
Health Monitoring Coupled with Asset Management 

for Performance and Risk Assessment of High 

Technology Components and Systems

Baldev Raj
President, Indian National Academy of Engineering

President( Elect), International  Institute of Welding

President, PSG Institutions

Kalpakkam - 603 102

India

19th CAETS Convocation, Mexico, June 29,2011



Challenges é.. 

Â Increasing demands on clean and competitive energy, 

water, agriculture and healthcare. 

(These demands are to be met with ethics and equity)

Â Longetivity ïold age problems ïnewer strains of diseases 

Â Ageing assets and new high performing assets

ÂGlobalisation of economies ïincreased competitions ïto 

be met with competence, innovations and ethics

Â Increased social and work stresses 

Â Human resources (engineers) to meet the challenges 



Directions of Technology 

Â Technologies performing at frontiers of limits of performance

Â Very large structures plants to nano devices

Â Design, analysis, virtual reality, health diagnosis, Asset Management

Â Innovations in all stages of life cycle of technology (evolutionary, paradigm 
changes, cascade, éinnovation ecosystem) 

Â Newer materials, processes and performance (modelling and simulation, 
advanced characterization, testing and analysis for extreme conditions)

Â Advanced sensors, wireless networks, embedded systems, on-line 
measurements and their analysis.



Managementéé

Â Simple and Robust management principles and practices

Â Paradigm shifts in management concepts

(fast, diverse, organic vs inorganic growth,é)

Â Interdisciplinary decisions : A wide spectrum in cultures of 

countries, religions, competences, bureaucracies, 

priorities.

Â Ethics, Equity

Â Engineering Challenge ïFractured linkages  leading to 

weakness in decisions



Genesis of accidents ïDesign, Materials, TQM, Risk Management, Safety, 
Regulatory, Cultures of decision making in organisations

Challengerdisaster, Jan 1986 
Concorde disaster ςJuly 2000

Fukushima accidents, Mar. 2011Gulf of Mexico  Apr. 2010

Prediction, Management of black swan, fat tail, low probability but high risk accident scenarios 

Bhopal gas tragedy Dec. 

1984



Â Health and Asset Management ïWith good financial 

performances and minimum risk

ÂMeasurements (relevant, adequately sensitive, robust, cost 

effectiveé)

Â Analysis and correlation to performance in steady state and 

accident scenarios

Â Right Decision Making : layers of alpha-numeral and images 

databases, fuzzy, deterministic, probabilistic knowledge, 

time spans, decisions taken at different levels during the life 

cycles, current knowledge, experiences and short time 

availabilityé. 

Approaches Amidst Constraintséé



DNA of Plant longetivity with risk mitigationsé.
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NDE Waves é.

Enhanced Capabilityé.

Accomplishments

A wide spectrum of NDE 

techniques and technologies 

under single-roof

700 publications in peer reviewed journals

19 patents, 24 books

Nurturing national and international linkages
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ñ The country that learns to build 

breeder reactor would have solved 

its energy problems for ever ò

ñ The country which first develops 

a breeder reactor will have a great 

competitive advantage in Atomic 

Energy ò - India made an early entry to  

Nuclear Energy

Breeding ratio:  ñ . . . it obviously must be greater 

than one ò.   

ñ The serious objection to these fast chain piles is 

the removal of heat ò.  

ñ The coolant for this type of pile would be a 

bismuth-lead alloy and would flow downward 

through the pile between the static and rotating 

rods.  The possibility of using liquid sodium in 

place of bismuth-lead should also be looked into ò.  

[ India pursues a vibrant Fast Reactor Program]

A Visionaryõs  Dream on  Nuclear 
Sodium Cooled Reactors . . . . 

Enrico Fermi, Meeting in April 26, 1944 

With Wigner, Szilard and Others on :

ñ How the Chain Reaction would be used for 

the production of power ò

Enrico Fermi Nuclear Generating Station1901 - 1954
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Equity through Technology



FBR PROGRAMME IN INDIA
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FBTR

Å40 MWt (13.5 MWe) 

ÅLoop type reactor 

ÅPuC ïUC

ÅDesign: CEA, France

Since 1985é

PFBR

Å 1250 MWt (500 MWe)

Å Pool Type

Å UO2-PuO2

Å Indigenous design and 

construction

Å To commission in 2012

CFBR

Å500 MWe

ÅPool Type

ÅUO2-PuO2

ÅSix units (3 twin units) 

ÅTo commission in 2023

Future FBR

Å1000 MWe

ÅPool Type

ÅMetallic fuel 

ÅSerial 

construction

ÅBeyond 2025

Credible 

confidence in 

fuel cycle

Human resources

Human resources

25 years of
successful
operation

State-of-

art 

concepts

Innovative 

concepts



Technological Challenges in FBR
Compact Reactor Core With High Fissile Content

Use of Liquid Na as Coolant at high temperatures ( ~ 823 K) 

Design and fabrication of Materials that can withstand  intense neutron dose, temperature, and 

loadings including Seismic

Reprocessing of  highly active spent fuel

High Level waste management  is very important for the success of Nuclear Option

Achieving High 

Performance with 

risk mitigation 



ISI of FBR Components
ü In-Core Components

VFuel subassemblies 

V IHX, Roof slab 

VDischarge pipe etc.

Issues - Access constraints, background radiation, 

temp., opaque sodium thus limited possibility

for inspection

Approach - Stringent quality assurance (QA)

Visual examination & under Sodium Ultrasonicôs 

viewing employed

ü Out-of-Core Components

VMain vessel / Safety vessel

VSteam generators / Sodium circuit pipes

VConcrete containment etc.

Issues: Access restrictions, temperature, time of inspection

Approach: Stringent QA +Advance NDE methods + Robotic devices 

developed for ISI


