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Abstract

An evaluation has been made to data of irradiated samples for the type of sample 

requested for activation at RTP. Sample types are grouped with percentage of total 

throughputs to rule out the weight percent of every respective group. The database 

consists of radionuclide inventory of short and long half-life and high activity 

radionuclides such as Br and Au have been identified. Evaluation of gamma exposure 

using Microshield has also been made to pattern the trend of gamma exposure at 

experimental facilities and to ensure radiological effect towards safety and health is 

limited per Radiation Protection (Basic Safety Standard) Regulation 1988. This analysis 

places an important parameter to improve the design accuracy of shielding design in 

assuring safety, reliability and economy.
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INTRODUCTION

Reactor TRIGA PUSPATI (RTP) is a 1 megawatt pool-type research reactor. Its 

first criticality occurred in 1982 and set the origin of Malaysian Nuclear Agency [1]. 

Since then it has been submitted to many improvements as did neutron activation 

analysis (NAA), which has also increased its activities, infrastructures and working 

power.

There are several experimental facilities available in the reactor as shown in 

Figure 1.

Figure 1: Cross section of experimental facilities at Reactor TRIGA PUSPATI

A rotary specimen rack is located in annular well at the top portion of the 

reflector for activation analysis and isotope production. A pneumatically operated 

‘rabbit’ transfer system which enters the reactor core lattice in position G-20, provides 

for production of very short-lived radioisotopes for neutron activation analysis.



A central thimble that enters the centre of the core lattice makes possible the extraction 

of a highly collimated beam of radiation or insertion of small samples into the region of 

maximum flux. In addition, a dry tube, isotope pneumatic system and delayed neutron 

activation system were also installed in-core. The space in the water around the 

reflector can also be used for irradiation experiments. -

The PUSPATI Triga Reactor has three radial and one tangential beam port and a 

large thermal column for the irradiation of larger samples. Currently a neutron 

radiography facility and a small angle neutron scattering facility are attached to two of 

the beam ports.

NEUTRON ACTIVATION ANALYSIS (NAA)

Neutron was discovered in 1932 and within four years the principles for neutron 

activation analysis had been set forth [2]. High intensities of neutrons were needed, 

however, to make the technique useful for trace-element analysis. In chemistry, neutron 

activation analysis (NAA) is a nuclear process used for determining the concentrations 

of elements in a vast amount of materials. NAA allows discrete sampling of elements as 

it disregards the chemical form of a sample, and focuses solely on its nucleus.

The method is based on neutron activation and therefore requires a source of 

neutrons. The sample is bombarded with neutrons, causing the elements to form 

radioactive isotopes. The radioactive emissions and radioactive decay paths for each 

element are well known. Using this information, it is possible to study spectra of the 

emissions of the radioactive sample, and determine the concentrations of the elements 

within it. A particular advantage of this technique is that it does not destroy the sample, 

and thus has been used for analysis of works of art and historical artifacts. NAA can 

also be used to determine the activity of a radioactive sample.



The activity produced by (n, y) reactions during irradiation time x is calculated 

from below formula [3];

A (t ) = 6.023 . 1021 . 0). a  . N . g (1- e '°'6931/r 1/2) /  M

Where,

<D -  neutron flux 

a  -  activation cross-section 

N -  isotopic abundance 

g -  weight of irradiated samples 

M -  atomic weight 

T l /2 -h a lf  life

PUSPATI Triga Reactor is now configured as Core 13 with Maximum total flux 

of about 8.9647E+12 n/cm2.s [4].

NAA has been widely used for radioisotope production in the field of industrial, 

agriculture, medical and research. It is well known that a small percentage of the dose 

exposure occurred while handling the post-irradiated samples. If failure occurs in 

before, during or after irradiation could affect the safety as well as the health of the 

reactor workers. For this reason, a series of analyses was implemented to group type of 

samples according to short and long half life radionuclides and to characterize the risk 

posed by radiation workers per Radiation Protection (Basic Safety Standard)

Regulation 1988.



SAMPLE TYPES

Summary of sample types, which are being analysed for external and internal 

customers from January to June 2010, are given in Table 1.

Type Count (g) Percent (%)

wire 62.8 63.4

capsule 4.5 4.54

pellet 8.21 8.29

soil 23.55 23.77

TOTAL 99.06 100

Table 1: Sample types with percentage of the total throughput as analysed by the

NAA from Jan -  June 2010

Wires is currently the largest segment type; a perfect niche used for TRIGA 

Puspati flux mapping. This follows by solid, pellet and capsule which was used in 

analysis of physico-chemical properties of materials. There is a trend for more requests 

for analysis of new materials, composites, silicon carbide, carbon fibre, alumina etc due 

to the advantage of non-destructive nature of NAA.

EQUIVALENT DOSE CALCULATION AND SHIELDING ANALYSIS

The mixed samples being activated at NAA facility from Jan, 2010 to June 2010 

have been grouped according to occurrence of post-irradiation major radionuclides and 

their half-lives as shown in Table 2.



Major

Radionuclides T 1/2

Average 

Activity (Bq)

Average Dose 

Exposure (mR/hr)

Au-198 2.695 d 1.20E+10 1.79

Th-232 1.4 E10y | 1.00E+08 3.455

Sm-153 46.284 h 1.85E+07 40

Br-82 35 h 1.00E+11 1014

K-42 12.36 h 17 11.61

Table 2: NAA major radionuclides

Experiment done on April 1st, 2010 to samples of potassium bromide (KBr) 

which produce radionuclide Br-82 was high in dose exposure and verification using 

computer program Microshield 7.02 was used to calculate the doses. Result obtained 

from Microshield 7.02 was 9.9900e+010 (-1.00E+11) as shown in Schedule 1.

Adequate shielding is very important to be implemented for such cases as to 

prevent mechanical damage and to maintain the improved working atmosphere and 

worker’s safety.

CONCLUSION

Accurate evaluation of the mixed sources for the all new irradiation request in 

the TRIGA PUSPATI reactor was found to be needed. However, several key 

parameters such as activity estimation from calculation and quantity determination 

were enough to calculate the exposure dose of irradiated samples by using the 

Microshield computer programme and to conservatively characterize the risk posed by 

radioactive sources.



SCHEDULE 1.

fVficroShseld 7.02 
nuclear malaysia I18-IV1SD-7,12-1475}

Date By Checked

Filename Run Date Run Time Duration

Casel 14-Oct-lO 12:22:29 PM 0:00:00

Project Info

Case Title Br-82

Description
Dose

evaluation

Geometry 1 - Point

Dose Points

A
—

< 
N 

I

X

A X Y Z

#1 10.0 cm 0.0 cm 0.0 cm

Shields
Shield

N
Dimension Material Density

Air
Gap Air 0.00122

Source Input: Grouping Method - Actual Photon Energies
Nuclide Cl Bq

Br-82 2.70E+00 9.99E+10

Buildups The material reference is Air Gap 
Integration Parameters

Results

Energy ftVleV) Activity
(Photons/secl

Fluence Rate 

IV!eV/em2/s©£ 

No Buildup

Fluence Rate 

SVleV/cmVsec 

With Buildup

Exposure
Rate

mR/tw
m

Buildup

Exposure
Rate

fflR/hr
With

Buildup
0.0922 7.16E+08 5.24E+04 5.26E+04 8.04E+01 8.06E+01

0.1374 1.42E+08 1.54E+04 1.55E+04 2.49E+01 2.49E+01

0.2215 2.26E+09 3.97E+05 3.98E+05 7.16E+02 7.17E+02

0.2734 7.99E+08 1.74E+05 1.74E+05 3.25E+02 3.26E+02

0.5543 7.05E+10 3.11E+07 3.11E+07 6.09E+04 6.09E+04



0.6063 1.17E+09 5.62E+05 5.62E+05 1.10E+03 1.10E+03

0.6191 4.30E+10 2.12E+07 2.12E+07 4.13E+04 4.13E+04

0.6983 2.81E+10 1.56E+07 1.56E+07 3.01E+04 3.02E+04

0.7436 7.58E+08 4.48E+05 4.49E+05 8.59E+02 8.60E+02

0.7765 8.32E+10 5.14E+07 5.14E+07 9.81E+04 9.81E+04

0.8278 2.41E+10 1.59E+07 1.59E+07 3.01E+04 3.01E+04

0.9521 3.66E+08 2.77E+05 2.77E+05 5.15E+02 5.15E+02

1.0076 1.27E+09 1.02E+06 1.02E+06 1.87E+03 1.87E+03

1.044 2.73E+10 2.27E+07 2.27E+07 4.15E+04 4.15E+04

1.0814 6.24E+08 5.37E+05 5.37E+05 9.75E+02 9.76E+02

1.3175 2.69E+10 2.82E+07 2.82E+07 4.90E+04 4.90E+04

1.426 1.08E+08 1.23E+05 1.23E+05 2.09E+02 2.09E+02

1.4748 1.66E+10 1.94E+07 1.94E+07 3.28E+04 3.29E+04

1.6503 7.40E+08 9.71E+05 9.72E+05 1.59E+03 1.59E+03

1.7796 1.13E+08 1.60E+05 1.60E+05 2.57E+02 2.57E+02

Totals S.29E+11 2.10E4-08 2.10E+0S 3.92E+05 3.9SE+05
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