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ABSTRACT 
 

The sustainable management of high level nuclear wastes comprises the 
processes of geological disposal, partitioning and transmutation. Transmutation of 
high level nuclear waste is the   process of changing long lived radio nuclides into 
short lived radio-nuclides through nuclear reactions by radioactive bombardment. 
With recent India-US nuclear deal, the utility of long lived radio-nuclides increases 
with target increase in nuclear power generation from 4,000 MW to 20,000 MW by 
2020. Accelerator Driven System (ADS) technique is one of the hybrid techniques 
for nuclear power generation which can sustain its growth on the indian thorium-
uranium fuel system and also useful for the incineration of the long lived nuclear 
wastes to make nuclear energy more acceptable to the society. 

The present paper examined the physics of the ADS for nuclear energy and 
transmutation under the neutronic characterization, safety parameters, and dynamic 
behavior. The transmutation potential of ADS device compared with reactor based 
nuclear waste transmutation are also studied under different fuel systems. Under 
Indo-US nuclear deal, India is going to initiate an international collaboration 
programme on ADS to get rid of radiotoxic waste lodged in almost 2,00,000 metric 
tones of spent fuel that increases every year by 10,000 metric tones. Indian ADS 
programme is reviewed thoroughly for nuclear power production and incineration of 
radiotoxic waste. Generation–IV advanced nuclear energy systems will also play an 
important role in safe and economical power generation without producing green 
house gases. Technical challenges and synergy in the Gen-IV reactor system 
technology is also explained in the present paper.   

Key Words : Nuclear waste management, Transmutation,  
Accelerated driven sub-critical system, Hybrid reactors 

 
INTRODUCTION 

Nuclear energy is potentially recognized 
as significant to the future electricity 
generation system and is also considered as 

the fastest growing power-generation 
industries in India. The Indian nuclear power 
industry is expected to undergo a significant 
expansion in the coming years by current 
Indo-US nuclear deal. This agreement will 
allow India to carry out trade of nuclear fuel * Author for correspondence 
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and technologies with other countries in the 
direction of enhancement of its power 
generation capacity. It is expected to 
generate an additional 25,000 MW of nuclear 
power by 2020, bringing total estimated 
nuclear power generation to 45,000 MW and 
also targeted to supply 25% of electricity 
from nuclear power by 20501.  

Presently, India is using imported 
enriched uranium under International Atomic 
Energy Agency (IAEA) safeguards, with 
supported reactor technology for various 
aspects of the nuclear fuel cycle. Use of 
heavy water reactors has been particularly 
attractive for the nation because it allows 
Uranium to be burnt with little to no 
enrichment capabilities. Uranium deposits in 
the nation are limited there are much greater 
reserves of Thorium and it could provide 
hundreds of times the energy with the same 
mass of fuel. India can sustain power 
generation for centuries by making use of its 
own vast reserves of thorium only and many 
efforts are needed in the development of a 
thorium centered fuel cycle2. 

 The safe and effective management of 
radioactive waste would be the future 
challenge for utilization of radioactive 
materials under nuclear power generation. 
Geological disposal, partitioning and 
transmutation are the possible steps for 
nuclear waste management strategy3,4,5. 
Under geological disposal, the major 
objective is to prevent the release of 
radionuclides into the biosphere over a very 
long time scale. However, there are 
uncertainties of the safety and impregnability 
of the storage over hundreds of thousands of 
year and also have negative public opinions 
over disposal. Partitioning and transmuting 
long lived radioactive wastes into stable or 
short lived isotopes are the other possible 
measures investigated4. Natural 
transmutation occurs when radioactive 
elements spontaneously decay over a long 
period of time to transform into more stable 

elements. Artificial transmutation occurs in a 
device that has enough energy to cause 
changes in the nuclear structure of the 
elements. Conventional fission power 
reactors, fast breeder reactors, sub critical 
reactors, and particle accelerator are such 
devices which are used in artificial 
transmutation processes. A sub critical 
reactor uses additional neutron from an 
outside source instead of sustaining chain 
reaction6.  

When a reactor is coupled to a particle 
accelerator to produce neutron by spallation, 
system is known as Accelerator-Driven Sub-
critical System (ADS). It is going to be more 
acceptable to the society from the point of 
safety and ecology as sub-critical and 
capable of reducing the danger of nuclear 
waste, respectively. This system is 
independent of kind of nuclear fuel used 
whether it is fissile, fertile or even high 
actinides and a new kind of system for 
nuclear power generation using a source of 
high energy neutrons with having feature of 
incineration of nuclear waste at a fast rate. 
Thus ADS is capable of using thorium as a 
fuel and extend the possibility of India to be 
self-reliant in the field of nuclear power 
generation, as high reserves of Thorium in 
the country. In 2003, the Department of 
Atomic Energy (DAE), started a program of 
physics studies of ADS under the Xth five 
year plan budget. The Indian nuclear 
program fragmented in the stages to use 
thorium in PHWR in the second stage and a 
PHWR+ADS in the third stage7.   

Therefore, it is the time to discuss on the 
research and development strategies of 
Indian nuclear power program with reference 
to the global prospects. In this paper we 
firstly characterize the nuclear wastes, 
compare the nuclear waste transmutation 
under fast breeder reactor with ADS, and the 
current national research development of 
accelerator driven system. Finally, we try to 
explain the research and development of 
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fusion-fission hybrid reactor technology to 
the global energy economy meeting world 
energy demand.  

Nuclear Waste Characterization 
The Light Water Reactor (LWR) spent 

fuel nuclides are the wastes of current 
interest and categorized as, long- and short-
lived fission products, activation products 
and actinides and each contain some specific 
characteristics. The fission products and 
activation products are characterized by beta-
emission and with the exception of a few 
nuclides, possess significantly shorter half-
lives than the transuranics of concern while 
actinides exhibit alpha-decay and some 
spontaneous fission. Many transuranics 
possess short half-lives with long-lived 
daughter products, which characterize their 
chains by extremely long half-lives. 

The main risk from a geological 
repository is the contamination of 
groundwater. Among the known species in 
LWR spent fuel, it is found that only a few 
are capable of reaching the water table and 
have the potential to reach the accessible 
environment e.g., 99Tc, 129I, 135Cs, 237Np, 
242Pu ,238U , and 234U. Because of solubility 
in water, lack of soil retention, and long half 
life the above species possess high risk of 
groundwater contamination.  

The chemical processing (partitioning) of 
the high-level waste is crucial and according 
to Croff et al., (1980), the various chemical 
processes required to remove the actinides 

from the high-level waste and to include 
them in fuel fabrication for reactor recycle.  
About 99.75% of the actinides could be 
removed from the high-level waste stream 
with 0.1% being lost to waste in 
reprocessing, and 0.15% being lost during 
fuel fabrication using the present chemical 
processing techniques8. The recent 
technological developments in the separation 
processes includes the dissolving spent fuel 
in a nitric acid solution, aqueous based 
PUREX process for plutonium and uranium 
and TRUEX process for other remaining 
transuranics8. Other non-aqueous front-end 
and back-end processing system includes, 
zirconium cladding and RENUW process, a 
modification of the dry fluoride volatility 
process8. Nuclear waste transmutation is an 
option to reduce the hazards in the spent 
nuclear fuel which contain about 1-2% of the 
content of the spent fuel, leaving the other 
98% relatively harmless over the long term. 
The main transmutation processes for fission 
products are neutron capture (producing a 
higher mass nuclide) and beta decay and for 
many fission products the neutron capture 
cross sections in a thermal (or epithermal) 
spectrum can give substantial transmutation 
rates.  

Transmutation of the long-lived fission 
products 99Tc and 129I is feasible in a thermal 
reactor. The ruthenium and xenon 
transmutation products are stable under 
neutron capture processes as, 

 
99 100 100 101 102

129 130 130 131 132

Tc n Tc Ru n Ru n Ru
stablestable stable(16s)

and,

I n I Xe n Xe n Xe
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Transmutation of 90Sr (29 yr) and 137Cs 
(30 yr) is possible in principle but not in 
practice. Their transmutation would make 
little improvement in the calculated 
radiological risk for a geologic repository 
because of the relatively short-term nature of 
their radioactivity, although the reduction in 
repository heat loading might be marginally 
advantageous9.  

Reactors for Transmutation 
Under nuclear processes for 

transmutation, two quite different classes of 
reactors have been studied for neutron 
generation. These systems consist primarily 
of a conceptual analysis of the effects of the 
neutrons generated in order to estimate the 
benefits and hazards that would result from 
changing the character of the waste to be 
disposed. The two classes of reactors are : 

A. Critical nuclear reactors : The 
nuclear assembly, containing the waste and 
possibly additional fissile material, operates 
with a net neutron multiplication factor of 
unity. This class includes thermal reactors, 
such as the LWR and PBR, and fast reactors, 
such as the advanced liquid metal reactor 
(ALMR). 

B. Accelerator-driven nuclear 
reactors: The nuclear assembly operates 
with a neutron multiplication factor less than 
unity, i.e., sub critical, so that neutrons must 
be added from a source external to the 
nuclear assembly. Intense beams of very 
high-energy protons would be focused on 
targets such as lithium, tungsten, molten 
lead, or even the fuel itself. This would 
generate large numbers of spallation neutrons 
that would be multiplied by the sub critical 
assembly to transmute waste material 
surrounding the target. 

Reactor Transmutation Overview 
Thermal fission reactor used for 

transmuting the toxic waste isotopes, likes 
85Kr, and 137Cs8. The amounts of these 

nuclides disposed off in a geologic repository 
could be reduced by a factor of 1000 with 
neutron fluxes of 1016 neutrons/ (cm2.sec). 
The high flux required is due to the small 
capture cross sections of these isotopes. 
However, the approach was impractical due 
to short core-life, high decay heat, and, 
further waste production. Liquid-metal fast 
breeder reactors (LMFBR’s) are used for 
actinide recycling and actinides from three 
1000 MW BWR’s and one 1000 MW 
LMFBR were recycled into one LMFBR by 
loading them into special fuel pins and 
placing them in a concentric ring in the 
LMFBR core. Murphy et al. (1979) 
determined that the specific reactivity of the 
actinides was directly proportional to the 
average neutron energy, and therefore 
actinide recycle was best accomplished using 
specially designed hard-spectrum reactors in 
which the majority of power is produced 
from the fission of the waste actinides. These 
fast reactors also build up their in-core 
inventory of higher actinides to equilibrium 
values which are higher than the initial core 
loading8. 

Liquid-metal reactor technology has 
been under development for over 40 years in 
the United States and several other nations. 
Its principle potential application would be 
as an advanced nuclear power reactor, 
capable of breeding new fuel from natural or 
depleted uranium. The ALMR will be needed 
in near future when low-cost resources of 
uranium are depleted, so a breeder could 
avoid the rising fuel costs of light-water 
reactors. Although natural uranium is 
abundant and readily available in the world 
market; Some nations, such as France, 
United Kingdom and Japan, have stated their 
intent to develop breeders to reduce their 
dependence on imports of natural uranium. 
The use of ALMR for actinide burning has 
raised significant interest with emphasis on 
complete burning of all transuranics. The 
proposed programme requires reprocessing 
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through LWR spent fuel to fuel the initial 
core and the first two reloads of the ALMR. 
Subsequent reload cores would be produced 
by reprocessing ALMR spent fuels. System 
make-up is from reprocessed LWR spent 
fuel, and thus the ALMR may appear to 
qualify as a transmutation scheme10. 

Accelerator-Driven Transmutation Overview 
The transmutation of significant amounts 

of nuclear waste requires large excess of 
neutrons has led the proposal for the 
application of accelerator-driven system. A 
reactor coupled with a particle accelerator to 
produce neutron by spallation is called an 
Accelerator –Driven System (ADS). In such 
system, spallation reaction induced by a 
high-intensity beam (10 to 250 mA) of 
intermediate energy (around 1-2 GeV) proton 
on a heavy target produce an intense neutron 

flux. These neutrons are used to drive a sub-
critical blanket after being more or less 
moderated. The extra neutrons provided by 
the accelerator allow the maintenance of the 
chain reaction during burning the long-lived 
nuclear wastes.  

The idea of using an accelerator to feed a 
sub-critical reactor is now coming into 
concept with the progress in accelerator 
technology. Various concepts of accelerator-
driven systems have been proposed by 
several groups11,12,13,14, which are differing in 
their goals likes destruction of fusion 
products, minor actinides or military Pu, or 
energy production with a minimized waste 
inventory but the technological choices 
regarding accelerator, fuel, moderator, and 
coolant are also very different. 

 

 
Fig. 1 :  A Schematic view of an Accelerator- Driven Transmutation System 

The main components of ADS consist of 
a high-intensity accelerator delivering a 
particle beam of 5 to 40 MW power, a 
transmuter - a sub-critical reactor with 
spallation source, and chemical reprocessing 
(Fig. 1). 

Accelerator  
Linear or cyclotron accelerators have 

been proposed for Accelerator-Driven 
Transmutation of Waste (ATW) and the 
choice will depend on an inter-comparison 
and complex optimization of the whole 
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ATW-system including economical 
constraints and local traditions of research 
groups. From a nuclear point of view, the 
optimal parameters of the accelerator 
includes the proton energy range from 1-1.5 
GeV (there is no significant gain in number 
of neutrons per proton energy over 1 GeV) 
and beam power in the limits of 4-10 MW, 
corresponding to 5-10 mA of the proton 
current11.  

In accelerator driven system, large 
excess of neutrons are required to transmute 
significant amount of waste. An intense 
neutron flux can be produced by spallation 
reactions induced by a high intensity beam of 
intermediate energy protons on a heavy 
target. This high energy proton beam is 
generated by a suitable particle accelerator. 
To supply powerful proton beam, a 
superconducting linear accelerator should be 
developed. 

The improvement of accelerator 
technology focused on the following 
intensive research points. 
For linac— 

1. Improved reliability and trip-free 
performance, 

2. Extensive use of superconductors 
(development of lower-beta 
superconducting cavities and 
cryomodules), high-gradient 
superconducting rf-cavities, 

3. Increase of electrical field gradients 
leading to reducing the size, 

4. Increase of current and possibly 
beam splitting/sharing to share 
accelerators in development stage; 

For cyclotrons— 
1. Improved reliability and trip-free 

performance, 
2. Increase of beam current - novel 

concepts overcoming space charge 
difficulties. 

3. Cost reduction through compactness 
and robust constructions. 

Target 
Different technical solutions have been 

developed for an ATW spallation target. 
Among them, a solid tungsten target clad in 
stainless steel and cooled by sodium and a 
liquid metal target, in which target fluid is 
also used as the primary cooling loop, have 
been considered as the most promising 
options. The solid tungsten target design was 
developed in details in the APT project11, 
however this solution for ATW system is less 
attractive than a liquid metal target; e.g. a 
liquid Lead-Bismuth eutectic (LBE). 
Mercury target is a preferred option for 
spallation neutron scattering facilities, like 
Spallation Neutron Source (SNS) project and 
European Spallation Source (ESS)11,14. 

The advantages of LBE are chemical 
inertia, high boiling temperature, relatively 
low melting temperature (123.5oC), good 
heat conductivity and no immediate volume 
expansion upon solidification (however slow 
volume expansion in a solid state due to 
recristallization requires some precautions). 
A significant disadvantage of the LBE 
spallation target is generation of 210Po, a 
short-lived hazardous alpha emitter formed 
by neutron irradiation of Bismuth. 

The key technological problem for the 
target design is a design of a target window 
which can withstand radiation damages of 
proton beam and backscattered neutrons, 
thermal stresses caused by accelerator trips 
and corrosion in LBE environment.  

Subcritical core : coolant/moderator/ fuel 
system  

Transmutation efficiency and the system 
performance depend very strongly on the 
choice of coolant and fuel types. Different 
conceptual designs have been proposed for 
the coolant/fuel systems. The very common 
feature for most of them is the choice of a 
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fast neutron spectrum in order to transmute 
efficiently minor actinides. As a consequence 
a liquid Lead or LBE as a coolant became a 
primary choice of many pre-conceptual 
designs. Several options of ATW fuel have 
been also proposed varying from a solid 
oxide fuel (e.g. Pu+MA) based on a well 
established fuel technology to unexploited 
metal and nitride fuels. In the longer time 
perspective Th-based fuel cycle is considered 
as particularly attractive for ATW.  

Nitride fuel cores with enriched 15N can 
also ensure good transmutation performance, 
however this technology is even less 
developed than metallic fuel and requires 
significant R&D efforts. MA nitride has been 
chosen as the first fuel for the dedicated 
transmutation system because of its possible 
mutual solubility among the actinide 
mononitrides and its good thermal properties.  
For fuel fabrication, high-purity nitrides such 
as (Np, Pu) N, AmN and (Cm, Pu) N are 
synthesized by the carbo-thermic reduction 
method and their material properties have 
been measured14. The energy amplifier (EA), 
a thorium based, lead cooled ADS, operate 
with a wide range of fuels, including 
thorium- plutonium based fuels, using 
plutonium to drive the breeding of 233U from 
thorium. The EA may be particularly suitable 
for eliminating minor actinides given that it 
is thorium based sub-critical fast system, 
hence presenting very low equilibrium 
concentrations for higher actinides subject to 
a fission favorable environment13,14,15. 

In ADS, the target is surrounded by a 
three sector blanket which contains mostly 
heavy water (D2O) as an effective moderator 
with a low capture cross- section. D2O 
moderate the neutrons in to thermal range 
where most of the transmutation and energy 
production reactions take place. The neutron 
flux may be further enhanced by neutrons 
from actinide fission in the blanket. A large 
amount of power is generated in the 
operation of ADS, which necessities the use 

of a liquid spallation target (LBE) as a 
coolant in order to dissipate such a large 
amount of heat without mechanical 
degradation.  The initial temperature for the 
primary coolant ranges from ~ 300oC care 
inlet temperature to ~ 400oC core outlet 
temperature remains far from the LBE 
freezing point11,13,14,15. 

RESULTS AND DISCUSSION 
ADS has considerable interest in the 

world’s nuclear community regarding 
incineration of the minor actinides (MA) and 
long-lived fission (LLFP) radiotoxic waste 
and for converting a fertile material into 
fissile nuclear fuel. Abundant thorium 
resources in India offers ADS as a potential 
route for accelerating thorium under nuclear 
power generation and incineration of 
generated waste3,7. 

 An ADS is a sub-critical reactor 
operated for fission power by a source of 
external neutron. These neutrons are 
produced by reaction of high energy proton 
beams on a heavy metal target. The 
technology development of target using 
molten lead-bismuth alloy and sub-critical 
reactor is taking shape in Bhabha Atomic 
Research Centre (BARC), Mumbai.  Two 
types of ADS systems are planning of which 
BARC and CAT running high power proton 
linac and team members of Variable Energy 
Cyclotron Centre (VECC), Kolkata are 
working on super conductive cyclotron. 
BARC is working on low energy segment of 
accelerator while Centre of Advanced 
Research, Indore and VECC are working on 
high energy part. These centre are also 
working on various types of particle 
accelerator7. 

BARC has initiated the development of a 
low energy (20 MeV) high intensity proton 
accelerator (LEHIPA) as the founder of 1 
GeV accelerator under ADS programme. The 
major components of LEHIPA are a 50 KeV 
ECR ion source, a 3MeV radiofrequency 
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quadrupole (RFQ), and  a 20 MeV drift tube 
linac (DTL). The LEBT and MEBT lines 
match the beam from the ion source to RFQ 
and from RFQ to DTL, respectively. The 

main criterion for the design of the linac is to 
have minimum beam loss7,17.The layout of 
the 20 MeV accelerator is shown in Fig. 2 
under the BARC project. 

 
Fig. 2 : A typical layout of LEHIPA 

The main components of LEHIPA are 
given below,  

1. Ion source (50 KeV, 60 mA ECR 
ion source) :  A five electrode extraction 
geometry has been used to optimize the beam 
emittance. 

2.  Low energy beam transport line 
(LEBT) :  The main criterion for the design 
of LEBT is to match the phase space ellipses 
of the DC proton beam from the ECR ion 
source to RFQ with minimum emittance 
growth. 

3. Radio frequency quadrupole 
accelerator (RFQ) : The geometry of the 
vanes of the RFQ for a resonant frequency 
was optimized using the 2D electromagnetic 
code SUPERFISH. The vanes undercuts 
have been optimized using 3D 
electromagnetic code MAFIA. 

4. Medium energy beam transport 
line (MEBT) : It consist of four quadrupoles 
and one RF gap for matching the beam in 
transverse and longitudinal direction 
respectively. 

5. Drift Tube Linac (DTL) : The DTL 
focused and accelerate a high intensity 

proton beam in the energy range 3-50 MeV. 
The transverse geometry of the DTL cavity 
was optimized to maximize the effective 
shunt impedance using superfish. 

6. Beam dump : The target for beam 
dump of 600 kW proton beam from LEHIPA 
has been designed covering thermal and 
structural requirements. 

BARC has been designed a 20 MeV 
linac involves handling of large RF power at 
350 MHz and fabrication of RFQ. A small 
complex deuteron RFQ has also been 
developed with capacity of 400 KeV, 1mA at 
the same frequency of 350 MHz. and physics 
design has been completed. The linac for 
accelerating proton beam from 100 MeV to 1 
GeV will be of superconducting type and 
design and development of superconducting 
cavities at 700 MHz for this energy range is 
also in progress at BARC. As the part of the 
Indian ADS Programme, development of a 
10 MeV current cyclotron is in progress in 
VECC, Kolkata (India). The design studies 
of a 100 MeV high current normal 
conducting linac have been taken at RRCAT, 
Indore. The above system may be considered 
as forerunner of the future 1 GeV rapid 
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cycling synchrotron (RCS) for spallation 
neutron source under ADS Programme for 
power generation7,17.    

Generation IV advanced nuclear energy 
system 

Generation IV reactors will play an 
important role in providing electricity with 
out producing green house gases. Generation 
IV fission reactor and fusion research could 
be a synergistic steps to a pure fusion 
economy and act as a technology bridge in 
meeting world’s energy demand while 
reducing the nuclear waste inventory of the 
fission power industry. Generation IV 
Programme is to develop and demonstrate an 
advanced nuclear energy system that meets 
future needs for safe, sustainable, 
environmentally responsible, economical, 
proliferation-resistance, and physically 
secure energy system.  

 Fusion hybrids based on magnetic 
confinement fusion systems have been 
evaluated by fusion energy as a generation 
IV plan for reducing the magnitude of the 
waste stream from reactor fuels. In fusion-
fission hybrids the actinides can be transmute 
into the fission products using fusion 
neutrons from a pulsed power driven Z-pinch 
transmuter. In Z-pinch transmuter 
magnetically insulated transmission line 
from a linear transformer driver system 
delivers the electrical pulse for the fusion 
target. The fusion output destroy the bottom 
portion of the transmission line which is 
design so that the fragment can be captured 
and reused. The actinide mixture is slowly 
circulated to allow the removal of fission 
products and tritium.  The rate of circulation 
should be such that the entire actinide 
mixture volume is processes once per day. 
The fission product should be continuously 
removed and either converted to a waste 
form or converted to a form suitable for a 
shipment back to a reprocessing plant. A 
fluid form of actinides used for continuous 
refueling and removal of fission products18.  

Detailed neutronic and isotope tracking 
calculation shows that the reactor has the 
capability of burning 1280 Kg/year of 
actinides and produces a blanket power of 
3000 MW through the fissioning of actinides. 
The advantages of burning actinides in a 
fluid sub-critical blanket are to burn 
transuranic waste (Np, Am, and Cm) with 
maximum capacity without the need of 
fertile fuel like 238U and it can be fueled with 
virtually any transuranic mixture depending  
on the fuel cycle of the future. Therefore it is 
much more flexible than a fast reactor and its 
sub-critical configuration allow unique 
actinide mixture to burn safely without 
reactor control issue18.Over 50 year period it 
is calculated that this transmuter could 
fission 64 metric tonnes of actinides which 
decreases the waste heat by a factor of 10 
after cooling period of 10 years and by factor 
of 500 after 50 years18.  

CONCLUSION 
Indian nuclear programme requires an 

assessment of current Indo-US nuclear deal 
to recognize as potential significant 
electricity generation system. India’s first 
indigenous experimental accelerator driven 
system will be ready in a decade and may be 
intended for thorium fuel utilization 
schemes. The core group of scientist in 
BARC, (Mumbai), VECC, (Kolkata), and 
Centre for Advanced Technology (CAT), 
(Indore) are working on stage wise 
development of new technologies for ADS in 
Xth plan projects. ADS open new possibilities 
to perform transmutation of nuclear waste 
and spent fuel from existing light water 
reactor can be effectively transmuted in 
ATW. ATW also opens the door to design 
sub-critical nuclear power reactor combining 
transmutation with commercial nuclear 
energy generation. Fusion hybrids play a 
synergistic role in transitioning from fission 
to a fusion energy economy and the hybrids 
can transmute reactor wastes, extract latent 
energy and extend the capacity of 
repositories. These are the some important 
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technical aspects which leads the future of 
Indian nuclear programme.     
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