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Historically Indian Nuclear Program is guided the fact that

In India, availability of uranium has not been estimated to be
sufficient to sustain large scale nuclear programme whereas
thorium as fertile fuel is abundantly available.

Long-term goal of Indian nuclear energy policy since
Inception has been to harness thorium reserves which will

last sustain nuclear power program for centuries. 2



World Thorium Resources
USG3Estimates inonnes2011) |

Country Reserves

India 963,000

United States 440,000
Australia 300,000
Canada 100,000

South Africa 35,000

Brazil 16,000
Malaysia 4,500

Other Countries 90,000

World Total 1,913,000

Indian Nuclear strategy is determined based on these feaiféers
from other countries.

Ref:S.B.DegwekePitambarSingh P.Satyamurthyand Amar Sinha-, International Thorium
Energy Conference October-37, 2013 CERN in Geneva, Switzerland



Differences?

Indian Nucleardevelopment program is based andian nuclear
Scenario which is quite different from world nuclear scenario
particularly with respect to nuclear advanced countries.

India has large thorium reserve compared telatively limited
resources of uranium which is not the case with many nuclear
advanced countries. In World scenario (nuclear advanced
countries) , there is a large stockpile of fissile Plutoniamd also
largeamount of nucleamwaste. There is little incentive for thorium
use. Same is not the case with India.



A Abundance of Thorium not only provides a greater incentive for large-
scale use of thorium, but also calls for deployment of thorium based

systemsmuch earlier than that contemplatedby others.

Thorium, however, can nobe used directlyasnuclear fuel and some

Intermediate stage Is required to convert it thssile. This is the crux c
problem and there is an intensive effort to find a solution for it

The long -term Indian Nuclear programme since inception
is devised to suit this unique position of large avalability
of Thorium and Ilimited avalability of uranium . The key
factors for sustainable resource utilization are

A Adoption of closed fuel cycl e

A Use of Breeder Reactors

A Development of self -sustaining thorium based reactors

3 stage program
-PHWRSs: Pu for fast reactors

- FBRs: Pu and Th breeding
- ThhU233fuelled reactors




First Stage: Well established
(Commercial Operation under NPCIL)

KAIGA -1to 4

Several more under
advanced stage of construction
& some are in planning stage

TARAPUR 3&4 KK 1&2 (2x10061We)
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Second Stage : Well Underway

A IGCARKalpakkanestablished to focus on fast reactmrogramme

PFBRKaIpakkam

A Fast Breeder Test Reactor (FBTR) is under operation since 1985
FBTRuel hassetworld recordfor performance(165000MWd/t)

A 500 MWe Prototype Fast Breeder Reactor (PFBR) likely to be
commissionedshortly

A R&D on advancedFBR fuel to achieveshorter doubling period.

PR VASUDEVA RA@w.jaea.go.jp/04turuga0425 international../PRVRao
Monju_250413 r.pdf



Preparation for third stage
Thorium resource and experience with thorium

A Sincebeginningof nuclear programin India, researchhas been
carried out in some form for Thorium. In fact since early 90Q
experimentalreactor usingU-233 havebeenworking in India

Anork hasbeencarriedout on all aspectsof thorium fuel cycle



| ndi ads '&sagd initiati8e include small scale activities in
relevant technologies for entire thorium fuel cycle. These include

1. PURNIMAII (Smallest reactor with just 40gmsof 233U inurany!
nitrate solution reflected by BeO) 1984

2. PURNIMAII -233U-Al alloy

3. KAMINIKalpakkamMini Reactor1996 criticality:30 kWt -1997)-
upgraded version of PURNIMI 233U-Al alloy Plate type Fuel)-The
only U233 fuelled reactor in the world currently in operation
Aim: U-233 fueled test reactor, a neutron radlography for fast
reactor fuel and activation analysis. | |

TKAMINL



OPTIONS ON ACCELERATED USE OF THORIUM

Parallel approaches:

As there is a long delay before direct thoriuntilisation in the sequential threestage
programme the country is looking at reactor designs that allow more direct use of
thorium in parallel with the sequential threestageprogramme

(a)An option, parallel approach such as the high -temperature
gas -cooled reactor , the molten salt reactor , or the
various accelerator driven systems

(b) Following options under active consideration are the
(i) AdvancedHeavy Water ReactofAHWR 233 U-Th MOX and Pu-
Th MOX fuel ) ¢ This is a near term deployment option
(i) AcceleratorDriven Systems$ADS),
and
(i) CompactHigh Temperature Reactoas well as studiesn
(iv) Molten Salt Reactor

P.KVijayan http://www.itheo.org/ Indian Nuclear PowelProgramme Role of Thoriulrgl
and the Challenges (2015)


https://en.wikipedia.org/wiki/Very_high_temperature_reactor
https://en.wikipedia.org/wiki/Very_high_temperature_reactor
https://en.wikipedia.org/wiki/Very_high_temperature_reactor
https://en.wikipedia.org/wiki/Very_high_temperature_reactor
https://en.wikipedia.org/wiki/Very_high_temperature_reactor
https://en.wikipedia.org/wiki/Very_high_temperature_reactor
https://en.wikipedia.org/wiki/Molten_salt_reactor
https://en.wikipedia.org/wiki/Subcritical_reactor
https://en.wikipedia.org/wiki/Advanced_Heavy_Water_Reactor
https://en.wikipedia.org/wiki/Advanced_Heavy_Water_Reactor
https://en.wikipedia.org/wiki/Subcritical_reactor
https://en.wikipedia.org/wiki/Subcritical_reactor
https://en.wikipedia.org/wiki/Molten_Salt_Reactor
https://en.wikipedia.org/wiki/Molten_Salt_Reactor

What Role ADS can Play?

o Faster breedingf U233 for use In critical reactors

o Simplification of Th Utilisation: once through cycle

A Solution to nuclear waste problem
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India has a phased approach to develop an ADS
system, including critical facility measurements to
validate relevantneutronicdata, design and
construct linear accelerator faclilities, and
development of a molten, heavy metal spallation
target. Work on Low Energy High Intensity Proton
Accelerator (LEHIPA) Is being undertaken in stage

mannetr.



Program for ADS development in India

Reactor Physics

B Theoretical studies
B Experimental facility and studiedPurnimalaboratories
2 Fuel Cycle and Conceptual Design Studiesloutilization
Naturally available fuel, heavy water moderated ADS, Fast Spectr
ADS, MSBR

Technological Development
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target simulations.
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W
w
w
w



Why an experimental facility for ADS?

What is Different in subcritical Physics?
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The Physics and Technology of ADS is quite

different from that of critical reactors.

A Role of K - The power in an ADSis very sensitive to the value of ke

A

accuratelypredlct this parameterover the entire length of the burnup cycle

Sourcelmportance unlike critical reactor, where only sourceof neutron is fission
neutron, sub critical neutrons have additional source neutrons which have
different spatial and energy distribution . This distribution changes from
generationto generation ¢ conceptof a new term K besidesk,

The stationary spatial flux distribution and the neutron spectrumin ADSis
different from critical reactor

The dynamic response of ADSto transients and perturbations are quite
different from that of the criticalreactors



Challenges in measurements

A In a subcritical reactor, measurement of reactivity based on source

multiplication can be contaminated by higher modes To extract true
K from thesemeasurementscan be a challenge

Conventional methods of reactivity determination may not correctly
predict true valuesand sincein sub critical systempower depends on
this parameter, developmentof accurate methodsare needed

There are several methodsof measuremenbf subcriticality neutron
source multiplication method (NSM), pulse neutron method, stochastic
methodssuch as Feynmanalpha or Rosstalpha and frequency analysis
method by Mihalczo.

Thesemethodshaveto be changedfor subcritical systemparticularlyfor
sourcedominateddeepsubcritical systens. Noise measuremertechnique:s
arebasedon assumptionof PoissonDistribution of sourceneutron’i this
may not bevalid for sourcedrivensystems
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Simulation Experiment

A Physics Demonstrator
¢ Zero Power

(simulate ADS using a variety of neutron sourcés, D DT,

Isotopic,photoneutron coupled to small thermal or fast
subcritical assemblyynderstand & validate measurement
techniques

A Technology Demonstrator
- High Power

17






The strategy adopted for design first Experimental ADS was to keey
subcritical system as simple and clean as possible, avoid major saft
Issues and couple it to existing neutron generator with modificatior
of pulsing etc.

The idea has been to learn and build capability in
subcriticality measurement and other ADS
relevant techniques at various level of criticality
using a simple and clean design .

Proposedstages of Program
1. Design with natural UraniungHigh Density Polyethylene
(HDPE)Keff~0.89
Future Proposals
2. Upgrade Design with enhancédgeff
3. work on Fast ADS
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Purnima Neutron Generator

Modular Subcritical Core
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