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PHWRS

» 18- Operating

* 4 - Under construction

» Several others planned
* POTENTIAL @210 GWe

LWRs
« 2 BWRs- Operating
* 2 VVERSs- Under
construction

tage I
FBRs

* 40 MWth FBTR - Oper.

* 500 MWe PFBR- Under
construction

« POTENTIAL @ 350 GWe

Thorium Based Reactors

« 30 kWth KAMINI - Oper.

« 300 MWe AHWR-

Under development

*CHTR - Under design.

« POWER POTENTIAL @@
Very Large. Availability
of ADS can enable early
introduction of Thorium
on a large scale.




I Conversion

Milling

Natural Uranium

Spent Fuel Storage
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Unit-Location Reactor Type Present Date of commencing Commercial

Capacity Operation
(MWe)

TAPS-1, Tarapur, Maharashtra BWR 160 October 28, 1969
TAPS-2, Tarapur, Maharashtra BWR 160 October 28, 1969
RAPS-1, Rawabhata, Rajasthan PHWR 100 December 16, 1973
RAPS-2, Rawabhata, Rajasthan PHWR 200 April 1, 1981
RAPS-3, Rawabhata, Rajasthan PHWR 220 June 1, 2000
RAPS-4, Rawabhata, Rajasthan PHWR 220 December 23, 2000
RAPS-5, Rawabhata, Rajasthan IR 220 February 4, 2010
RAPS-6, Rawabhata, Rajasthan PHWR 220 March 31, 2010
MAPS-1, Kalpakkam, Tamilnadu PHWR 220 January 27, 1984
MAPS-2, Kalpakkam, Tamilnadu PHWR 220 March 21, 1986
NAPS-1, Narora, Uttar Pradesh PHWR 220 January 1, 1991
NAPS-2, Narora, Uttar Pradesh PHWR 220 July 1, 1992
KAPS-1, Kakrapar, Gujarat PHWR 220 May 6, 1993
KAPS-2, Kakrapar, Guijarat PHWR 220 September 1, 1995
KAIGA-1, Kaiga, Karnataka PHWR 220 November 16, 2000
KAIGA-2, Kaiga, Karnataka PHWR 220 March 16, 2000
KAIGA-3, Kaiga, Karnataka PHWR 220 April 16, 2007
KAIGA-4, Kaiga, Karnataka PHWR 220 January 19, 2011
TAPS-3, Tarapur, Maharashtra PHWR 540 August 18, 2006

PHWR 540 September 12, 2005

TAPS-4, Tarapur, Maharashtra



Kudankulam Nuclear Power LWR 2x1000
Project, Units 1&2 (VVER)

PFBR, Kalpakkam FBR 500
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PHWR Fuel Bundles in Thousands
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Foot Gripper Axial Fuel OHT IHT Handling
Assembly ~ Spring  Blanket  cag ss316L SS 316L Head
SS 3161 Nimonic 80A SSCI’§11d6L SS 316M SS 316L

Hard Chrome Plating on
OHT Buttons






OHT to Foot & Head Portion Welding (GTAW)

Bottom Plug Welding (GTAW)

Top Plug Welding (GTAW)
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Symbol TYPE OF SUBASSEMBLY Nos.
. FUEL (INNER) 85
Q FUEL (OUTER) 96
0 CONTROL & SAFETY ROD 9
0 DIVERSE SAFETY ROD 3
0 BLANKET 120
9 STEEL REFLECTOR 138
@] B4C SHIELDING (INNER) 125
@] STORAGE LOCATION 156
(@) STEEL SHIELDING 609
(@) B4C SHIELDING (OUTER) 417

TOTAL SUBASSEMBLIES 1758
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D9 for Clad Tubes: Cr: 13.5-14.5, Ni: 14.5-15.5, Mo: 2, Ti: 5C-7.5C, N: 50 ppm,
Inclusion Rating: 1

D9 for Hexcan Tubes: Cr: 13.5-14.5, Ni: 14.5-15.5, Mo: 2, Ti: 5C-7.5C, N: 100 ppm,
Inclusion Rating: 4

D9 for Spacer Wire: Cr: 13.5-14.5, Ni: 14.5-15.5, Mo: 2, Ti: 5C-7.5C, N: 50 ppm,
Inclusion Rating: 1

316LN for Bulk Components: C: 0.02-0.03, N: 0.06-0.08
Spring Wire: ASTM A-286

Fuel Clad Components- SS

Hexcan Tube - D9 316LN

-D9 Natural B ,C
Pellets

Top Axial Shielding Clad
Tube — SS 316LN
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Bottom Plug Welding Machine Top Plug Welding Machine

Wire Wrapping & Spot Welding Machine Crimping Machin e
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Conveying Systems

SCADA Controlled

Five Axis Robot

Bundle number identification
Weight measurement
Dimension Inspection

Back Filling and re-circulation of
Helium and Argon mixture

Helium Leak Testing

Productivity up by 50%
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Cold Tube Reducing Mill
for Zircaloy Fuel Tubes

Vacuum Baking Oven

Horizontal Vacuum Annealing
Furnace for Zirconium Alloy Products
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Parameter Actual New
dimension | dimension
Cladding thickness, mm 0.65 0.57
Pellet diameter, mm 7.57/7.60 7.80
Central hole, mm 1.4/1.2 0
Average grain size, m 10 25
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AHWR is a vertical pressure tube
type, boiling light water cooled and
heavy water moderated reactor
using233U-Th MOX and Pu-Th
MOX fuel.

Major Design Objectives

Power output — 300 MWe with 500
m3/d of desalinated water.

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

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

Design life of 100 years.

Easily replaceable coolant
channels.

Gravity driven water pool
Steam drum

Inclined fuel
transfer machine

Fuelling machine

Fuel storage bay
Core

Salient Features of Pressure tube

120mm ID x 6300 mm length
Replaceable through top end-fitting
Unique shape by Pilgering route.

- Thicker at one end, tapering at
the other

Controlled cold work to achieve
required tensile properties.
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Zircaloy end plug Zircaloy fuel tube
X

|

19-element bundle  37-element bundle  6x6 element assembly
for PHWR 220 for PHWR 540/700 for BWR 160



NUCLEAR FISSION

Fission Chain Reaction

U-235
Neut Heavy Fission Product ‘
eutrons Fission (mass number 139)
-~ Neutrons
[ — > + 200 MeV ENergy .. o
Light Fission Product
(mass number 95)
Production of Fissile Isotopes Pt* & U2
e S szag py23°
Neutrons b’ b’
o —> —> —>
Th 232 Th 233 Pa233 U233
Neutrons b b
o —> —> —>

U -235




