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Abstract. The Bangladesh Atomic Energy Commission (BAEC) has been operating the TRIGA research reactor since September 1986. The reactor has been used for manpower training, education, radioisotope production and various R&D activities. Center for Research Reactor (CRR) of BAEC is responsible for operation and maintenance of the reactor as well as human resources development in the area of nuclear science and power program. For enhancement of utilization of the reactor, a strategic plan has been developed for BAEC TRIGA Research Reactor (BTRR). The plan has identified facility’s strengths, achievements, weaknesses, opportunities and threats, strategic issues and prepares a time bound action plan for achieving the goals. BAEC with its limited resources is always trying hard to strengthen the safeguards and physical protection programs around its research reactor and associated facilities. The BAEC plays a leading role in the planning, implementation, and evaluation of the nuclear safeguards and security activities in different nuclear and radiological facilities. Bangladesh government has strong commitment to implement nuclear power programs (NPP) in the country. The knowledge and experience gain from operating the research reactor, directly or indirectly can support the development and implementation of nuclear power programs. In addition with that nuclear reactor technology related training and education program has been extended to provide necessary supports to the students undertaking nuclear engineering courses in various public universities of the country. The reactor facility has been used for training and retraining programs of the reactor operating personnel.  The facility also arranges several practical experiments on nuclear safety parameters measurements for the participants of different training courses. Research, education and human resource development programs enhance significantly with a view to implement the NPP. BTRR is playing an important role for human resources and infrastructure development for nuclear science and nuclear power programs in the country. The experience from managing nuclear material at research reactors promotes a better understanding of the infrastructure and issues that need to be addressed in the field of nuclear power programs. 


1. Introduction

The BAEC TRIGA Research Reactor (BTRR) has been in operation for 29 years (first critical in 1986). This is the only research reactor operated in Bangladesh under BAEC. BTRR is a light water cooled, graphite reflected reactor, designed for maximum steady state power level 3 MW (thermal) and for pulsing operation with maximum pulse power of 852 MW. The reactor uses Erbium-Uranium-Zirconium Hydride material as fuel elements. The uranium enrichment of the BTRR fuel is 19.7%. The BTRR was operated by analogue console system from its commissioning of Sept 1986 to July 2011. The analogue based control console system has been replaced by digital control console on June, 2012. Besides this, two neutron beam port facility has been modernized by the addition of a digital neutron radiography set-up at the tangential beam port and installation of a high performance neutron powder diffractometer at the radial beam port-2 of the reactor. After modernization of reactor control console systems and neutron beam port facilities, reactor based research has increased significantly. The government considers this reactor facility to be one of the most valuable installations of the country. The government funds the facility as and when needed for safe, efficient and reliable operation, maintenance and utilization of the research reactor.

This is a prime facility in the field or nuclear research and training in Bangladesh. The reactor has so far been used in various fields of research and utilization such as, Neutron Activation Analysis (NAA), Neutron Radiography (NR), Neutron Scattering (NS), experimental reactor safety research, academic research, training of manpower (local and foreign) etc. It will play a major role for construction and operation of future NPP of Bangladesh as the basic issues consider in infrastructure building for NPP’s are common with research reactor. 

Primary responsibility for the safety of nuclear facilities rests with the operating organization that mean BAEC. CRR is performing a very important role in this field. CRR routinely carries out certain activities which are considered as part of the international obligations that fall on Bangladesh as a signatory of different treaties, agreements and protocols signed between Bangladesh and the International Atomic Energy Agency (IAEA) under the International Nuclear Non-proliferation regime.

2. Research Activities

Research and Development (R&D) works on reactor physics and reactor engineering are oriented around the TRIGA MARK-II research reactor which constitutes a complex, multidisciplinary task involving basic nuclear safety research, studies on control and operational parameters applications of reactor neutrons to useful analytical and testing procedures. The activities in these areas are: (i) Development of computational facilities for nuclear engineering and nuclear data processing (ii) Neutronics, burn-up and in-core fuel management study of nuclear reactor (iii) Development of shielding materials and related technology (iv) Heat transfer and thermal hydraulics studies of nuclear reactor (v) Control and monitoring studies of nuclear devices (vi) Development of digital reactivity meter for TRIGA reactor.

Beside those different groups of the Institute of Nuclear Science and Technology (INST) used the neutron beam of the reactor for carrying out various R&D activities. The reactor user groups have research collaboration with national and international research institute and universities.
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[bookmark: _GoBack]Fig.1. Sample loading/unloading terminal of pneumatic experimental channel

2.1 Neutron Activation Analysis

The neutron activation analysis (NAA) Group is one of the vital users of the BTRR. NAA group is engaged in the determination of major, minor and trace elements in geological, biological, industrial, nutritional and health-related environmental samples. At present arsenic toxicity in groundwater is a serious problem for the nation. The NAA laboratory has therefore given special emphasis on the determination of arsenic toxicity in water, soil, foodstuff and biometrics of arsenic-affected patients.

2.2 Neutron Radiography

Another vigorous user group of BTRR is Neutron Radiography (NR) group. The Neutron Radiography (NR) group used the NR technique to detect voids, cracks, internal continuity in materials and determine water absorption behaviour of jute plastic composites and various types of building materials e.g. bricks, tiles, etc. In addition with that, they are also engaged with determination of irradiation time of Electronic spare parts to determine internal defects and determination of exposure time growth in plant, determination of double layer collagen bandage (sheet) blood serum absorption.

NR experimental set-up
Schematic Diagram of the NR
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he main objectives of NR Program

Fig.2. Experimental set-up and schematic diagram of NR facility

2.3 Neutron Scattering

Neutron Scattering (NS) group performed Neutron Powder Diffraction studies as well as Small Angel Neutron Scattering and Texture studies. The High Performance Powder Diffractometer (HPPD) has been set up at the reactor to enhance the R&D facilities in neutron scattering technique. Structural studies of materials are being done by this technique to characterize materials crystallographic and magnetically. The micro-structural information is obtainable by neuron scattering method which is very essential for determining its technological applications. This technique is unique for understanding the magnetic behaviour in magnetic materials. Ceramic, steel, electronic and electric industries can be benefited from this facility for improving their products and fabrication process.
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Fig.3. Experimental setup for Neutron diffraction 

3. Experimental Research on Nuclear Safety

Study on reactor physics safety parameters of the nuclear reactor is the most important for reactor safety and efficient operation. Some important reactor safety parameters were measured such as control rod worth, core excess reactivity, shutdown margin, loss of reactivity with power increases, power defect, fission product poisoning, fuel temperature reactivity coefficient, coolant temperature reactivity coefficient, void coefficients and thermal power calibration of the reactor. The most of the measured safety parameters were found within the safety limit as mentioned in the Safety Analysis Report (SAR) of the BAEC research reactor.
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Fig.4. Digital Console Display during the experiment of Control Rod Worth Measurement

Fig 4 shows the control rod worth measurement system of BTRR.

4. Nuclear Safeguards 

It is well comprehended that the ultimate responsibility for the safety of nuclear facilities respites with the operating organization. This is in no way diluted by the separate activities and responsibilities of designers, suppliers, contractors, constructors and regulators. BAEC as the promoter of the peaceful use of nuclear energy and the potential operator/owner of NPP(s), has the sole responsibility to protect public and the environment from undue radiation exposure, secure and safeguard of the nuclear materials being used /owned by it. In 1st Nov. 2007 Bangladesh enter at the integrated safeguard (IS) program of IAEA. CRR routinely carries out certain activities which are considered as part of the international obligations that fall on Bangladesh as a signatory of different treaties, agreements and protocols signed between Bangladesh and IAEA under the International Nuclear Non-proliferation regime. Under these agreements different types of Safeguards reports such as Inventory Change Report (ICR), Material Balance Report (MBR), Physical Inventory Listing (PIL) and Additional Protocol to the Safeguards reports of the AERE facility such as yearly and quarterly update declarations etc. are prepared by CRR. All these reports and declarations are routinely sent to the IAEA. 

5. Training Programs

CRR arranged routinely different types of training program for professionals from different govt. and non govt. organizations and students from different universities. BTRR is playing an important role for human resources development for nuclear power. Scientists, engineers are being trained up at various levels of reactor engineering, operation, control and maintenance. Students from Universities do R&D works for their thesis and carry out industrial training. In addition with that a number of foreign and Bangladeshi officials have pay a visit to the reactor facilities. 
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Fig.5. Practical works going on for engineering students at BTRR
     
5.1.1 Senior Reactor Operator (SRO) and Reactor Operator (RO) Training Program

The facility has been used to train up reactor personnel up to the level of Senior Reactor Operator (SRO) and Reactor Operator (RO). However at present two licensed SROs and seven ROs are working at the facility. The facility routinely arranged SRO & RO training and retraining programs for Scientists/Engineers/Officers at the reactor facility.
	
5.1.2 In-house Training Program
The facility routinely arranged in-house training programs for Scientist/Engineers and technical staffs on radiation protection and different systems & equipment of the reactor. The BTRR is also used for demonstration on reactor operation for BAEC scientists who are participating in different training programs such as BNOC, reactor engineering course, FTC course etc. 
In-house training programs for technical supporting personnel on the following fields:
(i) Radiation protection; (ii) Reactor I&C system; (iii) Reactor auxiliary systems; 
(iv) Improvement of safety culture; (v) Emergency preparedness, etc.

5.1.3 Industrial Attachment Training program for Engineering Students 
Theoretical and experimental demonstration has given to the students on nuclear engineering. One hundred and ten students from different engineering universities are also complete their industrial attachment program from CRR.
6. Education Programs

University students took essential help from the reactor and its associated laboratories for Master, M. Phil and Ph.D. programs. For the last two years 35 M. Sc. 3 M. Phil 6 Ph. D. students completed the thesis works using BTRR. Last year two students have completed their master’s thesis work in this facility. At the same time one Ph.D. researcher has also completed his research work from here. Twenty three students from Nuclear Engineering department of Dhaka University have completed their practical works as a part of their master’s course. Currently 1(one) Ph.D. researcher and 4(four) master’s students from different Universities are doing their research work under the guidance of the scientists of CRR.

 
7. Regulatory supervision

Bangladesh Atomic Energy Regulatory Authority (BAERA) is regulating all the nuclear and radiation facilities in Bangladesh. It upholds the responsibility of protecting the population of Bangladesh against harmful effects of radioactivity and other ionizing radiations in accordance with the Bangladesh Atomic Energy Regulatory Act 2012 and NRSC Rules-1997 promulgated by the government of Bangladesh (GOV). As BTRR is the only nuclear reactor of Bangladesh so they are doing the regularity job of BTRR and hence develop their man power in the corresponding field. 

8. Nuclear power programs

The Government is determined to implement the nuclear power plant named RNPP for meeting the long-term electricity demand of the country. An agreement was signed on 2 November 2011 between the Government of the Russian Federation and the Government of the People’s Republic of Bangladesh for the construction of a NPP (2000 MW) on the territory of Bangladesh. A programme has been undertaken by the BAEC to perform the following activities: (i) to evaluate sustainable energy strategies for addressing climate change issues employing analytical tools of IAEA such as MESSAGE, ENPEP, WASP, Air Pacts etc. (ii) to perform the feasibility of a nuclear power plant in the power system expansion planning for the long term power generation (iii) to assess energy indicators to identify the barriers of under-development of the power sector and to recommend future strategies to resolve those issues (iv) to compare the cost effectiveness of the nuclear power plant with different alternatives and calculate the loan repayment at different rates. These programs are solely dependent on BTRR and its associated professionals. In addition with that there are 19 issues consider in infrastructure building for NPP and among those issues a lot of similarity has been presents for NPP and research reactor. With a vast operating experience of operating a research reactor for about 3 decades, BAEC is playing the key impending areas of research reactor contribution to the building for NPP are: Nuclear safety, regulatory activities, safeguards, radiation protection, human resource development environmental protection, emergency planning, security and physical protection, nuclear fuel handling and storage, radioactive waste, etc. These issues are handling by customarily by the BAEC and regulatory personnel successfully. The supporting infrastructures, experience and expertise by the existing research reactor would be helpful for taking knowledgeable decision regarding NPP. Currently the RNPP is in the second phase of construction and a company has already formed to take over that. Pre-construction surveys and construction of supporting facilities are now on-going on the project site.   

The radiation protection program at the reactor facility showed that the reactor could be operated safely and maintained the international goal of keeping personnel doses and release of radio nuclides As Low as Reasonably Achievable (ALARA). Different presentations on this topic were delivered by CRR engineers/scientists at different seminars/workshops to share the knowledge among the engineers/scientists working on RNPP project. It is to be mentioned that BTRR is an important facility for providing training to the manpower that would be needed for nuclear power program of the country.

9. Conclusions

The reactor has been operated safely for various peaceful applications of nuclear technology.  Different user group performed various experiments, which plays an important role in perspective of nuclear science and technology in Bangladesh.The reactor facility is used for training and educational and research purpose. Bangladesh government has a strong commitment to implement nuclear power plant (NPP) in the country. BTRR is playing an important role for human resources development for new research reactor as well as nuclear power program in the country.  Knowledge and experience gathers from operation and maintenance of BTRR over the last three decades in different fields like regulatory supervision, safeguards, radiation protection, licensing, nuclear fuel management etc. will be very helpful for the successful implementation of country’s first nuclear power plant.  
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