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Abstract: This paper presents the technical support activities for the three research reactors operating at BARC. The technical support programme has evolved over the years, since late sixties when Apsara came into operation. While on one hand the volume of activities have increased consequent to commissioning of two more reactors Cirus and Dhruva in 1960 and 1985 respectively, attempts were made to enhance effectiveness of the technical support activities for these research reactors.  The activities range from monitoring of various safety and operational aspects to some of the state of the art approaches that has been developed for enhancing safety and reliability of the plant.  The aim of technical support programme is to enhance plant availability factor without comprising the safety of the plant. This paper discusses the existing programme of technical support activities in reactor group of BARC and further work required to strengthen technical support activities to realize enhanced safety and reliability for research reactors at BARC. Accordingly, this paper fits in the conference topic 1: Roles, functions and values of TSOs.
1.  
INTRODUCTION

There are three research reactors viz Apsara (1.0 MWt), Cirus (40 MWt) and Dhruva (100 MWt) operated by reactor group at BARC, Mumbai, India. Research Reactor Services Division of Reactor Group is responsible to provide the scientific and technical support in the design, operation and utilization of the research reactors. The main objective of various technical support activities is to ensure the required level of safety and adequate defense-in-depth provisions towards realizing enhanced safety and reliability of the research reactors.
2. 
ORGANIZATIONAL  SETUP

The Reactor Group at BARC has the responsibility for operating and maintaining the three research reactors at BARC. Research Reactor Services Division is responsible for the technical support activities of the research reactors. The major support and developmental activities that are performed as part of technical support are: a) design and planning for various engineering modifications, b) reactor physics support for core management and re-assessment of physics parameters, c) quality assurance activities, d) Chemical control support, e) In-service inspection and conditioning monitoring, f) performance evaluation and safety assessment and g) Man power training and development. 
3. 
TECHNICAL SUPPORT – AN OVERVIEW
The major activities covered under technical and scientific support programme are
3.1. 
Safety Analysis 

The Deterministic safety analysis forms the basic approach for safety analysis. Accordingly, the Design Basis Events (DBE) forms the basis of research reactors design. The DBE for research reactor include normal operation, operational transients and Postulated Initiating Events (PIEs). The identification and categorization of PIEs is based on combination of iteration between design & analysis, engineering judgment and experience from similar plants in operation. To ensure that the list of PIEs is as complete as possible, the classification of PIEs cater to international criteria set for this purpose, list given in IAEA Safety guide for research reactor SG-31 and. our national regulatory guides for PHWRs established by the regulatory authority.
The design basis events are categorized on the basis of their expected frequency of occurrence and are assigned to one of the following frequency groups; Category – 1 events: Normal operation and operational transients, Category – 2: Events of moderate frequency, Category – 3: Events of low frequency, Category – 4: Multiple failures and rare events. Events not falling in any of the above categories are categorized as Beyond Design Basis Event (BDBE). The deterministic approach forms the basic approach for handing safety and operational issues, the Probabilistic Safety Assessment (PSA) inputs are increasingly being utilized to complement / supplement deterministic findings.

3.2.
Design & Engineering Services

Research Reactor Services Division is the nodal technical support organization to assist operators and maintainers in design and engineering changes. Ageing management of systems and components, repair and rehabilitation of components in inaccessible locations through design and development of remotely operated tools and required modifications of the ageing structures and components to bring them to the current seismic standards are some of the challenges faced by technical support organizations. Some of the very important design and engineering modifications carried out in this category are as follows: 

1. Leak rectification from Tongue and Groove joints in helium vent lines located in the inaccessible area above Cirus reactor vessel. A detailed study was performed to work out the strategy and sequence of installation and sequential tightening of the specially designed and fabricated slip on type split flanges assemblies to encase the existing tongue and groove flange joints at nine locations using specially designed tools for remote installation and tightening of the same. Engineering challenge in carrying out this job was ensuring safety of the nine numbers of rolled joints of the helium vent lines in the upper tube sheet which has seen material degradation during 35 years of service in presence of high neutron flux.  

2. Rectification of leak in one of the inlet cooling water lines of upper thermal shield of Cirus reactor.  This was done by design, development and installation of a hollow aluminum plug which was installed at the leaky location through specially designed tools for remote installation. 

3. Seismic retrofitting and up gradation of water storage tank for decay heat removal and emergency core cooling system of Cirus reactor to comply with the current safety standards.  
4. Replacement of some safety important valves and pipe lines was also carried out 
5. For improving fire safety in the plant, fire barriers were retrofitted between the emergency Diesel Generator Sets and Motor alternator sets. All control and power cables were also provided with fire retardant coatings. 
Cirus reactor has been re-commissioned and is operating at rated power after incorporation of these repairs and upgrades.

3.3. 
Quality Assurance 

A comprehensive quality assurance programme covering all the operational and maintenance activities has been implemented to strengthen the safety culture and enhancement of safety through self-assessment of operational performance. The quality assurance programme includes monthly technical audits of operational and maintenance activities, performance review of systems and equipments, checking compliance with technical specifications in all activities with specific emphasis on surveillance schedules, ensuring implementation of recommendation of various safety committees and compliance with radiological and industrial safety measures in all O&M activities. Bi-annual  internal regulatory inspections covering operations, maintenance, technical services and radiation safety aspects through auditable documentation forms an important part of quality assurance programme. Quality Assurance Section in Reactor group carries out independent verification of O&M procedures of all safety systems and equipment, and any engineering design changes including the execution of the changes.  

3.4. 
Reactor Physics and Nuclear Engineering

Nuclear reactors have potential to generate a large amount of radioactivity and radiations. In order to prevent the inadvertent release of radioactivity from the system the core should be managed safely from reactivity and cooling considerations. Operational reactor physics essentially deals with systematized application of physics safety principles to ensure that the reactor is operated within design limits with adequate safety margins. To ensure this important aspect, we have a Reactor Physics and Nuclear Engineering Section in place with qualified physicists. They mainly cover Physics Programs in the areas to ensure safe operations such as: Core reactivity surveillance, Core loading evaluation, Low power  reactor start-up, Safety evaluation of in-pile irradiation samples and experimental assemblies.
One of the important utilization of high flux research reactors is to produce radioisotopes and testing of experimental fuel and other assemblies. The evaluation for such irradiation requirements mainly consists of calculation of reactivity effects, nuclear heating, radioactivity generation and radiation shielding requirements for safe post irradiation handling, transportation and disposal. For carrying out the above evaluations on routine basis a computer code SHARDA (Sample Heating, Activity, Reactivity, and Dose Analysis) has been developed.  This section is also responsible for physics design of new reactors and core up-gradation of existing research reactors, Apsara.
3.5. Reactor Chemistry

Stringent chemistry control of coolant and moderator system is essential to minimize corrosion of systems and components and the consequent neutron activation of corrosion products and their re-deposition in low velocity zones of system piping and components.  Keeping corrosion products low helps in maintaining low levels of radioactivity in operational area resulting in lower dose to operating personnel.  Control of Fe and silicon content in the coolant water is essential for improved fuel performance.  Control of Nitrogen in cover gas of heavy water tank type reactors is necessary to prevent formation of nitric acid.  Further, accumulation of D2 + H2 due to radiolytic decomposition of moderator heavy water can lead to chances of forming explosive mixture in the cover gas system if not properly taken care of. Proper chemistry control is one of the important performance indicators. In addition to routine jobs as mentioned above, the Reactor Chemistry Section has contributed significantly in solving some of the intricate operational problems; one example is development of special magnesium based resin beds to remove aluminum turbidity from the Dhruva heavy water coolant system encountered during initial power operation due to flow induced vibrations of the fuel clusters.
3.6.  
In-Service Inspection Programme
Strict quality assurance programme is followed during design, manufacturing and commissioning stages of the research reactors. However, service and environmental induced material degradation during operation of plant is a reality. However, based on the criteria followed in power reactors, the components used in research reactors were assessed to be falling in C2 inspection category for which no ISI is normally recommended and no inspection programme were in existence earlier. Considering the power level, radionuclide inventory and exposure potential to personnel, an ISI programme for research reactor was recently formulated and is being implemented in High flux research reactors, Dhruva and Cirus.

As the ISI programme was being taken up for the first time without Pre-Service Inspection, its implementation posed some difficulties due to lack of fabrication details, accessibility problems, difficulties in planning and scheduling of inspection jobs during shut down periods without affecting other jobs, lack of baseline data for comparison, non availability of codes/guides which can be readily applied in the case of research reactors.(barring IAEA-TECDOC-746),  fixing an acceptance standard and evaluation of observed data etc.  For ISI the following main systems are included; 
(i)   Main Coolant, moderator and cover gas (Heavy Water and Helium Gas)

(ii)   Emergency Core Cooling

(iii) Decay heat removal 
In addition, some of the important systems and components covered are: 
· Calandria Tubes Inspection in Cirus
· Pressurised Water Loop Inspection in Cirus
· Containment Building Inspection of Cirus 
3.7.  
Human Resource Development for Research Reactors 
To ensure that competent and safety conscious personnel are available on a continuous basis to man our research reactors a manpower training and development section is an integral part of our organizational structure. The recruitment is done at three levels namely professionals, supervisory staff and plant operators / maintenance technicians.  The section conducts comprehensive training for all  levels towards meeting the licensing requirements as operator or maintainer. To verify the continued competence each and every licensed person is re-assessed every three years. This re-assessment consists of an interview by the designated committee to check out his knowledge base, especially in the area of safety and changes in the plant systems and procedures. Periodic refresher training programme is also held to up-date and enhance the knowledge and skill. 
4.  
RESEARCH & DEVELOPMENT IN TECHNICAL SUPPORT
Even though the current framework has served well which is reflected in the high availability factors of the research reactors, improvements are expected to further broaden the areas of technical support activities to include the state-of the art developments in the area of safety and reliability. The recent developments in the area of Probabilistic Safety Assessment as part of implementation of risk-informed approach, state-of-the-art development in the area of condition monitoring techniques, development of computer based applications, and advances in the area of digital systems, especially for safety critical applications, have provided the nuclear community to further improve safety and performance of the reactor systems. Keeping in view the requirements of continuous  improvements of safety and availability for research reactors at BARC, R&D work has been taken up. Some of the highlights of the work that is being performed as part of technical support are as follows:

4.1. 
Level 1 PSA for Dhruva has been completed and for Cirus the study is in advanced stages of completion. The current state of the art has allowed us to use PSA input for evaluation of impact of safety significance of the events, assessment of modifications in the safety systems, regulatory review of performance of safety critical systems. There are some studies that have been performed in support of decisions related to implementation of changes.  The quantified output of this analysis provides an elegant mechanism for generating rationales for various decisions like prioritization of the safety issues.
 R&D work on some of the PSA applications as part of development of risk-informed technologies that are being extensively persuaded include, a) Risk-Based In-service Inspection Programme, b) Development of PSA based Operator Support System with an emphasis on improving the effectiveness of current event based hardcopy emergency operating procedures to symptom based procedures, c) Development of risk-monitor, d) Assessment of Surveillance Test Interval and Allowable Outage Time for safety systems, e) development of root cause analysis methodology based on PSA tools, f) employment of PSA tools and technique for safety performance review of the plant. 

4.2. Condition monitoring techniques have become part of routine surveillance for our research reactors. All safety critical components are being monitored with the objective of predicting the incipient failure. Currently this Programme covers the rotating machines, however, the efforts are on hand to extend this philosophy for passive components like electrical terminal / junction boxes, and similar other systems. There are good numbers of cases wherein the condition monitoring technique was able to predict the incipient bearing failures, etc. in advance and enabled advanced scheduling and better management of maintenance programme which enhanced safety and availability. 
4.3. Research and development work is extensively being persued to develop operator support system. An integrated approach has been developed by employing Artificial Neural Network for transient identification, knowledge based framework for fault diagnosis and PSA tools and methods for knowledge representation for various modules of operator support systems. The plant symptoms which are monitored on-line forms the input to the ANN module of the system. Once transient condition is identified the control passes to the diagnostic module which generates the applicable emergency operating procedure for the given plant condition. 
4.4. The control technology has evolved from the first generation valve based system to relay based and currently the PLC based system. However, keeping in view the complexity of the systems and computational need there is need to develop system that are more efficient compared to PLCs. To this effect the Field Programmable Gate Array (FPGA) based systems are finding wider applications. However, these systems are still not being used in safety critical applications in nuclear industry. The main reasons which are coming in the way of employing this technology for safety critical application is a) reliability of the FPGA, b) New Failure mode that could be expected in these systems, and c) reliability of the software modules.  R&D work has been initiated to have an assessment of reliability for FPGA systems keeping in view the requirements of safety.  The experiments performed so far, by modeling the algorithm of a relay based system have produced encouraging results. Further, the work on development of full scope model of the control logic is being developed as part of this research. 
4.5. 
Further work is on hand to develop a Risk Monitor based on PSA model. This tool is expected to be of immense use for routine decisions in support of operation. The current approach of taking decisions in operation is highly based on engineering judgment which is prescriptive and arbitrary in nature. The PSA model which is based on the logical and systematic model of the plant using operational performance data provides an effective framework for taking decisions. 

5.0 
ISSUES FOR INTERNATION COOPERATION

Even though extensive R&D is being performed to address the issues with the objective of enhancing the safety and reliability of our nuclear plants, there are some areas which need attention of the member states to have participatory Programme with IAEA as the coordinating agency to address some of the issue as mentioned below:

The size of research reactors ranges from a few watts to Mega watts of power and the design varies from a pool type to tank type. The safety criteria / requirements that are applicable to small reactor like Apsara, a 1 MWth pool type reactor, may not be applicable to a reactor like Dhruva having a rated power level of 100 MWth. For instance, different sets of rule are required to determine the ISI requirements for these two types of designs. Hence, there is need to develop a graded approach which facilitates the determination of the safety requirements for different sizes / types of reactor. Probabilistic Safety Assessment framework provides an efficient framework for determining surveillance requirements, based on the likelihood of various accident sequences and their consequences. 
Documentation is one of the areas that need special attention. The modern tools like ISO-9000 provide an efficient mechanism to improve organizational management in general and documentation in particular. This is important for development of safety and performance documents of the facility.    
6.  
CONCLUSION 
At BARC, we have a long history of designing and safely operating many research reactors. The technical support programme of Research Reactor Services Division is multi-disciplinary in nature. Apart from handling the problems that need design and engineering support, the existing framework provides R&D support for improving the design and operational safety of the research reactors. Our research reactors are governed by safety requirements as brought out in IAEA document DS 272.  Even though the current Technical Support framework is effective in addressing issues that are on hand, keeping in view the future requirements in respect of safety, there is need to enhance this programme to cover some of the new developments like, effective utilization of PSA in determining and prioritizing various safety issues, enhancement of condition monitoring programme to cover components other than rotating machines, deployment of computer based aids for control room applications, to improve operational reliability and safety of the plants.  IAEA could initiate projects in the area of development of graded framework not only for design, but for operation and maintenance of research reactors. 









