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Evolution of Radiation Safety discipline in India and

the Need for improved Techniques for Workplace Monitoring.

1.
Introduction:
I am greatly flattered and honoured to have been selected for the award of “Dr.A.K.Ganguly Memorial Oration Award 2005” by IARP. For me personally it is a great privilege to get an opportunity to talk in honor of Dr. Ganguly, due to my close association with him.

2.
Dr. Ganguly’s role in the evolution of Radiation Safety discipline in India 
When we talk of evolution of Health Physics discipline in India it is invariably tied up with the professional career of Dr. Ganguly. From being a profession generally related to only just monitoring of radiation levels, he gave a firm and committed direction, how the profession transcends into many other branches of science for a meaningful and effective radiation protection program requiring the need for expertise in so many fields. 
Physics, Chemistry, Chemical Engineering, Radiation Biology, Marine Biology, Oceanography, Radiation Dosimetry, Radiation transport, Nuclear Physics, Fission physics, Radiation Physics, Radiation instrumentation, Nuclear safeguards, Non-destructive techniques are some of the subjects he had initiated work on. Some aspects of all these have bearing on perfecting a self dependent radiation safety program for a multi faceted research centre as BARC. 

He laid the foundation for the regulatory set up in India with his team contributing significantly to the early documentation activities of the IAEA , initiated in the very early days the waste disposal norms, carried out studies of  uptake of radioactivity in food chains from disposal streams and established limits of discharge, initiated radiation transport methodology for criticality safety calculations, shielding etc., established the criterion for selection of sites for nuclear power stations and was instrumental in establishing the concepts of sterilization zone, exclusion zone  around nuclear power stations, set up methodologies for hazard evaluation from possible reactor accidents during the setting up of CIR reactor (CIRUS) and RAPS power stations, established and standardized environmental survey laboratories at nuclear sites.

No wonder, Dr.Ganguly was considered by many in the International Radiation protection community as their Guru. Late Dr. Beninson, an International authority on radiation protection who was member of  ICRP Main Commission for 33 years till 2001 and its Chairman from 1985 to 1993 considered Dr.Ganguly as his guru as told by himself to Mr. Chande, Vice Chairman AERB during an IAEA meeting. 
Due to various reasons such as lack of proper retrievable documentation, many findings and innovations in our program slip into oblivion. One such case came to light in the form an anecdote narrated Dr. P K Iyengar, former Chairman, AEC recently. He recounted how some thoughtful safety precaution suggested by Dr.Ganguly while setting up the facilities at the Kalpakkam site has resulted in mitigation of effects of natural catastrophies. The safety precautions against tidal waves for our coastal power stations suggested by late Dr.A K Ganguly on the basis of his studies on effect of tidal waves on coastal nuclear power stations resulted in mitigation of damages to the installations in Kalpakkam when Tsunami recently struck the east coast of India. He had suggested and insisted that the key components near the coast be installed on high pedestals which prevented damage to critical components of the installations.  The foresight of the earlier leaders of our atomic energy program often gets lost in the horizon of time!
In my talk I shall recount a few of my reminiscences of this great teacher just to illustrate the burning zeal he had created in his students and colleagues which should serve as a model to generate a more congenial atmosphere for scientific activities today.

3.
Need for improved Techniques for Workplace Monitoring

It is equally important that we should look into the future and move forward taking cue from his teachings and accordingly,  I shall in my second part of the lecture deal with the following topics in particular:
1. Distributed instrumentation with networking

2. Centralized agency for radiation protection instrument certification
3. High energy dosimetry and monitoring
4. Need for indexed retrievable documentation for posterity
3.1
Workplace monitoring with networked radiation instruments
Workplace monitoring is the key to control radiation exposures and keep it ALARA. This in turn depends on the availability of appropriate instrumentation and techniques.  A number of such instrumentation have been innovated in our program which have found acceptance even in International circles and I have the satisfaction of being associated with some of these during my career.  Some of these are the new concepts in environmental radiation monitoring in real time, centralized control room with environmental radiation dose data monitored into an emergency control centre along with met data with a predictive dispersion modeling software in place and aerial gamma spectrometry for contamination assessment around nuclear facilities & for emergency preparedness. Though, no longer directly connected with these activities, I have been always on the lookout for ideas for application to radiation monitoring techniques. When I had an occasion to play around with a hobby aircraft, I envisaged that how such a contraception could be used for contamination monitoring for emergency preparedness. The idea was readily accepted by my former colleagues and miniaturized version of the aerial monitoring systems have been developed by Dr.Sharma and his team resulting in sophisticated packages and widely deployed now. Another idea I will propose now is the use of wireless transmission of data from distributed radiation monitoring systems in a plant to make the radiation status available at a centralized computer to enable quick and effective preventive measures. In future I foresee a plant health physicist working from his control console!

A few months back I happened to have access to some Blue tooth electronic gadgets at home. I toyed with the idea of how this technology can be used effectively to meet this proposition and gathered technical details. With such advances in data transmission available, networking of the data from both portable and installed monitoring equipments has not progressed to the required level. A large number of different types of radiation monitoring instruments such as those for area monitoring, personal monitoring, contamination monitoring, air monitoring etc. are located at different points in a nuclear installation. It is necessary to convert them into smart instruments with data being transmitted to a central computer in a near real time basis to make a quick assessment of the radiation status and forewarn the operating staff of any unsafe conditions or impending unsafe condition. Transmission of data by cables is not ideal and may not be feasible with portable instruments. It should be possible to hook up the whole host of radiation protection instruments in a facility by wireless high radio-frequency standard Blue tooth technology to a centralized computer to carry out quick data processing and initiating counter measures. By centralizing the data it should be possible to confirm and locate leakages in plants such as reprocessing plants expeditiously and recommend appropriate radiation protection measures. In other words system integration is called for advanced radiation protection workplace monitoring to achieve the ALARA principle. I will not go into the details which I will leave it to be worked out by those who are in the business.
3.2
Centralized Agency for radiation protection instrument certification

In our national context we face problems of availability of latest state of the art instruments due to several factors of which significant one is the existence of various import regimes in the international scenario. Because of this a lot of resources of ours are frittered away in innovating aimed at import substitution restricted by availability of suitable components, which often results in  non-optimum  products. 

Due to these our radiation protection programs has often been forced to use radiation protection instruments from diverse sources with no strict quality control or standards.  The remedy would be to institute national instruments accreditation protocols whereby the instruments developed and manufactured by diverse suppliers should undergo testing calibration and accreditation from a Central agency without whose stamping instruments should not be allowed to be used.  This protocol should be made mandatory and not recommendatory. We need to have an equivalent of ANSI standards & accreditation for radiation protection instruments in India.  This will weed out instruments made with improper standards and methodologies being used in the profession. The accreditation should involve not only evaluation, testing and calibration but also other factors such as field-testing, environmental testing, and ruggedness and user friendliness. 

Another important consideration is the maintenance aspects. Many installations where the instruments are remaining unused and un available for critical monitoring due to the non-availability of proper maintenance facilities. These services should be made available to the installations. Often the suppliers feign helplessness due to non-availability of components. While procuring instruments these aspects should be considered and purchase contracts should incorporate component replacement and servicing. Private manufacturers often don’t divulge the component details and any other agency is reduced to helplessness in the absence of proper documentation and service instructions. These should also be considered at the procurement stage. Care should also be taken for ensuring adequate resources of instruments based on current needs and for replacement for easy board level maintenance. 

3.3
High energy dosimetry and monitoring

My association with AERB in the Safety Committees for accelerators provided me with an opportunity to study the workplace monitoring problems in accelerators. While reviewing the safety in accelerators in VECC and CAT a number of areas which need attention emerged. In high energy machines such as SRS rings at CAT, Indore, evaluation of conventional radiation dose monitors were initiated and it has been now established that the dose recorded in monitoring instruments and personal dosimetric devices are underestimated by several factors. There need to be investigative work on these aspects. Monte Carlo calculations show that indeed doses may not be assessed correctly if existing instrumentation and methods are used. Similarly in the field of personal dosimetry it is difficult to carry conviction if one believes that the doses can be correctly evaluated from brehmstrahlung radiation of a few Gev using TLD badges calibrated with normal Co 60 sources. Evidently these calls for immediate investigations since facility of up to 2.5 Gev are going into operation in our country.

Thus there is a need to develop safety and monitoring instrumentation suited to the energy and quality of radiation expected. A solution might be possible if we realize that what is required is the dose received by a human being which is the energy absorbed in the body volume. I have suggested using a simulated human phantom with distributed active detectors the signals from which can be integrated electronically to give the energy absorbed by the body. This calls for both theoretical and experimental work to arrive at a suitable design of instruments. Hopefully we should aim at an energy independent dose measurement device. 

3.4
Need for indexed retrievable documentation for posterity

When I am on the subject I would like to point out the need for consolidation of the experiences and lessons learned in an easily retrievable manner using the powerful computer techniques available today. Many times I have come across situations when somebody is looking for information which present day generation is not aware that similar problems were faced in our chequered past but not readily available. I have pointed out this in the past but did not evoke much interest! It is high time that we initiate efforts to consolidate the scientific publications, techniques and methodologies developed into a searchable computerized format before such information gets permanently lost to our fraternity. At times I feel a lot of time is wasted in inventing the wheel again and again. In the area of radiation protection, to start with, professional associations such as IARP can take the initiative.

