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Introduction

Processing of ceramic materials is known lo mankind from very early ages. The first
products were the baked earthen pots and later the sophisticated china pottery.
Generally, the ceramiz malterials are associated with high chemical stability at elevated
temperatures without large change in the physical properies. These properties
associated with ceramic materials make them highly atiractive for their use as nuclear
fuel matenals. Oxides, carbides, nilfdes, silicides of uranium, thorum and plutonium
and their mixures fall in fhis category. Powder metallurgical routes have been
established for the production of oxide, carbide and nitride fuels, The blished
procedures have been used industrially for the production of UOs, (U Pu)Oz, (UPujC
pellets successfully, Fabrication of UQ; pellets using powder metallurgical process for
the power reactors is a very well established route. However, the following problems are
associated with the fabrication of Pu or U-233 fuels using powder metallurgical route.

Handling of large quantity of highly toxic radioactive powders.
Large number of mechanical steps in the fuel fabrication flow sheet.
Difficulties in remotisation of the process as a conseguance of the above.

Increase in the man-rem problems with the aging of the fabrication faciity becauss
of 2#14m built up.
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Sol-Gel Processes

For the above reasons, the powder metallurgical
routes are considered not ideally suited for the
fabrication of Pu or 28U bearing fuels as they
involve fabrication facility to be housed in glove-
boxes and remote handiing. In eary sixties,
attempts were made to develop solufion-based fuel
fabrication processes for the production of Th-23U
fuels. Solution-based routes were first investigaled
for the production of spherical coated particle fuel
for the High Temperature Gas cooled Reactors
(HTGR). The coated  fuel microspheres (UCz
UThCz) were manufactured by using new
solutionfsol-based routes called Sol-Gel process.
The name Sol-Gel process is a generalized heading
for chemical routes which invoives the gelation of a
droplet of sol or solution of the desired fuel material
into a gel microsphere. These are washed, dried
and heat treated to obtain high density microsphere.
These processes offer a large number of
advantages over the conventional powder route.
Sol-gel processes do not require handling of
radioactive powders and involve handiing of fluids or
fluid like materials which are ideally suited for the
remote handling. These processes also minimize
the number of mechanical operations and thus
reduce the man-rem problems.

Various countries  having  plutoni fuel

also known as Infemal Gelation process, was
developed at KEMA laboratories in Netherlands and
in many other laboratories fike at ORNL, KFA, in
Russian labs, in Czechoslovakia labs, at
Wurenlingen in Swiss labs, BARC, India, etc.

The sol-gel routes are designed to use the output of
reprocessing plant in the form of solutions and
convert them into consolidated gel particles, thus
eliminating the powder handiing and the associated
hazards. Vibro- compaction of multiple sizes of high
density microspheres i fuel pin cladding has been
used to fabricate VIPAC type fuel pins. The history
of irradiation behavior of power reactor fuels favour
pellet fuel. Thus, a hybrid process involving the sol-
gel process in the front end of fuel fabrication
merged with the pellet making process called Sol-
Gel Microsphere Pelletisation (SGMP) process was
developed to gel the best of the two processes.

Internal Gelation Process

Internal Gelation Process (IGP) is one of the well
studied process in BARC for the preparation of gel
microspheres of UOz, ThOgz, (U,Pu)Oz (ThU)Oz
efc. The process uses the solutions of the nitrates of
uranium, thorium and plutonium or their desired
mixtures. The cooled (~0°C) metal nifrate solutions
are mixed with urea and HMTA (hexamethyle-

development programme  developed  different
versions of sol-gel processes, At ORNL, USA, a sol

ydration process was developed. The process
was demonstrated for the production of ThOy, UQy,
{U,Pu)Os, and (U, Th)Oz micraspheres. Anather sol-
based process was developed at CNEN in ltaly
called SMAM process, The process was a
combination of external gelation of sol droplets in
organic medium. At KFA, Germany, a solution-based
process called 'sxtemal gelation (KFA) process' was
developed for ThOz and UOz microspheres, At
Harwell, UK, another version of extemnal gelation
called 'gel supported precipitation’ was developed
for UQy, (U,Pu)0: microspheres. KEMA process,

ing) solution In cooled condition (~0°C).
The droplets of this mixture are contacted with hot
all (silicone oil ~30 °C) to make gel microspheres.
These gel microspheres are washed first with CCle
to remove the sllicone ol and then with NHsOH
salution to remove excess gelation agents — HMTA,
urea and ammonium nitrate. The washed pariicles
are dried at 150°C in air and then calcined upto
500eC to remove residual organic matter and
ammanium nitrate. The calcined microspheres are
then reduced in Nz+H; mixture at 600°C. The UO:
microspheres thus produced are sintered at 1200¢C
for 3 hrs o produce >39% TD microspheres. The
flow chart of the Internal Geletion Process is given
in Figure 1.
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metal nitrate solutions. Urea (CO[NHz)2) reacts with
the heavy metal ions U(VI), Pu(IV) and Th{IV} at low
ture ~0°C to form complexes which prevent
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Fig.1 Flow Chart for infemal Gelation Process

The gelation behaviour of feed solution comprising
of metal nitrate solution, HMTA and urea is the
deciding factor for the properties of the gel particles,
Studies have been camied out in FCD, BARC, to
establish the gelation behaviour of the feed solution
as a function of gelation temperature and the quality
of resultant gels.

Resulls of these studies for feed solution containing
uraniym and thorium solution as 8 function of feed
compesition have been consolidated o yield
gelation field diagram.

The gelation behaviour of the feed solution is
understood from the way urea and HMTA react with

hydrolysis at low temperature of these metal ions by
HMTA ((CHz)eMd). The metal ion complexes
dissociate during gelation as they are unstable at
higher temperatures. Metal ions hydrolyze as per
reaction (1)

(U0 3+H0 = (UDAOH) +H* i
A{UO; (OH)*! = (U0 (OH™ oo ()

Reaction with HMTA takes placs in two steps,
(CHzleMa + H*= ((CHaJeNa) H oo )

(CHaJshaH~+ OH;0 = BHCHO +
NHg* +3 NHOH ..... (4)

Ammonium  hydroxide generated reacts  with
hydrogen ion to neutralize and form the metal ion
polymer  (UQ; (OH)js*". The properies and
molecular weight depends on the kinetics of
reactions. Reaction (3) is fonic in nature and thus
fast, and reaction (4) is comparatively slow. Thus,
the properties of the gel depend on whether the
hydrolysis is caused by reaction (3) or by reaction
(4). When large molar ratio of HMTA/U is present,
majority of hydrolysis is completed by the reaction
{1). Resultant gel because of fast kinetics does not
allow growth of crystallites and the gel formed is
fransparent of translucent.
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The gels formed with lower molar ratio of HMTAU in
the solution are predominantly formed by reaction 4
and thus the crystallites of the patymer are allowed
io grow becausa of slow kinetics. These variations
are clearly seen in the gelation fleld diagram as
shown in Figure 2,
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Fig.3 Gelation field diagram for thorium

Figure 3 shows gelation field diagram for thorium.

Feed composilions having uranium  molarity
batween 1.0 to 1.4 M have been  successfully
used for the preparation of UDs ge! pariicles. These
gel pariicles have been sintered to make >B8%TD
U0; micrespheres of 500 to 700 pm dia. Figure 4
shows sintered UO; microspheres. These
microspheres are well suited for the wvibro-
oompacl]nn of fuel pins.
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Fig.# Sinlor U0; microspheres of 700y dia

Regions involving lower molarity of uranium (0.7 to
0.9M) have been used for the preparation of U0 of
smaller diameters between 70 fo 100 pm dia, The
regions Involving higher motarity of uranium >1.35 M
use lesser quantity of gelation agents HMTA and
urea per kg of uranium processed. Using two sizes
of microspheres, fuel pins can be vibro-compacted
to give 82-83% smear density in the fuel pin. Such
fuel pins have been fabricated and Irradiated in Fast
and Thermal Reactors in many countries, In plle and
post iradiation examination, results of such
experiments with mixed oxide and carbide fuels
have been very encouraging.

SGMP

SGMP processes for the fabrication of UDz and
(UPu)O: pellets have been studied in Fuel
Chemistry Division and Radio Metallurgy Division of
BARC. Originally, gel spheres containing carbon
pore former were used for the process which
required very long and highly controlled heat
trealment schemes. The SGMP process was
modified by the use of gelation field diagram.
Compositions of feed soiutions suitable for obtaining
crushable UQ: microspheres were identified by
cbserving the regular change of dry gel properties
as a function of feed composition.

The flow chart of SGMP for oxide peliets is given in
Figure 5. Sultable feed composifions along with the
calcination and reduction steps of heat treatment
have been chosen to optimize the properties of the
dry gel microspheres that do not shrink during
futher heat ftreatmenl and are soft. The
compositions suitable for the SGMP are having
higher molarity of uranium (>1.4 M) in feed solution,
The pressed pellets are sintered at desired
temperature to make high density peflets. Low
Temperature Oxidative Sintering (LTS) procedure
has been used to make UQ; pellais  suitable for
PHWR., Figure 6 shows various stages of SGMP for
making sintered  UO; peflets,

Two fuel bundies using SGMP pellets have been
successfully imadiated at MAPS.
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Fig. & Stages of SGMP for UO; peliets

A similar SGMP process has been oplimized for the
preparation of ThOz and (Th,2%U)0: pellets for
thelr use in fabrication of fuel elements for AHWR.
Various stages of SGMP for ThO; are seen In
Figure 7,

Fig. 7 Stages of SGMP for ThO; paviats

A glove bax facility for the preparation of (U,Pu)O2
microspheres has been set up at FCD. Figure 8
gives the delalls of the gelation setup in a glove-
box.

&

Fig. 8 Getation equipment in glove-box



Fig. § Fore-runner facility af FCD

A fore-runner sol-gel facility has been sel up al
FCD. This setup is operated using a fully
computerised control system. The setup has been
used as a demansiration facility and has also been
used for the qualification of equipment suitable for
all future sol-gel facilities. The fore-runner facility is
seen in Figure 9. A demonstration plant for sal-gel
MOX microspheres is being set up al AIF Tarapur
and another sol-gel facility is being set up at FCD,
IGCAR at Kalpakkam.

The Sol-Gel Team

The team responsible for the development of sol-gel
process comprises of following officers of FCD
and RChD : Dr. SKMukerjee, Mr R.V.Kamat,
Mr  S.Suryenarayana, Mr  S.\Venkateswaran,
Mr 5.B. Rajure, Mr J.K. Joshl, J. Radhakrishna,
Mr N. Kumar, Dr J.V. Dehadraya, Or. K.T, Pillai,
Mr Ashok Kumar, Mr A.C. Deb, Mr Rajesh Pai,
Mr V.R. Ganatra, Mr ¥.R. Bamankar, Mr T.. Vittal
Rao, Mr LB. Pable, Dr.D.D. Scod (IAEA), and
Dr. VN, Vaidya.
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AN ULTRA-SENSITIVE RESONANCE IONISATION MASS
SPECTROMETER AS A MEDICAL DIAGNOSTIC TOOL FOR

41Ca MONITORING

M. V. Suryanarayana, M. Sankari and P. V. Kiran Kumar
National Cenire for Compasitional Characiedisation of Materials
EBhabha Atomic Research Centre

Hyderabad-500 062

Delermination of rare radi and stable
isolopes has gained imporiance in environmental,
nuclear physics and medical applications [1,2]. For
example, determination of #8r and %Sr Isolopes in
the air is important to understand the effects of
nuclear fallout as a result of nuclear reactor
aceidents and above ground nuclear weapon tests.
Acturale delermination of rare nucfides in various
samples is also important for estimating the yields of
nuclear detonations [3]. Determination of rare
|sotopes i possible largely due to the development
of laser based methods such as diode laser

jonisation  mass  sp y and

collinear

Determination of long-lived rare 41Ca (Tiz = 1.04
x 108 yr) isotope is important for applications in
cosmo-chronology and nuclear physics. In cosmo-
chronology, determination of extremely low levels of
4Ca would enable radio dating in the region of
104108 years. In nuclear physics applications,
determination of #1Ca: #Ca ratio in calcium rich
materials (ca. walls) allows one to determine the
cross section of 'Ca (n, y } 2Ca nuclear reaction.

Cwver the past two decades, new applications using
stable isofope fracers have been developed for
trace element metabolism in the human body. One
of the primary advantages with the stable isotope
techniques i that it can be used on children
including Infants and pregnant women who are
considered as high risk group with respect to
malnutrition. Stable isotope techniques also enable
manitoring the availability over extended period of

tima. The avalable lechniques, however, ars often
insufficient to g the desired informati

Studies on calcium kinetics in the human body lead
to vital information about the growth and decay of
bones in humans. Osteoporasis, a known bone
disorder, is caused by excessive loss of calcium,
which results in aboul two milion hip and spine
fractures every year, Although osleaporosis ocours
both in men and women, women are at higher risk
due to the reduction in estrogen production at
menopause, Since nearly B0% of the Indian women
are i during preg [4], isa
majer concem.

The radioisotope #/Ca (about 60ng) can be injected
for in-viva study of calcium kinetics in the human
body [5]. In order to study the calcium kinetics for
extended periods, one need to use methods, which
can provide high sensitivity, The ratio of #1Ca is
expected to be ~ 10 - 102 relative to stable #Ca
isotopa,  Therefore, determination of 4Ca in
presence of stable calcium isolopes requires a
technique which can give an abundance sensitivity
of 210" Most of the conventional mass
specirometric techniques can yield abundance
sensitiviies of < 108; therefore such techniques can
not be used in applications for the determination of
rare isotopes. In such cases, one need o employ
special analytical techniques such as Acceleralor

Mass Sp v (AMS) or R lonisati
Mass Sp Yy (RIMS). R ionisation
mass spectrometry is considered as a cost-effective
altemnative to the expensive AMS,



A combination of high ion laser sp i

bulated in Table 1 along with the field and mass

and conventional mass spectrometry has opened up
emng applications h1 several areas due to its high

y and sel y. High ek tal selectivit
(in several cases, hlgh isotope  salactivity) ns
achisved by utiization of lasers with sufficiently
namow linewidth and high sensitivity is achieved by
choosing a combination of appropriate atomizer,
mass spectrometer and excitation laser(s).

Laser Spectroscopy of Calcium

Calcium has six stable isotopes namely #Ca
(96.941%), *2Ca (0.647%), “Ca (0.135%), “Ca
(2.086%), *Ca (0.004%) and *Ca (0.187%). The
long-iived +'Ca radio-isotope has an abundance of
=10+0%,

Studies on lsotope shifs (IS) and hyperfiine
structure (HFS) of calcium isotopes are of interest
due to several reasons. The nuclides %Ca and %Ca
ate both doubly magic. Determination of HFS (in
case of odd isotopes) and IS of caicium Isolope
chain yield information about the effects associated
with the addition of neutron in the fiz shell. The
isotope shift can be related to the nuclear parameter

(¥*) by the expression
; A=A

Eva..n_Fxxna MX_A-A_ {1.:
In case of calcium, the nuclear parameter () can
be replaced with mean square nuclear charge
radius ()", Therefore, isotope shift can be
directly related to the mean square nuclear charge
radius of the isolope

S @
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The values of F and M for a transition can be
determined if the isotope stiffs and the 5(%)
values for a chain of isotopes are known. King's plot
analysis has been camied out for the 457 1So - 4sdp
1Py (422.7nm) and 4sdp 'Pey —dsdd 1Dy (732.8nm)
lransitions and the F, M values determined are

shifts. As expected, in this case, the isotope shifts
are predominantly mass shift, since the field shifts
are quite small owing to the small or negligible
nuglear deformations. The computed isotope shifts
of 4Ca for the two fransitions were in good
agreement with the reported experimental values,

Table 1 : Computed field shift parameter (F),
mass shift parameter (M) and field and mass

shifts for two calcium transitions
P 42.Tnm | 732.8nm
F (MHz/ ) 17398 |78

| M (MHz-amu) 362755.00 | T36620.07
Field Shift Svss" | 209 0.8
(MHz)
IMass Shift 2119 44515

| v (MHz)
Isotope Shift
5 (MHz) 22328 44324
Calculated

| Experimenta 218 4789

Determination of magnetic dipole (A} and electric
quadrupole (B) constants for the odd isotopes,
would enable determination of nuclear magnelic
moment (), electrc quadrupole moment (Q) and
the nuclear spin (I). In the absence of hypedine
anomaly, the hyperfine structure of the rare isotopes
can be determined based on the HFS of known odd
isotopes, The speciroscopic investigations of this
nature would enable one to identify efficient
photoionisation schemes for the selective ionisation
of #1Ca Isotope.

RIMS of Calcium

A resonance ionisation mass spectrometer for the
selective determination of 41Ca isctope requires
high detection efficiency and high isotopic selectivity
apart from complete suppression of isobars (ie.,
high el | selectivity). Since high el i

selectivity is inherent in the laser excitation process,




the aspects related to sensitivity and selectivity are
discussed below.

Sensitivity

to 100% (in the excited plume), if the initial
abundance of the Isotope ks 0.001%.

The overall selectivity in a RIMS process comprises
of selectivity due to the optical excitation and
lectivity due to the mass spectrometer.

If the efficiency of

(ai), transportati
(), interaction (nr), ionisation (1) and detection
{nes) are close to 100%, then single alom defection
can be achieved. The probability of single atom
detection (nss) is expressed as
Naaz = Nat * Tr™ ™ Thon * N
In a resonance ionisation mass spectromeler, it is
possible to ionize all the atoms in the interaction
ragion and detect them. Thersfore the overall
sensitivity 18 dependent on  atomization,
portation and | lon efficiencies. By
choosing appropriate combination of lasers, atom
source and mass specrometer (viz, cw lasers,
filament atomisation source and a GMS) one can
achieve an overall efficiency of 10+% [7],

Selectivity

Selectivity is defined as the ability to lonize the
desired isolope while leaving the unwanted isotopes
unexcited, Isolopic selectivity for a transition is
defined as the ratio of the intensity of the isotope of
interest at its resonance to the infensity of the
Interfering isotope at the resonance frequency of the
tsofope of interest.

For a two-step resonance ionisation, selectivity is
defined as

S{ow) = Rl 227) @

[PENCER

whare, lu{e,.o2) s the abundance of the isotope in
the excited plume when the first laser is tuned i w1
and second excitation laser is tuned to wa for
isotope M1 and lel®ww:) js the abundance of
isotope M2.

For example, an optical selectivity of 10° implies
that the abundance of the isotope can be increased

5 =8 * S )

When the abundance of the rare isotope is 109, the
desired selectivity of the RIMS process must be >
104, Since most of the conventional mass
spectrometers  can  provide selectiily (ie.
abundance sensillvity) of ~10¢, the desired optical
selectivity due to the laser excitation process is
~104,

Since the Isolope shifts of the calcium isotopes are
small, it requires two-step excitation In order to
achieve an overall selectivity of 10% A typical
photoionization scheme for the selective ionization
of #Ca is given below,

457 '5, Iy deap P, TEEN L 4e4d D, +Ca’

Table 2 : Optical selectivities of calcium
isotopes for the s, warey wip» g is-e o

photoionisation scheme
Selectivity
(Against *Ca)
sotope | by oeent work | Ref[10]
4Ca 5.5x 108 25x108
4Ca 1.3x107 13x107
#Ca 5.3x107 5.3x107
4Za 18108 1.9x 108
%Ca Bix108 ax 108
“Ca 22x100 25x 108

The optical selectivities of calcium isotopes have
bean calculated using spectral simulation method
developed by us (Table 2) for a laser linewidth of
0.5MHz [8] The details of spectral simulation
method can be found in our recent report [9],
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Fig.1 Cptical selectivify of #'Ca as a function of detuming of first and second exciation lasars

Isotope selectivity of 41Ca as a function of detuning
of both the excilation lasers is plotted as three-
dimensional plot in Fig. 1, The present calculations
indicate that an optical selectivity of 5,5 105 can be
achieved when the first and second excitation lasers
(having a linewidth of 0.5MHz) are tuned to
+166MHz and +445MHz respectively from the
resonance of “Ca position. These frequency
positions commespond o the most intense 7/2 - 92
and 9/2 - 11/2 HFS components, When lasers with
a linewidth of S0MHz are employed for both the first
and second excitation steps, the optical selectivily is
found to be 2.2 105, which is adequate for the
applications intended,

Conclusion

Determination of 4'Ca in various samples requires
an isotopic selectivity of ~10® and ionisation
efficiency of 10%%. This can be achieved by the
development of a diode laser RIMS system
consisting of a filament atomiser, quadrupole mass
spectrometer and diode lasers. From our theoretical
study, the linewidth requirement of excitation lasers
is found to be ~50MHz. Based on these parameters,

it Is possible to build a diode laser based resonance
jonisation mass spectrometer at a cost of about
rupees eighty five lakhs. Sensitivity of such RIMS
system enables one to study the calcium kinetics for
more than a year. This makes #Ca analysis
affordable not only for use in bone research, but
also as a routine diagnostic tool in the hospitals.
Apart from this, development of a cw laser RIMS
opens exciting possibilities for the determination of
other rare isotopes up o an abundance ratio of
1:10-0,
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COMPUTER CENTRE
INAUGURATED AT
BAL KALYAN NAGARI,
MANKHURD

October 27, 2001 was a red-letter day for the 400
children of the Bal Kalyan Nagari (BKN), Mankhurd.
Dr And Kakodkar, Chalrman, Alomic Energy
Commission and Secretary, Govemment of India,
inaugurated a Computer Centre in BKN on that day.
BKN is an institution (administered by Children's Aid
Saciety (CAS), Gowt. of Maharashira), for the socially
and financially deprived children (age group 8 to 18}
and is siuated outside the main gate of
Anushaktinagar residential complex. The Chalrman’s
mother and wife also accompanied him. Itis pertinent
to mention here that the computers at the Computer
Centre (six used computers but in very good
condlfion) were donated by BARC to this Institution
during August 2001, Volunteers residing in
Anushakfinagar impart free training on computers to
the children,

R
A

Dr Anil kakogker, Cheimmen, AEC & Secretary, Deparfmenf of
Atomic Enargy, moving among the chiidren of the Bal Kalysn
Nagari, Mankhurd

A funcion was organised by BKN for the
inauguration ceremony, Prominent authorities of
CAS, children and staff of BKN and dignitaries from
other social organisations and BARC attended the
function. Ms Kamal Abani, a social worker from
BARC colony, actively involved with the institution for
the last so many years, introduced the chief guest,
Mr M.5.S. Murthy, Deputy Chief Officer of CAS,
traced in length about the history of the Soclety,
which Is in existence since the year 1927. Mr DN,
Mandlekar, IAS, Administrator, CAS, profusely
thanked BARC for donating the computers and also
siressed the need for computer education among the
children of the institution, as it would help them to
become self-refiant when they leave the institution at
the age of 18 years. The chief guest, Dr Anil
Kakodkar, who spoke passionately, exhorted the
children to have all-round development so that, when
they grow up, they should be in a position te help the
sociely. He stated that helping the socially needy
children is everyone's responsibility, Dr Kakodkar
also pointed out that BKN is & nelghbour of
Anushaki and the volunteers from the colony
are already helping the inmates of BKN. He also
extolled the staff of BKN for the good work,

Mr S.A. Jadhav, Administrator, BKN, while propesing
the vote of thanks, said that BKN is specially thankful
to Dr Anil Kakodkar, Chairman, AEC, and




Mr B. Bhattacharjee, Director, BARC, for the kind
gesture shown by them in gifting the computers to
the BKN. He thanked Dr Kakodkar and his family
members for sparing their valuable time to visit the
centre and encouraging the children in  their
endeavour to become good citizens, He also
thanked officers from BARC specially Mr HK. Kaura,
Head, Computer Division, Mr P.S, Dhekne, Officer-in-
Charge, Computer Centre, Mr V.R. Sadasivam, IFA,
Mr V.P. Kansra, Director, NRG, Dr Vijai Kumar,
Head, Library & Information Services Division, Mr
R.S. Chhakra, Project Manager, FRDL a & PPAP, Dr
M.C. Abani, Head, Radiation Safely Systems Division
and Mr R.S. Sadagopan, Scientific Officer, for their
valuable help in providing computers to BKN.

Ta sum up, the function, albell difierent from the
ardinary, was a grand SUCCESS.

TRAINING COURSE ON
HEALTH AND SAFETY

The 22 Course on ‘Accident Prevention and
Promotion of Occupational Health and Safety' was
conducled during Cctober 8-18, 2001, This year, for
the first time, the course was conducted jointly by the
Radiation Safety Systems Division (RSSD), BARC,
and the Directorate General Factory Advice Service
& Labour Institutes {DGFASLI), Mumbai, A total of
45 persons from the middle management/supervisory
level from BARC as well as other DAE units
participated In the coursa.

In his Welcome address, Dr M.C. Abani, Head,
Radiation Safety Systems Division, BARC, gave an
outline of the course and also stressed the
importance of safety training in inculcating safety
culture in the Centre. Giving a brief outiine of the
DGFASLI activites, Mr 5.G. Dutta, Director-in-
Charge (Safety), stated that DGFASLI is involved in
framing the Health and Safety Acts and Rules and
also in assessment of health and safely status of
Factories. He added that DGFASLI is also involved

in conducting various safety training programmes in
the country, including the Advanced Diploma Course
in Industrial Safety which is a prerequisite for being
employed as a Safety Officer in Factories. Mr Dutta
appreciated BARC's efforts in conducting the training
course in collaboration with DGFASLI and assured
full cooperation for the venturs,

Or V. Vanka! Rej, Direcior, Heatih, Safaty & Enwvironmen! Groug,
BARC, fnaugurating the 22 Training Cowse on ‘Accident
Pravention and Promaton of Occupeions! Heatth and Sefsly”

In his Inaugural address, Dr V. Venkat Raj, Directar,
Health, Safely and Environment Group, BARC,
stressed the importance given to conventional safety
in the operations conducted in the Centre. Staling
that BARC gives as much equal importance to
ional safety as lo radiation safaty, he recalied
that a major Safety Committee functioning under the
safety arganisation in the Centre exclusively reviews
the conventional and fire safety aspects, He desired
that, for the successful running of the safely
programme in the Cenire, the lessons leamt in the
training course should be diligently put into practice
by the participants.
The highlights of the training course were lectures on
health, safety and environment fopics, visit fo the
Safety Centre of DGFASLI and a feed back session.

Mr S. Marayan, Head, Industrial Hygisne & Safety
Section, RSSD, BARC, coordinated the training
course from BARC side. He proposed a vote of
thanks.



TRAINING COURSE ON
'RADIOIMMUNOQASSAY AND
ITS CLINICAL
APPLICATIONS'

Mr P. Krishnalah, IAS, Execulve Officer, Tirupatl Tinwmala
Devesthanam (TT0), maugurafing the 4207 Training Course an

The 420 training course on 'Radicimmunoassay
and its Clinical Applications', jointly organized by
BARC and Sri Venkateswara Institute of Medical
Sciences (SVIMS), Tirupati, was conducted during
July 18-31, 2001 &l Tirupai, This course was
i by Mr P. Krishnalah (1AS), Executive
Officer, Tirupati Tirumata Devasthanam (TTD} in &
function presided over by Dr N. Ramamoorthy,
Associate Director, Isolope Group &  Chief
Executive, BRIT. Prof. N. Kochupilai, Head
(Retired),  Department of E inology - &
Metabolism, Al India Institute of Medical Sciences,
Mew Dethi, delivered the key-note address. The
course was attended by 18 medical doctors
specigiized in areas such as endocrinology,
pathology and pharmacology from ail over India.

The Radioimmunoassay training course was started
at BARC in the year 1980 to train prospective users
of radioimmunoassay kits with the methodology and
its quality control aspecis. The Radiimmunoassay
course is ganerally held twice a year with 20-24
candidates in each batch.

Participants and faculty of 42 Tmaning Course  on
2 and s Cl .

However, in the year 2001, three courses were
conducted - two at BRIT laboratories, Navi Mumbai,
and the third at SA Venkateswara Institute of
Medical Sciences, Tirupall. With over 1000 medical
and paramedical personnel trained in the 42
courses conducted thus far, the RIA training has
been the crucial catalytic factor for the growth of RI&
in India. At present, there are over 500 RIA
laboratories in India, thanks to the RIA training
programme, At least 40 trainees from more than 15-
20 countries have also received training in RIA in
India. In addition, one exclusive International
Training Course on RIA for [AEA-sponsored
candidates was also held in 1986.

BRNS - IANCAS NATIONAL
WORKSHOP
The Indian Association of Nuclear Chemists and

Alled  Scientists  (IANCAS)  conducted its
45h National Workshop al Indian (nstitute of

Horti R h (IR}, Bangalore, during
Seplember 12-20, 2001.

Dr AM.Krishnappa, Vice-Chancellor, University of
Agricultural Sclence, Bangalore, in his inaugural
address, reminisced his i in - handi

radicisolopes and ancoursgard the participants t;
take advantage of this Workshop on the use
of radioisotopes. Mr 0.5.C. Purushotham, Director,



Inauguretion of the 457 BRNS-IANCAS National Workshop an
of

Insliule of Horiculural Ressarch (M) amgam:zm;:
Mr D.5C Purushotham, Oirector, Muclear Fuels Group,
BARC, on Sepfamber 12, 2001. Seated {eft fo nght] are
Dr SB  Manohar, Fresident, IANCAS and Head,
Radochemistry Division, BARC, Mr D.5.C. Purushotham,
arAM Krishnappa, Vice-Chancatior, Univ. of Agricuiture
Science, Bangalors, Dr P, Parvatha Reddy, Director, MR,
Dr M. Awasihi_ Haad, Divisian of Sail Scisnca & Agricubural
Chemisfry, i1HR
Nuclear Fuels Group, BARC, delivered the keynate
address on the commitment of DAE to Muclear
Power production and the status of various on-going
programmes  aimed &l achieving the goal
Dr S.B.Manchar, President, IANCAS, highlighted
the activities of the assaciation and gave a lecture
on the theory of radioactivity. Three days of the
Warkshop were devoted to the applications of
radioisotopes in agriculture, and Dr.5.F.D'Souza,
Head, Nuclear Agriculture & Biotechnology Division,
BARC, and his colleagues gave lectures and
conducted experimantal work on the planl behaviour
in the uptake of varous elements, fertilizers and
sludies on plant growth. Dr K.V.Chetty, Fue!
Chemistry Division, was the Coordinator of the
Workshop on behalf of IANCAS and Dr S.C.Kotur,
IIHR, Bangalore, was the Director of the Workshap.

Dr V.Venugopal, Vice-President, IANCAS, gave a
lecture on Nuclear Reactors and presided over the
Valedictory function and Or DR Bongirwar, Head,
Food Technology Division, highlighted the
iradiation techniques in focd preservation.

Inauguration of the Workshop on ‘Radiactily and lsolope
Applications' &t Raigad Mitary Schoal snd Jr Science Callegs.
Seated (left lo right) are Ratd. L. Commandant Virgj Lad, Mr
Bam Vadks, Chaimman, Schoofs Commiltas, Dr 5.6, Manohar,
FPresident, [ANCAS and Head, Radiochemisiy Division, BARC
and Dr V Vinugopal, Vice-Prasidant, IANCAS and Head, Fual
Chamisiry Division, BARC

IANCAS conducted a 2-day School Workshop on
invitation from Raigad Military Schocl and Jr.
Science College for 200 students of 10 o
12" standard and 50 science leachers. Dr SB.
Manohar, Head, Radiochemistry Division, and
Dr V.Venugopal, Head, Fuel Chemistry Division,
delivered basic lectures on ‘Radioactivity’,
‘Production and Appiications of Radiolsolopes' and
‘Importance of Nuclear Energy mn the present
context, Or UM. Kasar and Or R.B.Manolkar
carried out the demonslration experimenis on
‘Determination of Half Life of ™mBa’, 'Measurement
of Natural Radicactivity in *9K Salts' as the resource
persons on behalf of IANCAS.

Dr Anil Srivastava, Resource Person from BARC conducts the
EXPENMENS,



A video show, provided by the Publicity Division,
DAE, on the 'Blessing to Humankind' and ‘Atoms for
Peace' was well appreciated,

Financial support was exiended by BRNS for the
BRNS-IANCAS National Workshop and to the
thematic bulletins.

SALE OF RADIATION
PROCESSED SPICES
LAUNCHED

Annapuma Mahila Mandal launched the sale of
radiation processed spices under the trade name
'Pumnanna’ at their Shraddha outlel at Dadar. A
function to mark the occasion was amanged by
Annapuma Mahila Mandal at Vartak Hall, near
Portuguese Church, Dadar, on Saturday, Novermber
24, 2001. Dr Anil Kakodkar, Chairman, Atomic
Energy Commission & Secretary, Department
of Alomic Energy, was the Chief Guest Mr
B. Bhattachariee, Director, BARC and Member,
Atomic Energy Commission, presided over the
function, Ms Prema Purao, Secretary, Annapumna
Mahila Mandal, welcomed the gathering and
stressed the importance of the radiation processing
technology. She was confident that the use of this
technology will benefit the public at large and
generate employment for the needy women, She
also mentioned that the stall run by Annapuma
Mahila Mandal at Anushakiinagar was getfting good
response from the customers. Dr Kakodkar lauded
the efforts of Annapuma Mahila Mandal in the
launching of P d spices in Mumbai
for the first time in the country, He expressed the
hope that the radiation processed spices will nat
only cover Maharashtra and other states in India but

Or Anil Kakodkar, Chainman, AEC, unveliing the piaque of fhe
sales counfer of Annapuma Mahils Mandsl during the lsunch
of the sals of radialion processed spices

Mr B. Bhattacharjee, in his presidential remarks,
also greatly apprecialed the efforis of Annapuma
Mahila Mandal. He provided an overview of the
advantages of the radiation processing technology
for spices and its benefits to farmers and traders. Dr
(Ms) AM. Samuel, Director, Bio-Medical Group,
BARC, cleared the doubts related to the safety of
radiation processed foods and allaysd the fears
aboui the technology in the public mind. Mr WM,

Asstt. Commissioner, FDA, Thane
region, explained the role of FDA in licensing and
sale of radiation processed products, Many
scientists from BARC and members of Annapuma
Mahila Mandal were present on this occasion. An
exhibition and audiovisual display was aranged by
DAE. Radiation processed spices were kept for sale
at the counter by Annapuma Mahila Mandal. The
response fo the sale of spices was quite
encouraging.

WORKSHOP ON THE USE
OF IAEA TECDOC-348

A five-day lecture series-cum-workshop by Fuel

also the export market. He assured cooperation of
the scientific community to the efforts of Annapurna
Mahila Mandal in laking radiation processing
technology to the kitchen.

Reprocessing Projects Prog BARC, during
October 1-5, 2001 on the ‘Use of IAEA TECDOC-
348 for Seismic Design of Nuclear Facilties

Handling Limited Amount of Radioactivity'. The aim



A typieai glove bax handing smail amount of radioactivly

of this workshop was o create awareness about the
seismic design aspects for these facilities. Around
40 officers from various Divisions of BARC and
Tarapur participated In this workshop.  Various
lopics, such as the concepls of vibration and
seismic engineering, classification of various low
activity facilities based on their radiologlcal hazard
patential, seismic design aspects of civil structures,
evaluation of seismic design motion for the design
of mechanical systems and components, nuclear
piping systems and electrical and instrumentation
systems, hydrodynamic effects dudng an
earthquake event, aseismic features in the design,
etc. were covered. This kind of mult-disciplinary
activity generated lot of interest in the participants of
this workshop, The coordinator for this workshop
was Mr R.S. Soni from FRPP, BARC. The facuity
for the varous lectures for this workshop were
drawn from the various Divisions of BARC such
as FRPP, R8D and A & CED. The workshop was

Inaugurated by Mr V.P. Balakrishnan, Chief Design
Engineer, FRPP, and the concluding remarks were
given by Mr D.D. Bajpai, Head, Fuel Reprocessing
Division, BARC.

BARC SCIENTISTS
HONOURED

Or RC. Chaubey, Head,
Genetic Toxicology &
Chromesome  Studies  Section,
Cell Biology Division, was among
the twenty sclentists selected
from Central and South America,
Asla, Africa, and Eastern Europe for presenting his
work al a Special Session on "Science in Countries
with Developing Environmental  Mutagenesis
Program® at Shizuoka, Japan, during Oclober
21-26, 2001. This session was organized as a part
of the 8" International Conferance on
Environmental Mutagens. The selection was made
by International Association of Environmental
Mutagen Societies, the Alexander Holiaender
Commitiee of the Envi tal Mutagen Scciety
(USA) and the Organizers of the 8 ICEM, Japan,
During the Conference, he pmenled the paper
enlitied, "A correlative study b
assay and DNA strand breaks measured by comet
assay in gamma iradiated mice”.

Prof. P. Rama Rao of Rare
Materials Project, Mysore, has
been elected a Fellow of the Indian
National Academy of Enginesri
(INAE) at the meeung of !he
Governing Council held on October 20, 2001 in
recognition of hig distinguished contribution to
"Engineering"

As per convention, he will be invited to an Induction
Ceremony for formal admission to the Fellowship of
the Academy at one of its functions in which he wil
be presenied a Cerificate.
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