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Abstract 

 
The Malaysian 1 MW TRIGA MARK II research reactor at Malaysian Nuclear Agency 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 for their use in agriculture, industry, and medicine. This study deals with the 

calculation of gamma dose rate at water pool surface and concrete shielding surface of the proposed 2-MW core 

configuration of PUSPATI TRIGA REACTOR. The 3-D continuous energy Monte Carlo code MCNP was used to 

develop a versatile and accurate full model of the TRIGA core with pool water and concrete shielding and validation of 

the input by comparisons with the measured and available safety analysis report (SAR) of the reactor. The model 

represents in detailed all components of the reactor with literally no physical approximation. Continuous energy cross-

section data from the more recent nuclear data as well as S(α, β) thermal neutron scattering functions distributed with 

the MCNP code were used. Results of calculations are analyzed and discussed. 
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Introduction 

The Malaysian 1MW PUSPATI TRIGA Reactor (RTP) was designed to effectively implement the various fields 

of basic nuclear research and education.  It incorporates facilities for advanced neutron and gamma radiation studies 

as well as for isotope production, sample activation, and student training. RTP has reached its first criticality on 28 

Jun 1982.  It uses standard TRIGA UZrH1.6 fuel of 8.5wt%, 12wt% and 20wt% with 20% of U-235 enrichment.  It 

has cylindrical core arrangement and surrounded with graphite reflector and cooled by natural convection.  The top 

and bottom grid plate was from Al-6061 type.  The RTP has 4 control rods which are made up of boron carbide.  

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

installed with 8.5wt% UZrH1.6 and B4C absorber on top of the fuel section.   The RTP was used mainly for beam 

experiments, samples analyses, education and trainings.   

Recently due to some aging issue and insufficient fluxes value, there were several discussions on feasibility study 

of RTP upgrading. For this purpose, a three-dimensional model of the new proposed 2MW configuration with 

shielding was elaborated using the Monte Carlo code MCNP to investigate the gamma dose rate at water pool 

surface and concrete shielding surface during steady state operation. This code was chosen because of its general 

modeling capability, correct representation of transport effects, and continuous energy cross-sections. The latter is 

the most significant because this eliminates the need for collapsing multi-group cross-sections for reactor 

calculations. An essential aspect of developing an accurate reactor physics model is validation. The accuracy of both 

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

been proven to simulate the physical interactions correctly, since the Monte Carlo method simulates individual 

particle tracks through a given system, it can provide a very accurate probabilistic transport solution.  



Fig. 1; Side and top view of RTP 

 

Method 

Evaluation of gamma dose rate at water pool surface and concrete shielding surface during steady state operation 

is one of the most important aspects of a TRIGA research reactor. In MCNP one of the ways to calculate the gamma 

dose rate during operation is through the use of KCODE card with F4 tally for gamma flux along with DE and DF 

cards for energy to dose conversion. It is important to note that all the standard MCNP tallies can be made during a 

criticality calculation. All outputs are normalized to reactor power. The 2MW core consists of 119 fuel elements (86 

8.5%w/o fuel type) 5 control rods and central thimble was modeled along with the water coolant and concrete 

biological shielding. The cross-sectional view of the core configuration of the reactor and shielding is shown in Fig. 

2 and Fig. 3 respectively. Fuel elements are arranged in seven circular rings and the spaces between the fuel rods are 

filled with water that acts as coolant and moderator. Concrete composition of the reactor is shown in table 1. 

Table 1 Concrete shielding composition 

No Type Material 

1 Barytes concrete (Ratio) 
2 parts coarse barytes (20mm) : 1 part fine barytes 

(5mm) - by weight 

 
General requirements per cubic metre of concrete: 

2 

Density of 3500 kg/m3 

should result with a 

compressive strength of 

21MN/m2 (3000 psi). 

3115 kg barytes aggregate mix 

365 kg cement 

157 litres of water 

Half Value Layer (HVL) for 1.25 MeV Energy 

Gamma Radiation (cm)= 3.8 

barytes (BaSO4) + water (H2O) + portland cement 

 



 The reactor was modeled in full 3-D detail to minimize the number of approximations. The fuel elements were 

modeled explicitly specifying the detailed structure of the rod to eliminate any homogenization effects. The control 

rods were explicitly modeled along the active length containing three vertical sections of boron carbide, fuel 

follower, and void region. The graphite dummy elements are of the same general dimensions and construction as the 

fuel-moderator elements, except these elements are filled ent

concrete shielding in ring shape to see the gamma dose rate trend. Several

the core until the pool surface for the same purpose.

in the MCNP model to reduce complexity of the analysis.

F4 tally were used with DE and DF card for conversion using ICRP 21 (1971) Dataset for Neutron and Photon. 

provides the conversion factors in rem/hr/(n/cm2

set for photon. The quality factor was obtained by dividing the maximum dose equivalent by the absorbed dose at 

the depth where the maximum dose equivalent occurs. The dose 

comparison purpose with f4 tally result

constant multiplier (1 Mev/g = 1.602* 10

Fig. 

Fig. 3; 3D image along with s

D detail to minimize the number of approximations. The fuel elements were 

modeled explicitly specifying the detailed structure of the rod to eliminate any homogenization effects. The control 

long the active length containing three vertical sections of boron carbide, fuel 

follower, and void region. The graphite dummy elements are of the same general dimensions and construction as the 

moderator elements, except these elements are filled entirely with graphite. Tally cells were created inside the 

concrete shielding in ring shape to see the gamma dose rate trend. Several tally disk cells were

the core until the pool surface for the same purpose. In this work, beamports and thermal column were not included 

in the MCNP model to reduce complexity of the analysis. 

F4 tally were used with DE and DF card for conversion using ICRP 21 (1971) Dataset for Neutron and Photon. 

provides the conversion factors in rem/hr/(n/cm2-sec) and the corresponding quality factors for neutron and a similar 

set for photon. The quality factor was obtained by dividing the maximum dose equivalent by the absorbed dose at 

the depth where the maximum dose equivalent occurs. The dose rate also calculated directly using the f6 tally 

comparison purpose with f4 tally result. The tally results are given in units of Mev/g. It can be modified by a 

constant multiplier (1 Mev/g = 1.602* 10
-8

 rad) to get dose values in units of rad-in-air. 

 2; Side and top view of MCNP core model 

3D image along with side and top view of MCNP model for the reactor

 

 

D detail to minimize the number of approximations. The fuel elements were 

modeled explicitly specifying the detailed structure of the rod to eliminate any homogenization effects. The control 

long the active length containing three vertical sections of boron carbide, fuel 

follower, and void region. The graphite dummy elements are of the same general dimensions and construction as the 
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hermal column were not included 

F4 tally were used with DE and DF card for conversion using ICRP 21 (1971) Dataset for Neutron and Photon. It 
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Results and Discussion 

 

Fig. 4; Dose rate in water coolant at 1MW (semi-log scale) 

 

 

Fig. 5; Dose rate in concrete shielding at 1MW (semi-log scale) 

During operation, gamma from fission contribute most of the dose rate and after shutdown, gamma from decay 

process contributes only 1% of the dose rate. Fig. 4 and Fig. 5 showing the gamma dose rate curve in the water 

coolant and concrete shielding simulated using MCNP for reactor operated at 1MW thermal power. Two calculation 

set using f4 and f6 tally were done and the differences of these two set were below 2%. This small discrepancy was 

expected since f6 tally result is energy deposition while f4 tally is gamma flux; both use different calculation to 

convert MCNP result to dose rate in mrad/hr. Statistical error were kept below 10% by modifying the number of 

histories in kcode calculation with parallel run time is approximately ~14 days.  
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The MCNP predicted dose rate value at pool surface seems to be lower than the experimentally determined 

values. One possible explanation for this behavior is the contribution of dose from other source especially water 

coolant activity or structural material was neglected in MCNP. The magnitude of this effect is not known but is 

believed to be small. Even with this consideration, the agreement between the MCNP predicted values and the 

experimentally determined values is fairly good, see table 2. 

Table 2 MCNP dose rate estimation in mrem/hr. 

 1MW 2MW 

Reactor pool surface 548.73 

6.576 

1097.46 

Pool surface increased 1m 12.65 

Pool surface increased 2m 0.068 0.166 

 

Conclusion 

The evaluation of gamma dose rate at water pool surface and concrete shielding surface during operation for 

proposed RTP 2MW configuration was performed by a three-dimensional continuous energy Monte Carlo code 

MCNP. The consistency and accuracy of the MCNP model was established by comparing calculations to the 

experimental results. The dose rate at pool water surface at 2MW power relatively high, thus it is recommended that 

the water pool tank should be increased to reduce radiation level at reactor top. This results also shows the reliability 

of  MCNP code both for design and verification of reactor core especially for RTP upgrading. 
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