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E MEWCSLETER

New Year Message from Director, BARC

Dear colleagues,

It gives me immense pleasure to extend my warm greetings and
best wishes for a happy and prosperous Mew Year to all of you
and your family members. The year 2006 is of special
significance to all of us in BARC as our great institution will be
celebrating this year as the Golden Jubilee year.

The last year has been yet another successful year in our
developmental efforts in nuclear science and technology and its

applications in power generation, agriculture, food preservation,

health care, industry and national security. Among the various
systems and technologies developed during the last year, | would

mention only a few as illustrative examples.

As part of R&D support for 540 MWe PHWRs, various control and instrumentation systems for Unit 3 have
been commissioned and the plant is on the course to criticality. The hot commissioning of the PHT system of

TAPS-3 was completed in the shortest period so far in the history of Indian PHWRs.

The on-line non-intrusive turbine blade vibration monitoring system developed at BARC has been used to
monitor the health of turbine blades of TAPS-4. The technology was also used successfully for the 500 MWe
super thermal power plant of NTPC at Ramagundam. The Environmental Survey Laboratory at Tarapur has
initiated the programme to extensively monitor the tritium content in the environment of Tarapur where two
540 MWe PHWRs will be operating. The sparger system designed at BARC for introduction of moderator into
MAPS-1 calandria has been commissioned to enable full power operation of the unit.

In order to enable continued operation of Zircaloy-2 pressure tube beyond 9.75 effective fuel power years,
estimation of the ratio of hydrogen to deuterium contents in selected pressure tubes of KAPS-1 has been
carried out. A slit burst test facility for evaluation of fracture toughness and critical crack length of irradiated
Zr-2.5% Nb pressure tubes for KAPS-2 has been developed at Post Irradiation Examination Division.
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The Aerial Gamma Spectrometry System developed by BARC and other radiation monitoring instruments were
installed in MI-17 helicopter and detailed Aerial Gamma Spectrometry Survey has been carried out for the
Marora Emergency Planning Zone.

At the request of NPCIL, a methodology based on zone refining technique has been developed to prepare

antimony rods of 7 mm diameter for use in the power reactors for generation of neutron sources.

| take this opportunity to congratulate our scientists engaged in the development of pressurized light water
reactor system. In some recent experiments, they have achieved hot criticality in such a system and have

collected valuable reactor physics data.

Several activities related to R&D for the AHWR development were continued. For the upcoming AHWR critical
facility, the reference core consisting of metallic Uranium and Thorium oxide fuel pellets has been fabricated
and fuel assemblies are undergoing final quality assurance checks. A test set up to study the performance of
passive containment cooling system has been commissioned. Another new facility has recently been
completed for studies of instabilities of coolant flow in parallel channels under high pressure, high
temperature, 2 phase natural circulation conditions. As per the revised Level-1 Probabilistic Safety Analysis

study of AHWR, the estimated core damage frequency has been evaluated.

Construction of Critical Facility building has been completed and equipment and components of AHWR
critical facility are being progressively installed.

Preliminary studies were also conducted for developing a 5 MW, Compact High Temperature Reactor to
supply high temperature {1000°C) process heat for producing hydrogen. Both prismatic fuel block type and
pebble bed type of reactor core are being evaluated for this application. A lattice analysis code to treat the
spherical geometry has been developed to consider pebble bed type of reactor.

For carrying out thermal hydraulic studies on the coclant circuit of the Compact High Temperature Reactor,
the fabrication and erection of a liquid metal engineering test loop, using lead-bismuth as the warking fluid

has been completed.

Our research reactors APSARA, CIRUS and DHRUVA were operational with impressive availability factors.

The reactors were well utilized for R&D activities and for radicisotope production. Utilization of APSARA for
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various R&D activities include Neutron Activation Analysis, Radiation Damage studies, Forensic research and

Meutron Radiography of Zr-Mb pressure tubes for blister detection.

Performance of CIRUS was very good with an availability factor of 75.5%. The reactor was utilized for thorium
irradiation in Graphite reflector region and production of radioisotopes. Irradiation of Argon and Krypton

gases has commenced and the radioisotopes produced are used as radio tracers in process industries.

DHRUWA recorded the highest ever availability factor of 78.2% for the year 2005 since its commissioning.
The performance of DHRUVA fuel has improved considerably after introduction of thicker aluminium clad.
Regular production and supply of radicisotopes continued. Endurance testing of 2 MW In-Pile Loop Test
Section was carried out and vibration signatures were monitored. In-Service Inspection campaign of

equipment and piping of the primary coolant system has started.

In the context of evaluation and generation of nuclear data, our work on KAMINI has received international
acclaim.

In the context of the fast reactor development program, manufacture of axial breeder blanket pellets required
for PFBR core has been taken up and 10% of the requirement of the first core has been produced. First end
plug welding of MOX fuel pins for PFBR has started at Advanced Fuel Fabrication Facility, Tarapur. Research
programme has been initiated for characterization and evaluation of thermo-physical properties of binary and

ternary metallic fuels which have a great promise in improving the breeding ratio.

Operation of Plutonium Plant at Trombay has been resumed after major modifications and repairs. At Waste
Immobilisation Plant, Trombay, all the three furnaces were made operational and vitrification of high level
waste has been restarted. Campaign for tank remediation by ion exchange (TRIX-II) treatment of low level
waste at Trombay is progressing well and about 900 m3 of waste has been treated so far using indigenously
developed resin. A new scheme for chemical treatment of low level waste generated during TREXII
campaign has been implemented on plant scale. Advanced vitrification system at Tarapur for vitrification of

high level waste by joule heating is ready for conducting runs with depleted uranium.

The fluidized bed thermal de-nitration technology has been successfully established on synthetic ammonium
nitrate solution and further studies are in progress to arrive at the suitable process parameters. Once
established, the process can be employed for decompasition of ammonium nitrate solution generated both in

the front and in the back end of the nuclear fuel cycle.
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significant progress has been made on the 10 MeV RF based electron linac being commissioned at Electran
Beam Centre, Kharghar, Mavi Mumbai. The development work on the electron linac cavity has been
completed. A pulsed klystron based microwave power source for driving the linac cavity has been made in
collaboration with SAMEER.  Laser based liquid metal level sensor invelving triangulation technigue has been
developed and integrated with the experimental mercury loop for measuring the free surface of mercury

during experiments. The sensor has applications in measuring distances in radioactive environment.

For the K-500 superconducting cyclotron being built at Variable Energy Cyclotron Centre, the important
mechanical components such as three pairs of DEE stems (resonators), 3 nos. of RF amplifier systems, suppart

structures and drive mechanisms have been built in BARC and delivered to VECC,

For the EXAFS beamline of INDUS Il synchrotron for Raja Ramanna Centre for Advanced Technology, Indare,
several components and systems have been assembled and integrated together with appropriate computer

control system.

The researchers working in the area of astrophysics in BARC were successful in detecting emission of TeV
energy gamma from the BLAZER Mercurian-421 during the recent observation spell in Dec-05 to Jan-06, The
TACTIC gamma ray telescope at Mt.Abu has detected flaring episode from this extra galactic object earlier
also in 2001 and 2003. The recent observation spell of the present close object which is at 400 million light

years away was also monitored in the optical band using 2 m Hanle telescope.

Structural analysis was performed for the 32 m diameter tracking, dish antenna to be used by ISTRAC for
CHAMNDRAYANN-1 mission. The development of contral servo system for the 32 m deep space network
antenna is also progressing well in BARC.

A guadrupole Mass Analyser developed by BARC has attained the capability of providing a mass resolution of

1 amu, and a range of mass numbers upto 300 amu,

Photo-absorption experiments an some biogenic volatile organic molecules were carried out using beamline
at INDUS-1.

Anti-reflection coated polarizing beam combiner for multiplexing two high power dye lasers (573-576 nm and
594-598 nm) has been successfully developed. The device comprises 37 layers of TiQ, £ 5i0, thin films deposited
in sequence under controlled conditions.
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Air-spaced Fabry Perot etalon devices with ultra fine wave length resolution, which are not commercially available

in the country, were developed for dye laser wavelength stabilization.

Research activities in chemistry resulted in several important developments. The sonochemical splitting of water
to produce hydrogen from water methanol mixture has been well established. A large number of room
temperature ferromagnetic semiconductor oxide materials have been prepared and investigated in detail to
understand the reasons for the appearance of magnetic ordering at room temperature in these dilute magnetic

semiconductors which are important spintronics.

Polypropylene membranes grafted with acrylic acids using radiation technology have been developed for use in
alkaline batteries as separators. The grafted synthetic polymer in comparison to the conventional cellulose
membranes is found to have superior lifetime. The process has been scaled up to graft 100 m long films for
complete industrial trials.

Total reflection X-ray fluorescence technigue has been successfully adopted to differentiate rare earth tagged ink
samples from the untagged ink with high sensitivity. The technique has important applications in forensic
investigation to detect genuineness of printed documents.

The Honourable Prime Minister of India, Dr. Manmaohan Singh visited BARC, addressed the scientific community
on November 15, 2005 and inaugurated the new Super Computing Facility. The Parallel Computing Facility
ANUPAM-Ameya with 512 nodes cluster has now attained 1.7 Teraflopp High Performance Linpack (HPL) rating,
which is expected to go upto 2 Teraflopp shortly.

To facilitate BARC researchers to have online access to the scientific and technical information, the online
information gateway LAKSHYA and intranet SARASWATI have been successfully developed and implemented.
The prototype E-Sangrah, a digital library of Ph.D theses and publications of BARC scientists and engineers is
ready and will soon be made available to BARC community. To promote Hindi activities in the Centre, a dynamic
font technology based Hindi version of BARC website has been designed and hosted.

In the past three months, BARC has signed 5 MoUs and & technologies were transferred to the Industry. The MalJ
with Mational Institute of Ocean Technology was successfully implemented by commissioning low temperature
thermal desalination plant to produce 1 lakh litres of fresh water per day from sea water at Kavaratti,
Lakshadweep. The second Mol for the development of Instrumented Pipe Inspection Gauge (IPIG) and Caliper
IFIG for other sizes of oil pipelines has been signed with Indian Oil Corporation Limited {IOCL} in October last year.
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The crop improvement program of Nuclear Agriculture and Bio-technology Division continued to make excellent
progress. A new groundnut variety TG 38 B has been identified for release for Zone IV comprising Orissa, West
Bengal, Bihar and North Eastern States by the Indian Council of Agricultural Research (ICAR). The protocol for
tissue culture production of sugarcane plants has been established and plants are being field evaluated at
Parbhani and Akola in Maharashtra. In blackgram, DNA based molecular marker linked to Mungbean mosaic
virus resistance has been identified.

The technology was developed using radiation for making packed ready-to-eat pomegranate arils and French
beans during this period. India's first transgenic cynobacteria expressing regulator of heterocyst development
and green fluorescent protein genes were successfully constructed under a Department of Bio-Technology
sponsored project. A novel protein recycling phenomenon was shown to be a major component of post

iradiation of Dinococus radiodurans from exposure to 6-10 kGy of 8o gamma rays.

In conclusion, | would like to emphasise that we have plenty of challenges for the future. With the synergistic
effort of all of us in BARC the scientists, engineers, technicians and administrators, 1 am sure, we will be able

to rise to the occasion to meet the future challenges in a manner consistent with the tradition of BARC.

Srikumar Banerjee
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50 YEARS OF PIONEERING R&D IN
NUCLEAR SCIENCE

Reminiscences of Early Days

To mark the beginning of the Golden Jubilee Year
celebrations of BARC, a function was organised on
Friday afternoon, January 20, 2006 in the Central
Complex Auditorium, BARC, which was devoted to
the “Reminiscences of Early Days”. Twenty eight
scientists from within and outside Mumbai, who
were instrumental in  shaping India's nuclear
pragramme during its formative years, were specially
invited, to attend the function. Dr H.N. Sethna, Dr
PE. lyengar, Mr S.D. Soman, Dr VK Iya, Prof. B.M.
Lidgaonkar, br S.M. Sundaram, Dr G.
Venkataraman, Mr RK. Garg, DOr M. Kondal Rao,
Prof. R.Y. Deshpande, Mr 5. Sen, Mr TE.S. Murthy,
Mr M. Veeraraghavan and Dr K.S. Venkateswarlu
reminisced about the institution's early days and
recalled the challenges and the excitement of
working in the pioneering field of atomic and
nuclear physics, under the guidance of Dr Homi
Bhabha.

Dr Srikumar Banerjee, Director, BARC honoured the
distinguished invitees, by presenting them with a
shawl and a set of the commemaorative volumes of
50 years of DAE, a photo album titled “"BARC Today”
and also a framed photograph of Pandit Mehru in
conversation with DOr Bhabbha (with the Apsara
reactor in the background). The function was also
attended by a large number of senior scientists from
other DAE units in Anushaktinagar. Dr Banerjee

welcomed the large gathering at the Central
Complex auditorium and expressed his gratitude to
all the distinguished invitees for having readily
accepted his invitation to reminisce about the early
days of AEET. He also briefly mentioned about the
activities envisaged as part of the golden jubilee year
celebrations of the centre. He took the opportunity
to talk about the milestones in the Indian Atomic
Energy Programme achieved during the last fifty
years and said that all this would not have been
possible without  our founding fathers, some of
whom were present in the function. Dr Anil
Kakodkar, Chairman, Atomic Energy Commission
and Secretary to the Government of India, could not
attend the function due to unavoidable reason and
consequently his message for the occasion was read
by Dr Banerjee.

BARC History

In the year 1954, it was decided to build the
Atomic Energy Establishment at Trombay,
screened from the city of Mumbai by
Trombay hill on the west and bordered by the
waters of the upper reaches of the Bombay
harbor an the east. The Atomic Energy
Establishment, Trombay (AEET) and India's
first swimming-pool-type reactor were
formally inaugurated on January 20, 1957 by
the then Prime Minister Pandit Jawaharlal
MNehru. The swimming pool reactor was
named Apsara, Later, the establishment was
renamed in the memory of it's founder as
Bhabha Atomic Research Centre (BARC) on
lanuary 12, 1967 by former Prime Minister
Smt. Indira Gandhi. Consequently, the year
2006-2007 happens to be the Golden Jubiles
year of the centre, which is being celebrated
in a variety of ways, with a focus on our past
achievements and future goals.
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Dr 5. Banerjee, Director, BARC, addressing the
dignitaries during  the Golden Jubilee celebrations at
the Central Complex auditorium, BARC

After the welcome address of Director, BARC, the
distinguished guests were invited for their
reminiscences of the early days. Dr Sethna, a former
Chairman of AEC, and who happened to be one of
the few whao had initiated this prograrnme about 50
years ago, gave outlines of the Indian Atomic Energy
programme which were formulated when there was
hardly any technological or engineering expertise
available in the country. The objective was to make
use of our natural resources to the fullest extent
possible and draw a road map to accomplish the
same. He was extremely pleased to assess the
success of the Indian atomic energy programme
and attributed it to the whole-hearted support
extended by Pandit Nehru and to the vision of Dr
Bhabha. He also made a special mention of the
Member Finance, Mr 1.G. Patel who had initiated an
excellent administrative system, which enabled rapid
growth. He said that their top priority then, was to
ensure that the establishment would not turn
into a bureaucracy-ridden government institution.
Speaking of the peaceful experiment of May 18,
1974, Dr Sethna described it to be a definite
moment in our history. Dr G. Venkataraman, a
distinguished physicist was also of the same opinion
and said that Indians in the USA prided themselves
on their Indian nationality after the 1974 Pokhran
expeniment. Adding to Dr Sethna's views on the
administrative system, Dr PK. Iyengar, former
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Chairman, AEC said that Dr Bhabha had his own
ideas on administration that encouraged every
bureaucrat to give his best thus ensuring a
succession of good administrators. Citing  an
example, he said that AEET was the first institute in
India where a gazetted officer had no need to sign a
paper to claim his salary, which was automatically
credited to the individual's bank account. No other
government department had ventured to do so. He
also mentioned the high importance accorded to
manpower training and said that the department
owed it to Dr Ramanna and to the support of Dr
Bhabha. In 1942 Bhabha was asked as to how he
was going to organise the Indian Muclear Power
Programme with only a handful of nuclear scientists
available. He replied “Indians have been sitting at
the bottom and thinking and philosophising,
making new religions; | will turn them to Science
and Technology”. Indeed, the creation of the BARC
Training School cultivated interactions  between
researchers and students and resulted in generating
able scientific manpower for India's nuclear
programme. In this regard, Dr lyengar mentioned
about the contributions of late Dr PR. Roy and Mr
5.M. Seshadri who were graduates of BARC Training
School. Both Dr Sethna and Dr PK. lyengar assessed
the indigenous development of Indian Muclear

Dr H.M. Sethna, former Chairman, Atomic Energy
Commission being honoured with a shawl
by Dr 5. Banerjee, Director, BARC during
the Golden Jubilee celebrations



Energy Programme which is second to none in the
world and wished that we maintain our competitive
edge by pursuing the development of different types
of power reactors. According to Dr lyengar, Bhabha
had the vision of Rutherford (Father of nuclear
physics) if creating new avenues of research and
thus leap-frog into new technology.

Mr 5.D. Soman, a former Director of Health & Safety
Group while going down the memory lane, recalled
an instance of uranium contamination at TIFR, due
to which the upper forehead of Dr Mazumdar, a
tedical Officer at TIFR, had become red; radon
contamination at Tata Memaorial Hospital and
studies pertaining to the mapping of high
background areas in Kerala in the early days. The
remedial measures which were consequently taken
in the handling of fuel elements and neutron source
for the commissioning of Apsara indeed marked the
beginning of the Radiation Protection Programme of
the Department. He complimented the scientists for
their contribution in continuing to maintain an
excellent safety record. A mention of an important
operational procedure in Isotope laboratory was also
made by Dr VK. lya, a former Group Director. The
procedure required a proper documentation of all
the activities and a prior mandatory health physics
clearance. He dwelled on the development of
isotope technology at the Centre which had its
beginning at the old warehouse of the Bombay
Dyeing Mill at Prabhadevi and which led to the
setting up of a laboratory at South Site for work on
the production processes of isotopes and also a
small hot cell for producing Cobalt-60. The isotope
production activity got an impetus with the
commissioning of 40 MW thermal} CIRUS Reactor
and later with the setting up of HIRUR Speaking
about Bhabha, he said, “while full support was
given to scientists, at the same time appropriate
results were also expected”.

Prof. B.M. Udgaonkar, a former dean at TIFR who

was respansible for starting reactar physics research
activity at AEET said that Dr Bhabha wanted his

scientists to be broad-based in their approach.
During his deputation to Saclay to study the
beryllium reactor, he was also allowed to attend a
summer school in high energy physics. Prof.
Udgaonkar also mentioned the role played by TIFR in
developing the control system for Apsara. This
development was possible because requisite
experience in building electronic instruments was
gained by the scientists who were actually pursuing
basic research. The activity on electronics initiated at
TIFR, led to the setting up of a production unit at
Trombay and eventually to the formation of the
Electronics Corporation of India Ltd. (ECIL). Prof. R.Y.
Deshpande, a former Head of Technical Physics
Division talked of the instrumentation and
technology development activity that had its
beginning at TIFR and which blossomed at BARC.
Technology has to be developed and besides its
usefulness to science, there are profitable spin-offs
in the form of industrial products and which are
important for national development. This activity
was initiated by Prof. D.Y. Phadke and it paid rich
dividends in subsequent years. The development
and production of 200 large wolume plastic
scintillators, marked the beginning of detector
development technology. He said, "Those days we
enjoyed full freedom and whatever we proposed,
we were allowed to do so, but with a sense of

Dr PK. lyengar, former Chairman, Atomic Energy
Commission being honoured with a shawl
by Dr 5. Banerjee, Director, BARC during
the Golden Jubilee celebrations
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responsibility and commitment”. Dr G. Venkatraman
recalled "when 1 started working in AEET there was
no infrastructure and work began in the naval
barracks at Colaba. The Centre did not have a
vehicle of its own and work on the first reactor
Apsara had just commenced. | remember visiting
Trombay when there was only a solitary tractor to
clear the jungle. The sparkling BARC Campus now is
one of the best planned academic facilities.”
He said “Those of you serving here presently, do not
know how lucky you are”.

Mr T.K.5. Murthy, a former Director of the Chemical
Engineering Group while recalling the challenges of
waork said, "The subjects that we were working on in
the department in those days, were new to
academics, that indeed made our job more
challenging”. Mr R.K. Garg, also a former Director
of the Chemical Engineering Group expressed a
similar view and said, ”| joined AEET because of an
exciting job offer and that excitement continued
throughout my career”. He made a special mention
of his first experiments on the reaction between
uranium and calcum metal which led to the
development of new ideas  for  future
implementation and which eventually led to the
setting up of the production facility, the Nuclear Fuel

Complex at Hyderabad. It alsc marked the
development of unique chemical processes for
separation of various isotopes. He said the
congregation of experts from all disciplines under
one umbrella, makes BARC a unigue institution in
the country. Mr 5. 5Sen, another former Director of
Chemical Engineering Group mentioned about
Pandit Mehru's remarks on the day of the
inauguration of AEET, “Combhination of a nuclear
reactor represented by Apsara on one side and the
arfistic value and culture of Elephanta on the other
side might strike the right balance in life”. Mr Sen
said that Dr Bhabha's vision and Nehru's conviction
about the role of science and technology has made
India one of the few countries which possesses
comprehensive technology, for using nuclear energy,
for peaceful purposes. Mr Sen talked about the pace
of wark in the early days and said, “The Chairman of
the Canadian Atomic Energy Commission {during a
meeting in Vienna), told Dr Bhabha that if India
wanted a reactor they would have to bear half the
cost and a decision to this effect would have to be
made within 24 hours. Knowing that not much
could happen within 24 hours, Dr Bhabha sent a
telegram to Pandit Mehru and forgot about it. Dr
Bhabha was woken up at midnight and given the
Prime Minister's green signal to go ahead”.

Eminent dignitaries seen at the gathering of the Galden Jubilee Celebrations at the Central Complex auditorium, BARC
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Mr Sen said that when Dr Bhabha made a
commitment to the Canadians that half of the fuel
cost for the CIRUS reactor would be borne by India,
actually no facility existed at that time. The
development of the entire process and the setting
up of the uranium metal plant within 24 months,
speaks  wvolumes  about the  department's
commitment in  those days. Continuing his
reminiscences he said, "Pandit Nehru taught us how
ta visualize and plan and that was how the planning
commission came into existence. Dr Bhabha taught
us how to choose the right person and develop
appropriate  infrastructure. Later, Dr Sarabhai
brought in the concept of finance in R&D; that is,
research  should innovate and transform  this
innovation, into marketable techrnology. Quoting
Francis Baker, Sen said, "Science and technology
should go hand in hand. Knowledge is not to be
sought for pleasure of mind or for contention or for
superiority to others or for profit or for fame or
power, but for the benefit and use of life”. Mr Sen
wished that BARC would continue to work for the
benefit of mankind.

Dr Kondal Rao, a former Head of Atomic Fuels
Division talked about the difficulties faced during
the fabrication of reactor fuels in the initial period.
Lack of advice in the field and measuring up to the
quality assurance criteria of the Canadians were the
most important concerns in those days. He said,

"Today | am glad to hear that FETR production fuel
has already crossed the envisaged operational mark

of hundred thousand MWithermal}”. Mr M.
Veeraraghavan, a former Director of Reactor
Operations  Group  reminisced  about  the

commissioning problems faced with CIRUS. He said
that when power could not be raised at all, Dr
Bhabha decided to let the Canadians go back and to
undertake the commissioning work by ourselves.
Indian scientists and engineers eventually did bring
the reactor to full power and according to Mr
Yeeraraghavan, this was one of the greatest
achievements of that time. Dr K.S. Venkateswarlu,
former Head, Water Chemistry Division talked about
the role of chemistry and how 20 kgs. of uranium
nitrate was extracted from a drum of yellow cake.

The function concluded with a vote of thanks by the
Director, BARC. He said, "We heard several
anecdotes, we also got a feeling of the scientists
who were responsible for founding this great
institution. If | have to make a summary in one line,
it is the self determination of our scientists which
made things happen in the formative years. He
assured everybody that this message would be
carried forward by the younger generation into the
next generation”. Finally, he concluded the
proceedings by thanking the invitees, for having
accepted the invitation, to attend the inaugural
session, of the Golden Jubilee Year celebrations.

A group photograph of the dignitaries at the Golden Jubilee celebrations at Central Complex auditorium, BARC
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THE ROLE OF AQUATIC HUMIC SUBSTANCES
ON SPECIATION OF DIFFERENT ELEMENTS
IN SURFACE AND
SUBSURFACE WATER AROUND TROMBAY

R. K. Singhal , A.G.Hegde and M.L.Joshi
Health Physics Division

Introduction

Speciation studies of different physico-chemical

species of an element, in different environmental

matrices, is necessary for understanding their

behavior in the ambient environment. Various

radioactive and non-radicactive elements exist in a

variety of physico-chemical forms such as

» free metal ions,

» metal ions incorporated into
adsorbed onto suspended particles,

s small inorganic complexes and

e complexes with Natural Organic Matter (NOM)
each complex with its own unigue properties.

colloids  or

The toxicity, bio-availability,  bio-accumulation,
bio-degradability, persistence, mobility, solubility,
extractability and many other critical properties
depend on the form and nature of the chemical
species. Speciation analysis or simply speciation is in
fact, the determination of these distinct species.

Speciation has gradually gained wide recognition as
a vital component of environmental chemistry, since
knowledge about the total concentration of an
element in specific environmental compartment, is
often inadequate to explain all its properties.
The term speciation encompasses usually two
slightly different connotations of speciation namely
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1. Functional and
2. Operational

There may be an overlap between the two, but they
are not identical.

Functional speciation

Functionally, one can identify and distinguish
hetween species that are, for example

+ Available to plants or eco-toxic

s Species of an element that are more easily
exchangeable in mineral surfaces than others,
etc:

The International Union of Pure and Applied
Chemistry (IUPAC) has tried to dissociate speciation
from functionality by defining speciation as * the
process yielding evidence of the atomic or molecular
form of an analyte, even if this might be the
objective of all environmental studies.”

Operational speciation

Operationally, speciation is determined by the
physicochemical properties of the real natural
entities which are the so called species and analytical
technigues and means are available to the
researchers, to determine them.



Therefore, speciation, basically involves the
determination of the concentration of wvarious
fractions, which are clusters of species having
different physicochemical properties such as
extractable or detectable under specific conditions

and specific means,

According to various speciation models like CHESS
[Chemical Equilibrium Speciation Studies], one can
assume that these fractions correspond to specific
atomic or molecular forms and specific biochemical
or gec-chemical characteristics are attributed to
them. In inorganic analytical chemistry, speciation
has always been a vwital component of its
development, if not its starting point. The
determination of various nitrogenous species

(NO,, NO,, NH,™) offers a valuable example of early
achievements where functional and operational
definitions of speciation were found to coincide.
However, in the field of environmental and marine
chemistry dealing with metals, the developments
were more recent and perhaps, less impressive due
to inherent difficulties in the exercise. Various
inorganic and organic ligands in the environment
are given in Table 1.

MxLy where L' organic ligand

Analytical techniques for speciation of
radioactive and trace metals in the
natural environment

The techniques being wused in ES5, HFPFD, to

investigate  metal  speciation in agueous

environmental samples {e.g., freshwater, rain water,

marine aguatic environment) and solid samples

(e.g., fluvial sediments, soils and plants) are:

1. Size fractionation by ultra-filtration

2. Physicochemical characterization by Anodic
Stripping Voltammetry with a Rotating Disk
Electrode, Adsorptive  Cathodic  Stripping
Valtammetry

3. Competing Ligand Exchange Methods using
cation exchange resins

4. Atomic Absorption Spectrometry with Graphite
Furnace (AAS-GF) to investigate the dissociation
kinetics of the metal-complexes.

5. Capillary Electrophoresis  with Diode Array
Detector.

6. Zetasizer Mano 25 for the measurement of

dissolved species in the range of size 0.45 um to
and zeta potential

0.enm in the range

M{ag)~ where M- metal ion
MClein x=1 - 4
M{OH)tre x=1- 4

M(SOu) “in2 x=1-2

M{CO=)0, M{HCO:)

Carbohydrate e.q. giveol cellulose
Fatty acid e.g. CHa(CHz)=CO0H

Humic Acids

Fulvic acid

Alcohal e.g. CHOH
Porphyrins e.g. Chiloraphyll

| Sulphur compound  e.g.CHsSCHs, RSH

Table 1 : Various inorganic and organic ligands in the environment

=
I
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of size 5 nm to 10 pm and the measurement of

size ranging from 1000 to 2 x 10" Daltons of
moclecular weight.

Physical speciation of Uranium in

ground water

The behavior of uranium in ground water system is
getting considerable attention, due to its toxicity
The health effects of uranium can be divided into
carcinogenic and non-carcinogenic effects and these
classification systems are based on the radiological
risk of uranium isotopes and its chemical toxicity as
a heawy metal. At present, US Environmental
Protection Agency (EPA) has classified uranium as a
confirmed human carcinogen and fixed a regulation
level as maximum contaminant level (MCL) of
30 pgl’ (ppb). The World Health Organization
(WHO) strictly recommends a reference level as
2 pgl”'. Agauatic Humic Substances in ground water
system is an important speciation-controlling
parameter for uranium.

Uranium occurs in all rocks and soils, except for
continental igneous rocks. Silica-rich rocks such as
granite, contain high uranium concentrations
{average 4 ppm). The parent isotope of the decay

series, ~ U may enter the agueous phase by direct
dissolution or leaching of the rock matrix or by
selective dissolution or leaching of a mineral phase
within which uranium is concentrated.

All natural waters contain organic matter, the major
fraction of organic material is in the form of humic
and fulvic acids ie approximately 50-55% and
termed as Aquatic Humic Substances (AHS). AHS,
high molecular weight, refractory, yellow-black,
amorphous, macromolecular acids show appreciable
solubility in water and have following distribution.

Fulvic acids - AHS which range from 500 - 2,000
Atomic Mass Unit {amu); form 80-90% of the AHS
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fraction; yellow in color. Soluble in water at pH <2.
Humic acids - AHS which range from 2,000 -
100,000 amu; commonly associated with clay
minerals and Fe/Mn oxy-hydroxides; form 10% of
AHS fraction; precipitate from water at pH <2.

Once uranium enters the aguatic system it interacts
with natural organic matter (NOM) through sorption
or ion exchange processes. These processes change
the size and charge characteristics of the dissolved
uranium. The gquantification of NOM in aquatic
medium is carried out by the measurement of
Dissolved Organic Carbon (DOC),

The ground water samples were collected from five
different locations, spread over a distance of 1.6 km
at Trombay. From each location, three samples were
collected at one month intervals. Each time a two
litre sample was collected in a clean polypropylene
can. The samples were immediately filtered through
0.45um millipore membrane, using suction filtration
and spiked with UDEIJ' ion, using a standard solution
of Uranyl acetate [U(CH,CO0JUO,2H,0] so that the
final concentration of the solution was 30 ppb. The

samples were kept at equilibration, with intermittent
stirring.

The physicochemical characteristics of the samples
like pH and conductivity were measured. The major
cations and anions in the samples were analysed,
using an ion chromatograph (Dionex 500).
Calibration was carried out, by using Dionex mixed
standard, for cations and anions. Figure 1 gives the
concentration of DOC and non volatile DOC in
samples collected from different locations. The
concentration of DOC varied from 10.4 to 17.8 ppm
whereas the non volatile DOC varied between 0.8 to
2 ppm. The observed range of DOC is higher
compared to the reported range of 1 to & ppm, in
ground water systemn, in the USA (Choppin R.
Gregory, 1988) . The higher DOC is attributed to
dense vegetation around the sampling locations.
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Shanbhag and Choppin, 1981].
Complexation of UO,™ with humic
substances occurs mainly in acidic
waters, up to pH 6.7, while
carbonate complexes predominate
i at higher pH values. Shanbhag and
Choppin in their investigations of

the binding of uranyl ion to humic

acid at pH 8, found that in the

| absence of carbonate, the uranyl
=ik * ion forms 1:1 and 1:2 complexes
S *  with humates and binds to the
. carboxyl group. When uranyl ions

S a o St et s i encounter a reducing agent such as
organic matter (NOM), the uranyl
ions reduce to U(IV) and get
adsorbed on NOM of various
MNominal Meolecular Weight Cut-off
Fig. 1 : [A] Ratio of total DOG/Non Volatile DOC; [B] Total DOC; Limits (NMWL). Figure 3 gives the
and [C] Non volatile DOC at various sampling locations concentration  of  uranium in

dissolved fraction at various stages
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The samples were subjected to sequential ultra- of sequential filtration. From this
filtration, after filtering them through 0.45um filter  figure it is observed that most of the pseudo
(Figure 2). According to international convention,  colloidal population of uranium occurred in the size

particles which pass through a filter
paper with a pore size of 0.45um,
are termed as dissolved species and
called colloids. These dissolved
species (colloids) act as major
contaminant carriers.

Carrier colloids containing organic
compounds and wuranium may be
formed in two different ways (i) ion
exchange or sorption of radionuclides
on organic compounds (i) sorption
of organic complexes of the
radicnuclides on inorganic colloids

Fig. 2: Experimental set-up used for size fractionation of dissolved species.
Ultra-filtration cell is used in concentration operation mede,

Uranium (W1} complexation with Nitrogen gas is applied with pressure (2-3kg/Cm? ) directly to the cell.

: : : In this mode, solutes above the membrane molecular weight cut-off, are
NOM l-_las been discussed in detail retained in the cell, while water and solute below the cut-off, pass into the
[Choppin R Gregory,  1988; filtrate and out of the cell

[=1]
(=]
(=]
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range of 2.2 nm (30,000 NMWL) and 1.6 nm
(10,000 NMWL). The DOC that passed through
a 10,000 NMWL filter (1.6 nm approx.)
consisted mainly of fulvic acid. Whereas the
fraction >=1.6 nm was composed of both humic
and fulvic acids. Studies conducted by Moulin
et al, 1992, also reported that natural
uranium in the ground water system is bound
to humic colloids of nominal size, larger than 1
nm diameter,

Mean uranium concentration in various water
samples filtered through 0.45pm was 30.93
3.10 ppb. From this figure it is clear, that
uranium in 30k NMWL got concentrated about
5 times. Figure 4 gives the correlation between
MOM concentration (concentrated with 30 k
NMWL) and uranium. A strong positive
correlation (r=0.99) was observed between the
two.
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Fig. 4 : Concentration of uranium in 30k NMWL
at various locations.

Fig. 2 : Uranium concentration in various stages of

sequential filtration
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Experimentally observed pseudo-colloidal
behavior of uranium in ground water can be
understood on the basis of work carried by
Stumm and Morgan, 1981. They suggested
that sorption of radionuclides is frequently
governed by electrostatic forces between
nuclide species in aqueous solution and
surface charges of the sorbent. Many
suspended and colloidal solids in natural
waters have surface charge, originating from
ionizable functional groups (e.g. OH, COOH
etc.), from lattice imperfections at the solid
surface or isomorphous replacement within
the lattice or from adsorption of surfactant
ions (e.g. adsorption of an organic coating
onte an inorganic surface). These surface
charges attract the opposite charge species
of uranium [Sturnm and Morgan, 1981;
Singhal et al 2005 {1}].

Uranium present in soluble form in water,
passed through even the smallest pore size
(0.5 k NMWL). The concentration of uranium



Fig. 5 : Dionex with gradient pump ion chromatographic
system GDS0 and electrochemical detector EDSO,
PDA UNVVIS detector UWD 340, sample changer AS 50 Column
for anions, cations and transition elements and lanthanides
and chromeolean ion chromatography software

in this fraction is mainly due fo its complexation,
with carbonate. This complexation  kept the
uranium in  soluble form, even where the
concentrations of humic substances were high.
According to Shanbhag and Choppin, at pH 8
uranyl ion binding to carbonate displaces the
binding of wuranyl ion to humic acid, at high
carhonate concentration.

Fulvic acid is characterized on the basis of low
molecular weight i.e. = 10K NMWL. Experimental
results show that higher concentration of uranium
with 30 k NMWL and 10 k NMWL clearly indicate
that the binding of U{IV) and U(VI) by NOM was
found to be stronger for low molecular weight
MOM. The concentration in fraction concentrated
with <0.5K NMWL probably give the concentration
of uranium as UO,CO, [Singhal et al 2004].

Trace Metal in marine

environment

Speciation

Ultra filtration is used in speciation studies of trace
elements in coastal sea waters. Seawater samples

-

were collected from about 1km off-shore in
Mumbai Harbour Bay. The sampling was carried
out six times, over a period of four months and
all the samples were collected during high tide.
The samples were collected in: 5
polypropylene plastic cans. The plastic cans were
thoroughly washed with soap solution, followed
by tap and deionised water prior to sampling.
The sample storage procedure generally
acceptable for total metal analyses are not
appropriate for this work, since acidification and
freezing may induce irreversible change in the
speciation of an element. The samples were
subjected to sequential filtration from 2.7pm to
1.1 nm. The samples were analysed by lon
Chromategraphy ( Dionex-500, see Figure-5). A
typical chromatogram obtained during the
analysis is shown in Figure 6.

litre

Figure 7 shows the concentration of trace metal
associated with particle size in the range of >

2.7um, =27pm - >0.45pm and <=0.45um
§
.
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Fig. 6 : Determination of metal cations in sea water abtained using
sample pre-concentration. Conditions: column,
C18; eluent, 2mM octanesulfonate/d.350.5M tartrate gradient;
detection, UVAVIS at 510nm postcolumn
reaction with 4-(2-pyridylazo}-resorcinol (PAR)
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=0.22pm Figure 8 shows the concentration of
dissolved Fe, Zn, Cu, Ni and Mn. From this figure it is
clear that in the fraction concentrated with 10K
NMWL, the concentration of all the metals was
higher as compared to other fractions. In case of Fe,
a similar higher concentration was observed for
fraction  concentrated  with 500  NMWL
This distribution patterns of Fe may be due to the
interaction of humic material with colloidal iron
oxide resulting in a very stable colloid, as evident
from the higher concentration in fractions of 10K
NMWL and 500 MMWL.

The distribution of other heavy metals in various
dissolved fractions exist as species adsorbed on
colloidal humic acid and colloidal particles of iron
oxide coated with humic acid. The minor variations
in the distibution pattern of Zn, Cu, Mn and Ni
clearly indicate that the adsorption of these metal
ions on inorganic colloids coated with humus
material is more or less same,

Moore et al. (1979) and Laxen & Harrison (1981)
experimentally observed discrepancies in the metal
concentrations in different size fractions obtained
from ultra-filtration; for manganese in estuarine
waters and copper and zinc in tap water. They also
noted that the concentrations of these metals in the
¥M-300 (nominal pore size 14 nmj ultra-filirate
were invariably higher than in the 15 nm Nuclepore
filtrate. Low molecular weight hydrocarbons may be
leached from ultrafilters (Smith, 1976). However, in
the present work, this source of contamination is
eliminated by storing all the membranes in 0.1%
sodium azide and flushing with Elix-3 water prior to
use.

The distributions of Fe, Zn, Cu, Ni and Mn in
particulate and dissolved phases were identified in
the sea waters. The dissolved organic compound
plays an important role in the speciation of Fe, Zn,
Cu, Ni and Mn in sea water. Based on their
molecular weight, they are categorized as Humic
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thigh molecular weight) and fulvic acd (low
molecular weight). Humate coated iron oxide and
clay particles strongly adsorb trace metals, and these
pseudo-colloids forms of heavy metals, are often the
main dissolved species, present in marine aquatic
environment. It is also inevitable that in the near
future, water quality legislation for heavy metals
may possibly change the limits in either direction i.e.
higher or lower depending on the interaction of that
species with human metabolism (Singhal et al
2005{23}).
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=0.22um Figure 8 shows the concentration of
dissolved Fe, Zn, Cu, Ni and Mn. From this figure it is
clear that in the fraction concentrated with 10K
MWL, the concentration of all the metals was
higher as compared to other fractions. In case of Fe,
a similar higher concentration was observed for
fraction  concentrated  with 500  MNMWL
This distribution patterns of Fe may be due to the
interaction of humic material with colloidal iron
oxide resulting in a very stable colloid, as evident
from the higher concentration in fractions of 10K
MMWL and S00 NRMWL,

The distribution of other heawy metals in various
dissolved fractions exist as species adsorbed on
colloidal humic acid and colloidal particles of iron
oxide coated with humic acid. The minor variations
in the distribution pattern of Zn, Cu, Mn and Ni
clearly indicate that the adsorption of these metal
ions on inorganic colloids coated with humus
material is more or less same.

hMoore et al. {1979) and Laxen & Harrison (1981)
experimentally observed discrepancies in the metal
concentrations in different size fractions obtained
from ultra-filtration; for manganese in estuarine
waters and copper and zinc in tap water. They also
noted that the concentrations of these metals in the
XM-300 (nominal pore size 14 nm} ultra-filtrate
were invariably higher than in the 15 nm Nuclepore
filtrate. Low molecular weight hydrocarbons may be
leached from ultrafilters (Smith, 1976). However, in
the present work, this source of contamination is
eliminated by storing all the membranes in 0.1%
sodium azide and flushing with Elix-3 water prior to
Use.

The distributions of Fe, Zn, Cu, Mi and Mn in
particulate and dissolved phases were identified in
the sea waters. The dissolved organic compound
plays an important role in the speciation of Fe, Zn,
Cu, Ni and Mn in sea water. Based on their
maolecular weight, they are categorized as Humic
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{high molecular weight) and fulvic acid (low
molecular weight). Humate coated iron oxide and
clay particles strongly adsorb trace metals, and these
pseudo-colloids forms of heavy metals, are often the
main dissolved species, present in marine aquatic
enwironment. It is also inevitable that in the near
future, water quality legislation for heavy metals
may possibly change the limits in either direction i.e.
higher or lower depending on the interaction of that
species with human metabolism {5inghal et al
2005{2}).
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DEVELOPMENT OF A DSP-BASED DATA
ACQUISITION SYSTEM FOR IPIG PROJECT

S. K. Bahuguna, 5. Mukhopadhyay and 5. Bhattacharya
Control Instrumentation Division

M. B. Patil, Shantanu Das and E.B. Biswas
Reactor Control Division

Introduction

Control Instrumentation Division, BARC, has been
involved in the indigenous development of the
Instrumented Pipeline Inspection Gauge (IPIG),
under a memorandum of understanding signed
between BARC & the Indian Qil Corporation Ltd.
{IOCL). This inline inspection tool is used, to detect
and characterize metal loss defects in a buried
pipeline carrying petroleum product. The defects are
characterized according to their severity, to enable
the pipeline operators to take necessary preventive
action, prior to any disastrous failure. IPIG works on
the principle of saturating a section of the carbon
steel pipe, with high magnetic flux and monitoring
the leakage flux, on the inner surface of the pipeline.
In the presence of any defect, there is a change in
the leakage flux, which is sensed by two arrays of
hall sensors (primary and secondary). IPIG consists of
four modules i.e. Magnetic module, Data acquisition
system (DAS) module, Battery module and PIG
locator module.

A DSP based data acquisition system has been
developed for the IPIG project. IPIG is self powered
with lithium batteries. The electronics and power
supply are housed in sealed pressure vessels, within
a very limited space, thus restricting the size of the
battery. This DSP based data acquisition system has
been designed and developed for low power
consumption and is capable of performing on line
signal compression, enabling it to scan longer pipe
lengths.

Key features and specifications of DSP-
based data acquisition system

s Fixed point DSP processor based
s Low power consumption
s High computational real time signal processing

s Analog channels 2 160
Resolution sebit
Range 0-5 Volts/0-10 Volts
Selectable

Maximum sampling 600 kilo
rate samples/second

s Triggering method: Hardware selectable
Software trigger, On board pacer trigger,
External trigger

« Digital input & digital output: 8 bit

s Asynchronous serial port (RS-232) for personal
computer (PC) interfacing

» Real Time Clock (RTC)

« Watch dog timer (Programmable selectable).

» Ethernet for Data downloading

Basic block diagram of the DSP based
DAS

The data acquisition system (DAS) is an ADSP2101
DSP Processor based dedicated system. Two cards
have been developed to meet the requirement of
the system; a D5P based data acquisition module
card (DDAM) and a DSP based
module card (DIDEM).

IDE controller
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The DSP-based data acquisition system comprises of
two data acquisition module cards (DDAM) and one
IDE controller module card as shown in the figure 1.
One DDAM card acquires and compresses 80 analog
primary hall sensor data and the other one acquires
and compresses 80 analog secondary hall sensor

hardware. So the processor is free for compression

of the previous data and transferring the
compressed data to IDE controller card on request.
The IDE controller card works as master and the two
DDAM cards respond to the request. The
communication protocol is developed in such a way
even if one acquisition card
fails, the master would still
receive data from the other
Data loss (to a
certain extent) is also taken

card.

| DSPbased DE
(Flash Disk)
Controller

| Seral Port
(10M Bits's)

Fig.1: Conceptual block diagram of the data acquisition system

data. IDE controller card receives data from both the
ODaAM cards through its high-speed serial port and
stores the data in the flash disk. This new DSP based
data acquisition system consumes less power,
enabling it to scan longer pipe lengths and capable
of doing on line signal processing activity like data

COmpression.

The system comprises three DSP processors working
parallel to each other thus effectively enhancing the
overall speed. DDAM card is designed in such a way
that there is no involvement of DSP processor for
acquiring the data. The processor is used only at the
time of initialization of the data acquisition
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care of, by the task
scheduler, running data
storage and acquisition
tasks in parallel. The

system is configured to
multiple levels of recovery,
to override temporary
malfunction, triggered by
short time disturbances in
the environment.

Features of DAS and
IDE controller card

DSP Based Data Acquisition

Module (DDAM): DDAM is
a low power, high speed, high performance
multifunction DSP-2101 based data acquisition card.
It offers 80 analog channels, with overall sampling
speed of 600 Ksps. This data is buffered in 8Kbyte of
FIFQ, which can be read later by the DSP processor
when an interrupt is generated. DDAM has one
asynchronous serial port also for interfacing with the
PC, one synchronous serial port for communication
with D5P-based IDE controller card & one & digital
inputs port. This DDAM has one watchdog timer
too, for monitoring the system. Flash disk/Hard
disk controller card will take the data from DDAM
module through high-speed synchronous port
(SPORT) and store in the hard/Flash disk.




Fig. 2 : D5P based data acquisition module

D5P Based IDE Controller Module (DIDEM)

DIDEM is a low power, high speed DSP-2101

processor based IDE Controller
card. IDE controller card follows
ATAZ protocol and supports IDE
devices up to PIO mode-4. It is
used for receiving on-line data
from DDAM cards and storing it
in Flash/Hard disk. IDE controller
card will take the data from
DDAM module through high-
speed synchronous port (SPORT)
and store it in the Flash/Hard
disk. This DIDEM has one high-
speed asynchronous serial port
also for interfacing with PC, two
synchronous  serial ports  far
communication with two DSP-
based data acquisition cards
(DDAM) and one 8-bit digital
output port. IDE controller card
has  Ethernet  downloading
facility for downloading the

acquired data offline from
flash disk to other PC for the
purpose of analysis. IDE
controller card has one Real
Time Clock (RTC) also for
storing  time information
for different events and
one watchdog timer for
manitoring the system.

Al the cards, necessary
electronics and flash disk
are assembled and packed
in & specially designed
cartridge, to withstand
shock and vibration. This
cartridge is designed to
facilitate smooth assembly and dismantling of the
system and also easy replacement of any card or
component. It also improves the compactness and
ruggedness of the system.

Fig. 3: DSP based IDE controller module
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Fig. 2 : D5P based data acquisition module

D5P Based IDE Controller Module (DIDEM)

DIDEM is a low power, high speed DSP-2101

processor based IDE Controller
card. IDE controller card follows
ATAZ protocol and supports IDE
devices up to PIO mode-4. It is
used for receiving on-line data
from DDAM cards and storing it
in Flash/Hard disk. IDE controller
card will take the data from
DDAM module through high-
speed synchronous port (SPORT)
and store it in the Flash/Hard
disk. This DIDEM has one high-
speed asynchronous serial port
also for interfacing with PC, two
synchronous serial ports for
communication with two DSP-
based data acquisition cards
(DDAM} and one 8-bit digital
output port. IDE controller card
has  Ethernet  downloading
facility for downloading the

acquired data offline from
flash disk to other PC for the
purpose  of analysis. IDE
controller card has one Real
Time Clock (RTC) also for
storing time information
for different events and
one watchdog timer for
monitoring the system,

Al the cards, necessary
electronics and flash disk
are assembled and packed
in a specially designed
cartridge, to withstand
shock and wibration. This
cartridge is designed to
facilitate smooth assembly and dismantling of the
system and also easy replacement of any card or
compaonent. It also improves the compactness and
ruggedness of the system.

Fig. 3: D5SP based IDE controller module
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Fig. 4 : Electronic cartridge for DAS electronics

Tests performed on DSP-based DAS

The DAS, housed inside a pressure fight sealed
vessel was tested continuously, for the entire range
of functionalities, for three days under ambient
temperature. This time was compared with the
actual time taken by IPIG, to travel non stop for a
pipelength of 162 Kms from Mughalsarai to
Allahabad. The electronics equipment was subjected
to prescribed levels of shock and vibration on a
shock table at Hall-7, BARC and its performance
under monitored.  Full
IPIG with DSP- based data
acquisition system was tested in Linear Pull Through
Rig (LFTR) at CnlD, BARC, before transparting the
system to the Wet evaluation facility, 10CL R&D
center, Faridabad. The I0CL R&D center has an

those conditions was

configuration of
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above ground Wet test loop,
which is made up of 120-
long and 12-inch
diameter pipe and simulates
the ervironment close to the
actual pipe conditions. We
have evaluated the
performance of the DSP-
based IPIG in wet test loop.
The systemn was tested in
single and continuous run
mode in wet test loop for
evaluating repeatability of
data and ruggedness of the
systemn. After off line data
analysis at BARC, all the
features and faults of the
loop were detected. In the
last week of June 2005, a
field trial of IPIG with DSP-
based system in the actual
pipeline of 162 Kms (in the
Mughalsarai-Allahabad
section) was undertaken. The
performance of the tool was found to be
satisfactory in all respects.

meter

Other advanced applications

This DSP-based electronic tool can be used in similar
embedded applications, where low  power
consumption and high computational real time
signal processing is required in a compact and
rugged environment. For nuclear reactors, the
parallel processing embedded DSP architecture is
well suited for on-line reactor transfer function
estimation in real time. In nuclear power plant one
can use this system for Turbo Generator (TG)
vibration pattern meonitoring and other diagnostic
aids, for predictive maintenance of expensive plant
equipment,
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WORKSHOP ON PLANNING,
PREPAREDNESS AND RESPONSE
TO RADIATION
EMERGENCIES FOR MEDICAL OFFICERS

The 15th Training Workshop on Planning,
Preparedness and Response to  Radiation
Emergencies for Medical Officers was conducted by
the local working committee for Radiation
Emergency Medical Response (REMR) of BARC at
AERB Auditorium, Mumbai from September 20-23,
2005. It was attended by 37 doctors from different
units of DAE (NPCIL, NFC, IRE & BARC), teaching
medical college hospitals (KEM, Sion, Nair & I
Hospitals) and doctors from various units of Armed
Forces Medical Services.

Dr. FR. Medical Officer-in-Charge,
Trombay, BARC and Vashi Industrial Dispensary while
welcoming the Chief Guest, invitees and delegates

Bongirwar,

said, that the idea of conducting such a workshop
was conceived in the late 1980's soon after the
Chemobyl nuclear power plant accident on 26th
April 1986.

Dr PTV. Nair, Head, Medical Division & Chairman of
local working committee, REMR in his introductory
address said, that knowledge gained by medical
officers through this workshop should percolate
down to the level of medical and nursing staff at
their work places so that there is no cause for panic
in case of emergency. The medical personnel would
be in a better position to offer timely aid because of
the preparedness.

At the inaugural function seated from left to right are :
Dr FR. Bongirwar, Medical Officer-In-Charge, Trombay Dispensary, BARC,
Dr PT.V. Mair, Head, Medical Division, BARC, Chief Guest, Mr 5.K. Sharma, Chairman, AERB
and Dr D.N. Sharma, Head, Radiation Safety Systems Division, BARC
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Group photograph of delegates, invitees and Chief Guest Mr K. Muralidhar, Secretary,
AEC taken at the end of valedictory function

Dr D.N. Sharma, Head, Radiation Safety Systems
Division, BARC, in his remarks enumerated the
various causes of radiation accidents and the
consequences thereof. He said that radiation risks
were negligible if handled with care. He also spoke
about the 17 Emergency Response Centres (ERCs)
being developed all over the country with the nodal
centre at BARC, He further added that the RS5D had
developed several gadgets and systems for radiation
detection.

Mr  5K. Sharma, Chairman, Atomic Energy
Regulatory Board (AERB), in his inaugural address
congratulated the organisers on conducting such
workshops. He described AERB's mandate and its
work through various committess, to achieve its
goal. He also referred to the International Nuclear
Event Scale (INES) and said that in India there were
incidents of levels (INES 1-3) and never incidents of
levels (INES 4- 7). He stressed and emphasized the
need for training and emergency preparedness at all
times.

Faculty for the ftraining course was drawn from
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BARC, AERB and DAE. Apart from lectures and
discussions on various aspects of management of
radiation emergencies, the training course also
included visit of delegates to RMC, TMH and BARC,
Dr S.5. Galinde proposed a vote of thanks during
the inaugural function.

Dr. H.M. Haldavnekar welcomed the invitees for the
valedictory function held on September 23, 2005.
Or  ER.  Bongirwar,  course coordinator
summarized the deliberations of the workshop
including feedback and the comments given by the
participants.

Mr. K. Muralidhar, Secretary, AEC & Head, MSG,
DAE, presided over the valedictory function and
distributed certificates of participation to delegates.
He also distributed CDs containing detailed
information medical preparedness for
management of radiation emergencies to the
attending delegates.

about

Dr. Ravi 5. Jammihal proposed a vote of thanks at
the valedictory function.



BARC TRANSFERS TECHNOLOGY OF
ON-LINE DOMESTIC WATER PURIFIER
BASED ON ULTRAFILTRATION
POLYSULFONE MEMBRANE

The technology of "On-line domestic water purifier
based on ultrafiltration polysulfone membrane” has
been developed by Desalination Division, BARC. This
device is based on polysulfone type of ultrafiltration
membrane, which is coated on a unique cylindrical
configuration using phase inversion technigue. The
ultrafiltration membrane filters water containing
micro-organisms and suspended solids. The average

pore size of the membrane is 0.01micron and the

coating thickness is around 200 micron. [t removes
E-Coli bacteria to the extent of = 99.99% (4 log
scale} and also removes complete turbidity and
produces crystal clear water. This device does not
need electricity or addition of any chemical. It is
almost maintenance free except for occasional
cleaning of the membrane, on which suspended
solids get deposited and which takes just a few
minutes.

Photograph after signing of the agreement with M/s. SONADKA, Mumbai (Maharashtra), seen from left to right
Mr V. K. Upadhyay, TT&CD, BARC, Dr R. C. Bindal, Desalination Division, BARC, Mr A. M. Patankar, Head,
TT&CD, BARC, Dr 5. P Garg, Associate Director, KMG, BARC, Ms Soniya Lalla, Proprietor, M/s. SONADKA,

Mumbai, Mr Pradip Lalla, CEQ, My/s. SOMADKA, Mumbai, Mr Aditya Lalla, Technician, M/s. SONADKA, Mumbai,

Dr V. Ramachandran, Desalination Division, BARC and Mr B. K. Pathak, Head, TT5, TT&CD, BARC

b
[E]
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Photograph after signing of the agreement with M/s, Sarita Aquatek Industries, Indors (M. P) Seen from
left to right Mr V. K. Upadhyay, TT&CD, BARC, Mr B. K. Pathak, Head, TT5, TT&CD, BARC, Mr Rajesh Yadav,
CEO, M/s. Sarita Aquatek Industries, Indore, Dr. R. B. Grover, Director, KMG, BARC, Dr 5. Prabhakar, Head,
575, Desalination Division, BARC, Mr A. M. Patankar, Head, TT&CD, BARC, and Dr R. C. Bindal,
Desalination Division.

It produces about 40 litres of pure water per day at
about 5 psig head and works from 5 psig to 35
psig. The device filters out bacteria. There are no
dead bacteria in the final filtered water. (All the raw
materials required are produced within the country
and are available locally).

Since 2002, this technology has been transferred to
twelve parties across the country and most recently
to M/s. SOMNADKA, Mumbai (Maharashtra) on
August 10th, 2005 and to M/s. Sarita Aguatek
Industries, Indore (M.B} on August 23rd, 2005.

The following three parties have proposed to launch

the water purifier under the brand names:
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1. "PURITA" - M/s.
(Maharashtra)

2. "AQUA SURE ULTRA" - M/s. Aguamall Water
Solutions, Hyderabad (A.R)

3. "NEW WATER SYSTEM"- M/s.
Industries, Jalgaon (Maharashtra)

Aakar Technocrats, MNasik

Uptodate

The Technology Transfer and Collaboration Division,
BARC,
to the transfer of this technology; the follow-up
with the licencees and technology absorption /
commercialisation.

coordinated  all the activities related
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BARC SCIENTISTS HONOURED
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Dr PK. Tewari, Head, Desalination Division has been
nominated by the International Desalination
Association in the Board of Directors for the term
2005-2007. He was nominated by International
Atomic Energy Agency as Chairman of the
International Nuclear Desalination Advisory Group for
the term (2005-2008). He is also the Co-Chairman of
the Editorial & Scientific Committee of International
Journal of Nuclear Desalination.

T 9 S A wE,
e = R faiteE
T g Sy w fea de
TWE F WY FTE H TEHS

THfE T 955 B1E WIR TR R ¥ fow fatew
TIEE T GEYF. e foheE (T uE o
Teamiam), w07 e vE wiee e e & | W9
] U= FRE 2258 T T FIH S § | 5
TIH I B0 | S e HE 15 HEHET 2.5 Aigar
TE9-2 TR Ry S e |

Dr Surinder M. Sharma, Head, Synchrotron
Radiation 5Section has been clected Fellow of The
Mational Academy of Sciences, India. Last three
decades of research work of Dr. Sharma include
development of several techniques for diamond
anvil cell based high pressure physics studies,
working on a number of problems of materials
under high pressures, ¥-ray diffraction (energy as
well as angle dispersive), Raman scattering and light
absorption. His work on pressure induced
amorphization of materials, shock response of ruby
and carbon nanotubes is well known. His current
research interests includes the development of
beamlines for the upcoming 2.5 GeV Indus-2
synchrotron radiation source.

TE F g 0 IR S F
ARFES W AT WEE
T S gER g T A
TR F GEH FON N Tl
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Dr Sudhir Kapoor has been conferred with the
Fellowship of the Maharashtra Academy of Sciences in
recognition of his contribution in the area of chemical
sciences. DrSudhir Kapoor is currently working on the
elucidation of mechanism for the formation of metal
nanoparticles which have usage as a support for the
adsorption of biclogically important compounds.
Electron pulse radiolysis, fluorescence, ultra fast laser
pulses and surface enhanced Raman spectroscopy are
being employed to carry out these activities.

AF HeA ® I UE FEE
2004 & I® H wEEA &
Eaipie Al Lo
T ( T
aRefafes ZEERATE o
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12 21 HETE, TE ° 59 = A e w79 43 3
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The paper entitled The crystallography of the BCC to
HCP “Orthohexagonal Martensitic Transformation in
Dilute Zr-Mb Alloys : Part - | & 11" published in the June
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and October 2004 issues of Transaction of Indian
Institute of Metal was selected as the best paper of the
year. As a principal author Dr Dinesh Srivastava,
Materials Science Division was awarded "Binani Gold
Medal”. He was presented medal at the inaugural
function of the 59th Annual Technical Meeting and
the 43rd National Metallurgist Day celebrations on
MNovember 14, 2005 at [IT Madras, Chennai.

= . 3. AFE T 2. . v,
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TR AT (T SfrsehT e, ) hes™ rees 9= % fere
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Dr M.T. Janave and Dr A. Sharma of Food Technology
Division were awarded with the Best Paper Award
(G.5. Sirohi Award 2005} for their paper entitled
“Inhibition of Chlorophyll Degradation in Stay-green
Langra Mango (Mangifera indica L) Fruits” published
in Indian J. Plant Physiol. Vol. 9(2}, 112-117, by Indian
Society for Plant Physiology, Mew Delhi on the
Movember 23, 2005, during the inaugural function of
the Mational Seminar of the Indian Society of Plant
Physiology, organised at Mavasari Agricultural
University, Mavasari, Gujarat.
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A paper entitled "Development of the 20 MeV High
Intensity LINAC”, authored by P Singh, 5.ML5. Rao,
Rajni Pande, T. Basak, Shweta Roy, M. Aslam, P. Jain,
BK. Nema, 5. Krishnagopal, 5. Kailas and V.C. Sahni
was awarded Best Paper (poster) award during the
DAE-BRMS 50th Symposium on Muclear Physics held at
the Bhabha Atomic Research Centre, Mumbai during
December 12-16, 2005.
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