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Elements of Indian nuclear programme

Alndigenous development of a Reactor Technology
(Pressurized Heavy Water Reactor- PHWR)
- Total technology development
- Based on indigenous resources

AAdopting Closed-Fuel Cycle
- Best use of fissile & fertile materials
- Reduction of the waste burden

AThree-Stage Programme
- Modest uranium reserve
- Utilization of large thorium reserve



Salient Features of PHWR

A Natural Uranium Fuel
- Low burn up
- Efficient use of 2%°U per ton of U mined

A Heavy Water i moderator and coolant
- Development of heavy water technology
- Tritium management

A On-power fuelling
- Fuelling machine development
- Daily entry into reactor core

A Neutron economy
- Excellent physics design
- Complex engineering
- Careful choice of in-core materials
- Neutrons: best utilized in fission & conversion

A Large pressure vessel not required
- Distributed pressure boundaries



Challenges faced in PHWR programme
I and successfully met

A Indigenous capability in fabrication of fuel and structural materials:
- From low grade resources to finished fuel
- Perfection in making in-core structural components

A Mastering heavy water technology:
- Ammonia and H,S exchange processes developed
- Energy economy achieved
- Production capacity consistent with power programme

Sophisticated equipment development:
- Fuelling machines, Steam Generators etc.
- Technology transfer to Indian Industry

Computerized reactor control system.

Repair/refurbishment/life estimation & extension:
- In-service inspection

Improved safety features.
Operating experience:
- Record capacity utilization

Construction time:
- Reduced to 4% years
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Back end of fuel cycle

|l ndi ados option: Closed Fuel
AReprocessing, conditioning & recycling.

ASupply of fuel to fast breeder.

ARegular operation of vitrification plant.
AMinimization of waste burden.

Thrust Areas of Development:

AMulti-component reprocessing of Thoria-based fuels.
(U, Pu &Th streams)

Reprocessing lant-

Waste immobilization-
Kalpakkam vitrification plant at BARC



Three-Stage Indian Nuclear Programme

Thorium in the centre stage

Pu Fueled T
Fast Breeder

Power generation primarily by PHWR | |Expanding power programm Thorium utilization for
Building fissile inventory for stage 2 Building U%33 inventory Sustainable power programme




Three Stage Nuclear Power Programme- Present Status
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Stage - I PHWRs

A15 - Operating

A3 - Under construction
A Several others planned
AScaling to 700 MWe
AGestation period has

been reduced
A POWER POTENTIAL @
10,000 MWe

LWRs
A2 BWRs Operating
A2 VVERSs under
construction

Stage - |l
Fast Breeder Reactors

A40 MWih FBTR -
Operating since 1985,

Technology Objectives
realized.

A500 MWe PFBR-
Under Construction

APOWER POTENTIAL @
530,000 MWe
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Stage - Il
Thoriurh Based Reactors

A30 kWih KAMINI- Operating

A300 MWe AHWR-
Under Development

POWER POTENTIAL IS
VERY LARGE

Availability of ADS can
enable early
introduction of
Thorium and enhancg
capacity growth rate.




Fast Breeder Reactors

A 20 years experience in operating Fast
Breeder Test Reactor (FBTR):

Successful operation with indigenously developed
unique mixed carbide (UC + PuC) fuel in FBTR -
Burn-up exceeded 150,000 MWd/t without a single
fuel pin failure .

A Maturity in molten sodium technology.

A The FBTR fuel discharged at 100,000 MWd/t

& successfully reprocessed: First time that
the Plutonium-rich carbide fuel has been
reprocessed anywhere in the world.

A Construction of prototype 500 MWe FBR
started in October 2004.



Indian Nuclear Power Programme- 2020

CUMULATIVE
REACTOR TYPE AND CAPACITIES CAPACITY (MWe) - orcimy (vwe)
> 17 reactors at 6 sites in operation 4,120 4,120

Tarapur, Rawatbhata, Kalpakkam,
Narora, Kakrapar and Kaiga

U 3 PHWRSs under construction at 660 4,780
Kaiga 4 (220 MWe),
RAPP-5&6(2x220 MWe)

U 2 LWRs under construction at 2,000 6,780
Kudankulam(2x1000 MWe)

U PFBR under construction at
Kalpakkam (1 X 500 MWe) 500 7,280

> Projects planned till 2020 7,900 15,180
PHWRs(8x700 MWe), FBRs(4x500 MWe),
AHWR(1x300 MWe)

U Additional LWRs through international ~ 20000 ~ 35000
cooperation




Growth of nuclear power through
Fast Breeder Reactors (FBR)

A Initially supported by Pu from PHWR
spent fuel.

A Development of metallic fuel for
Improved breeding ratio (reduced fuel
doubling time).

A Faster capacity growth in power
generation from FBRs.

A Increased unit size up to 1000 MWe.
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World Thorium Resources

Country
Australia
India
Norway
USA
Canada

S. Africa
Brazil
Malaysia
Other Countries
World total

Reserves (tons)

300,000
290,000
170,000
160,000
100,000
35,000
16,000
4,500
95,000
1,200,000 =




Advanced Heavy Water Reactor
(AHWR)

A Vertical pressure tube.
A Boiling light water cooled.
A Heavy water moderated.

A Fuelled by 233U-Th MOX and Pu -Th
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Major Design Objectives

Power output T 300 MWe with 500

m3/d of desalinated water.

Core heat removal by natural
circulation.

A large fraction (65%) of power
from thorium.

Extensive deployment of passive
safety features 1 3 days grace
period, and no need for planning off
site emergency measures.

Design life of 100 years.

Easily replaceable coolant channels.

Technology demonstration for
large -scale thorium utilization

A Currently under Pre-Licensing
Safety Appraisal by AERB.

A International recognition as an
innovative design.
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Thorium fuel breeder reactor

A Fuel doubling time
Number of neutrons depends on:

released per fission surplus neutrons
per fission in the
reactor system.

A Also ensure safe
reactor operation.

A 239py-fuel : surplus
neutrons only in
fast spectrum.

A 233y-fuel : similar

N S — S neutron surpluses
0° 10° 10° 10° 10° 10° In fast & thermal
Neutron energy (eV) spectra.
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Fuel Breeding in Critical vs. sub-critical reactors
(cases of 238U-Pu & %3°Th-U)

Breeding condition, n/k-2(1+a)-n.2 O
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isotope spectrum | fission fission | fork=1; k =0.95; n_= witph 005 breted![hggl
(n) ratio n.=0.25 0.25 : potentia

Poor
breeding-
with &
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AD

Can breed
without
ADS

2.492

- | J-233 Thermal

mlp-..0O.. Fast 2.492 0.093 0.06 216%
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Nuclear waste disposal by

Transmutation
A Accumulation of spent B o spen fue
fuel: a global issue. e
A Spent fuel requires > jjjjjjjf "

100,000 years to decay.
A Transuranic elements P
(TRUs: Np, Pu, Am & Cm) + ] I

a few long-lived fission
prOductS (FPS): decay Very ’ 1990 1995 2000 2005 2010 2015

s heavy metal
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A Bulk of FPs decay to safe
disposal levels in 3-5
centuries.

A If TRUs transmuted into
FPs by fission: bulk of FPs
decay very fast.
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