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Abstract 

Nuclear Malaysia has been established since 1972. It has evolves from laying the foundation for 
infrastructure and human resources in nuclear technology; research and development in nuclear 
applications; producing new products and prototypes; and finally, transferring the products and technology 
to the end users such as the industry and communities. While Nuclear Malaysia has been able to develop 
various nuclear applications, there are areas which have been left behind. Most of the facilities and 
instruments for nuclear R&D are imported. Although Nuclear Malaysia has been able to operate and 
maintain the facilities, there are occasions where the foreign experts and components need to be sought for. 
This dependency on foreign technology has cost Nuclear Malaysia a lot, especially in the maintenance and 
procurement of new instruments and spare parts. To reduce this dependency, some localization initiatives 
have been conducted by various groups in Nuclear Malaysia. This paper discusses the recent progress and 
achievement of localization initiatives undertaken by PDC on the related technology which has reduced the 
dependency on foreign experts and technology. 

Abstrak 

Nuklear Malaysia telahpun ditubuhkan sejak tahun 1972. Ianya telah mengalami evolusi dari penyediaan 
asas infrastruktur dan sumber manusia dalam teknologi nuklear; penyelidikan dan pembangunan dalam 
applikasi nuklear; menghasilkan produk-produk baru serta prototaip; dan akhirnya, memindahkan produk-
produk dan teknologi tersebut kepada pengguna akhir seperti pihak industri dan komuniti tertentu. Semasa 
Nuklear Malaysia telah berjaya membangunkan pelbagai applikasi nuklear, terdapat bidang tertentu yang 
telah ditinggalkan.  Hampir semua kemudahan dan peralatan untuk kegunaan R&D nuklear diperoleh dari 
luar Negara. Walaupun Nuklear Malaysia berupaya mengendali dan menyenggara kemudahan-kemudahan 
ini, namun, terdapat situasi dimana pakar asing dan komponen luar perlu didapatkan. Kebergantungan 
kepada teknologi asing ini telah menelan kos yang tinggi terutamanya dalam penyenggaraan dan 
perolehan peralatan baru dan alat ganti. Untuk mengurangkan kebergantungan ini, beberapa kumpulan di 
Nuklear Malaysia telahpun menjalankan usaha-usaha penyetempatan teknologi-teknologi asing. 
Kertaskerja ini membincangkan tentang kemajuan yang telah dicapai oleh PDC dalam usaha 
penyetempatan teknologi-teknologi berkaitan yang secara langsung dapat mengurangkan kebergantungan 
kepada teknologi dan pakar asing. 

Keywords/Katakunci: technology localization, engineering development, nuclear facilities 

INTRODUCTION 

Under RMk10 government has declared the initiatives to elevate Malaysian economy to become developed 
nation through such programs as Government Transformation Program (GTP) and Economic 
Transformation Program (ETP). One of the characteristics of a developed nation is having developed 
indigenous technologies which are exported elsewhere. In nuclear technology, Nuclear Malaysia has 
achieved a lot of progress in R &D. Nevertheless, Nuclear Malaysia R&D is more focus toward the 
development of technology in nuclear applications while sidelining the capability and know-how in the core 
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technology. For example, Nuclear Malaysia has been merely operating and maintaining TRIGA Puspati 
while abandoning the knowhow of the technology itself. The same goes for other facilities such as 
irradiators. We have been successful in producing various technology for the applications, while merely 
keeping the necessary knowhow for operation and maintenance of nuclear devices and facilities. The 
outcome is that we are over dependent on foreign expert and technology especially on the nuclear 
equipment and facilities. 
 
Fortunately in RMk9 there are efforts to venture into the localization of this devices and facilities. For 
example the project on the development of  Electron Beam Machine with Russian as the technology donor. 
The establishment of  BKN marked a new era in technology development of nuclear reactor. Much of the 
area which have been abandoned are now being reinstated and developed. Knowhow on neutronics, thermal 
hydraulics, reactor kinetics, fuel technology are now being developed. 
 
In PDC, this effort started as an evolution from Unit Kejuruteraan (UK) to Prototype and Plant 
Development Center (PDC) which the activities evolves from merely providing engineering related services 
to developing new prototypes, system and facilities. This paper would highlight the progressed achieved so 
far in developing local nuclear equipment and facilities. 
 
  

PDC PAST EXPERIENCE AND CAPABILITY 

During UK era, most of the projects conducted by PDC were to design and fabricate the tools, devices, rigs, 
and equipment for the R&D activities in MINT. This includes the engineering drawing and mechanical 
design capability. The fabrication activities used conventional machines such as guillotine, bending, rolling, 
welding, grinding, milling and turning machines. During UK era the first generation of computer aided 
design and CNC machines were employed. 
 
Some of the engineering staff  involved in the establishment of nuclear related facilities. Some of the staffs 
were sent abroad undergoing training in various technologies to gain the experience in the establishment of 
hot facilities such as radiological laboratory, irradiation room, active facilities and radioactive waste 
treatment facilities. During those time, UK has gained the conceptual design capability of those facilities. 
The conceptual design was transformed to technical specification for procurement and construction of the 
facilities. Later, after several years of operation, UK staff gained experience in the maintenance of the 
facilities. 
 
Thus, during UK era, the experience gained from the conceptual design, procurement, construction and 
maintenance activities of those facilities were used to developed local capability in the design and 
construction of some special facilities such as fume hood, lead door and hot cell.  
 
 

PDC CURRENT ACTIVITIES AND LOCALIZATION CAPABILITY 
 
PDC activities could be categorized into services and development projects. Services rendered by PDC 
including the designs and fabrications of various devices, experimental rigs and components required by 
R&D activities as well as other units/divisions. The unit also conducts maintenance activities for special 
facilities such at hot cells and Raymintex pumping and piping system. This centre is also responsible to help 
in the development of various prototypes and pilot processes, systems, plants or facilities which comes from 
the R&D activities.  
 
In addition to the engineering development activities related to prototypes and pilot facilities, PDC is also 
referred in the design and construction of irradition facilities, which includes consultation on biological 
shielding construction as well as the mechanism of the irradiator and its operational safety system.  
 
The followings are further discussion on the experience and capability of PDC. 
 
Bunker Design and Construction 
 
Irradiation bunker is used to contain the irradiation activities in a safe room which prevents the radiation 
produced from being exposed outside of the irradiation room. Most of the irradiation bunkers which PDC 
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involved in the design and construction are for X-ray and Gamma related exposure. PDC role is more 
toward the engineering side rather than physics. Usually, the thickness and general layout of the room is 
provided by other parties such as SSDL group or NDT group. Although, PDC has the capability to roughly 
calculate the required thickness using TVT, HVT or load factor techniques, usually the detail calculation is 
done by NDT or UFK group.  
 
PDC main role is to do the engineering design  of the room which includes the necessary requirements such 
as floor foundation beam extension, maze gaps, door gaps, opening gaps and shielding sleeves to reduce 
irradiation exposure to the minimum level possible. Apart from that, during construction, PDC also 
provides advice to the Civil & Structure Engineer on the reinforce structure design to avoid any irradiation 
leakage. The method of concrete pouring, concrete density and quality control of concrete mixing is also 
monitored by PDC, to ensure the shielding concrete produced meet the shielding requirements.   
 
Lead Door Design and Construction 
 
One of the main components in an Irradiation bunker is the access door. The access door shall also be 
designed to meet the radiation safety requirement. Normally, most of the irradiation bunker doors are made 
of lead as the main shielding material. This is due to its high shielding capability as well as smaller in size 
compared to concrete shielding. The design of lead door has undergone evolution since  JPK to UK era. The 
earlier design may pose problems such as the sagging of lead sheet and damage/defects during handling and 
installation. The latest design has incorporated sheet embracing rods and structural framing to prevent any 
structural failure during handling and installation.  
 
Irradiation Facilities Design and Construction 
 
Nuclear Malaysia has developed several irradiation facilities such as SINAGAMA, RayMINTEX and 
Gamma Green House. These facilities can be categorized as having seal source with either wet or dry 
enclosure acts as the primary shield. The design of the facilities shall comply with the IAEA Safety Design 
requirements. The role of PDC during the development was to come up with the conceptual design which 
mainly designed according to IAEA Safety Design requirements. This conceptual design is then translated 
into technical specifications for procurement process. The experience gained from earlier facilities such as 
SINAGAMA and RayMINTEX provides PDC with technical know how on the safety design requirement 
as well as the bunker construction for irradiation facilities. 
 
Active Ventilation Design 
 
PDC involved in the design of active ventilation when the existing ventilation undergoing upgrading works. 
The design was based on the earlier design excerpted from ANSTO facilities. The new design only required 
some new calculations on the balancing requirement as well as level of negativity according to room 
functions. The treatment system at exhaust facility was maintained similar to the earlier design. 
 
Radioactive Waste Treatment Facility 
 
The involvement of PDC in the radioactive waste treatment system was during the design and construction 
of Low Level Effluent Treatment Plant. The design was based on ANSTO facility design. It includes the 
design of piping layout, holding and delay tanks as well as the treatment plant at block 30. The design of the 
piping layout and treatment tanks were done by PDC staffs. 
 
RTP Applications 
 
PDC  involved in various projects related to the application of Puspati TRIGA Reactor (RTP). Among the 
projects are Cryostat for neutron converter, Transfer Cask for reactor fuel element, Shielding for CCD 
Camera at neutron radiography facility, upgrading of Delayed Neutron Activation system, Neutron 
Computed Tomography system, rig for neutron flux measurement, beam stopper device, Digital Imaging 
System at RTP, various type of neutron beam collimators and sample shielding systems for Neutron 
Radiography and Small Angle Neutron Scattering facilities. 
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LOCALIZATION THROUGH ENGINEERING DEVELOPMENT 
 
The majority of the experience gained from the above activities has developed  PDC technical capability in 
the development of devices, instruments, plants and facilities  for non-nuclear applications. This is due to 
the nature of projects requested by researchers which mostly not directly related to nuclear devices, systems 
or plants. Most of the nuclear instruments/ facilities required by the R&D activities are directly imported 
and later maintained by foriegn vendors. Thus, it makes Nuclear Malaysia overdependent on foriegn 
vendors which incurred very high cost. 
 
Therefore, envisioned to become more independent, PDC is also venturing into the localization of nuclear 
related system/facilities through engineering development activities. The activities and experience in the 
development of various indigenous nuclear devices and facilities would hopefully bring us toward self 
reliance and may reduce our dependency on foriegn experts.  
 
Development of Indigenuous Hot Cell 
 
This project was undertaken from 2004 to 2006. The experience gained during the maintenance of hot cells 
as well as the modification works on shielding walls has built confident among PDC staff to embark in the 
development of local hot cell. The designing team consists of mechanical engineers, assistant engineers and 
senior technicians. The whole design was done by Nuclear Malaysia staff and the fabrication of the 
components was done by a local fabricator. Only special components such as lead glass, tong assembly, 
service plugs and filter elements were imported. The construction, testing and commissioning were done by 
PDC staff which includes supporting staff such as the technicians, skill machinists and general workers. 
This indigenous hot cell is being used for irradium source assembly for NDT inspection. 
 

                 
   

Figure 1: Indigenuous Hot Cell                          Figure 2: Local drive mechanism 
 
Development of Indigenuous Irradiator 
 
The experience gained from earlier facilities such as SINAGAMA and RayMINTEX provides PDC with 
technical know how on the safety design requirement as well as construction of irradiation facilities. The 
initiatives started as a result of a series of irradiators failures in Nuclear Malaysia. The proposal for repair 
from foreign vendor would incur a very high cost. Thus, there is a need to develop local irradiator which 
may be maintained locally. Table 1 shows the current progress of irradiator development. 
 

Table 1: Status of Local Irradiator Development 
Indigenous Irradiator 
 

1. Local Drive Mechanism for Neutron Irradiator (local design & fabrication) – completed in 2007 
2. Upgrading of Gamma Calibrator OB34 (designed and fabricated new system except shielding, 

used existing shielding) – completed in 2009 
3. Local Neutron Irradiator (fully local design and fabrication) – completed 2010 
4. Local Gamma Irradiator – on going (Design completed, under safety evaluation) 
5. Irradiator Source Loading System – on going (Design completed, under safety evaluation) 
6. RayMINTEX control system – on going (to replace foreign system) 
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     Figure 3: Locally refurbished OB34 Irradiator  Figure 4: Indigenuous Neutron Irradiator 
 
 
Localization of RTP component 
 
Apart from the development of various collimators, devices and rigs for RTP application, in 2009 PDC has 
been involved in the replacement of Fuel Follower Control Rod (FFCR) following an abnormalities found 
on the existing FFCR. This task involved the design modification and fabrication of FFCR connecting 
assembly. This is the first real experience in design and fabrication of a reactor component. The assembly 
of the new FFCR was succesfully done and are being in service until today. 
 
Development of radioactive material handling equipment 
 
One of the area which is commonly developed in Nuclear Institution is the equipment and devices for 
nuclear/radioactive material handling equipment. This is mainly to reduce the human direct involvement in 
the handling of nuclear/radioactive materials. Table 2 shows the current progress in the development of 
radioactive handling devices. 
 
 

Table 2: Status of the Development of Radioactive Handling Equipment 
 
Robots for Nuclear Applications 
 

1. Emergency Rescue Robot 1 (local design and fabrication) – completed in 2007 
2. Radiosotope Handling Robot – phase 1, completed in 2008  
3. Emergency Rescue Robot 2 (smaller version) – on going (Design, fabrication & assembly 

completed, Control System under development) 
4. Multipurpose end effector (extention of radioisotope handling)  – on going (design, fabrication and 

assembly completed, pending field testing) 
5. Emergency Survey Robot – under conceptual design 
6. Master Slave Manipulator – under study 

 
Automatic Storage and Retrieval System 

 
1. ASRS for low level radioactive waste storage (local design, fabrication and assembly) – completed 

2010. 
 
Note: No locally manufactured ASRS available in local market. This is the first locally made system. 

 
 



KONVENSYEN TEKNIKAL 
    NUKLEAR  MALAYSIA 
             2011 (NTC’11) 
 
 

6 
 

              
 

       Figure 5: Emergency Rescue Robot 1        Figure 6: Emergency Rescue Robot 2 
 
 
Localization of Controlled Environment Facilities 
 
Controlled environment facilities may be defined as a condition at which a facility is being controlled in 
term of confinemnet, temperature, pressure, air intake and release as well as water intake and release. Such 
facilities is required in radiopharmaceutical preparation process as well as nuclear and nonnuclear 
agricultural research. Most of the facilities are of foriegn origin. This may pose similar predicament with 
irradiators where the maintenance of  the facilities might be dependent on foriegn vendors. Thus, initiatives 
has also been undertaken to localized these facilities. Table 3 shows the current progress in the localization 
of controlled environment facilities. 
 

Table 3: Status of the Controlled Environment Localization 
 
Controlled Environment Facilities  
 

1. Clean Room for radioactive facility (local design and assembly) – completed in 2008 
2. Climate controlled green house (foriegn design and assembly) – completed in 2009 (could be 

easily replaced by local design and components) 
3. Transgenic Facility (mixed of local & foriegn) – completed in 2010 (building design and 

construction- may be done locally, control system – under study to locally developed ) 
4. Biosafety facility – could be designed and constructed locally (NM has consultation capability) 

 
 

          
 

Figure 6: Transgenic Facility  Figure 7: Climate controlled green house 
 

 
CONCLUSION 

 
PDC role as a technical support unit for Nuclear Malaysia R&D and other activities has evolved along with 
the changing phases of R&D development. The role has changed from mere support for design and 
fabrication of R&D test rigs and devices to the development of prototypes and pilot systems. Although the 
support is adequate to cater for R&D activities, the issues of overdependence on foreign nuclear 
facility/devices vendor/experts is highlighted since the cost involved is very high. The experience in the 
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maintenance of some of the nuclear facilities has given PDC confidence to explore into the localization 
initiative of the facilities and devices. We have achieved quite a significant progress of this endeavour. 
However, there are many more areas need to be explored further. This activity will not only reduce our 
dependency on foreign vendors/experts but also increase our staff competency and technology development 
and acquisition.  
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