MODEL AND VALIDATION 

Detail information on previous work on fresh core model can be found in reference 2 and 3. In brief, the 

criticality analysis and power calculation of RTP core were performed by a three-dimensional 

continuous energy Monte Carlo code MCNP. The consistency and accuracy of the developed RTP 

MCNP fresh fuel model as shown in figure 6, was established by comparing calculations to the 

experimental results and TRIGLAV code. MCNP and TRIGLAV criticality prediction of the critical 

core loading are in a very good agreement with the experimental results. Power peaking factor calculated 

with TRIGLAV are systematically higher than the MCNP but the trends are the same. The effective 

delayed neutron fraction was also calculated with relatively small discrepancy with reference data in the 

Safety Analysis Report (SAR) of RTP. Results are shown in figure 7. 

 

FUEL BURNUP AND NUCLIDE INVENTORY 

Figure 8 (a) shows the validation of TRIGLAV burnup calculation via comparison of excess reactivity 

at the beginning and end of core cycle. Figure 8 (c) shows TRIGLAV calculation results of the burnup 

(%) data of each fuel element used in RTP. Figure 8 (b) shows the relation between different burnup 

unit, in % and MWD. Once the burnup for each fuel in MWD determined, it will be the input in 

MCNPX’s BURN card. The actinides and non-actinides inventory calculated using MCNPX, BURN 

card and the results are shown in figure 9.  

 

MCNP CURRENT CORE MODEL AND VALIDATION 

Figure 10 and 11 shows the MCNP model of Core-15. In figure 11, the detail core model involved 

different burnup value for each fuel element which was at first determined in TRIGLAV calculation. 

The first validation for the developed burned core model is the criticality or the excess reactivity.  Figure 

12 (a) shows the results for excess reactivity calculation and comparison with measured value of Core-

15. This results shows the ratio of calculated over experimental value is 1.004, a relatively small 

discrepancy.  

Criticality validation only represent the global behaviour of the core, not the local behaviour which 

represent the heterogeneity of Core-15. Validating this local behaviour will be based on the thermal 

neutron flux measurement inside the core and in the irradiation facilities. Figure 12 (b) shows the 

comparison between calculated and measured thermal neutron flux in rotary rack (RR) and pneumatic 

transfer system (PTS) where MCNP results over estimation is around 4% in RR and 7% in PTS. In-core 

thermal neutron flux measurement was performed using self-powered neutron detector (SPND) in 

several location in the core. The SPND size is relatively small and can be fitted in any flux holes in the 



core. The measurement was done online with Vanadium based SPND. Detail measurement work of the 

SPND can be found in reference 1. Figure 12 (c) and 12 (d) shows the comparison between calculated 

and measured thermal neutron flux. This results shows the average discrepancy between both fluxes 

values are 11%. The measurement was done at several reactor power, thus the MCNP results also scaled 

to this power level. The description for MCNP tally scaling method used in this work can be found in 

reference 2.   

The control rod worth of Core-15 was also used as validation data for the MCNP model. Two control 

rod curve data used for comparison which is TRANSIENT rod, an air follower control rod type and 

REGULATING rod, a fuel follower control rods as shown in figure 13. The discrepancy between the 

measurement and calculation results are relatively big (maximum discrepancy around 30%). This may 

be due to the lack of understanding of how the performance of the control rods element especially Boron 

Carbide after relatively long irradiation time in the core.  

 

NEUTRONICS SIMULATION OF RTP 

The different between the fresh core and burned core model were tested via power peaking factor 

calculation. As shown in figure 14, it is clearly relate to safety significant where it will lead to wrong 

determination of power distribution if burned fuel model is not used. The power peaking calculated 

using fresh fuel model seems to be lower than the burned fuel model especially in B-ring and E-ring. 

TRIGLAV prediction is conservatively higher than MCNPX simulation. Other important parameters 

that were calculated are shown in figure 15, the neutron energy spectrum, in-core neutron flux and power 

density detail distribution. With current MCNP model, we were also able to predict the Xe-135 build-

up (with decay of I-135 and also build-up of Xe-136 when Xe-135 capture neutron) and worth value if 

RTP plan to perform continuous long operation, refer figure 16. 

 

CONCLUSION 

The results show a good agreement (relatively) between calculation and measurement: MCNP model 

over estimation with average 11% higher for flux and 5% higher for keff. The control rod element model 

lack in material changes behaviour after long time irradiation in the core. Future work should be done 

on the matter and validation via burnup measurement. As our model also predicts well the neutron flux 

distribution in the core it can be used for the characterization of the full core, that is neutron flux and 

spectra calculation, dose rate calculations, reaction rate calculations, etc. Moreover it can also be used 

for the calculation of various core parameters, such as power peaking factors and kinetic parameters of 

the reactor core. 



REFERENCE 

1. Mohamad Hairie Rabir, Dr Julia Abdul Karim, Norfarizan Mohd Said, Muhammad KhairulAriff 

Mustafa, Abi Muttaqin Jalal Bayar, Muhd Husamuddin Abdul Khalil, Dr Muhammad Rawi Md Zin, 

In-Core Neutron Flux Determination, Nuclear Bulletin of Malaysia 2016 Vol. 18, 

ISSN:13945610,Jun 2016, Pages 26-28; 

http://www.nuklearmalaysia.org/nuklearmalaysia_org/media/File/BNM/ebnm2016vol18/ebnm201

6vol18.html  

2. Mohamad HairieRabir, Dr Muhammad Rawi Md Zin, Mark Dennis Usang, Abi Muttaqin Jalal 

Bayar, Na'im Syauqi Bin Hamzah, NEUTRON FLUX AND POWER IN RTP CORE-15, AIP 

Conference Proceedings 1704, 050018 (2016); http://dx.doi.org/10.1063/1.4940114  

3. Mohamad Hairie Rabir, Mark Dennis Usang, Na’im Syauqi Hamzah, Julia Abdul Karim, Mohd 

Amin Sharifuldin Salleh, DETERMINATION OF NEUTRONIC PARAMETERS FOR RTP USING 

MCNP CODE,JurnalSainsNuklear Malaysia, 2013, Vol. 25(1):53-67I SSN: 2232-0946 

 

FIGURES 

 

Figure 1, Side view of RTP 
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Figure 2, Top view of RTP 

 

Figure 3, Detail geometry modeling in MCNP 



 

Figure 4, Unit cell average method in TRIGLAV where homogenization performed to obtain average 

cross section data. Each unit cell contains mixed material composition of fuel elements and water. 



 

Figure 5, Calculation procedure which involve the use of TRIGLAV and MCNP code along with validation via measurement or reactor operational data. 

Burnup measurement are for future work. 



 

Figure 6, Previous work in reference 2 and 3 on developed MCNP core model with only fresh fuel. 



 

Figure 7, Previous results on the validation of the developed MCNP core model with only fresh fuel. Validation performed for the accuracy of the core 

geometry and fresh fuel composition 



 

Figure 8, TRIGLAV calculation of individual burnup for each fuel up to the current core. 



 

 

Figure 9, Actinides (a) and non-actinides (b) inventory calculation for RTP fuel 

 

(a)      (b) 



  

Figure 10, RTP Core-15 model 



 

Figure 11, Core-15 configuration model with different fuel burnup determined in TRIGLAV calculation 



 

Figure 42, Comparison between MCNP calculation and measured value for excess reactivity (a), thermal neutron flux in irradiation facilities (b), in-core radial 

thermal neutron flux (c) and axial thermal neutron flux in B-ring (d). 

(a)                                                                                                                (b) 

 

 

 

 

 

 

 

 

 

 

 

 

(c)                                                                                                            (d) 



 

Figure 13, Comparison between MCNP calculation and measured value for differential and integral control rod worth of TRANSIENT and REGULATING 

rods. 

 



 

Figure 14, Predicted hot rod peaking factor with comparison of burned and fresh fuel in MCNP model. TRIGLAV results shown as reference where it shows 

conservative trend compare to MCNP model 



 

Figure 15, Predicted neutron energy spectrum, neutron flux radial distribution and power density distribution for Core 15 along with tally scaling equation 

used. 



 

 

Figure 16, Predicted Xe-135 build-up and worth in RTP 


