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Editor’'s Desk

Editor’s Desk

Dear Reader
Greetings

Itis my pleasant privilege to forward the latest issue of IGC Newsletter (Volume
143, April 2025, Issue 2). | thank my team for their timely inputs, cooperation,
and support in bringing out this issue.

The Young Officer’s Forum article of this issue “The Ambient Air Quality at
Kalpakkam Site" is by Smt. M. Sowmya from SQRMG, IGCAR.

The IGCAR Lectures series articles on “Fissile Zone Identification System
(FIZIDS)” by Dr. K. Sundara Rajan, “Development of Inspection Tooling for
PFBR Steam Generator” by Dr. S. Joseph Winston, “What is Pyroprocessing?”
by Dr. Suddhasattwa Ghosh, “Infrared Free Electron Laser Based Experimental
Facilities in RRCAT” by Dr. Maulindu Kumar Chattopadhyay, “Geotechnical
Perspectives on Nuclear Facility Development: PFBR Case Studies & FBTR-
Il Site Assessment” by Shri C. Hari Kumar, “The Quantum Revolution in
Cryptography: Historical Foundations to Future Challenges” by Shri Kadiri
Gururaj, “Pyroprocessing at Engineering Scale” by Shri Shiv Prakash Ruhela,
“Seismic Re-evaluation of Nuclear Facility” by Shri H. I. Abdul Gani, “Prototype
Probing: A Promising Programme for Power Plant Piping & Pressure Vessel*
by R. Suresh Kumar, “FBTR Operation...A Glimpse of its History, Challenges
Being Faced, and the Path Ahead” by Shri S. Sridhar and “Development
of Metal Fuel Fabrication Technology - Engineering Challenges” by
Shri T. V. Prabhu are included in this Newsletter.

In the back cover, We have Yellow Orange-tip butterfly found in IGCAR campus.
The Editorial Committee would like to thank all the contributors. We look
forward to receiving constructive suggestions from readers towards improving
the IGC Newsletter content.

We express our deepest gratitude to Director IGCAR for his keen interest and
guidance.

Shri J. Rajan

With best wishes and regards

Chairman, Editorial Committee, IGC Newsletter and

Head, Scientific Information & Networking Division, IGCAR
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The Ambient Air Quality at Kalpakkam Site

Fast industrial growth and
unplanned urbanization are the
primaryreasonsforenvironmental
degradation, particularly
The Ambient Air Quality. The
Environment (Protection) Act,
1986 emphasizes the significance
and need for evaluating current
and expected air pollution via
Air quality survey/monitoring
initiatives at industrial locations.
IGCAR, Kalpakkam has set up the
Ambient Air Quality Monitoring
Program (AAQMP) to manage
air quality effectively and ensure
compliance with environmental
regulations. The nuclear power
plants, do not emit any notified
air pollutants while they operate;
however, they resemble other
industrial facilities during their
constructional stages when,
they raise issues regarding air,
water, soil, and noise pollution
as well. All typical ambient air
quality parameters must be
tracked and standard methods
should be applied, in accordance
with the Environmental Impact
Assessment  guidelines.  This
first-time study aims to assess

the ambient air quality patterns
in Kalpakkam. The variations
in particulate matter (PM_),
particulate matter (PM,.), and
gaseous  pollutants  Sulphur
dioxide (SO,), Nitrogen dioxide
(NO,), Carbon monoxide (CO),
Carbon dioxide (CO,) and Ozone
levels are analyzed. For this
purpose there are nine micro
Air Quality monitors covering
various wind sectors and facilities
at Kalpakkam site (Fig. 1a)
and at Kalpakkam-Anupuram
townships. Secondly, the air
quality parameters are also
measured from the base station
as per Central Pollution Control
Board (CPCB) standard protocol
(Fig. 1b). After evaluation of the
concentration of air pollutants
the distribution of the Air Quality
Index (AQl) a useful means for
informing people about the state
of the air quality that is simple
to understand is obtained. For
example the AQI derived from all
the locations at DAE, Kalpakkam
site fall under good category
denoted by green colour during
March 2024 and few satisfactory

days in yellow during February
2024 (Fig.2). The data also
showed that PM levels exceeded
the limits only during 4 occasion’s
during the winter months of
December 2023 and January
2024 which could be attributed
to the stable atmospheric
conditions and to festivities such
as Bhogi whereas the gaseous
pollutant concentration had
never exceeded the permissible
National Ambient Air Quality
Standard (NAAQS) at all the
locations throughout the study
period. Ateverylocation,ambient
CO levels were significantly lower
than the 1-hour CPCB limit of 4
ppm. The concentration of ozone
is observed to be significantly
lower than the hourly CPCB
standard of 180 ppb. Also in the
study area the Carbon dioxide
levels are 400 to 420 ppm. For
air quality assessment on local
to regional scale, a continuous
dataset is extremely essential
for the formulation of control
strategies to appropriately
curb emissions at local levels
and consider air pollution from
nearby regional sources if any.
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Figure 1: (a) Micro Air Quality Stations at IGCAR, (b) Base Air Quality Station
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Figure 2: Air Quality Index for February

2024 & March 2024
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Fissile Zone Identification System (FIZIDS)

The Prototype Fast Breeder
Reactor (PFBR) uses mixed
uranium plutonium oxide fuel
containing 20.7% PuQ, inthe inner
core (or Core-1) and 27.7% PuO,
in the outer core (or Core-2) to
ensure uniform flux profile radially
across the core. Fissile Zone
Identification System (FIZIDS)
using LaBr,(Ce) detector (Fig. 1)
which detects the 414 keV peak
of 2%Pu in Fuel Sub Assemblies
(FSASs) is proposed in BHAVINI to
differentiate the inner and outer
core FSAs. The experiments
using LaBr,(Ce) detector (having
resolution of 3-4% at 661.6 keV
of '¥7Cs) in FIZIDS has concluded
that the identification of FSAs is
not feasible due to the inadequate
detector energy resolution and
higher 2'Am activities. Therefore,
Cadmium-Zinc-Telluride  (CZT)
(having resolution of 10 keV
i.e. <2% at 661.6 keV of ¥Cs)
(Fig.2), a room-temperature
semiconductor detector  with
better energy resolution was used
in FIZIDS to differentiate Core-1
and Core-2 FSAs (Fig. 3). The
design of the Pb shielding (Fig. 4)
was accordingly modified to fit
the CZT detector and carried out
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Figure 1: LaBr,(Ce) Detector

Figure 2: CZT Detector

the experiments with Core-1 and
Core-2 FSAs, and identified them
without any uncertainty. FIZIDS
was calibrated using 12 nos of
Core-1 and 12 nos of Core-2
FSAs by counting each of them
for a duration of 1 h without any
specific orientation. The net peak
area corresponding to the 414 keV
photo peak of 2°Puwas monitored
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Figure 3: Gamma Spectrum of

Core-1 and Core-2 FSA Counted using
CZT Detector

Figure 4: Detector Configuration @
FIZIDS

by FIZIDS MCA software.
After successful completion of
calibration of FIZID system for
Core-1 and Core-2 FSAs, Fuel
Identification was carried out
for fuel subassemblies, Control
rod and driver subassemblies
and blanket subassemblies by
FIZID system as per the counts
registered under 414 keV peak.



Lecture Series

Dr. S. Joseph Winston

Fast Reactor Technology Group

Indira Gandhi Centre for Atomic Research, Kalpakkam
Tamil Nadu, India

Lecture Series

Development of Inspection Tooling for PFBR Steam Generator

PFBR has 8 Steam Generators
(SG) to convert 158 MWt of
thermal power (per SG) from
reactor heat to high-pressure
superheated steam for running
the turbogenerators for 500
MWe power. The SGs are a 25m
tall Shell and Tube type heat
exchangerinwhich Demineralized
(DM) water flows through the tube
side and sodium in the shell side.
Any tube breach is a catastrophic
failure that cascades to the failure

Figure 2: Tube Locator Module (TLM)

of many tubes by high-pressure
impingement, causing a very

violent sodium-water reaction.
Pre-Service Inspection (PSI) and
In-Service Inspection (ISI) are
mandated to instill safety and
confidence in service of the SG
systems. Tomeetthisrequirement,
a PFBR SG Inspection System
(PSGIS) is developed in-house
to cater to the PSI and ISI of the
installed SG systems. The PSGIS
has discrete modules to perform
various complex  operations
during the inspection campaign.
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Figure 1: PFBR SG
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Figure 3: Cable Push Force From Motor Torque
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Device work-plane

11,22

Figure 4: Remote Calibration using SVD

Tube sheet plane

locating all the 547 tubes in the
tube sheet. Fig. 1 shows the
PFBR SG.

Fig. 2 shows the precision robotic
arm TLM. This is constructed with
two ultra-high precision Harmonic
actuators with a central hole for
cable routing. They are controlled
through two miniature size high
power density digital servo drives
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Figure 5: Optimization of Inspection Sequence

The modules are the Device
Deployment Module (DDM),
Tube Locator Module (TLM),
Inspection System Module (ISM),
Comprehensive Control Module
(CCM), Cable Pusher Module
(CPM), Cable Dispenser Module
(CDM), Cable Take Module (CTM).
The TLM is a two-axis precision
robotic arm that is similar to the
Selective Compliant Assembly
Robotic Arm (SCARA) system
with a high order of positional
accuracy, which is required for

Figure 6: SG Inspection
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which resides in the TLM arm
itself and are controlled through a
motion controller for synchronous
velocity motion profiles.
Advanced inverse kinematic
algorithm is developed in-house
and programmed into the motion
controller through Open PLC
coding format (IEC 61131-3)
using Structured Text (ST) and
Under Function Block (UFBD).
Master-Slave  configuration is
achieved through Controller Area
Network (CAN) for the cable &

Figure 7: SG Inspection
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probe pushing into the SG tube
for inspection to avoid any cable
slackening or tension. The cable
push force is also computed in
real-time and reported (Fig. 3)
to the operator which helps to
ascertain the friction force on
the cable and the probe.
Advanced remote calibration
algorithm using Singular
Value Decomposition (SVD) is
developed and validated which
help reduce all errors that creep
in by fabrication tolerances and
from the PSGIS mounting error
during installation of the device
on the SG manhole. The device
work plane and the tube sheet
plane orientation mismatch brings
in large position errors which are
corrected on the fly during tube
reach for inspection. Fig. 4 shows
the incoherency in these planes
which are addressed through the
comprehensive calibration and
on-the-fly error correction using
rigid body parameters. During
the ISI campaigns, it is required
to perform inspection of 10%
random tubes which leads to a
path optimization which would
otherwise lead to increase in
inspectiontime. Genetic Algorithm
(GA) has been coded in Python to
evolve the best path to sequence
the inspection. Fig. 5 shows one
such path optimization. Fig. 6,
Fig. 7 & Fig. 8 shows the photos
of actual inspection campaign at
the installed SGs in PFBR site.
PSI was carried out on all the 8
installed SGs.

Figure 8: RFEC Probe
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What is Pyroprocessing?

One of the emerging technologies
for enhancing growth in nuclear
sector is the introduction of metal
alloy fuel in fast reactors with its
reprocessing by pyrochemical
route. Pyroprocessing method
is arguably a better suited
technology for metal alloy fuel due
to several features of the process
such as (a) state of fuel remains
in metallic or alloyed throughout
the process steps, (b) Lessens
the burden of minor actinides
in waste stream as they are co-
recovered with plutonium, (c)
there is practically no generation
of high-level liquid waste in
any of the process steps, and
(d) consolidation of plutonium
is always along with uranium in
alloyed form. Lack of commercial
experience of the process
notwithstanding, it has features
that specifically suit the high burn-
up capabilities of metal fuel.

Generally, nuclear fuel cycle
comprises of several steps
involving mining of ore and its
conversion to suitable phase
before it is used to fabricate fuel
in a suitable form and shape. The
fuel is loaded into a fuel pin; pins
are arranged in subassemblies

and are then loaded in the reactor.
The fuel is discharged from the
reactor after it has reached a
certain burn-up and it is subjected
to microstructural examination
and subsequently it is sent to
reprocessing plant for recovery
of uranium and plutonium. The
fuel cycle is accordingly tuned
to cater to fabrication of different
fuels for test reactor, thermal or
fast reactor, small core or large
core reactors. The reprocessing
cycle is also designed to cater
to specific types of fuel, uranium
based, uranium-plutonium based
or plutoniume-rich fuel.

In pyroprocessing route, which
is proposed for recycling metal
alloy fuel, there are five major
process steps; head-end,
separation, consolidation, spent
salt treatment and back-end step.
Head-end step comprises of
purification and preparation of salt
& feed, separation step involves
electrorefining of metal alloy to
recover uranium and plutonium
and consolidation involves
separation of salt and cadmium
from uranium and plutonium and
their conversion to ingot form.
In spent salt treatment, residual
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actinides are recovered by liquid-
liquid extraction and fission
products from salt are separated
by ion-exchange. Back-end step
comprises of preparing waste
forms for residue at anode and
ion-exchange matrix loaded with
fission products.

One of the intriguing questions in
pyroprocessing is the selection of
electrolyte in which uranium and
plutonium are partitioned from
fission products. Even before
one answers this question, the
primary question is the choice
of electrochemical method for
partitioning. Both answers have
a single connecting point, the
stability of actinide and fission
products in a certain form. For
efficient separation of actinides,
the spent fuel can either be
dissolved or suitably converted
to some other form and dissolved
from which, partitioning can be
achieved by solvent extraction.
In case of incomplete dissolution
of fuel or hazards involved in
dissolving sodium-bonded fuel,
latter method of conversion
could be adopted. If complete
conversion is not achieved, it
could again lead to inefficient

IGCAR Newsletter, April 2025
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separation. The other method is to
explore the use of electrochemical
method for processing of spent
fuel, and this requires a high
temperature electrolytic medium
that is stable enough to recover
actinides. Selection of LiCI-KClI
eutectic was made on the basis of
(a) None ofthe constituents (cation
or anion) are fission products, (b)
None of the constituents are part
of the clad components, (c) None
of the components decompose to
release oxygen, (d) None of the
components have low Threshold

IGCAR Newsletter, April 2025

Limit Value (TLV) and (e) Both the
components have reasonably low
melting points than other halides
as well as lower boiling points.
Incidentally, the above selection
criteria lead to a combination
of chlorides that has highest
stability among the chlorides of
actinides and fission products,
high solubility of actinides and
reasonably low vapour pressure
at operating temperature and
high enough at 1200 K to achieve
distillation from electrodeposit.

It is clear from the laboratory and

Lecture Series
engineering scale studies that the
process has a potential of scaling
up, but several challenges need
to be addressed for designing
efficient separation and some of
them are optimization of electrode
geometry & configuration, stability
of reference electrode, recovery
of uranium and plutonium without
oxidation, design of equipment
and their remote operations,
material balance, nuclear material
accounting and designing of hot
facilities for demonstrating the
process using irradiated fuel.
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Infrared Free Electron Laser Based Experimental Facilities in RRCAT

Light is an indispensable tool
for uncovering features and
processes of different length
and time scales. The Indus | & I
light sources of RRCAT produce

Figure 1: The Infrared Free Electron
Laser (IR-FEL) Designed and Developed
by RRCAT, Indore
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Figure 2: IR-FEL Brightness as a Function
of Wavelength at Different Macropulse
Repetition Rates and Electron Beam
Energies

light brightness in excess of 102
photons/s/mm?/mrad?/0.1% BW
for photon energies ranging from
eV to tens of keV. However, in
the meV range, this brightness
drops by more than two orders
of magnitude. The Infrared
Free Electron Laser (IR-FEL) at
RRCAT (Fig. 1) delivers an IR
beam with brightness ~10"-10"
photons/s/mm?/mrad?/0.1% BW
at 25-99 meV photon energies
(50-12.5 microns wavelength,
200-800cm™ wavenumber), and
is thus complementary to the
Indus light sources. The IR-FEL
light comes in macropuslses of
3-7 ps width. Each macropulse
consist of a train of 10 ps width
micropulses separated by a time
period of 33.61 ns. At present,
the macropulse repetition rate
(PRR) can be varied from 1-4 Hz.
The out-coupled peak power of
the IR-FEL within the radiation
shielded tunnel (where the
machine is located) can be more
than 7 MW per micropulse at 2

Hz PRR, which gives a CW power
of more than 20 mW (inside the
radiation shielded tunnel). Fig. 2
shows the IR-FEL light brightness
in the above mentioned
wavelength range, at different
PRR and electron beam energies.
The light is monochromatic, but is
near-continuously tunable by very
precise variation of the undulator

gap.

The IR-FEL light has been
transported to the user
laboratories in the adjacent

building where trial experiments
have been started. The layout of
the experimental facilities planned
to be developed over the next 3-4
years is shown in Fig. 3.

Construction of a total of six user
ports is being planned for near
future. The port P-1 is identified
for IR irradiation studies, and the
port P-2 is kept free for future
development. The facility for
IR-FEL and laboratory source
based studies in the frequency
domain under low temperature

L B
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Chamber Chemistry,
Biclogy
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P-3 (User)

Beam
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Wavelength
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L] ps laser
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Pump Optical
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Probe SFG

Figure 3: Planned Layout of the IR-FEL User Facility. The Blue Colour Indicates the Facilities Already Established
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and high magnetic field sample
environment has already been
established at the port P-3, and is
in use. A Michelson interferometer
has been set up at port P-4, which
is used for IR-FEL wavelength
measurement. Near the port P-4,
an experimental set-up has also
been established for scanning
and imaging of samples. Fig. 4(a)
shows a typical interferogram
recorded in the Michelson
interferometer using pyroelectric
detectors. Fig. 4(b) shows the
near-single  wavelength  type
spectrum of the IR-FEL light for a
particular undulator gap, obtained
after Fourier transformation of the
interferogram.

The IR-FEL light can be focused
to a tight spot [Figs. 5(a) and (b)]
and used for scanning-imaging
with the help of pyroelectric
detectors. The samples for
imaging are mounted on a
motorized precision xy-stage and
rastered in front of focused IR
light, and the images are collected
in the transmitted and reflected
channel simultaneously. Figs.
5(c) and (d) show the images of
a Ti-Si-Ti thin film device structure
in the reflection and transmission
modes respectively. The widows
in the panels (c) and (d) represent
6 mm width approximately. A
resolution of about 200 microns
has been achieved in this set-up

Lecture Series
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Reflection Channel Image
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SamplejHolder
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(d)

Transmission Channel Image

Figure 5: Focusing the IR-FEL Beam and Scanning: (a) The Original IR-FEL Light
Spot, and (b) That Obtained After Focusing, Both Recorded in Pyro-Cam. Scan-
ning-imaging of a Ti-Si-Ti Thin Film Device Structure in the (c) Reflection and (d)

Transmission Modes.
so far.

A 1064 nm ps laser system with
provision for synchronizing with
the clock frequency of the injector
linac system of the IR-FEL has
been moved to the user facility
near the port P-6 (Fig. 3). This
laser system shall be initially
used to set up a FEL pump-
optical probe facility, which will
be subsequently upgraded with a
new fs laser system. Development
of optical components for the
establishment of a ps laser based
IR-FEL micro-pulse picker set-up
closeto port P-4 has beeninitiated.
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Figure 4: Measurement of IR-FEL Wavelength: The Interferogram in (a) Gives the
Wavelength after Fourier Transform as Shown in (b). Here | = Intensity, OPD = Zero
Path Difference in Between the Arms of the Michelson Interferometer and MSA =

Mean Square Average
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This set-up shall eventually pick
up single micropulses of IR-
FEL light and send the same for
mode selective phonon excitation
based experiments. Accordingly,
the establishment of an IR-FEL
pump- IR-FEL probe set-up near
P-4, an IR-FEL pump-THz probe
experimental station at the port
P-5 and IR-FEL pump-optical
probe experimental station at
the port P-6 has been planned.
The ports P-5 and P-6 shall use
the micropulses picked at P-4
for pumping-up the selected
excitation.

The IR-FEL in RRCAT is the first
and only one of its kind light
source developed in India. No
conventional light source provides
light as bright as the IR-FEL in its

above mentioned wavelength
range. The experimental set-
ups discussed above provide

a unique user facility for doing
scientific research, and has scope
for further expansion on the basis
of user inputs.
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Geotechnical Perspectives on Nuclear Facility Development: PFBR
Case Studies & FBTR-II Site Assessment

Ensuring the structural safety of
a nuclear facility is paramount,
given the critical nature of
its operations. Geotechnical
investigations form the backbone
of this safety, providing vital data
to design stable foundations that
can withstand heavy structural
loads and dynamic forces such as
seismic events. The geotechnical
assessments conducted at the

Figure 1: Geotechnical Investigation

Figure 2: Actual Founding Profile of PFBR
After Excavation
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Figure 3: Spectral Acceleration vs
Frequency for NICB

Prototype Fast Breeder Reactor
(PFBR) and the proposed Fast
Breeder Test Reactor-Il (FBTR-II)
sites offer valuable insights into
the complex interplay of soil
behavior, foundation design, and
structural performance.

The process of site characterization
involves meticulous geological
and geotechnical investigations
aimed at understanding
subsurface conditions. Various
techniques, including geophysical
surveys, core drilling, in-situ
testing, and laboratory analysis,
were employed to assess soill
composition, bearing capacity,
groundwater conditions, and
rock mass quality. These studies
aid in determining the most
suitable foundation design while
minimizing potential risks like
ground failure, liquefaction, and
slope instability.

One of the significant challenges
encountered during the PFBR site

FLAC3D 2.10

Stap 200 Model Perspective
150525 S8 Aug 27 2005

T.0 Stharam

Figure 4: Vertical Stress Distribution in Geogrid Reinforced Sand Bed
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Figure 5: Comparison of Pressure-Settlement Curves of Geocell and Planar Rein-

Forcements: Sand Beds

investigation was the presence
of highly weathered rock zones
in certain areas. However,
confirmatory investigations
revealed that bedrock was
available at a reasonable depth,
making it suitable for supporting
critical structures.

Seismic analysis underscored
the importance of considering
Soil-Structure Interaction (SSlI).
Studies indicated that the
embedment effect of the Nuclear
Island Common Basement (NICB)
significantly reduced seismic
response by approximately 20-

Figure 6: Borehole Details of Proposed
FBTR-II site
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30%, thereby improving the
facility's structural resilience. This
result highlights the critical role
of SSI analysis in nuclear facility
design and performance.

An innovative approach at the
PFBR site involved the use of
engineered backfill with geogrid
reinforcements to enhance soil
stability. This method significantly
improved bearing capacity and
minimized settlement, marking
a pioneering advancement in
nuclear facility foundation design.
The success of this approach has
set a strong precedent for future
reactor projects.

The insights gained from the PFBR
site were instrumental in guiding
the geotechnical investigation
strategy for the proposed FBTR-
Il site. Special emphasis was

Figure 8: Shear Wave (Vs) and Compres-
sion Wave Velocity (Vp)

placed on evaluating factors
such as liquefaction potential,
groundwater influence, and the
dynamic properties of soil and
rock. Extensive laboratory tests
and field investigations provided
critical data essential for the safe
design and construction of the
facility, ensuring it can withstand
seismic and operational stresses.

The geotechnical characterization
of nuclear facility sites highlights
the importance of thorough
subsurface investigation and
advanced engineering solutions.
Such comprehensive studies not
only ensure the structural safety of
these facilities but also contribute
to the long-term operational
reliability of nuclear facilities.
Moving forward, continuous
monitoring and  assessment
will remain key to addressing
any unforeseen geotechnical
challenges and sustaining the
safety of nuclear infrastructures.

Figure 7: Subsurface Cross Section of Proposed FBTR-II Site
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The Quantum Revolution in Cryptography: Historical

Foundations to Future Challenges

There is no denying that the

advent of Computers and
Information Technology in
the late 1990s, has brought

in unprecedented changes to
the way we Communicate and
Compute. The ubiquitousness
of the Internet, the spread of 4G
technology and the access to the
mobile internet, the development
of  high-performance cluster
and GPU computing, all stand
testimony to this. Quantum
technologies are expected to
usher in an even more dramatic
change in the way we carry
out computation or consume
information. With respect to
Quantum Computing, there is
now near universal agreement
that sufficiently powerful quantum
computers can solve certain class
of problems which are virtually
unsolvable using the current
class of computers. Access to
such computing power can lead
to great breakthrough in energy
harvesting, in mitigating climate
change, in discovering novel
drugs and so on. Computer
enthusiasts are therefore keeping
track of developments in quantum
computation with a great deal

of optimism. However, this
anticipated progress in quantum
technology not welcomed with a
similar unbridled enthusiasm by
the communication community,
and it is for a very good reason.
Sufficiently powerful Quantum
Computers can break many of
the cryptography codes that
the existing communication
schemes rely on for their security.
Peter Shor, in the mid 1990’s,
has proposed an algorithm
can identify the prime factors
of very large numbers, and
also solve what is known as the
discrete logarithm problem. The
security of the existing public
key crypto systems is based
exactly on the intractability of

these two problems. The advent
of sufficiently powerful quantum
computers is surely the death knell
to the communication security of
the form that exist today.

Even a staunchest quantum
enthusiast would not believe that
quantum computers which are
powerful enough to break the
existing communication systems
are coming anytime soon. It
is believed that, at the current
pace of progress in hardware,
one expects such computers to
appear on the horizon only by
2040s.

The existing schemes  of
classical communication rely for
their security on the supposed
mathematical intractability of

Select two
numbers p and q

Encryption

Calculate n=p x q,
_’ f(m)=(-1)(a-1) _>

[ Plaintext Message m ] E:iphertexr. c=m*e mod n

™y

J/

Decryption

Compute Plaintext
m=c*d mod n

~

J

Choose e such
that ged(e.f(n))=1

Calculate d such that
d x e=I(med f(n))
Private Key: (n,d)

Figure 1: Schematic of the RSA Algorithm, Which can be Broken by Powerful

Quantum Computers
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Step 1: Alice encodes a random bit string in plus
or cross basis, and sends the photons of specific
polarization to Bob.

s 0017 17 O 1T 0 01
e XX X || X+

=0 1101 001

Step 2: Bob measures the received photons in
plus or cross basis, and obtains a bitstring from
the outcome of his measurements.

Step 3: Alice and Bob publicly reveal their basis
choice, and decide which bit locations to keep.

=4 x|+ x| x|+ x|+
X ox v+ X x + 4

Step 4: Alice obtains the secret key by dropping
the incommensurate bit locations from her bit
string.

w011

Aoton | Drop | Ksep | Eaep | Dup

0 1

Weep | Drop | Deop | Meep

11 1 1

0 01

::, 0 T 1 T 1 T 00100 T 1 Step 5: Bob also obtains the same secret key, also
- X | X |+ |+ | X | X |+ | + by dropping the incommensurate bit locations
Pt 111'0/1 1 ol1 from his bit string.
= 1[1/1]/]0[1[{1]0]|1 » 1 1(111/0[1T|(1]0/|1
s 11 1 1
Figure 2:
solving certain problems. A This OTP is secure against against

prototypical example of such an
algorithm is the RSA algorithm
proposed in 1977. It relies for
its security on the mathematical

impossibility of factoring large
semiprime numbers.
There exist another classical

communication scheme called
the “One Time Pad (OTP)” whose
security does not depend on
the assumptions of intractability
of mathematical problems. It is
a private key based algorithm
where the two communicating
parties are expected to a priori
have in their possession a secret
key. Now, if one of the parties
wants to send a (binary) message
to the other, they will first X-OR
the message with the secret
(binary) key, and their send this
cipher text through a potentially
unsecure channel. At the other
end, the receiver reconstructs
the intended message by again
X-ORing the cipher text with the
secret key with her possession.
Now, any eavesdropper can get
the possession of the cipher text
but without access to the secret
key cannot recover the plain text.
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any quantum or classical attacks,
as long as the shared secret key
is as long as the message itself,
and it is not reused across the
messages. This cryptography

Lecture Series
scheme however suffers from one
major limitation which goes by the
name of key distribution problem:
how to ensure that the two parties
and only those parties have the
knowledge of the key?

Quantum technologies, on one
hand pose great challenge to the
existing communication schemes,
and on the hand also offer an
unbreakable communication
scheme of its own, collectively
called quantum communication
schemes.

An algorithm, be it classical or
quantum, can be classified into
three steps: (a) State preparation,
(o) State manipulation and
(c) State measurement. In the
classical setting, the first and third
aspects are fairly trivial operations,
and the state manipulation is itself
considered as the algorithm. In
the quantum setting, however, the
preparation and measurement

Quantum channel

A

L4
N

Classical channel

M
pd
'y
b
v

Shared Shared
secret key secret key
QKD
Plain text Plain text
° o e >

Ciphered text
Quantum channel
Sender )i

&=

QSDC

> ( Receiver

o o

=

Message encrypted with
quantum properties

Decrypted message

Figure 3: Quantum Key Distribution (QKD) and Quantum Secure Direct

Communication Schemes
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steps are also quite significant.

The  fundamental unit  of
information in the quantum regime
is a qubit, which can be assumed
to be standing for a “quantum bit”.
One defines two primary states
for the quantum bits called the
“|0>"and “|1>", corresponding
to the “on” and “off” states of the
classical bit. A qubit, however,
differs from the classical bit in a
remarkable way: a qubit can also
exist in a complex superposition
of the “|0>" and “|1>" states.
For instance, a state of the qubit
could be %(|0>+i|1>), which
is an equal superposition of |0>
and |1> states, with a phase
difference of : between the two
components, the kind of state
which aclassical bitcan never exist
in. This superposition of states
extends to multiple qubit space as
well, making it much richer than
the space of multiple bits. For
instance in the two bit scenario,
while the quantum states |00>
and |11> can be mapped to the
classical 00 and 11 states, there
are states in the quantum setting,
like @ (|00>+|11>), which
have no classical counterparts.
Indeed the above mentioned
two qubit state is the one of the
entangled states, which display
non-classical correlations in the
measurement  outcomes  not
explainable by classical means.
Moving on to state manipulation,
one can define quantum gatesin a
manner similar to classical gates,
but acting on qubits. However,
just like qubits themselves, the
quantum gates acting on the
qubits are also much richer than
the classical gates that act on bits.
For instance, there is a quantum
gate called the “Hadamard” gate
that takes the state “|0>” and
places it in the superposition of
the “|0>" and “|1>" states, an

action which has no classical
gate equivalent. Furthermore,
the quantum gates acts on the
superposition of states in a linear
manner, performing multiple gate
operations simultaneously as it
were.

The third aspect of quantum
algorithms, the state
measurement is also without a
classical analogue. Although a
qubit can exist in potentially in
an infinite number of states, the
outcome of measurement is of a
binary nature: 0 or 1. There are
however multiple measurements
options called the “basis choice”
each of them offering different
probabilities of getting 0 and 1,
followed by the collapse of the
quantum states into one of the
two orthogonal states, which
are decided by the choice of the
basis. The ingenuity of a quantum
algorithm for a problem is to make
asuitable choice of the initial state,
make proper choice of single and
multi-qubit gate operations and
then make the measurement in
an appropriate basis to reveal the
outcome, which is the solution
or a part of the solution to the
problem that we set out to solve.

These unique features of
quantum algorithms, offer scope
for unconditionally secure
communication, by transmitting
the message itself encoded on
to the quantum states, or just the
secret key. The former schemes
are termed as “Quantum Secure
Direct Communication (QSDC)
schemes” and the latter schemes
are termed the “Quantum Key
Distribution (QKD) schemes”, as
shown in the schematic below.
It is to be noted that the QKD is
not the communication scheme
in itself, but only ensures that
the two communicating parties
have a secure secret key, using
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e

which the actual communication
happens securely using the One
Time Pad.

Of the two schemes, much
progress has been made in
QKD, both in terms of possible
transmission rates and
transmission distance. Progress
in QSDC, on the other hand,
appears to be limited to the
laboratory level.

At the Materials Science Group,
we have a vibrant Experimental
and Theoretical program on
Quantum Communication, where
we employ polarization states of
light as the qubit.

In this implementation, one
deals with two pair of orthogonal
states of polarization, called the
horizontal, vertical, diagonal and
anti-diagonal respectively. The
former two are together form the
plus basis and the latter two form
the cross basis. These four states
are so chosen that a state of one
basis makes equal overlap with
the two states of the other basis.
The two parties who intend to
communicate are named Alice
and Bob. To establish the secret
key, they proceed as follows.
They first agree of a mapping of
polarization states to bit values.
One such mapping for instance
could be |h> and |d> getting
mapped to 0 and |v> and |a>
getting mapped to 1. Now, Alice
selects a random string of bits,
and communicates each of
the bits in plus or cross basis.
Transmitting a 0 in the plus basis
would mean sending photon with
horizontal state of polarization,
and transmitting a 1 in the plus
basis would mean sending photon
with diagonal state of polarization,
Likewise, transmitting a 0 in the
cross basis would mean sending
photon with diagonal state of

polarization, and transmitting a
IGCAR Newsletter, April 2025
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1 in the plus basis would mean
sending photon with an anti-
diagonal state of polarization. Bob,
at his side, cannot know the state
of polarization of the incoming
photon, so he has to make a
measurement in the appropriate
basis. However, a measurement
in the plus basis can only resolve
the horizontal and vertical basis,
whereas the measurement in
the cross basis can only resolve
the diagonal and anti-diagonal
basis. That is, a measurement
in the plus basis will reveal a
horizontal photon as a horizontal
photon and a vertical photon as
vertical photon. However, this
measurement cannot identify
the diagonal and anti-diagonal
photons. It can only reveal them
as horizontally or vertically
polarized, with equal probability.
Likewise, measurement in the
cross basis will reveal a diagonal
photon as diagonal photon and
an anti-diagonal photon as an

IGCAR Newsletter, April 2025

anti-diagonal photon. However,
this measurement cannot identify
the horizontal and vertical
photons. It can only reveal them
as diagonally or anti-diogonally
polarized, with equal probability.
Now, Bob therefore chooses the
measurement basis randomly
and interprets the measurement
outcomes interns of 0 and 1.
In the string of bits that Bob
reconstructs and the string that
Alice prepared her state from
definitely agree only at places
where  Bob’s  measurement
outcomes are commensurate with
the polarization choice made by
Alice. Now, Alice announces on a
public authenticated channel the
basis choice she made for each
of the photon, but not revealing
the polarization chosen. Bob also
reveals the measurement basis
he has employed for each of the
photon, without revealing the
measurement outcomes. Alice
and Bob will then retain the bits

-14-
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corresponding to the locations
at which they have employed
identical basis. This basis
reconciliation phase ensures that
they have identical bit strings
between them without publicly
transmitting the information.

Any attempt by an Eavesdropper
will also lead to the collapse of the
state, and therefore their presence
can be identified by Alice and
Bob publicly revealing the part
of the key, and then checking if
they differ substantially. This is
obviously a simplified explanation
and one has to deal with the
photon losses, the timing issues
etc to have a fully functional
quantum key distribution setup.

In recent vyears, we have
demonstrated several variants
of QKD, at the laboratory level.
A very elementary scheme for
implementing the polarization
based QKD is depicted in the
figure above.

Here, the quarter-wave plate at
the Alice side will let her choose
one of the four polarization states,
and like wise a quarter-wave plate,
beam splitters and detectors at
the Bob will let him measure the
polarization of incoming photons
in either plus or cross basis.

We are now in the process
of designing, evaluating and
implementing our own QSDC
schemes on the polarization

degree of freedom.
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Pyroprocessing at Engineering Scale

A pyrochemical process based
on molten salt electrorefining,
commonly called pyroprocess, is
being studied in many countries
as an alternate reprocessing
route to PUREX process.
Metal fuel, in combination with
reprocessing by pyroprocess,
is one of the most promising
nuclear fuel cycle options for
future FBRs. It provides enhanced
safety, sustainability, security,
waste management and better
economics. From Indian context,
with limited fuel resources, the
low overall doubling time that
can be achieved through this
combination can be instrumental
in meeting the ever increasing
energy demands. Molten salt
electrorefining studies are been
pursued in Radio Chemistry
Laboratories  (RCL), IGCAR
for more than two decades.
The process flowsheet (Fig. 1)
being followed at IGCAR
consists of head end steps (dis-
assembling/hexcan cutting, pin
chopping, sodium distillation),
electrorefining, cathode deposit
consolidation, used salt/
electrolyte recycling and waste
treatment. Engineering know-

how is available within the centre
for dis-assembling and chopping
operations. Extensive lab scale
studies for main process steps
viz. electrorefining and cathode
deposit consolidation have also
been carried out at RCL. For
other process steps lab scale
studies are either in progress or
planned.

The main process steps of
pyroprocess flowsheet involve
high temperature operation.
Inert environment is also a
requirement as the electrolyte salt
is hygroscopic and metals being

handled are pyrophoric in nature.
Also, the process steps have to be
carried out in batch mode. These
requirements pose some of the
critical challenges to be overcome
during technology development
stage. With an objective to
develop the technology required
for setting up pyroprocessing
plants for future metal fuel FBRs,
engineering development works
are being pursued at IGCAR since
2010. These include design and
development of scaled up process
equipments aided by modeling
and simulations, transport of

SPENT FUEL (METAL)

Hexcan Cutting

MA : Minor Actinides, FP : Fission Products
RE : Rare EarthFP, ¢

: fraction of.

{injection Casting)

|
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i
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U-Pu-Zr-MA-FP-Clad] Ll
Reusable Salt Useci Salt Treatmaiit
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Electrorefining Used Salt [Actinide Rucovery follawed by
FP ramioval from salt)
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Figure 1: Pyroprocess Flowsheet
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inert atmosphere containment
box, by achieving leak tightness
requirement of 0.1 Box Volume %
per hour and maintaining required
negative pressure, temperature
and oxygen and moisture
concentrations (<50 ppm each),
in-situ preparation of 2 wt% (18 kg)
UCI3 in molten salt electrolyte,
with U metal & CdCl, powder.

Further experiments are planned
with U-Zr and U-Zr-Rare earth
in PPRDF. Apart from process
demonstration, the facility has
also provided the experience
in design, construction and
operation of large capacity inert

Fresh Cathode

2kg U deposit

4.5kg U deposit

Scraped U

Uingots

Figure 3: First Uranium Electrorefining and Cathode Product Consolidation Run

high temperature liquids, special
remote handling mechanisms and
tools, mechanical automation,
high  temperature  corrosion
resistant coatings, and process
specific  instrumentation and
control.

For an integrated demonstration
of the electrorefining and cathode
processing steps at engineering
scale level (10 kg U alloy per
batch), a facility called Pyro
Process R&D Facility (PPRDF)
has been set up. Alloys of natural
U containing inactive surrogates
for fission products will be used
for demonstration. The process
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equipments are housed inside
a 500 m*® argon atmosphere
containment box (Fig. 2). The
facility has been commissioned
and molten salt electrorefining
and cathode product
consolidation runs, using U metal
as input, have been successfully
completed (Fig. 3). Other major
milestones achieved in PPRDF
include, preparation of 1 Tonne
of LiCI-KCI eutectic mixture with
less 50 ppm moisture content by
vacuum drying and chlorination
required as electrolyte in
electrorefining process,
commissioning of a 500 m3

-16-

gas systems, remote operation of
process equipments, Salt (LiCl-
KCI electrolyte) and cadmium
handling, purification and
transfer of salt and integrated
instrumentation and  control
systems. In  similar lines,
engineering scale demonstration
is planned for other process steps
of pyroprocessing flowsheet. The
experience gained from these
facilities will be useful for design,
construction and  operation
of pyroprocess facilities for
reprocessing of spent metal fuel
from future metal fuelled FBRs.
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Seismic Re-evaluation of Nuclear Facility

Seismic re-evaluation of a Nuclear
Facility is carried out when there is
an evidence of new seismic hazard,
for regulatory requirement, when the
seismic design is inadequate, on
new technical findings, when there
is an actual earthquake, for plant
life extension and for assessing for
beyond design basis earthquake.
Seismic Margin Assessment (SMA)
involves determination of ground
motion level for which one has
High Confidence (= 95%) of a Low
Probability (< 5%) of Failure (HCLPF)
of the Structures, Systems or
Components (SSCs). Two methods
for calculating HCLPF value of SSCs
are  Conservative  Deterministic
Failure Margin (CDFM) and Fragility
Analysis (FA) methods.

The steps involved in seismic re-
evaluation are formulation of Criteria,
determination of Review Basis
Ground Motion, Collection of As-built
information, Identification of SSCs,
Plant walk-down, Seismic Response
Analysis (SRA) which gives the

Demand and Capacity Assessment
which gives the Capacity. HCLPF
Earthquake is calculated from the
Demand and Capacity values so
obtained. SRA involves development
of mathematical model of the
SSC, performing seismic analysis
incorporating the effects of soil
structure interaction. Capacity of
the SSCs are obtained based on
the details from as-built drawings
and codal strength equations.
HCLPF capacities are computed
from different failure modes such as
biaxial flexure, flexure-torsion, shear-
torsion modes. Civil HCLPF, in-house
computer program for performing
HCLPF  calculation for RCC
structures, is used for automating
the seismic re-evaluation process.
Structural members that are found
deficient need to be upgraded by
retrofitting.

Adhesive bonded SS plates with
RCC members are proposed for
strengthening structural members
of Process building, DFRP due

(b)

Figure 1: (a) Scabbling Tool, (b) Surface Preparation by Shallow Drill Holes
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Figure 2: Load Displacement Curve for
Mapei Adhesive wth Scabbling in
Double Lap Tension Test.

to availability of scrap SS plates
and to cause minimal disturbance
to the existing structure. As the
adhesive bonded system is sensitive
to surface roughness and type of
adhesive, experimental program was
devised to study the performance of
structural adhesive brances — Mapei
and Sikadur with different surface
preparation methods such as shallow
drill holes, scabbling and chipping.
Chipping produced identical
strength enhancement of 27% for
both Mapei and Sikadur adhesives
over the control specimen. Sikadur
with scabbling and Mapei with
shallow drilling produced maximum
strength increase of 29% and 27%
respectively. Adhesive bonded SS
plates can be used effectively for
strengthening RCC beams in flexure.
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Prototype Probing: A Promising Programme for Power Plant

The slenderness and  high-
temperature operating conditions
of the Fast Breeder Reactor (PFBR)
components, vessels, and piping
systems pose design challenges.
Hence, prototype experiments are
necessary for design validation
and optimization to address these
challenges. Many pressure vessels
and piping systems were tested in
this category. Some of them are
given below.

The structural integrity of the FBR
fuel-clad tube has to be ensured
under all operating conditions for
uninterrupted  reactor operation.
Hence, the utmost care has been
taken while manufacturing the fuel-
clad tube. Welds are the weakest
elements, and the nuclear codes
specify stringent quality inspection

for these welds to achieve a
highly reliable pressure boundary.
Structural fabrication codes do
permit repairs in such a situation.
However, they are silent on the
number and type of repairs that can
be allowed inthe structures due to the
degradation in the high-temperature
strength of these joints.  Hence,
prototype out pile experiments
were conducted on the fuel-clad
tube with varying numbers of weld
repairs to ascertain the reduction
of creep strength (Fig. 1). Based on
this experiment, it is observed that 4
repairs are acceptable, and 2 repairs
are proposed to the industry. Finally,
the industry was able to complete
the whole welding process of the
PFBR fuel-clad tube within 1 repair.

Leak-Before-Break (LBB) requirement

Piping & Pressure Vessel

plays a vital role in demonstrating
the structural integrity of the sodium-
cooled Fast Breeder Reactor (FBR)
piping system. Hence prototype
experiments were conducted (Fig.
2a). Crack size at penetration (2C,),
crack size that corresponds to
detectable coolant leak rate (2C)),
and unstable crack size (2C,) are the
primary crack parameters associated
with the LBB design of the FBR piping
system. The experimentally observed
crack growth (C, + C)) is shown in
Fig. 2b. The CG shall be obtained as
a part of the material property.

The detectable leak rate through a
piping system is directly related to
the differential pressure (4P) and
crack size. The design pressure
of FBR piping systems is relatively
low, resulting in a high value of C,.

Rupture Lite of Fusl pon dnd plug webding, 25 lubes Simullanous lestng

1600

1200

§ a0
]

S a0
g
[+

(1]

0
C)

1 3 4
Mo of weld répdres

Figure 1: Fuel Clad Tube Test; a) Test Facility, b) Failed Samples and c) Creep Strength Reduction
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Considering the need for an optimum
LBB design of the FBR piping system,
an experimental approach is adopted
to arrive at a realistic estimate of C,.
Based on the experiments, a power-
law type correlation is derived to
predict the value of C, as a function
of AP. The evidence from this study
points towards the conservatism
presentinthe current FBR LBB design
philosophy as per RCC-MRx A16
(Fig. 2c). These observations have
several implications for achieving an
optimum LBB design criterion for an
FBR piping system.

Because of the stringent safety
criteria evolved after the Fukushima
accident, it is necessary to ensure
the availability of the Safety Graded
Decay Heat Removal (SGDHR)
system even under the Beyond
Design Basis Event (BDBE). For this
purpose, a typical full-scale SGDHR
pipe bend has been tested (Fig. 3a)
towardsthe assessment ofthe seismic
margin available in the design of the
PFBR SGDHR piping system and it

'
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Figure 2: LBB Experiment on Pipe Bend. a) Test Facility, b) Experimentally Observed

Crack Growth and c) Leak Through Crack

is observed that the maximum load-
carrying capacity of this pipe bend is

25 50 7% 100
Displacement-mm

Figure 3: SGDHR Pipe Bend Collapse Test. a) Test Facility and b) Load-Deflection

Diagram
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2.9 times of the maximum potential
earthquake possible at the PFBR site
with a return period of once in 10°
years without any loss of structural
integrity (Fig. 3b). Test result indicate
that there is no leak in the pipe
bend even after collapse. This result
demonstrates the availability of the
SGDHR piping system, even under
BDBE, for decay heat removal
without any compromise on the loss
of structural integrity of the piping
system.
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FBTR Operation... A Glimpse of its History, Challenges Being
Faced, and the Path Ahead

Fast Breeder  Test Reactor
(FBTR) at Kalpakkam, rated for
40 MWt/13.6 MWe, is the flagship
of the Indian Fast Reactor Program.
Right from the beginning, FBTR has
faced a number of challenges and
has successfully overcome many
of them during its glorious path of
success.

The commissioning of FBTR has
been in phases: low power operation
without SG (1985-86); operation with
SG valved in only in sodium side
(1986-1990); operation with SG fully
valved in (1993-96); operation with
turbo-generator (1997 onwards) and
full power (40 MWt) operation (2022
onwards).

Major Challenges

One of the first challenges that FBTR
faced was the non-availability of the
UO,-PuO, fuel (with 85% U-235)
which was originally promised by
France due to the prevailing political
switchvation. We did not have
enrichment facility for U-235. This,
however, did not deter the progress
of FBTR as BARC fabricated and
supplied the mixed carbide fuel. The
pyrophoric nature of carbide fuel
was itself another challenge in the
fabrication of the carbide fuel. Two
differentcompositions of this fuel have
been used in FBTR: Mark-I fuel with
PuC-UC in the ratio 70:30 and Mark-
Il with PuC-UC in the ratio 55:45. The
IGCAR Newsletter, April 2025

22 Mark-l Fuel Sub-Assembly (FSA)
initial core was meant for a target
power of 10.6 MWt. With this, the
reactor became critical on 18"
October 1985.

The mixed carbide fuel with the initial
LHR of 250 W/cm and a burn-up limit
of 25 GWd/t was relatively untested
till then; the continued operation of
FBTR with this driver fuel and the
post-irradiation examination of the
fuel sub-assemblies discharged after
25, 50, 100, 155 and 165 GWd/t of
burn-up helped in evaluating the fuel
behaviour; the operating LHR got
progressively increased to 250, 320 &
400 W/cm; the maximum burn up was
finalized to 155 GWd/t. In addition to
Mark-1 & Mark-1l FSAs, eight high Pu
MOX FSAs were loaded in 2007.

Due to certain fabrication issues,
Mark-Il FSAs are no longer available.
While trying to take FBTR to its
full power, the major issue with all
Mark-I FSAs was that the shutdown
margin was getting reduced below
the technical specification limit of
4200 pcm. This was successfully
overcome by adding four poison sub-
assemblies made of Boron Carbide,
B,C (with B-10 enriched to 50%) and
by opting for a 69 Mark-1 FSA core
along with one special SA at the core
center. With this innovation, FBTR
was taken to its rated thermal power
of 40 MWt during its 30" irradiation
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campaign in March 2022.
Major Incidents

A fuel handling incident in 1987 that
resultedinthe damageto certain core/
FH components was successfully
overcome and the reactor became
operational after a gap of 2 years.
Another incident of damage to a main
Boiler Feedwater Pump (MBFP) was
also successfully overcome and the
reactor power as raised in a phased
manner and the first nuclear steam
from a fast reactor as produced in
India in 1993. Electricity from FBTR
started flowing from September 1997
when the TG got synchronized with
the grid.

A few incidents of unintended reactor
power variations were investigated
thoroughly and measures were taken
to address the possible causes for
the underlying reactivity variations,
including ingress of hydrocarbons. A
fuel sub-assembly that had reached
a burn-up of ~150 GWd/t failed in
2011 when the reactor was operating
at 18 MWt; but the fuel-failure was
successfully detected, precisely
located and replaced, which
reinforced our ability to handle fuel
failures.

Another major incident was the failure
of one of the steam generators in
2016, when the reactor was operating
at 27.3 MWt during the 25" irradiation
campaign. This too was successfully
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detected and the reactor was taken
to safe shut down state. The defective
SG was replaced by a spare SG in a
record time of 3 months.

FBTR has also witnessed a few
incidents of sodium leaks, including
that of radioactive sodium in the
primary sodium purification system.
Each of these incidents was
successfully handled and has helped
in revealing certain design/construction
deficiencies which were analyzed
and suitable remedial actions were
taken to prevent its recurrence.

The leaks witnessed in the tubes
embedded in the biological shield
of FBTR in the first decade of this
millennium were successfully
arrested by depositing chemical
formulations developed by BARC.
This is a recurring issue and is being
addressed as and when it occurs.

Role of FBTR in Fuel and Material
Testing

FBTR continues to serve as test
bed for various fuel and structural
materials. The mixed oxide fuel of
PFBR composition was simulated
with a special composition of PuO,
and UO, (with 33% U-233), and
was introduced in the core in 2003.
This fuel had seen a burn-up of 112
GWd/t by 2010 and operated at a
LHR of 450 W/cm, nearly meeting the
requirements of PFBR; this helped to
prove that the PFBR fuel can be safely
taken up to its design burnup of 100
GWwd/t. Performance evaluation of
HTFC detectors of PFBR was carried
out.

Apart from testing the PFBR fuel,
FBTR is also being well utilized for
evaluating the behaviour of sodium
bonded metal-fuel pins of various
compositions. These fuel pins are
under different stages of irradiation.
Some samples have already
been subjected to post-irradiation
examination too. The irradiation of
metal fuel pins will generate baseline
data that can be used to decide the

fuel for FBTR-2 as well as the future
metal fuelled FBRs (beyond FBR-1
and FBR-2). In addition, FBTR was
utilized for the irradiation of TRISO
coated particle with ZrO, kernels
and disc specimens of Nb-1Zr-0.1C
for HTGR and Zr-Nb specimens
for PHWRs. Long term irradiation of
advanced structural materials like
Ferritic Steels (T-91), IFAC-1 (D9),
Yttria stabilized Oxide Dispersion
Strengthened alloys (ODS) is in
progress. FBTR is also playing
a crucial role in the evaluation of
thorium as a fertle material. 274
thorium blankets are now in the core;
several of them have a considerable
amount of U-233 which have started
contributing to the fission power close
to the acceptable limit, and hence will
be discharged from the core.

FBTRhasbeenwell utilizedto produce
isotopes of importance in medicine:
Strontium-89 from Yttrium-89 used for
palliative treatment of bone cancer;
Phosphorous-32 from Sulphur-32,
used for medical imaging. In
addition, efforts are being taken to
produce Molybdenum-92 as well as
Plutonium-238. The former is used
in medical imaging systems while;
the latter is used in nuclear batteries.
In addition, FBTR will be used for
irradiation of candidate structural
materials to be used in molten salt
reactors and high temperature gas
cooled reactor being pursued by

BARC.

Some of the major
works that were carried out are
modification in the Ward-Leonard
bearing housing, modification in the
trailing cable system, revamping of
computer based systems, provision

of Supplementary Control

revamping

Room,
replacement of contact type re-
heaters by surface type re-heaters
of steam water system, complete
upgrading of the DG control panels,
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etc. Provision of state of art digital
AVR for
managing of transients during grid
disturbance.

Balance Life of FBTR and Life
Extension Strategies

the alternator ensured

Over the past several years, a
number of improvements have been
carried out in FBTR, not only to safely
operate it at its full rated power but
also to extend its life. The major
factor that limits the life of FBTR is
the loss of ductility of the grid plate
that supports fuel and other sub-
assemblies, as a result of exposure
to neutron flux over time. In order to
assess this, a test specimen of the SS
316 grid plate material was irradiated
in 2018, which helped in fixing the
remaining life of the grid plate to 6.3
EFPY (Effective Full Power Years). As
on April 2025, the balance life is 4.13

EFPY.

As part of life extension of FBTR, it
was decided to reduce the neutron
flux at the grid plate by introducing
tungsten carbide (WC) as the as
the lower axial shielding material.
WC was introduced in the form of
pellets below the fuel element as
lower axial shield. This process has
been completed for 12 FSAs. The
remaining 57 FSAs will be gradually
replaced with FSAs with WC included
as lower axial shield. This process
is likely to increase the balance life
of grid plate by approximately 30%.
Removal of corrosion products like
Manganese with suitable traps, which
is being done now in primary sodium,
will also help in life extension.

FBTR underwent a seismic re-
evaluation and retrofits
were carried out to improve the
safety margins, including providing
supports. As
post-Fukushima

several

additional structural
part of

several improvements were carried

retrofits,

out, including construction of a
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separate qualified
building to house air-cooled diesel
provision of portable
DG sets, provision of solar powered
lighting in critical areas, etc. Seismic
instrumentation was provided to
monitor seismic activity close to
FBTR and alert the operator in case
of high seismic activity.

seismically

generators,

One of the major challenges FBTR
faces is the gradual sodium aerosol
deposition in the fuel handling
components. In addition, handling
core components when they reach
their fluence limits has become
more difficult. However, continuous
efforts are being made to address
these issues and to ensure that FBTR
is available for the nation as a major
test facility with fast flux.

The Path Ahead

Having completed 33 irradiation
campaigns, FBTR is gearing up for its
34" jrradiation campaign. A number
of challenges, including incorporation
of a test set-up, known as RISHI
loop, for conducting irradiation
of sample structural materials at
different temperatures will be taken
up in due course. Towards this, the
dismantling cell of FBTR will be made
operational. Deployment of suitable
traps to remove unwanted fission
products that might have mixed up
with primary sodium during incidents
of fuel failure is being contemplated.
Efforts to increase the existing
electric power production of 10 MWe
to the rated 13.2 MWe will be taken
up. As a proactive measure, safe
decommissioning aspects of FBTR
are being studied. Our ultimate aim
is to operate the reactor safely and
ensure that the balance life of FBTR
is effectively utilized before safe
decommissioning of the plant.
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Important Milestones of FBTR

1976 | Foundation Stone laid

1982 | Construction Completed

1985 | First Criticality with 22 Mark-I FSAs

1992 Low power physics and engineering experiments up to 1 MWt were
completed

1993 | Power raised to 10.6 MWt

1996 | Mark-I SA reaches 25 GWd/t burn-up

1997 | TG synchronized to grid

1999 | Zr-Nb irradiation for PHWR

1999 | Mark-1 SA reaches 50 GWd/t burn-up

2002 Power raised to 17.4 MWt. Mark-I fuel at 400 W/cm and reaches 100
GWD/t burn up

2003 | Irradiation of PFBR Test Pin Irradiation

2005 | Mark-l SA reaches 150 GWd/t burn-up

2006 | Mark-I SA reaches 155 GWd/t burn-up

2008 | Replacement of SG rupture discs

2009 Burn-up of or:e MK-I SA reached 165 GWd/t Primary outlet temperature
reached 482 "C ; Trial irradiation of Yttria for producing Sr-89.

2010 | PFBR Test Fuel reaches 109 GWd/t PFBR neutron detector testing

2012 | Testing of HTFC of PFBR

2018 | Back-up Control room commissioned

2019 | Proposal for Poison SA

2022 | FBTR reaches its design power of 40 MWt

2023 7 F$As VYith WC axial shield introduced in the core; Release of PSR and
re-licensing up to 2028

2024 | Testing the HTFC in Campbell mode.
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Shri T. V. Prabhu

Materials Chemistry & Metal Fuel Cycle Group
Indira Gandhi Centre for Atomic Research, Kalpakkam

Tamil Nadu, India

Lecture Series

Development of Metal Fuel Fabrication

Technology - Engineering Challenges

Sodium bonded metallic fuel
containing uranium-plutonium-
zirconium (U-Pu-Zr) alloy having high
fissile atom density & high thermal
conductivity has higher breeding
ratio as compared to conventional
nuclear fuels and it also favours
inherent safety of a fast reactor core.
During early 1980’s EBR-Il & FFTF
were test beds for U-Pu-Zr fuels
and extensive performance studies
were performed by with varied ‘Pu’
and ‘Zr’ compositions in metal fuel.
ANL, USA had selected U-20%Pu-
10%Zr as reference metallic fuel
composition based on their large
scale irradiation experience. From
the perspective of India’s nuclear
programme on development of
metal fuel, ‘Zr’ content was limited
to 6wt% and metal fuel composition
was tentatively fixed at U-19%Pu-
6%Zr alloy as driver fuel with ~75%
smear density for a commercial fast
reactor. In order to demonstrate
the power reactor performance of
metallic fuel, test irradiation program
in FBTR was planned for different
target burnups. It was aimed for
maximum ‘Pu’ composition in the fuel
to reach higher LHR (~400W/cm).
Fuel alloy composition selected for
testirradiation in FBTR was U-23%Pu-
6%Zr. It was decided to carry out pin
level (531.5mm long) irradiation in
special sub-assemblies and later

with 37 pin sub-assembly level
irradiation with fuel pins of ~1.0 m
long. R&D programme at IGCAR
(jointly with BARC) was conceived
to develop all necessary stages in
metal fuel cycle like fuel fabrication,
irradiation, pyro-reprocessing in hot
cells and remote fabrication of fuel
using pyro-processed fuel.

To develop flow sheet & technology
for fabrication of sodium bonded
metal fuel pins a metal fuel fabrication
laboratory & fuel characterisation
lab was set up and are currently in
operation. Technology has been
developed for every process in the
flow sheet viz. glove box based
Injection casting of fuel slugs,
continuous casting of blanket slugs,
sodium wire extrusion, sodium
bonding, end plug welding of T91
clad tube & post weld heat treatment
etc. for 531.5mm long fuel pins.
Facility was used for fabrication
of sodium bonded metal fuel pins
containing various compositions viz.
Nat U-6Zr, 14.5%EU-6%Zr, U-19%Pu-
6%Zr and 19%EU-23%Pu-6%Zr for
test irradiation in FBTR. The EU fuel
pins have seen burn-up level of ~38
GWd/t and ‘Pu’ fuel pins have seen
~40 GWd/t. Fuel pins are being
fabricated in this facility for fresh
loading in FBTR and in future to
demonstratehigh-burnup capability
of the metallic fuel (>10at.%). The
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irradiation experiences till date are
limited to 531.5mm long fuel pin &
160mm slug length. However, to get
the power reactor experience and to
finalise fuel pin design of proposed
new test reactor, irradiation behaviour
of longer fuel pins of ~1.0m and
slug length of 320mm have to be
demonstrated. Towards this objective
a ~1.0m fuel pin fabrication facility
has been cold commissioned.

Currently programs are underway to
fabricate 37 pin sub-assembly of T91
hexcan containing metallic fuel pins
of higher ‘Pu’ enrichment to reach
higher power & burn up in FBTR.
The glove box line houses multiple
pin sodium bonding furnace, alpha
tight transfer systems and compact
injection casting equipment qualified
to cast fuel slugs of ternary alloy
U-Pu-Zr composition in batch mode.
The line also houses a gravity casting
system with vacuum induction system
for melting charge and solid induction
coil with in house developed power
electronics to address the safety
requirements inside inert atmosphere
glove box. To improve quality in each
stage of fuel pin fabrication process,
data logging & monitoring related to
each process has been established
by data analytics. Systems like
vision based slug inspection bench,
PLC based inert gas recirculation,
laser cutting equipment etc. has
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been developed. The operation of
this facility will give experience in
designing fuel fabrication equipment
& hotcell for remote re-fabrication
of fuel pins containing radioactive
pyro-processed fuel alloy with low
decontamination factor.

Engineering Challenges to be
Addressed before Embarking
on Large Scale Metal Fuel
Fabrication

Plutonium based metal alloy fuel
are handled in high purity argon
atmosphere in a leak tight glove box
wherein oxygen & moisture levels
are brought down to 10-20 ppm.
Oxidation behaviour of ‘Pu’ during
high temperature processing and
during changes in variables of inert
atmosphere have to be understood.
Hermetically sealed blowers driving
the inert gas recirculation system
have to be housed inside a hood
for confinement of radioactivity.
The purification towers with catalyst
are potentially radioactive & the
regeneration process to restore
the effectiveness of loaded catalyst
have to be carried out considering
potential radiological hazards.

Currently the ternary alloy fuel
composition is fixed at U-19%Pu-
6%Zr in which the maximum ‘Pu’
compositionislimitedto 19+0.5wt. %.
Experience in casting ‘Pu’ rich
(>20%) ternary fuel alloy by BARC in
the gravity casting route, has shown
low yield, high rejects of cast slugs
because of casting defects, cracks
etc. Significant volume changes
during cooling & solidification and
micro-cracks pose challenges for
casting plutonium rich alloys. The
zeta phase in ‘Pu’ rich ternary alloy
results in poor mechanical property
& brittleness of cast slugs. The
brittle nature of cast slugs create
handling challenges during further
processing in the fuel fabrication
steps. Additionally ‘Pu’ rich metal
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alloy are prone to corrosion & are
chemically reactive because of its
oxygen gettering properties. In the
injection casting process to achieve
good homogeneity of ‘Zr’ in the fuel
alloy, length melt time for complete
dissolution of ‘Zr and multiple re-
melts of feedstock has to be carried
out without vaporisation losses of
‘Pu’ & other actinides. To achieve the
desired ‘Pu’ composition in the fuel
after casting, the alloy preparation
has to be customised based on
the ‘Pu’ concentration, isotopic
composition etc. of the input feed.
During the casting & fuel fabrication
process, left-out charge in graphite
crucible, rejects in casting, sheared
pieces of slugs etc. have to be
recycled effectively. Used graphite
crucible after multiple heating cycles,
crushed quartz mold, retrieved
sodium from rejected fuel pins etc.
have to be handled by suitable waste
management routes.

As part of the safety analysis the
injection casting process at high
temperature (1450°C), the Vacuum
Induction Melting (VIM) system,
pressure  chamber with  solid
induction coils has to be qualified
for pressure boundary breach, over
pressurisation, metal fire inside glove
box, emergency exhaust system,
criticality safety of ‘Pu’ rich ternary
alloy and the mitigation measures for
hypothetical accident scenarios.

Fuel alloy properties like phase
transition  temperatures, melting
point, phase diagram studies about
the technologically important alloy
U-19Pu-6Zr is limited and in particular
with impurities like Fe, O, C & N.
Hence, experimental measurements
of thermal and mechanical properties
of U-Pu-Zr alloys is crucial for fuel
design, fuel fabrication process
like casting and modeling of fuel
constituent redistribution, fuel
swelling & to understand fuel clad
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chemical interaction which are life-

limiting phenomenon for metallic
fuels.

Metal fuel re-fabrication in shielded
hot cells will require high level of
reliable automation and towards
this objective various systems under
development are sealed three-piece
master slave manipulators, in-cell
material handling crane, alpha tight
quick transfer systems & advanced
manufacturing process like AM
for critical components, image
processing tools etc.

Phases of Implementation of
Metal Fuel Fabrication

IGCAR will continue fabrication of
sodium bonded metal fuel pins in
sub-assembly level & the irradiation
program in FBTR till its life, to
prove, generate data on the distinct
advantages of metal fuel like high
burn-up, breeding ratio, doubling
time, inherent safety features, reactor
kinetics etc. IGCAR will carry out
reprocessing of metal fuel by pyro-
reprocess in batch mode in RCL hot
cells till a dedicated shielded pyro-
processing facility comes up.

The next phase is to design &
construct a shielded facility to
reprocess the spent metal fuel
discharged from FBTR by pyro
processing route and to remotely
carry out injection casting, fabrication
of fuel pins using the electro-refined
fuel, construct sub-assembly
and return to reactor thereby
demonstrating the closing of metal
fuel cycle. A comprehensive remote
fabrication technology in hot cell for
metallic fuel has to be established to
demonstrate the integral fuel recycle
concept with short doubling time. In
the long term, the Indian fast reactor
programme will be based on metal
fuel to achieve enhanced breeding
and better fuel utilisation for faster
growth of nuclear power.
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Anu Yatra 2025 Report
January 21, 2025

As part of the Department of Atomic Energy’s (DAE) Platinum Jubilee celebrations and the PRIS(G) activities
of SQRMG for 2024-25, Anu Yatra (Phase-3) was organized to highlight India’s advancements in nuclear
technology, aligning with the vision of Atmanirbhar Bharat. The program aimed to create awareness about
nuclear science and technology, particularly among the youth in rural areas across Tamil Nadu and Karnataka.

Inauguration - Flag Off Ceremony

The 2025 edition of Anu Yatra was flagged off on 21st January from AECS, Anupuram, with an inaugural
ceremony graced by Shri C. G. Karhadkar, Director, IGCAR; Dr. B. Venkatraman, Former Director,
IGCAR; Shri M. Seshaiah, Station Director, MAPS; Dr. T. V. Krishna Mohan, Facility Director, BARC(F);
Shri Gopal Parthasarathy, State Secretary, Tamil Nadu Ariviyal Sangam; Shri C. N. Srinivasa Ragavan,
Principal, AECS, Anupuram along with other senior officials from IGCAR, MAPS, BARCF, and GSO.

Atoms on Wheels and Details of Exhibits

A special bus “Atoms on wheels”
arranged for carrying the exhibits,
standees, digital display and models
showcasing various activities of
Department of Atomic Energy to all
nodal colleges along the route.

The  Yatra  commenced  from
Kalpakkam, Tamil Nadu on 20" o ==
January 2025 and covered 1,116 km, |

concluding at Kaiga, Karnataka, on 7" |
February 2025. The journey passed
through key locations such as Vellore,
Uthangarai, Dharmapuri, Bengaluru,
Tumkuru, Hubballi, and Belagavi, with
a team in each district organizing the awareness program.

Atoms on wheels
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PCJC, Hubbali

KLE’s Tech. University, Belgavi

Glimpses at various nodal institutions

Grand Conclusion:

The culmination event on 7" February 2025 at Kaiga brought together distinguished personalities, including:
Shri B. Vinod Kumar, Site Director, KGS; Shri Shriram, Station Director, KGS 1&2; Shri J. L. Singh, Project

Director, KGS 5&6; Shri K. Rajan, Director, RpG, IGCAR and Shri Prasad Gokhale, Principal, AECS, Kaiga.
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Culmination event at AECS, Kaiga
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Concluding Remarks

The initiative of Anu Yatra 2025 was jointly
organized by IGCAR along with Indian
Association of Radiation Protection (IARP),
Indian Association of Nuclear Chemists
and Allied Scientists (IANCAS), and Vijnana
Bharati, Tamil Nadu Chapter (Tamil Nadu
Ariviyal Sangam). It covered a distance of 1,116
km from Kalpakkam to Kaiga with 08 nodal
institutions across Tamil Nadu and Karnataka
state. Overall, around 10,000 students and
more than 500 faculty members and teachers
actively engaged in Anu Yatra 2025.
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One Day Theme Meeting on Embracing the Digital Age: Re-imagining Library

Resources Management
January 24, 2025

Scientific Information Networking Division (SIND) of SQRMG, IGCAR has organized a one day theme meeting
on “Embracing the Digital Age: Re-imagining Library Resources Management” on 24" January 2025 at
Sarabhai Auditorium, IGCAR. Eminent information professionals from various DAE units, Anna University,
NIAS University, IIT-M and Pondicherry University have participated the meeting.

The theme meeting started with the welcome address of Dr. Vidya Sundararajan, AD, SQRMG;
Shri E. Soundararajan, Head, DRTS, briefed about the workshop and highlighted the points to be addressed.
The Presidential address was given by Shri C. G. Karhadkar, Distinguished Scientist and Director, IGCAR.

Presidential address was given by Shri C. G. Karhadkar, Distinguished Scientist and Director, IGCAR

Director emphasized the importance of the library in the digital era. Shri J. Rajan, Head, SIND gave the vote
of thanks.

In the Technical Session-I, Prof. M. Sai Baba, NIAS, Bengaluru and Former Director, RMG, IGCAR, delivered
the keynote address on Information Resources Management in the Era of Evolving Digital Age. He elaborated
the current trends of Information Resource Management in the digital library era. Dr. M. Saravanan, Deputy
Librarian, Anna University, Chennai, gave the lecture on Best Practices and Resources Management at
AU Library. In the end of the Technical Session-I, Dr. Deepaali Kuberkar, Librarian, Tata Memorial Hospital,
Mumbai, delivered the technical talk on Digital Renaissance of Libraries.

Technical Session-Il began with the invited talk on Text and Data Mining — Licensing in the Digital World
by Dr. Mahendra Jadhav, Librarian, IIT-M, Chennai. The various technical steps towards the text and data
mining in the era of making digital library and licensing issues were addressed by him. Shri Manoj Singh,
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Head, SIRD, BARC, Mumbai gave the lecture on Digital Resources Management: Current Status and Future
Trends of Libraries. The various advance digital resources management activities of BARC libraries have
been explained by him. Finally, Prof. R. Sevugan of DLIS, Pondicherry University, delivered the lecture on
Research Data Management: A Perspective of Developing Country.

The Panel discussion was chaired by Dr. M. Sai Baba. All the experts who gave the lectures on the technical
sessions were part of the panel discussion along with  Smt. S. Rajsewari, Former AD, SIRD and Shri J. Rajan,
Head, SIND. The ONOS (One Nation One Subscription) scheme, Licensing issues, the digital enhancement
etc., were discussed in the panel discussion. In the end, concluding summary of the deliberations was given
by the Dr. M. Sai Baba.

Reported by:
Dr. Vidya Sundararajan

Associate Director, SQRMG

Tamil Nadu BEAT EXPO 2025
January 25-26, 2025

Incubation Centre of IGCAR participated in TN BEAT EXPO 2025, a flagship event organized by the Tamil
Nadu Government Corporation, TAHDCO on January 25-26, 2025 at Chennai Trade Centre in Chennai.
Focus of this two-days Expo was to build entrepreneurs from the marginalized communities such as the
Adi Dravidars and Tribals. A stall was up by IC-IGCAR Team to showcase IGCAR’s technology incubation

Dr. M. Mathiventhan, Honaurable Minister of Adi Dravidar Welfare, Tamil Nadu, handing over a memento to Head, IC-IGCAR
for IGCAR's participation in Tamil Nadu Government's TN BEAT EXPO 2025 January 25-26, 2025 at Chennai to build
entrepreneurs from Adi Dravidars & Tribals.

and licensing opportunities through videos and posters. The event had a reported footfall of around 37,000
visitors and IGCAR’s stall was well attended.

Reported by:
Dr. N. Subramanian

Head, Incubation Centre-IGCAR
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8" NATIONAL CONFERENCE URJAVARAN - 2024-25
February 06, 2025

Air-Conditioning & Ventilation System Division (AC&VSD), ESG, IGCAR in association with Indian Society of Heating
Refrigerating & Air-Conditioning Engineers (ISHRAE) - Kalpakkam Chapter organized the 8" National Conference
URJAVARAN - 2025 at Sarabhai Auditorium, IGCAR on 6™ Feburary 2025. The theme of the conference was “Policy and
Regulatory Frameworks for Sustainable HVAC Practices”. Two hundred and fifty delegates attended the conference
from various DAE units, academic institutions, industries and leading consultancies.

Shri Biswanath Sen, Convener, Urjavaran 2025 delivered the welcome address and also made brief introduction about
the conference. Shri N. Suresh, Associate Director, CEG delivered the inaugural address highlighting the significance

y & Regulato
. atSars

Dr. K. AnanthaSivan, Former Director, RpG, delivering the
keynote address on “Climate change and the change in
Releasing of souvenir during inaugural function climate”

of energy conservation for sustainable environment. Chief guest of the conference, Dr. T. V. Krishna Mohan, Facility
Director, BARCF addressed the forum on sustainable HVAC, smart technology integration and workforce development
and training in his presidential address. Dr. K. Anantha Sivan, Former Director, RpG has delivered the keynote address
on “Climate change and the change in climate”, which emphasized the importance of policy and regulatory frameworks
for sustainable HVAC practices. The address was well received by the participants.

The conference souvenir was released by Dr. K. Anantha Sivan, Former Director, RpG along with the dignitaries. At the
end of the inaugural session, Shri T. Manikandan, Organizing Secretary, URJAVARAN — 2025 has proposed the vote of
thanks. Dr. R. Divakar, Director, MMG and Dr. Sandip Kumar Dhara, Director MSG have inaugurated the exhibition stalls
of the exhibitors of the conference.

The conference discussed latest technologies, products and ongoing research on sustainable buildings. It included
invited talks by eminent speakers from academic institutions, industries, R&D organizations and leading consultants
in the areas of HVAC. The conference had six contributed papers presentation from DAE units (IGCAR and BARC)
covering wide spectrum such as regulatory requirements of nuclear facilities and energy efficiency improvements in
various HVAC areas such as air filters, unitary air conditioners, smart HVAC systems, mechanical seals, centrifugal
chillers etc. Product presentations from reputed industries were also a part of the conference. The conference facilitated
good interactions among delegates and experts in the area of HVAC.

Shri S. Francis Wilfred, Co-Convenor & Head ACWPO&MS delivered the welcome address of valedictory session.
Shri Faizan Ulla Khan, Head PLAS, RDG presented the summary of the technical sessions of the entire programme.
Convenor Urjavaran, in his valedictory address, described how the policy and regulatory bodies govern the production
of energy efficient equipment, improve the indoor air quality etc. He emphasized the importance of standards to
improve equipment performance and sustainability. Shri V. Marudhupandiaraja, BARCF and President Elect., ISHRAE
Kalpakkam chapter proposed the vote of thanks.

Reported by:
Shri Biswanath Sen
Head, Air-Conditioning & Ventilation System Division
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Best Paper/Poster Award

R. Anbarasan’, R. Ramar, Varsha Roy, Subham Dhyani, R. M Sarguna and
S. Ganesamoorthy has received best poster award for the paper titled “Development
of portable Direct reading dosimeter based on in-house grown CdZnTe Single Crystal”
in the 27" National Seminar on Crystal Growth and Applications held at BARC, Mumbai
during February 7-9, 2025.

Mrs. M. Margret from SQRMG received the IARP Award for the Best Poster presentation
at the 35th IARP National Conference held at Mangaluru during January 29-31, 2025
for the paper titled “Parametric evaluation of matrix influences on detector response
across broad range of photon energies”.

Mrs. M. Sowmya from Radiological Applications and Technology Division (RATD),
SQRMG, IGCAR has been awarded the second prize for technical paper presentation
for the paper titled “Annual variations in air quality parameters at Kalpakkam Site
(East Coast of India) in the 9™ International Conference on Air Quality Management
(IICAQM-2024) held at IIT Madras, Chennai during December 18-21, 2024.

Dr. Usha Pujala from Health Physics Section, Health and Industrial Safety Division,
SQRMG received the best poster award (First Prize) for the paper titled “Charged
aerosol dynamics behaviour for improving the fast reactor safety assessment during
severe accident: Modeling aspects” during 35" IARP National Conference, Mangalore,
January 29-31, 2025.

Amit Kumar, Shobhit Verma, Vijay Anand R, Sujatha P N, Sarangapani R,
Thangamani M, John Arul A and Suresh Kumar KV from IGCAR has received the best
presentation award (Third Prize) for the paper titled “A feasibility study on radioactive
aerosol characterization in the cover gas region of primary sodium” during NSRP-24
National conference held at the DAE Convention Centre, BARC, Mumbai during
March 27-29, 2025.

Akhil G. Nair, Chanchal Ghosh, Indradev Samajdar, Arup Dasgupta received the Best
Poster Award for the paper titled “Exploring the influence of Cr on bond characteristics
in (Fe,Cr),B: A comprehensive experimental and computational investigation”
at the advanced microscopy and its applications in materials science problems
(AMAMS 2025) symposium held at [IT Madras, Chennai, January 15-18, 2025.
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