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1.0 Introduction 

 

Energy is an important enabler for social, economic development and better quality of 

life.  For a country like India with a population of about 1.2 billion and a average growth 

rate of about 8 % annually (likely to increase further), energy is a central issue.  Based on 

the projected demand and India’s energy resource base, it is well established that nuclear 

energy using the vast thorium reserves is a viable solution that could ensure energy 

security of the nation.  The key to the successful utilisation of the vast thorium reserves 

lies in the development of fast breeder reactors with closed fuel cycle.   

 

The Indira Gandhi Centre for Atomic Research (IGCAR) located at Kalpakkam, Tamil 

Nadu, India is the second largest research centre of the Department of Atomic Energy 

(DAE).  It has been established with the mandate to develop fast reactor technology and 

associated fuel cycle technologies. As part of this strategy, a 40-MW(th) test reactor, the 

Fast Breeder Test Reactor (FBTR),was constructed.  This reactor is completing 24 years 

of successful operation since its first criticality in October 1985.  The Plutonium rich 

Uranium Carbide fuel, used for the first time in the world, has crossed a burnup level of 

165 MWD/tonne without a single pin failure in the whole core creating an international 

benchmark.  Based on this success of FBTR, extensive multidisciplinary R&D for more 

than 40 years, technology development and demonstration, pooling of trained human 

resources, IGCAR has embarked on the design and development of a 500 MWe 

Protoype Fast Breeder Reactor (PFBR) which is now under advanced stage of 

construction by Bharat Vidyut Nigam Limited (BHAVINI) and is expected to be 

commissioned by 2010. The success of fast reactor program primarily hinges on 

synergism between various disciplines such as basic physics and chemistry, reactor 

physics, engineering design, manufacturing technology, quality assurance, control and 
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instrumentation, safety etc.  A crucial and enabling link between all these disciplines is 

the science and technology of non destructive evaluation.   

 

Non Destructive Evaluation (NDT & E) has become an inseparable part of modern 

society.  Be it the field of engineering, technology, or healthcare, NDE  is being used 

right from cradle to tomb to optimize design, processes, manage quality, predict the life 

and limit liability avoiding accidents. While NDE science and technology was qualitative 

during the first half of 20th century, the liberalisation of economies, reduced margins of 

safety and stringency of specifications during the second half of the 20th century has 

spurred the development and growth of quantitative NDE.  This paper highlights NDE 

solutions to challenging problems encountered during manufacture of important 

components of 500 MWE PFBR.  The paper also highlights the application oriented R & 

D that has been undertaken to enhance the limit and reliability of detection.  Many of 

these technologies and procedures have significant Societal applications.  The paper also 

outlines some interesting applications of these techniques in the field of healthcare and 

cultural heritage.   

 

2.0 Quantitative NDE for Stringent Quality Assurance during Fabrication, Pre 
service and Inservice Inspection 

 
Prototype Fast Breeder Reactor (PFBR) is a pool type 1250MWt / 500 MWe, Metal 

Oxide (MOX) fuelled (PuO2-UO2), sodium cooled reactor presently under advanced 

stage of construction at Kalpakkam. The overall  flow diagram of the PFBR  comprising 

of the core, reactor assembly and heat transport system and balance of plant is shown in 

Fig. 1. The core of the reactor consists of fuel subassemblies containing (U,Pu) mixed 

oxide fuel, which are immersed in a pool of liquid sodium. The heat transport system 

consists of a primary sodium circuit, secondary sodium circuit and steam–water system. 

The reactor assembly consists of core, grid plate, core support structure, main vessel, 

safety vessel, top shields and absorber rod drive mechanism.  The main vessel of reactor 

assembly houses basically hot and cold sodium pools, separated by inner vessel. Both the 

pools have a free sodium surface blanketed by argon.  The reactor core consists of 1758 

subassemblies including 181 fuel subassemblies. The nuclear heat generated in the core is 

removed by circulating sodium from cold pool which is at 670 K, to the hot pool which 

is at 820 K. The sodium from hot pool transports the heat to four intermediate heat 

exchangers and joins back to the cold pool. While the circulation of sodium from cold 
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pool to hot pool is maintained by two primary sodium pumps, the flow of sodium 

through intermediate heat exchangers is driven by a level difference (1.5 m of sodium)  

between the hot and cold pool free surfaces.  The heat from intermediate heat 

exchangers is transferred to eight steam generators by sodium in the secondary circuit. 

Steam produced in steam generators is supplied to turbo-generator.     

 

 

 

 

 

 

 

 

 

 

 

 

One of the most critical components of the fast reactor is the steam generator.  This 

component also decides the plant availability factor.   Compared to conventional 

pressurized heavy water or light water reactors, a fast reactor uses sodium as the coolant 

to remove nuclear heat.  In the steam generator (SG) of Prototype Fast Breeder Reactor 

(PFBR) of 500 MW(e), the transfer of heat from secondary sodium to water generates 

steam. Since the sodium-water reaction is exothermic and generates high pressure and 

hydrogen, the integrity of weld joints separating sodium and water/steam and the overall 

integrity of steam generator is of paramount importance. Thus, the tubes and the welds 

have to be inspected thoroughly.  PFBR has eight SGs.  Quality Assurance (QA) of the 

steam generator starts from the raw material for the tubes and tubesheet.  As part of 

technology development program, at IGCAR, an elaborate set of procedures have been 

developed for the successful QA of SG.  Given below are two case studies of problems 

that arose during manufacture of the SG in the shop floor and the robust solutions.   

 
2.1 Challenges during manufacture of SG 
2.1.1 Stringent quality assurance of steam generator tubes [1] 
 
Modified 9Cr-1Mo ferritic steel is chosen as the structural material for steam generator 

(SG) tubes of the PFBR in view of its excellent high temperature fatigue and creep 

Fig. 1 Schematic of 500 MWe FBR flow diagram 
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resistance properties. These tubes are manufactured by a two-stage cold mill pilgering 

process. The tubes are approximately 25 m long with 17.2 mm outer diameter and 2.3 

mm wall thickness. As only positive tolerance up to 0.46 mm (20% of wall thickness) is 

allowed, the pilgering process parameters are optimised to ensure a minimum thickness 

of 2.35mm. Stringent quality assurance of the modified 9Cr-1Mo tubes is essential during 

manufacturing. This is achieved by employing effective non-destructive test procedures 

that involve ultrasonic and eddy current (EC) methods, as shown in Fig. 2. 

 

 

 

 

 

In the EC technique, the tube material is magnetised to near saturation region such that 

the variations due to magnetic permeability are minimised and disturbing signals that 

reduce the signal-to-noise ratio (SNR) are reduced. An encircling differential EC probe 

(frequency 25 kHz) embedded in the magnetising solenoid coil has been successfully 

developed inhouse and based on a calibration tube, consisting of three 1.2 mm-diameter 

holes that are 120° apart and separated the sensitivity of the technique and the accept 

reject criteria has been arrived at.  Subsequent to EC testing, the tubes are demagnetised 

by passing through an AC coil to remove residual magnetism.  Immersion ultrasonic 

testing (UT) is then performed for detection of longitudinal and transverse defects and 

for measurement of wall thickness using two 19° focused angle beam transducers (5 

MHz) in bidirectional scanning mode, along the circumference and also along the axis of 

the tube, for detection of longitudinal defects. The ultrasonic and EC methods are 

complementary in nature. The longitudinal and transverse defects oriented along the 

ultrasonic beam may not be detected by the ultrasonic method. However, such defects 

will be readily detected by the eddy current method.  

 

Fig.  2  NDT of Steam Generator Tubes 
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During manufacturing of a batch of SG tubes, extended disturbing signals were observed 

during EC testing. These tubes did not produce any indications during ultrasonic testing. 

However, ultrasonic thickness measurements showed, as typically depicted for a tube in 

Figure 2, acceptable variations of thickness in the range of 0.1-0.15 mm. Detailed visual 

and destructive examinations revealed that the wall thickness variations were on the ID 

side of the tube and the axial extent of the wall thickness variations was in the range of 

100 to 150 micrometers. These wall thickness variations produced high-amplitude 

rejectable indications during EC testing as typically shown in Fig. 3. These high 

amplitude indications obscure signals from localised and potentially harmful defects 

which might have been missed by ultrasonic method. 

 

 

 

 

 

 

 

 

 

 

 

A two-frequency approach has been successfully developed and validated for suppressing 

these extended variations based on the wall thickness measurements carried out by 

ultrasonic testing.  This validated approach  is  field  tested  for  implementation  in the  

production-line  after  incorporating  the  accept/reject  criteria based on the following 

criteria: 

 

Kc < 0.5   Accept     

0.5 ≤ Kc< 1   Record and accept        

Kc ≥ 1   Reject 

 
Where  

      Amplitude of the defect signal 
           Kc =   ------------------------------------------------------  ..........(1) 

Minimum amplitude of the reference hole signal 

Fig. 3  Ultrasonic wall 
thickness data using a 
5 MHz normal 
beam probe and EC 
response for the wall 
thickness variation 
region 
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This  approach has been  successfully  implemented  to  test tubes  having  ID  wall  

thickness  variations.  A  total  of  15  tubes have  been  rejected  from a lot of 600 based  

on  the  conventional  EC  testing,  i.e.  channel-1  threshold,  due  to  localised  defects  

in  regions  other  than wall thickness variations. Four tubes have been rejected based on  

the mixer  channel  threshold,  due  to  localised  defects  in wall thickness  variation  

region. Typical  channel-1  and mixer  channel signals  for  a  rejected  tube  are  shown  

in Fig. 4. This  approach has ensured the desired quality of manufactured SG tubes. 

 

 

 

 

 

 

 

 

 

 

 

 

2.1.2 Controlling uneven density variations in microfocal radiographs [2] 

 

The tube to tube sheet (TTS) welds of steam generator of sodium cooled fast reactor is 

the most critical joint.  This is because, sodium flows on shell side and water on tube 

side. Any failure would thus be catastrophic. As part of technology development 

program, procedures based on microfocal radiography have been successfully developed 

and applied in the shop floor for the reliable detection of microporosities of the order of 

25 microns, cracks and wall thinnings[3]. Microfocal radiography of tube to tubesheet 

joints is accomplished using a backward throw panaromic rod anode probe of diameter 

10 mm.  In this probe, a flat tungsten target is used.  Ideally a conical target is preferable 

as this would give a radial panoramic beam.  However, due to problems in fabrication of 

such a target, a flat target configuration probe was employed.  In this probe, the X-ray 

beam is emitted as a cone in the backward direction with the beam angles being – 5 x – 

55 x 360 (w.r.t vertical).  Such an arrangement however is beset with its own problems.  

The angled beam results in uneven beam intensity across the weld. The result is an 

Fig. 4 Channel-1 and 
mixer channel EC data of 
a tube rejected  
based on the mixer 
channel threshold 
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 Varying  Taper         Varying  Curvatures 

unacceptable film image, since the density variations are more than those prescribed in 

the standard and even if the film becomes acceptable, problems in interpretation due to 

uneven radiographic contrast, need a clear solution.  Fig. 5 shows a typical film with 

density variations.  The longer arrow denotes a high density region due to the beam 

angle.  Micropores can also be seen.  

 

 

 

 

 

 

 

It was first thought that image processing can be adopted for removing the density 

variations.  However, considering the high reliability requirements and manufacturing 

time schedules, an appropriate compensation wedge was proposed.  The essential pre 

requisite for the design of a compensating wedge was the beam profile and density 

variation profile.  Detailed and systematic experimentation was undertaken to study the 

beam profile and the resulting density variations.  The choice of material for the 

fabrication of the wedge was also important.  It is known that higher density of the 

material would require higher kilovoltage resulting in loss of radiographic contrast and 

sensitivity.  Hence based on careful analysis, an appropriate low density alloy was chosen 

and the wedge fabricated.  The compensating  wedge had very  intricate  profiles  and 

was finalized  on the  basis  of  practical  trials  and  experiments.  The typical 

photograph of the wedge is given in fig. 6.   

 

 

Radiography of the tube to tubesheet welds was carried out without and with the 

compensating wedge in position.  Radiographic density measurements were carried out 

Fig. 5 Uneven density variations introduced because of the varying beam 
angle.  Note the density variations along and across the weld region. 

Fig.  6  Compensating device 
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on the radiograph taken without compensation device and the radiograph taken with the 

compensation device in position.   Analysis of the radiographic densities clearly revealed 

that introduction of compensation wedge has resulted in  

 

(a) reducing the density variations in the radiographic film.  While in the case of 

uncompensated beam the density varies across the weld by more than 68 %, this 

variation has been clearly reduced with the use of compensating wedge to less 

than 25%  

 

(b) The compensating wedge has increased the latitude.  Thus densities less than 1.8 

have improved and overall density on the radiographic film falls within the 

acceptable range of 1.8 to 4.0 as stipulated in the standards. 

 

Apart from decreasing the density variations, the result of using the compensating wedge 

was improved radiographic contrast.  It is well known that uneven radiographic contrasts 

make interpretation difficult and unreliable.  The use of the wedge has made it possible 

to achieve good radiographic contrast thus making film interpretation convenient and 

robust.  It should also be highlighted that while in the case of uncompensated 

radiographs, two exposures had to be taken to take care of the requirements of density as 

per standard, the use of compensation wedge provided in a single acceptable radiograph 

the required density thus resulting in savings of time and cost. 

   

Both the above mentioned problems encountered in the shop floor during the 

manufacture of the steam generator have been successfully overcome with  robust 

solutions which has resulted in substantial savings in terms of costs as well as time.  

These innovative technological solutions had been possible due to the sound 

understanding of the basic principles of the techniques and making the solutions 

compatible with manufacturing practices.   

 

3.0 Extending limits of Defect Detectability through Advanced NDE   

 
Traditionally NDT started as a tool for the detection of defects in materials and 

continues to meet this objective in a substantial manner.  While initially the sensitivity 

that could be achieved was poor, with the developments in sensors, electronics and 

instrumentation coupled with the better understanding of materials and its interaction 
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with the probing medium, the limits of detectability as well as the signal to noise ratios 

could be improved for many of the conventional techniques. However, inspite of all 

these advances, problems still persist especially in the case of defect detection in thinner 

materials or near surface.   Classical examples include detection of subsurface defects in 

thin stainless steel welds or quantitative detection of corrosion in weldments or clustered 

pores lying close to surface.  Towards this objective, a focussed R & D has been pursued 

to explore the use of advanced NDE methods.  We present two case studies wherein the 

limits of flaw detection have been successfully improved.    

 
3.1  Immersion TOFD for detection of defects in weldments [4] 

 

Time of flight diffraction (TOFD) technique is a well-developed ultrasonic non-

destructive testing (NDT) technique and has been applied successfully for accurate sizing 

of defects in thick sections. Codes of practice such as ASME now permit TOFD for 

routine examination as an alternative to radiography for thick components. However 

examination of thinner sections by TOFD has its own problems. The main problem is 

that as the thickness of the specimen reduces, the lateral wave, diffracted signals from the 

tips of the discontinuity and the back wall echo merge together and it is thus difficult to 

identify and size the discontinuity. Also the near field of the transducer limits the 

minimum thickness which can be examined and size of the conventional transducers 

limit the required probe separation. Limited success has been obtained internationally 

through the application of miniature probes and softwares for extending TOFD to lower 

thickness. However, even in these cases, the minimum thickness that has been attempted 

is only 6 mm. For the first time, by a novel combination of TOFD and immersion, the 

capability of the technique has been successfully extended for examination of sections 

down to 3.0 mm. While the advantages of TOFD are preserved through the use of 

TOFD probes and software, immersion coupling provides a delay line and variable lower 

angles that eliminate the near field effect making it possible to examine the lower 

thickness successfully.  5% and 10% notches in 3 mm thick stainless steel specimen 

could be detected with high accuracy.  The technique has been successfully applied for 

the valuation of welds of thickness 3.15 mm in hexcan used for dummy subassemblies.  

Fig. 7 shows the I-TOFD images of a typical hexscan weld with lack of penetration (LP) 

and porosity.  The defects were verified using radiography.    
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LP PO 

Fig. 7: (a) image of a good weld region of the Hexcan (slope is 
due to the curvature on the surface) and (b) image of a region 

where lack of penetration (LP) and porosity (PO) appear 

LW 

BW 

 

 

 

 

 

 

 

 

 

 

3.2  Lock in Thermography for Enhanced Defect Detectability [5] 

 

Thermographic techniques have shown several advantages over other forms of NDE. 

Perhaps the main advantage is the ability of the technique to examine large areas 

effectively. Due to the diffusive nature of thermal signals in materials, there is a nonlinear 

drop in detectability of anomalies below the surface. Thus, IR technologies are applied to 

thin structures only.   In the area of defect detection, especially in steel, previous studies 

involving steel structures have had limited success due in part to the requirement of large 

amounts of absorbed energy.  One of the advanced thermography techniques is lock in 

thermography.  Lock-in thermography typically uses phase angle measurements for the 

assessment  of underlying defects. In the case of lock-in thermography, the phase angle 

refers to the phase difference ø between a sinusoidally modulated incident thermal flux 

and the associated thermal response.  One of the advantages of using the phase angle 

measurement is greater depth of penetration, often quoted as p=1.8µ, as compared to 

amplitude data, where p is the penetration depth and µ is the thermal diffusion length. 

Lock-in thermography has  unique possibilities as a Non-Destructive Inspection ( NDI) 

tool but requires a good understanding of the limitations with respect to the detectable 

depth and size of defects. A systematic study was undertaken to investigate the limits of 

detectability in austenitic stainless steel AISI type 316 - extensively used as a structural 

material in the industry.   

 

Three samples each of 300 mm x 100 mm x 5 mm with machined holes of various 

diameters drilled to different depths representing a wall thickness variation of 5%, 10 %, 

30 %, 50% 70%, 90% and 100% were used for experimental investigations.  The 
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frequency of modulation was varied from 0.05 Hz –0.5 Hz and based on the phase 

reversal plot, the optimum frequency was observed to be  0.009 Hz.  Fig. 8(a) is the lock 

in thermal phase image of the sample revealing most of the holes and Fig. 8(b) is the plot 

of variation of average phase angle with the defect depths. 

  

 

 

 

 

 

 

 

 

 

 

 

 

It can be observed that as the depth of the defect from the surface increases, the phase 

contrast decreases.  The variation of defect depth and phase angle is observed to be 

exponential.  Experiments thus clearly reveal that lock in thermography is well suited for 

depth resolved measurements.  With appropriate calibration, the defect can be 

characterized with respect to size and location.  Defects with diameter upto 8 % of the 

wall thickness and located at a depth of about 30 % from the surface could be clearly 

resolved in AISI type 316 stainless steel.   The main advantage of the technique is that it 

is fast, non contact, can cover large areas in a single scan, is not affected by normal 

surface variations and is sensitive to defects located close to surface.  Lock in 

thermography can thus be an ideal choice to complement conventional techniques such 

as ultrasonics and radiography especially for the detection of defects located close to the 

surface.The above experiments also clearly reveal that defects located at a depth of about 

2.5 mm from the surface in stainless steel can be detected by this technique. 
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Fig. 8 (a)  Lock-in thermal phase image of sample (b) Variation of phase contrast 
with defect depth for Sample. 

 



 12

4.0 Application of advanced Signal Analysis and Image Processing for 
 Enhanced Reliability. 
 

The ability to reliably inspect materials and interpret the inspection results has been 

dramatically facilitated and enhanced through the use of signal and image processing 

techniques. In fact, signal and image processing have become an integral and essential 

part of practically all NDE techniques.  Techniques such as ultrasonic TOFD and phased 

array use a variety of signal analysis methodologies for improving the signal to noise ratio 

and also identifying the nature of the defects. In the case of radiography techniques, 

quantitative feature characterisation has been made possible through the use of image 

processing and analysis techniques.  Image and signal processing are also tools to fully 

automate the process of defect detection and thus make NDE amenable to automation.  

At IGCAR, a variety of signal and image processing techniques are widely used on a 

routine basis for enhanced and reliable inspection.  We present innovative practical 

application of image processing for sheathed thermocouple.   

 

4.1  Image Processing and Analysis for Sheathed Thermocouples [6] 

 

Temperature and its distribution is one of the basic and key parameters employed as an 

indicator of functioning of an industrial component or plant. For the measurement of 

temperature, thermocouples are most widely used. Stainless Steel sheathed 

thermocouples are the preferred ones for temperature measurement especially in the 

nuclear reactor; due to considerations of better mechanical properties and chemical 

compatibility.  

 

Quality checks are essential especially for thermocouples to be used in the critical 

application areas. One of the best quality checks is the application of radiography. In the 

case of thermocouples with diameters less than 4 mm, detectability of features in the 

radiograph becomes difficult. This calls for the application of digital image processing 

techniques for better image sensitivity and quality and quantitative feature 

characterization. 

 

Thermocouples with diameters less than 4 mm were evaluated by high sensitivity 

radiography. The radiographs were digitized and then processed using  a variety of 

techniques (fig. 9). The fine details within the thermocouple could be clearly visualized 
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and dimensional measurements made with good accuracy. The experimental results 

clearly bring to fore the advantages of digital image processing especially in the case of 

radiographs of smaller diameter (< 4mm) thermocouples thus making inspection more 

reliable and robust.   The results also reveal that while radiography recommended by 

ASTM Standard-.E 235, helps in visualizing the inner details, application of digital image 

processing aids in a quantitative characterization resulting in more reliable quality 

assurance especially in the case of small diameter thermocouples and also digital 

archiving.   Based on this approach, a procedure has been formulated for image 

processing of radiographs of small diameter thermocouples.  

 

 

 

INFORMATION 
 GENERAL DESCRIPTION 
 

 

 
6.0 Spin Off Applications 
6.1 Aerospace and Defence   
 
The robust technologies developed at IGCAR have been successfully utilized by other 

strategic sectors such as defence and aerospace and also process industries.  Some of the 

challenging problems that have been solved based on the expertise generated at IGCAR 

include: 

 

(i) Comprehensive NDE for evaluation of tail rotor blades of helicopters. The tail 

rotor blades are complex structures with a metal spar, composites and adhesively 

bonded structures.  A combination of ultrasonics and radiography based 

procedures were evolved which was successfully applied for qualification of tail 

rotor blades. 

 

Fig.  9 Original low contrast radiograph left and right enhanced image of 0.5 mm 
diameter sheathed thermocouple.  Quality of junction weld could be clearly 
evaluated.  The weld to sheath distance can also be clearly measured.  This 
distance is crucial and optimum distance ensures good response time.      
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(ii) Satellite bottle tanks are important components which are required to perform 

reliably in outer space.  Ultrasonic and real time radiography based procedures 

were developed for critical quantitative assessment of defects in the Ti-6Al-4V 

alloy gas bottles.  The results of NDE investigations was a vital input for fracture 

mechanics based evaluation of the flight worthiness of these satellite gas bottles.  

 

6.2 Infrared Thermal Imaging for Healthcare Application [7,8] 
 
Breast cancer is the most common cancer among women, other than skin, cervix or lung 

cancer and is the second leading cause of cancer death in women. According to World 

Health Organisation, more than 1 million ladies suffer from breast cancer and the breast 

cancer incidence in women has increased from one in 20 in 1960 to one in seven. In 

India, about 2.0 to 2.5 million patients suffer from cancer at any given time. Over 

700,000 new cases and 300,000 deaths occur annually due to cancer. The survival 

increases significantly if the cancer is detected in the earlier or pre-cancerous stage. 

Hence, any prognostic technique that shows promise of higher sensitivity and or earlier 

risk factor assessment capability needs to be developed, along with the other classical 

techniques, for the fight against this form of cancer. Presently, the most widely used 

method for detection of breast cancer is mammography and self breast examination.  A 

promising imaging tool that has been used for the detection of breast cancer is 

Thermography.   

 

In India for the first time, a feasibility study has been pioneered by Indira Gandhi Centre 

for Atomic Research, DAE Hospital Kalpakkam and Sree Ramachandra Medical 

University.  More than 70 patients have been examined in a systematic way after 

establishing the required protocols.  The authors have successfully established the 

feasibility of detection of cancerous lesions of breast.  Since temperature patterns 

critically depended on external atmospheric conditions, protocols were established for 

the thermal imaging of patients. Advanced transforms combined with graded thermal 

analysis approach were used to identify and quantify the cancerous breast lesions.  The 

results were also correlated with other diagnostic aids such as mammography considered 

as the gold standard for breast cancer, Ultrasonogram and confirmed through Fine 

Needle Aspiration Cytology. Studies are on to determine the percentage sensitivity. This 

technique would be a boon to society where mortality rates are as high as 50 % because 
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of late detection.  This is particularly true for a country like India where more than 60 % 

of the population is in rural areas.  

 

6.3 NDE for Characterization of Cultural Heritage 

 

NDE methodologies based on radiography and impact echo techniques have been 

successfully used for the getting an insight into the fabrication aspects of the Iron Pillar. 

This iron pillar made in 4th Century AD is located in the Capital city of India,  Delhi is 

known as the rustless wonder. Extensive NDE investigations were undertaken to obtain 

an insight into mode of fabrication (casting / forging) as well as the reason for non 

rusting of the pillar [9].     

 

India achieved unparallel technological excellence and aesthetic beauty in Chola and 

Pallva period (11th century) bronze icons.  High sensitivity radiography along with XRF 

and in-situ metallography has been used for characterizing and fingerprinting ancient 

Indian Bronzes [10].  The experience gained in the characterization of ancient bronzes 

was successfully utilized during the fabrication of the tallest Nataraja gifted by 

Department of Atomic Energy (DAE) to European Research Centre on Nuclear 

Sciences (CERN), Switzerland. 

 
7.0 Conclusion 
 
The work presented in this paper has been chosen from a wide spectrum of research and 

applications to highlight the comprehensive expertise at the Indira Gandhi Centre for 

Atomic Research, Kalpakkam.   Whether it is the health cycle or the manufacturing cycle, 

NDE is the key factor right from the cradle to grave.  It is realised that NDE has large 

applications in industrial and societal domain.  The synergism of industrial and societal 

applications at IGCAR is a pointer that NDE professionals can contribute immensely in 

providing better quality of life on this planet.        
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