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Abstract 

 

This paper presents the conditioning of disused sealed radioactive source (DSRS) in Malaysia. In Malaysia, sealed 

radioactive sources (SRS) are widely used in Malaysia especially in industry, medicine and research. Once SRS are 

no longer in use, they are declared disused and managed as radioactive waste. In order to reduce the risk 

associated with disused sealed radioactive sources (DSRS), the first priority would be to bring them under 

appropriate controls. This paper describes the experience developed and activities performed by Nuclear Malaysia 

throughout the period in conditioning of DSRS as well as future programme to further enhancing the infrastructure. 

Collaborative efforts with the various relevant groups such as Loji and Prototaip Development Centre (PDC) & 

Industrial Technology Division (BTI) provide an effective avenue in ensuring successful implementation of the 

programme. Currently, until August 2015, Malaysia has in possession about 12,154 unit of DSRS categories 3-5 and 

4 units of DSRS category 2 sources which being stored at the interim storage facility Nuclear Malaysia. A national 

activity was implemented for the on-the-job training of personnel tasked with the conditioning of DSRS, at the Waste 

Technology Development Centre (WasTeC) facilities. This is part of “cradle-to-grave” control of radioactive 

sources to protect the workers and public from the hazards of ionizing radiation. 

 

Abstrak  

 

Kertas kerja ini adalah berkaitan pengkondisian sisa radioaktif punca terkedap (DSRS) di Malaysia. Di Malaysia, 

sumber radioaktif terkedap (SRS) digunakan secara meluas di Malaysia terutamanya dalam bidang industri, 

perubatan dan penyelidikan. Setelah SRS tidak lagi digunakan, ia diisytiharkan sebagai tidak digunakan dan 

diuruskan sebagai sisa radioaktif. Dalam usaha untuk mengurangkan risiko yang berkaitan dengan DSRS, ia perlu 

berada di bawah kawalan yang sesuai. Kertas kerja ini menerangkan pengalaman dan aktiviti yang dilakukan di 

Nuklear Malaysia sepanjang tempoh pengkondisian DSRS serta program akan datang bagi meningkatkan lagi 

infrastruktur berkaitan pengkondisian DSRS. Kerjasama dengan pelbagai jabatan yang berkaitan seperti Pusat 

Pembangunan Loji dan Prototaip (PDC) & Bahagian Teknologi Industri (BTI) menyediakan ruang yang berkesan 

dalam memastikan kejayaan pelaksanaan program ini Sehingga kini pada  Ogos 2015, Malaysia memiliki kira-kira 

12,154 unit DSRS, dari kategori 3 hingga 5 yang disimpan di kemudahan simpanan sementara Nuklear Malaysia 

dan 4 unit DSRS dari kategori 2. Satu aktiviti negara telah dilaksanakan di kemudahan Pusat Pembangunan 

Teknologi Waste (WasTeC). untuk latihan dalam kerja bagi kakitangan yang terlibat dengan pengkondisian DSRS. 

Ini adalah sebahagian daripada kawalan "cradle-to-grave" untuk sumber radioaktif bagi melindungi pekerja dan 

orang awam daripada bahaya sinaran mengion. 
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INTRODUCTION 

The radioactive waste is generated in varying quantities with a wide range of characteristics. The conditioning of 

disused sealed radioactive sources (DSRS) is the part of the disposal exercise where the individual sources will be 

removed from their temporary storage containers and transferred into a stainless steel capsule, ready for placement 

into the disposal container.   

 

The purpose of conditioning of DSRS is to create a safe and reasonable isolation from the environment and to 

prevent exposure to the general public for specified period of time. Besides, it is recognized that conditioning of 

DSRS minimizes the risk associated with them and the waste package produced is more appropriate for handling, 

transport, storage and/or disposal [1].  

 

Malaysia has been actively involved in projects for ensuring safety and security in management of radioactive waste, 

including DSRS. The Waste Technology Development Centre (WasTeC) is responsible for centralized collection, 

transport, conditioning, storage and disposal of DSRS in Malaysia. Table 1 show the list of all DSRS in category 3, 

4 and 5 for year 1985- 2013 in Malaysian Nuclear Agency [2]. 

 

Table 1. List of all DSRS in category 3, 4 and 5 for year of 1985-2013 in Malaysian Nuclear Agency 

 

Radionuclides Number of sources *Total Activity (GBq) 

Ra-226 612 1.19E+02 

Am-241 5187 4.216E+02 

Am-241/Be 19 6.737+02 

Cs-137 284 5.10E+02 

Sr-90 413 6.077E+01 

Co-60 349 5.818E+01 

Kr-85 60 4.79E+02 

Fe-55 29 1.81E+00 

Cd-109 32 3.83E-01 

Ni-63 18 6.47E+00 

Pm-147 58 2.77E+00 

Tl-204 75 7.84E-04 

Others 924 Low, to be determined 

Total  8060 2.33E+03 

 

 

Currently, until August 2015, Malaysia has in possession about 12,154 unit of DSRS categories 3-5 and 4 units of 

DSRS category 1-2 sources which being stored at the interim storage facility Nuclear Malaysia. 

 

    
 

Figure 1. Example of DSRS from Industries  

 

WasTeC now has radioactive sources that need to be managed and disposed of carefully and in a safe and secure 

manner. These sources contain different radionuclides in highly variable quantities. Many sources are small in 

physical size; however they can contain very high activities.   



Therefore, if they are not managed properly, radioactive sources can represent a significant hazard to human health 

and the environment. Storage in a secure facility can be considered as an adequate final management option for 

sources containing quantities of short-lived radionuclides, which decay to harmless levels within a few years. 

However, for most other sources a suitable disposal option is required. 

The ALARA principle should be applied with regard to the exposure of operating staff. Personnel involved in the 

conditioning operations shall be qualified radiation workers and properly briefed before commencement of work [3]. 

CHARACTERIZATION OF DSRS 

The identification of the radionuclide which is presented in the sources and the activity has been considered the most 

important data for the characterization of disused sealed radioactive sources. The activity of the sources has been 

estimated by measuring the dose rate at certain distance from the sources and 1 meter from the source. The type of 

source and possible application (for sources where these information were unknown), were approximately identified 

considering similar sources stored at the facility. 

 

    
 

Figure 2. Identifying, sorting and characterization of DSRS 

 

DESIGN REQUIREMENT FOR CONDITIONING FACILITIES 

The facility for conditioning of disused sources should be designed to meet the technical and functional demands 

made by range of sizes, shapes and physical form of the sources The facility may ideally comprise the following: 

Conditioning and storage areas in appropriately defines radiological zones, efficient ventilation system, safeguards 

measures if necessary, physical protection mechanical workshop. Figure 3 (a) and (b) shows the work area for 

conditioning of DSRS and Layout of the conditioning facility. The operational area for the encapsulation operation 

should consist of the following zones: 

a) Receiving zone 

b) Transfer zone 

c) Welding zone:  

d) Leak testing zone 

e) Transfer zone for capsule into disposal container:  

 

 

 



     

  (a)         

 

(b) 

Figure 3. (a) Work Area for Conditioning of DSRS and (b) Layout of the conditioning facility  

 

CONDITIONING OF DSRS 

 

A national activity was implemented for the on-the-job training of personnel tasked with the conditioning of DSRS, 

from 13
th

 to 17
th

 October 2014 at the Waste Technology Development Centre (WasTeC) facilities.  This is part of 

“cradle-to-grave” control of radioactive sources to protect the workers and public from the hazards of ionizing 

radiation. 



This was implemented under the RAS9071 “Establishing a Radioactive Waste Management Infrastructure”. The 

training workshop was organized in collaboration with the IAEA. It was attended by (managers, operators and 

technicians) from several groups in Nuclear Malaysia and the Atomic Energy Licensing Board (AELB).  

 

  
Discussion with the IAEA experts (Conditioning 

Area) 

Prior discussion was made with the experts on the 

conditioning area and the equipment in place. Minor 

adjustments were made on shielding and placement of 

equipments. 

Selection of DSRS for conditioning ( Storage Area) 

Prior segregation and characterization of DSRS were done 

in the storage facility – based on radionuclide, type of 

devices, common features, etc. 

 
 

Dismantling of device containing DSRS 

 

Ascertained type of DSRS, location in device and 

suitable tools or equipment needed for dismantling 

DSRS from device. Specific tools may be needed for 

different type of devices. 

Separating, cutting, transferring to shielded capsule 

 

DSRS were separated from holders (by cutting, when 

needed). The serial number of each DSRS confirmed as 

in inventory. DSRS were transferred into a stainless steel 

capsule, which is placed inside a lead container shielding.    

DSRS Holder 



  

  

  

  
Welding of capsule and leak testing of welded  

capsule 

Placement of capsule into temporary storage drum 

 

 

Welding of the capsule was done remotely to minimize 

dose to the operators. The welded capsule was allowed 

to cool before undergoing leak-testing under 0.25 atm 

in ethylene-glycol. 

No leakage was recorded. 

 

The capsules were then transferred into cement-lined 200-L 

drums, complemented by layers of lead sheet. Dose rates 

were recorded and the drum were transferred to temporary 

storage area prior to placement within the main storage 

facility 

The first day of the training was focused on discussion with the experts on DSRS conditioning aspects. This includes 

the working area layout, operational procedures, radiation protection aspects and capsule welding techniques. The 

next 4 days were dedicated to training for the local team, covering: preparations before conditioning and operational 

aspects during and after conditioning activities. 

Shielding was erected on the working areas for each operation (DSRS receiving area, encapsulation, welding, leak-

testing). The welding machine tested and operated by qualified welders trained in tungsten inert gas (TIG) welding 

techniques for stainless steel capsules. The radiation doses expected during the DSRS conditioning operations were 

estimated and all safety aspects were discussed. The IAEA experts verified that the working conditions fully met the 

requirements for the conditioning exercise.  Work was done on rotational basis. 

LESSONS LEARNED 

The conditioning operation of the DSRS in Nuclear Malaysia was successful. The lessons learned at the 

conditioning operation are as follows. –  

a. For efficient operation of conditioning, work areas, operating procedures, aspects of radiation protection 

and capsule welding techniques must be done carefully. For example the zoning of the conditioning area 

was prepared and the floor and table were already covered with plastic sheets. 

b. A good record keeping that comply with a certain quality assurance is needed for data reliability which can 

also provide enough information about the content of the borehole facility where the disused sealed 

radioactive sources have been disposed of under the ground. So the DSRS can be managed in the proper 

manner based on their physical and chemical characteristics. 

c. To do sorting and characterization for each DSRS. All DSRS will be labeled according to the type of 

sources, activities and etc. Through this process, waste inventory can be updated.  

d. To has a comprehensive waste inventory established for all DSRS before conditioning take place. 

e. Before starting the conditioning process, review in detail the written procedures that include safety 

considerations. Consider to carry out trial runs with no or low levels of radioactivity. 

f. For transferring of capsules into the drum, the tong that been used did not have appropriate end grips, this 

result of delays in the process. Immediate action has been taken by modifying the tong. The tong is used to 

extend the distance between operator and the radioactive source and, therefore, help to minimize exposure 

to the worker. 



g. In order to minimize the radiation exposure, need to ensure to work with a sequence of sources, one at a 

time rather than in the presence of few sources during the process. 

 

CONCLUSIONS 

 

As a result of the conditioning, two encapsulated capsules were generated after the training workshop. Three main 

DSRS were encapsulated during this exercise, mainly Cs-137, Co-60 and Sr-90. The main significant activity is 

from Capsule 1 containing Cs-137 (55 units, 2.5 Ci) while Capsule 2 is significantly lower. Overall, this exercise 

managed to improve our understanding on the technical aspects, preparation, unexpected possibilities and also 

improvement needed in future conditioning of DSRS.   
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