NUCLEAR PROPULSION FOR NAVAL
PLATFORMS - THE NAVY’S PERSPECTIVE
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INTRODUCTION

BIRTH OF NUCLEAR PROPULSION
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NUCLEAR PROPULSION PLANT FOR
NAVAL PLATFORMS
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TYPES OF REACTORS

~*PRESSURISED WATER REACTOR (PWR)

— “PRESSURISED HEAVY WATER REACTOR (PHWR)
— /. BOILING WATER REACTOR (BWR)

— ' LIQUID METAL COOLED REACTOR

—  GAS COOLED REACTOR

* MOST SUITABLE FOR NAVAL PLATFORMS
— PRESSURIZED WATER REACTOR



COMPONENTS OF MARINE NPP

PRESSURIZED WATER REACTOR

KEY COMPONENTS

— RPV
— STEAM GENERATOR

— REACTOR COOLANT
PUMP

— PRESSURIZER

— CONTROL RODS &
CONTROL ROD

contanment and sl MECHANISM

— ASSOCIATED PIPING




: CHALLENGES

MATERIAL




CHALLENGES

* DESIGN CHALLENGES

—/CODES AND STANDARDS

* NUCLEAR STANDARDS

 NAVAL STANDARDS

* NUCLEAR PROPULSION ON NAVAL PLATFORM DEMANDS
CONFORMITY TO BOTH



CHALLENGES

* - MATERIAL CHALLENGES

STRESS CORROSION CRACKING
HYDROGEN EMBRITTLEMENT
NDT TEMPERATURE
RADIATION SWELLING

* ALTERNATIVES

SELECTION OF HIGH QUALITY MATERIALS

HIGHER STANDARDS OF FABRICATION
TECHNIQUES

LEAK BEFORE BREAK PHILOSOPHY
CONCEPT OF AGGREGATE



CHALLENGES

MORE THAN 25 METAL ALLOYS FOR THE NPP

Primary Circuit

Anti-vibration bars:

Alloy 600, 405 SS
Vessel: alloy steel
Clad: 308, 309 SS

304 SS

SG vessel wall: ‘
Welds: N\ Low alloy steel
* SSto SS: 308 SS

* Steel to SS: 308, 309

CRDM housing:

Alloy 600MA, 690TT Pressurizer

chclor
I f nu-

Closure studs:
Vessel: .

* Alloy steel

* Clad: 308, 309 SS
Control rod:

* SSclad

* B4C + SS poison
Core structurals:

304 SS
High strength:

A 286, X 750
Fuel cladding:

Zy-4, advanced Zr

alloys
Fuel: UO,

Primary piping:
304, 316 SS

Primary plenum clad:
I8, 309 SS

¢ HiStr: A286 17-4 PH, X 750
¢ Structural: 304,316 SS

» Impeller housing: cast
stainless

SG tubing:
Alloys 600MA,
600TT, GOOTT,
800

Steam dryers:

Secondary Circuit

MSR:
439 ferritic steel

Carbon steel

Moisture
Scparator
Reheater,

7

Divider plate:
Alloy 600

B
oy aﬁa ﬁss‘aaa“ Essaaa

{5 ‘o‘(nndenscn° o

9,08 ,00,0 200000

d Feedwater

&7 Pump
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SG tubesheet:

Low alloy steel 304 SS

Tube supports:
405 SS

Welds:
Steel to SS: 82,182

Carbon steel

Turbine:
+ Rotor: low alloy steel
* Blades: 17-4PH, 403 SS
* Blade attach: low alloy steel
¢ Diaphram, Cr steel

Generator:

* Retaining ring:
high strength,
high toughness

Power ° CO[) per
Transformer conductors

- Condenser tubes:
* TiorSS

\ tubes
Condenser tubesheet:

|
Cooling
Water

e Cathodic protection
or titanium clad
Condenser structural:
Water side: carbon steel

Cooling Water: River or
Sea \\n§e| Cooling Tower

Preheater tubing:

Secondary feedwater piping:
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INTEGRATION OF NPP

SHIFTING OF AGGREGATE SHIFTING OF AGGREGATE

- MARINE VESSEL - USS JIMMY CARTER




INTEGRATION OF NPP

Living quarters Helipad

; — 1]
" WAREE RENR ¥ T
i MANNE NERR ¥ U

SRR "N\ Lifeboats

Adjustable —7 - - S Adjustable
ballast

ballast

Turbine
sector

<— Platform
double hull

S1W REACTOR- PROTOTYPE REACTOR COMPARTMENT
FOR NAUTILUS -SURFACE VESSEL




REGULATORY ASPECTS

* “AERB (ATOMIC ENERGY REGULATORY BOARD)
— REGULATORY BODY UNDER DEPARTMENT OF ATOMIC ENERGY

* ROLE OF INSPECTOR

 AERB GUIDELINES
— SAFETY CODES AND STANDARDS
— SAFETY GUIDES AND GUIDELINES
— SAFETY MANUALS
— TECHNICAL REPORTS AND DIRECTIVES



WAY AHEAD
» AREAS OF INDUSTRIAL PARTICIPATION

— ADVANCED METALLURGY

— PRODUCTION OF LOW ALLOY STEEL FORGINGS

— TITANIUM WELDING AND FABRICATION TECHNOLOGY
— DEVELOPMENT OF BELLOW-SEAL VALVES

— DEVELOPMENT OF CANNED MOTOR PUMPS

— MANUFACTURING AND TESTING FACILITIES FOR CONTROL ROD
DRIVE MECHANISMS

— HARDWARE & SOFTWARE DEVELOPMENT FOR POWER PLANT
CONTROL SYSTEMS

— NUCLEAR INSTRUMENTATION



WAY AHEAD

e MAKE IN INDIA
e SELF RELIANCE

e BLUE WATER NAVY

e BIGGER ROLE BY INDUSTRY

* WIN-WIN COMBINATION






