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Indian Three Stage Nuclear Power Program
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Stage — | PHWRs

» 17- Operating

* 1 - Under construction
> Several others planned
» Scaling to 700 MWe

» Gestation period being

reduced
- POWER POTENTIAL =
10,000 MWe

LWRs
+ 2 BWRs Operating
* 2 VVERSs under
construction

Stage - Il
Fast Breeder Reactors

* 40 MWth FBTR -
Operating since 1985

Technology Objectives
realised

* 500 MWe PFBR-
Under Construction

* POWER POTENTIAL =
350,000 Mwe
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Stage - Il

Thorium Based Reactors

* 30 kWth KAMINI- Operating

* 300 MWe AHWR-
Under Development

POWER POTENTIAL IS
VERY LARGE

Availability of ADS can
enable early introduction of
Thorium on a large scale
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NFC Activities

‘ !!I m !H!!|!! Sub-assemblies for
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Fuel Fabrication Activities at Nuclear Fuel Complex
UCIL IREL Imported
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b 2 ﬁ Powder 2
Zirconium
Sponge

~ Natural UO, ﬂ C :
“ Pellets Zr Alloying ' Enriched UO, “

l Pellets

Fuel Tubes &
Components

Fuel Bundles / \ Fuel assemblies

for PHWRs for BWRs




Manufacturing Activities at NFC

gegment *  ZIrcon — Nuclear Grade ZrO, -
sk N Reactor Grade Zirconium Sponge
— Zirc =2, Zirc -4, Zr-2.5% Nb, etc.
MDU - Nuclear and Sinterable

Grade UO, powder — Sintered UO,
fuel pellets - PHWR Fuel Bundles.

DU / DDU - Direct Calcination —
Reduction — Sintering — UO, Fuel
Pellets — PHWR Fuel Bundles

UF; — Pyrohydrolysis — Reduction  zrcaloy 2clad 6xs

Enriched UO, Fuel

R = U02 POWd er — U02 Pel | etS - Assemblies for Boiling
~ Zircaloy 4 clad Natural UO, Fuel : Water Reactors (BWR)
Bundles for Pressurised Ijeavy BWR FU el Assem b I I1E€S. at Tarapur (TAPS 1&2)

Manufacturing and supply of core
sub-assemblies for Fast Reactors.
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Stainless Steel (316/D-9) Hardwares _ 4
for Fuel Assemblies & Core A | -

Components for FBTR & PFBR - -
Coolant & Calandria
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BWR Fuel Assembly for

¢ ZIRCALOY AND OTHER COMPONENTS

Tarapur Atomic Power Stations-14&2

NUT

FUEL TUBES 14.27 OD; 0.88 Wt; 3879 L 35 Nos. pd
14.27 OD; 0.88 Wt; 469 L 8 Nos.  LOCKING TABWASHER
SPACER ASSEMBLY 7 Nos. |
INCONEL AND SS COMPONENTS 114 Nos. )‘(
NUMBER OF WELDS 622 Nos. £-SpRING
-0,

¢+ ENRICHED URANIUM OXIDE PELLET
NO OF ENRICHMENTS 3
PELLETS -12.27 ¢ 9165 Nos.

¢ LENGTH OF FUEL ASSEMBLY 4245 mm SPACER

GRID
¢ WEIGHT OF FUEL PELLETS 160 Kg
» ONE BWR CORE CONTAINS - ZrTUBE

* FUEL ASSEMBLIES 284 Nos.
- CONTAINED ENRICHED URANIUM OXIDE 45Te

* REPLACEMENT FOR EACH OUTAGE 100 Nos.
- CONTAINED ENRICHED URANIUM OXIDE 16 Te

DIMENSIONS IN “mm” FUEL ROD

LOWER TI.EPLATE
Indigenization

Improvements
- Fully annealed thick wall fuel sheath.
- Short and Chamfered Pellets
- Pre-Pressurization of Fuel Element




Second stage of India’'s Nuclear power Program
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FUEL CLAD TUBES

(6.6 x 0.45 x 2555 mm)

BLANKET CLAD TUBES
(14.33 x 0.56 x 2350 mm)
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TUBES FOR CORE STRUCTURALS
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From Zircon Sand to Zirconium Alloy Ingots at NFC

Compaction of Zr Sponge +

Zircon Sand . . :
| Hf-free ZrO, Powder Nuclear Grade Zr Sponge alloying elements Briquettes

EB Welg?a‘/
Electrode

Zirconium Alloy Ingot Vacuum Arc Melting Furnace Electron Beam Welding of Briquettes
Max. size: 350 mm dia x 2 m height using Consumable Electrode to form Consumable Electrode

L“ock Valyrer ]



Major Activities of Zirconium Alloy Fabrication Plant at NFC

Hot Extrusion of
ZirqgnimAu_&y Billets

Pilot Hole Expansion Press

Pilger Mill for Production of
Z_ircoAnium Alloy Fuel Tubes

—




Fabrication of Seamless Pressure Tubes and
Calandria Tubes through Pilgering Route

Zr-2.5%Nb Pressure Tubes Zircaloy 4 Calandria Tubes
| Parent ke A
e Metal Ak ; $ Seamless Tube:
SR i s Homogeneous Equiaxed
T T Microstructure
* Heat Affected
Zone
&= Fusion Zone , i3
Gy [
SEAMLESS
SEAM WELDED Uniform and
Welded tubes: Non-homogeneous Non uniform Residual negligible Residual
microstructure (3 distinct zones) Stress Stress
14




Manufacture of Hexcans & Square
Channels through Pilgering Route

ROLLER W / “
- \ M o
Y /.

MANDREL

B Y s
¢

Roller Scheme for Hexagonal Tube Pilgering

<8, | =Sl ROLLER

’? ASSEMBLY
-

MANDREL

ROLLER SCHEME FOR PILGERING OF SQUARE SECTIONS RGN L. Sk
FINISHED SQUARE CHANNEL
DIFFICULTIES ENCOUNTERED DURING FABRICATION
Formation of twist

Formation of bow
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Reactivity Control Mechanism Assemblies

3-COMPARTMENT LIQUID ZONE
CONTROL UNIT OF 13 METER LENGTH

CLASSIFICATION OF 540 MWe PHWR REACTIVITY DEVICES

1) Flux Monitoring
a) Vertical Flux Units — 26 Nos.
b) Horizontal Flux Units — 7 Nos.

2) Regulation & Control

a) Liquid Zone Control System — 6 Nos.
b) Adjuster Rods — 17 Nos.

c) Control Rods — 4 Nos

3) Shutdown
a) Shut-off Rods — 28 Nos.
b) Liquid Poison Injection System — 6 Nos.

TOTAL NO. OF ASSEMBLIES : 94

f—52

e G

wea.m

T HORIZONTAL FLUX UNIT ASSEMBLY OF 13 METER16

CROSS SECTTION OF LIQUID POISON LENGTH
INJECTION UNIT



Cobalt Absorber Assemblies for PHWRs




MANUFACTURING FACILITIES
AT NFC



Tube Manufacturing facilities at NFC

* NFC produces seamless tubes using a combination of hot working and cold
working operations.

* Hot working facilities

— 1200 T Vertical Piercing/Expansion press

— 3780 T Horizontal hot Extrusion press



—Cold working facilities
=2 Roll Pilger mills(17 — 150mm OD)
=3 Roller Pilger mills (4 — 30mm OD)

=3 /4 Roller Universal Pilger mill
( Square, Hexagonal and circular cross
sections up to 160mm OD)

=Triple Tube Draw bench (up to 40mm OD)




Heat treatment facilities

s LPG fired annealing furnace (1000kg/hr)
sBright annealing furnace (250kg/hr)

=

Tube finishing facilities

e Cross roller tube straightners
e Belt grinding stations

e Cutting and deburring stations

 Pickling and degreasing facilities

21



Indigenous Capability to
Manufacture Process Equipment
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Bearing Pad Welding Machine for
PHWR Fuel Elements

Vacuum Baking Furnace for Graphite
coating of PHWR Fuel Tubes



“*»Robotic end plate welding machine

v Conceptualized, procured and successfully qualified
for production of 19 and 37 element PHWR fuel
bundles

v'Robot integrated welding stations with other work
stations.

v The productivity has increased by 50%

v Provision for integrating another end plate welding
machine




Quality Control Activities

Atomic Absorption Gamma Ray Spectrometer
Spectrophotometer ﬁ

Inductively Coupled Plasma —
Atomic Emission Spectrometer

ive Testing Facilities
: 3z " ‘ r i (R

Automated Ultrasonic 23 m long 9Cr-1Mo tubes Automated Eddy Current Testing Unit
Testing Unit under testing 6




Types of PHWR Bundles Manufactured at NFC

> 19-element wire-wrap Bundle

> 19-element split spacer Bundle | /|

> 22-element split spacer Bundle |/

> 37-element split spacer Bundle

» 19-element Thoria Bundles
> 19-element RU Bundles

» 37-element RU Bundles

> 19-element SEU Bundles




Cumulative Production of PHWR Fuel Bundles at NFC

457
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Product Range

Sizes:
— OD: 4.7 mm to 250 mm
— WT: 0.45 to 50 mm
— Length: Upto24 m

Shape :

— Square cross section.

— Circular cross section.

— Hexagonal cross section.

— Combination of all the above.

Materials:

— All grades of SS-Austenitic , ferritic , martensitic & duplex, Zirconium and Titanium
alloys, super alloys-Nickel base, Iron base, defence grades etc.

Specifications :

— ASTM A 312, 213, 269, 789 etc with additional customer requirements for other than
Titanium alloys.

— AMS specification for Titanium alloys.
29



9Cr-1Mo Steam Generator Tubes

*SG one of the Most critical components of
PFBR.

*Shell and tube type counter current flow
heat exchanger with liquid sodium on shell

side and water on the tube side.

*Even a very small leak of high pressure
water/steam into the sodium can start a
violent sodium water reaction which calls

for high degree of integrity

*Each tubeis of 23 m long, 17.2mm Dia
and 2.3mm WT and is having a bend to
accommodate differential thermal
expansion between the tubes and shell

*The material of construction is modified 9
Cr-1Mo (Gr 91).

*Total quantity = 4950 Nos for 9 Steam -,
Generators with each havina 550 tubes



Manufacture of Incaloy 800 steam generator tubings

» Optimized Conditions for Extrusion, pilgering U-bending and shot-peening

Superfer 800 blanks

Glass Bead shot peened U bend Tube

Optical microstructure of 19.0 mm dia X 1.1 mm WT
UN 8800 tube sample (longitudinal section) at 400 X
magnification showing fine grain size and flow lines

20 um

Optical microstructure of 19.0 mm dia X 1.1 mm WT UNS 8800 tube sample at_|
1000 X magnification a) longitudinal section b) Transverse section



LEU fuel
from abroad

Conversion &

Enrichment

Abroad Fuel Zirconium Alloy
a Fabrication Components
’ in India from India

‘)l.' > -

Product Export

Uranium
from

abroad :
Conversion &

Enrichment
in India

32
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Fuel & Core Sub-assembly activities - a Vision

Year

/4 PHWR
WR
FBR
VVER
N /\I"BWR
— T
)
g 4
£ ~__
~ PHWR
@ BWR
PH\WR %m) FBR
= BWR _ BWR
e FBFCD FBR
= PHW
BWR
HW
1960 70 80 90 2000 10 20 30 40 2050
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Co-operation in the areas of
Zirconium materials and components

e ZIrconium concentrate
* Electrolytic Zirconium Powder
e ZIrconium Sponge

34



Fuels for LWRs
BWR




NFC - an ISO Certified Organization
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MANAGEMENT SYSTEM CERTIFICATE MANAGEMENT SYSTEM CERTIFICATE MANAGEMENT SYSTEM CERTEICATE

Certificate No. 1504-2007-AQ-IND-NABCB 2 ¥
Certificate No, 00058-2005-AE-MDR-RvA Certificate No. 00023-2005-AHSO-MDR

This 1 to certify that

the Quality Management System This is to certify that T s i
of the Environmental Management System Health and Safety M
| o L4
NUCLEAR FUEL COMPLEX
Department of Atomic Energy NUCLEAR FUEL COMPLEX NUCLEAR FUEL COMPLEX
Government of India Department of Atomic Energy Department of Atomic Energy
, Goveriment of india Government of India
a
Hyderabad - 500 062, Andhra Pradesh, INDIA at &
Hyderabad - 500 062, Andhra Pradesh, INDIA Hyderabad - 500 062, Andhra Pradesh, INDIA
has been found to conform to the Quality Management System Standard.
ISO 9001:2000 has been found 0 conform to the Environmental Management System Standard: has been found io confor Health and S Standard:
This Ctifcae i vlidconcerning all activite elatd IS0 14001:2004 OHSASA8001:109)
This Certificate is valid concerning all activities related to: This Certificate is
[
Manufacturing and supply of high quality natural, recycled and enriched uranium dioxide fuel asemblies, reactor-grade
sirconium sponge and zirconium alloy components for fuel assemblies and core structurals for water cooled nuclear power Manufacturing and supply of high quality natural, depleted, recycled and enriched uranium dioxide fuel assemblies, thorium oxide \ M'""l::ﬂw and supply of high quality mlmmz-:dww nnn:m':‘lfm-mun.w m
reactors; stainless steel cladding tubes, fuel sub-assembly components. blanket and other core sub-assemblies for sodium cooled pellets and for fuel assemblies and for | pellets and assemblies, 2 -~ Hm" for core or
fast reactors; stainless steel and special alloy seamless tubes and high purity advanced materials for strategic industries like water cooled nuclear power reactors; stainless steel cladding tubes, fuel sub- mmn-n, blanket and other core | "'_:_:'dd m mww' mlr":-ﬂn:"mﬂnl- Mn“ .:‘ tubes, ubym:-:m;m v::d u'l: ';::
atomic energy. electronics. defence and space. sub-assembles for sodium cooled fast reactors; stainless steel and special alloy seamicss tubes and high purity advanced materials | hm‘:‘- S s i "m:‘: oen
" Original Certification date: Place and date: |
Origina Corafcation dte Ploc and de Original Cetfcation date: Place and dat: P parend it B
2004-01-23 Chennai, 2007-03-28 SN\ LR . Chennai 20051231 SKE by,
O’
= %
3248 = 3 This Certificate is valid until: Jor the Accredited Unit
This Centfcnte i vald wnti “ for the Accrmitd Unit This Certficate is valid wunil: /'\ Jor the Accredited Unit: 20061230 -] < DNV Ce3 S,
2010-01-23 DNV CERTIFICATION SERVICES, 2008-12-30 @‘ DNV CERTIFICATION B.V., e e & il 2
NABCB REGION INDIA Km\ THENETHERLANDS *1568*
Complons b s St o i e MEMT SYS.
parmalybsriyysmshrigne MS 00 e Co Standard i 10 Compliance o the Standard in respect to the indicated Is A((/,.r
s ik g QRN AL LK e s verfed by the DNV approved registered Team Leader: RVATAZS A<((}- || vered by the DNV approved regisered Team Leader =
Sreenivasa Rao Nellutla Krishnakumar N R G. Venugopal Krishnakumar NR. G Nemgopsl Eristmskumr Nt
o gt Ao Lead Auditor Management Representative nmlnaamm;‘m&n&ww
Lach of fulfillment of conditions as set out i the Appendix way render this Certificate invalid Lack of fulfiltment in the Appendix may thi Lack of fulfllment of conditions ss set out i the Appendix mty render this Cortificass invalid.
vz v : - =a
DNV AS CIRTICATION SERICH, EMGEEN CIAMRES, 10, G5 T Reab, VIm ANAGARL KALINA SAN AR (E), MUK - 400 008 DNV CERTIFICATION B.V. Hassrochtsran 7. 3079 DX Rotesdam. The Nehriands, TELINT.+31. 102922 688 FAXG+31 10,4796 768 DNV CERTIFICATION SERVICES. 203, SAVITR SADAN L 11. PREET VIHAR COMMUNITY CENTRE New DELHI 110092
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