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One of the many modern-age boons to human society, as Albert Lesser 
noted, is the ubiquitous use of lines and graphs in day-to-day life. The 

usage has stretched the limits of human imagination to comprehend abstraction 
and complexity. It has also brought in a pattern shape and focus to the 
roundness of information or data by rejecting what is irrelevant.
Some lines are imaginary in spite of their representation of a reality. One such line the society is 
branded with, especially a developing country, is the ‘poverty line’. It is a line invented by economists 
for a certain purpose, but exploited to its full extent by politicians. But it does serve its purpose, 
though its height may go up or down, just like the cross bar in the sport of high jump.
The power of lines and curves to morph abstractions into visible solid shapes is wonderfully amazing. 
An interesting case in point is the Environment Kuznets Curve (EKC), named after Simon Kuznets 
(1901-1985), a Nobel Prize-winner Russian-born American economist, who propounded a theory 
in 1955 based on this observation that a certain relationship exists between economic growth of a 
country and its equitable distribution. He noticed a far equal distribution of per-capita incomes in 
countries with low incomes, which got served up with a rise in inequality as these countries picked 
up economic growth. However, as the economic growth got further accelerated, there came a point 
beyond which the income inequality rather diminished. In essence, this phenomenon – income 
inequality – rises with rising per-capita income levels to reach a peak and then eventually declines 
and translates into an inverted U-shaped curve.
Nonetheless, the Kuznets Curve remained just that for about next two to three decades when 
researchers noticed that the same phenomenon also existed in environmental relationship with the 
per-capita income of a country. The relationship, now called “Environment Kuznets Curve” (EKC), 
suggests that the environmental pollution or degradation will rise in countries with middle-level 
economies, which are unable to use environmentally robust technologies. However, the pollution or 
degradation levels will decline as the per-capita income levels shoot up. It meant, at least for some, 
that with or without environmental protection phenomenon, the result would be the same. But this is 
untrue. Let us see how. This scenario has many policy implications and, of course, a turning point, 
too. One major policy issue is that the phenomenon is suggestive of the possibility of promoting a 
“grow fi rst and clean up later” policy, which some may fi nd untenable and undesirable on moral and 
ethical grounds. It is also suggestive of economic growth itself taking care of environmental damage 
occurred earlier, once the pollution levels fi nally begin to decline in the second part of the curve 
beyond the point called “turning point”. In reality, though, it is quite natural that in certain ecosystems, 
species have a threshold. In fact, there are different thresholds of tolerance for different types of 
pollutants or environmental degradation, represented by different EK curves. These individual 
thresholds could be surpassed well before their corresponding Kuznets’ “turning point” arrives, thus 
causing permanent and irreversible damage to the species even before this supposedly reassuring 
turning point is reached. In other words, some ecological systems would not be able to tolerate the 
peaking of EKC, even though the damage is hypothised to decline later on. This prospect requires 
policy interventions to avert such an environmental catastrophe.
There are a large number of economies world over that are medium in size currently and climbing 
fast on their economic growth paths. These middle-level economies are on the rising portion of the 
EKC, supposedly marching towards their respective “turning points.”
I think it is time to evaluate the case of nuclear power, as a policy intervention, to  help avert the 
possibility of permanent damage to the environment. How does nuclear power help in changing the 
position of “turning points” on EKCs in such economies needs to be studied and analysed. Perhaps 
IAEA could take a lead or may collaborate with other international agencies specialising in energy, 
environmental, and economic research.

Happy Reading!

(Amritesh Srivastava)
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Tête-à-Tête

Mr. A.I. Siddiqui, 
Editor of Nu-Power, 
passed away on 
September 12, 2009 
after a protracted 
battle with chronic 
pulmonary obstructive 
disease (COPD). He 
was associated with 
NPCIL since 1976 
and had been at the 
helm of this publication 
for the last 13 years.

Of Lines and Curves
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After the successful tenure of Dr. 

Anil Kakodkar, one of the most 

prominent nuclear scientists in India, 

Dr. Srikumar Banerjee assumed charge 

as the Chairman, Atomic Energy 

Commission and Secretary, Department 

of Atomic Energy on, November 30, 

2009 in a handing-over/taking-over 

ceremony at the headquarters of 

Department of Atomic Energy (DAE) 

in Mumbai. Dr. Anil Kakodkar, while 

handing over the charge, said that he 

has been fortunate to have spent his 

professional life at the DAE. He further 

said that he was leaving with a feeling 

of satisfaction and further added that he 

was sure that under the able leadership 

of Dr. S. Banerjee, the DAE would 

continue to fulfi ll its commitments to the 

nation, be it generation of electricity or 

applications of radiation technology and 

other advanced technologies for various 

societal purposes. Dr. Banerjee, while 

thanking Dr. Kakodkar, said that he, 

with the help of all the colleagues in the 

Department and its units, would carry 

forward the legacy being left behind by 

Dr. Srikumar Banerjee (on the left) takes over as Chairman, Atomic Energy Commission 
and Secretary, Department of Atomic Energy from Dr. Anil Kakodkar in the afternoon of 

November 30, 2009.

Dr. Srikumar Banerjee Assumes Chairmanship of AEC

him. He stated that at the Department 
of Atomic Energy, all decisions are 
taken after a lot of deliberations and 
are always the outcome of collective 
wisdom.

Bio Data
Dr. Srikumar Banerjee joined Bhabha Atomic 

Research Centre (BARC), Mumbai, in the 

year 1967 after graduating in Metallurgical 

Engineering from Indian Inst i tute of 

Technology (IIT), Kharagpur and received 

his Ph.D from IIT, Kharagpur while working 

in BARC. He is from the 11th batch of BARC 

Training School. Presently, Dr. Banerjee is 

Secretary, Department of Atomic Energy & 

Chairman, Atomic Energy Commission and 

has nearly 40 year’s research experience. 

He is one of the leading experts in materials 

science and technology in the country and 

has made outstanding contributions to many 

materials-related areas, basic as well as 

application-oriented. His comprehensive work 

on the physical metallurgy of zirconium alloys 

is widely quoted in scientifi c literature. His 

work has also provided a basis for developing 

a novel fabrication schedule for the pressure 

tubes used in the Indian Pressurised Heavy 

Water Reactors (PHWRs).

He is a recipient of many national and 

international awards and honours. The 

National awards include Indian National 

Science Academy (INSA) Young Scientist 

Medal (1976), National Metallurgists’ Day 

Award (1981), Shanti Swarup Bhatnagar 

Prize in Engineering. Sciences (1989), 

Materials Research Society of India (MRSI) 

Medal (1990), G. D. Birla Gold Medal of 

the Indian Institute of Metals (IIM) (1997), 

Indian National Science Academy (INSA) 

Prize for Materials Science (2001), MRSI-

Superconductivity and Materials Science 

Prize (2003), Indian Nuclear Society (INS) 

Award (2003), Padma Shri (2005) and 

MRSI Distinguished Materials Scientist of 

the Year Award (2008). Notable among the 

international awards are Acta Metallurgica 

Outstanding Paper Award (1984) and 

Alexander von Humboldt Research Award 

(2004).

He has had professional interactions 

with several research groups in India 

and abroad and has held some visiting 

positions overseas, such as the University 

of  Sussex, Br ighton, UK (as senior 

visiting Fellow), Max-Planck Institut fuer 

Metalforschung- Institut fuer Physik, Stuttgart 

and Forschungszeutrum, Juelich, Germany 

(as Alexander von Humboldt Foundation 

Fellow and Awardee) and University of 

Cincinnati and the Ohio State University, 

USA (as visiting faculty).

Dr. Banerjee is a Fellow of Indian Academy of 

Sciences, Indian National Science Academy, 

National Academy of Sciences India, 

Indian National Academy of Engineering, 

Maharashtra Academy of Sciences and Third 

World Academy of Sciences.

[NPCIL, HQ, News Desk]
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The calandria permanent manhole cover welding prior to 
calandria vault box-up was carried out in reactor-4 as per 

the sequence below:
• Completion of light water draining and drying of 

calandria.
• Intensive and thorough cleaning of calandria and calandria 

internals, including over-pressure rupture disc (OPRD).
• Inspection of calandria and calandria vault by a team 

constituted by Site Director 1-to-4 and their certifi cation 
for the cleanliness.

• Videography of calandria internals by pasting identifi cation 
tags.

• Welding of lower thimble housing assembly plugs (6 in 
total) of primary shutdown system and conduction of DP 
checks.

• Welding of end-cap plugs of secondary shutdown system 
and conduction of DP checks.

Prior to permanent manhole cover welding, a fi nal inspection 
was done by a team consisting of Reactor Erection (RE), 
Quality Assurance (QA), Mechanical  Maintenance (MM) and 
Operation, which ensured the following:
• All temporary identifi cation tags fi xed for taking videography 

were removed.
• Calandria shell was checked for non-existence of any 

loose materials.
• Cleanliness inside calandria shell was checked.
• Fit-up of the permanent cover before welding was 

checked.
Calandria was released to RE group for taking up manhole 
cover welding. The job was fi nished in the following stages :
• Checked the internal diameter (ID) of the manhole and 

matched the outside diameter (OD) of the manhole 
cover.

• Inserted the backing strip to ID of man-way nozzle and 
tack welding.

• Carried out root welding and conducted root DPT.

Calandria permanent manhole cover welding completed

Kaiga-4-Welding of Calandria Manhole Cover

Kaiga-4 Moves Generator Stator on Foundation

Generator Stator  the heaviest  equipment of  Nuclear 
Installation was successfully placed on    foundation 

on July 3, 2009 .This was a rare feat  as  stator was moved 
to the location  amidst heavy rain (recorded rain fall of 123 
mm) taking all precautions for avoiding rain water ingress and 
addressing all apprehensions  of Site representatives  of  TG 
Manufacturer.

      Generator Stator was received at Kaiga site on 
March 25, 2009. The erection work commenced immediately.  
Pre erection activities to be completed prior to taking up Stator 
on foundation.

- Stator trunion plates blue matching with Stator.

- Stator EP Plates blue matching with pedestal.

- Stator anchor plates blue matching.

- Packer plates blue matching and matching with sole plate 
and trunion plate.

- Terminal bushing air leak test.

- HV Test of terminal bushings.

- Terminal bush assembly with bottom end duct & cover.

- 5th Spherical bearing blue matching.

- 6th Spherical bearing blue matching.

- 5th Brg. anchor plates blue matching.

- Rotor dimensional check and  face run  out test

• Carried out inter-pass welding and conducted inter-pass 
DP checks.

• On completion of the fi nal welding, conducted fi nal DP 
checks.

• Permanent cover tack welding to man-way nozzle was 
done.

• On welding completion, conducted DP checks.
• Carried out root welding and root DP checks.
• Carried out inter-pass welding and conducted inter-pass 

DP checks.
• Carried out fi nal welding and conducted 100% UT/RT 

examinations.
• Documentation of records and procedures.

Upon completion and acceptance of welding of permanent 
manhole cover, the calandria was released to O&M for 
taking up helium leak test of moderator heat exchangers  
en route to calandria vault box-up.

[A.K. Prasad, Kaiga-3&4]
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View of Generator Stator in position at TB-4 Operating Floor at El 
111.0 M

Size: 6.36Mx4.02mx4.355 MX, Volume:  111 Cubic Meter,
Weight: 165 MT

- 6th Brg. anchor plates blue matching.

- Sole plate of Brg#5 blue matching.

- Sole plate of Brg#6 blue matching.

- Enlargement of 4 Nos of holes in 65 mm thick sole plate 
of Bearing#6 done for rectifying the hole mismatch with 
Pedestal plate of Brg#6 for insertion of bolts.

- Installation of Bearing Pedestal 5&6.

- Positioning of bearing No 5&6 and rotor alignment.

- Complete grouting of Sole plates of Bearing No 5&6 with 
rotor in position.

Nuclear Power Corporation of India Limited (NPCIL) 
has a wind farm in operation at Kudankulam Nuclear 

Power Project (KKNPP) since January 2007. For the second 
year in succession since its inception, KKNPP wind farm 
has performed exceedingly well in terms of generation of 

Wind Farm at KKNPP: The Flag Flies High
Monthly Generation for the Year 2007-08 and 2008-09y

Month
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en
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The hot conditioning of primary heat transport (PHT) system 
of RAPP-6 was carried out from 1240 hrs. of August 

8, 2009 to 1500 hrs. of August 11, 2009. The chemistry 
parameter of the PHT system, moderator system, feed water 

system, steam generators (SG)s water and end-shield cooling 
system water were maintained well within the prescribed 
limits. A maximum temperature of 259  °C was obtained with 
continuous operation of the primary circulating pumps (PCPs). 

Hot Conditioning of RAPP-6 PHT System

- Removal of rotor.

- Removal of TB Roof hatch covers.

- Placement of Stator on foundation.
- Closure and releasing of TB roof hatch covers.
     Many of the jobs listed above could have been completed in the 
shop and equipment supplied. However many of shop jobs were 
done at site within the accuracies and precision as demanded by 
the TG manufacturer and their representatives at site.

[A.K. Prasad, Kaiga-3&4]

electricity in the fi nancial year 2008-09. KKNPP wind farm, 
consisting of eight 1.25-MWe wind turbine generators (WTGs), 
became operational on January 24, 2007 and since then, it is 
in commercial operation, generating electricity through wind 
power. The power thus generated is being fed to Tamil Nadu 
Electricity Board (TNEB) grid, earning revenue for NPCIL.
In the year 2007-08, KKNPP wind farm generated 22.423 
Million Units with a plant load factor (PLF) of 25.53%, and quite 
signifi cantly, there is an improvement in the performance of 
wind farm in the year 2008-09. Generation of 22.996 MUs is  
higher by 2.56% compared to the generation of previous 
fi nancial year (2007-08). Plant load factor of 26.25%, achieved 
in 2008-09 is better than the average PLF achieved in the 
region. KKNPP wind farm turbine generators have been among 
top-performing generators in the region. This is attributable 
largely due to better windy conditions that prevailed in the year 
2008-09 when compared to 2007-08 and also, to some extent, 
due to improvement seen in the machine and grid availability 
around this time.

[R. Kamath, Project Engineer (Electrical), KKNPP]
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Containment Pre-Stressing Completed at KKNPP-2

The pre-stressing of the inner containment for reactor 
building at KKNPP-2 has been completed successfully. 

The unbonded pre-stressing system, viz., Freyssinet 55C15 
adopted for KKNPP, is fi rst of its kind, which has a unique 
feature of re-stressing feasibility in future.

The inner containment for KKNPP is made of 1.2 m thick 
reinforced concrete with hemispherical dome and hermetically-

sealed liner inside. The pre-stressing system for KKNPP 
containment consists of 128 tendons (60 vertical U tendons 
and 68 horizontal full-round tendons). Each tendon consists 
of 55 strands of 150 sq. mm each, and is stressed at a load 

of 11.5 MN (meganewton) per tendon.

[M.I. Joy, KKNPP]

The termination of the hot conditioning was decided on the 
basis of surface coverage and saturation of the magnetite 
fi lm thickness on carbon steel coupons, which were installed 
in the auto claves in PHT System to monitor the progress of 
the hot conditioning. A magnetite fi lm thickness of 0.46 + 0.02 
microns was obtained in 50 hrs. and 20 minutes.

The magnetite fi lm on the carbon steel coupons covered 
the surface and was adherent in nature. At the end of the 
hot conditioning, the crud in the PHT system water was less 
than 0.1 ppm for two consecutive values at an interval of 8 
hours, which indicated the completion of hot conditioning of 
PHT system.

The Process of Hot Conditioning
The hot conditioning is carried out with light water with the 
following PHT system water chemistry:

 pH : (10-10.5)

Dissolved oxygen : < 10 ppb

Temperature : Above 200 °C

The above system chemistry is maintained by addition of 
Lithium Hydroxide (LIOH) through lithium-based mixed bed IX 

column and hydrazine in concentration, 50 to 60 mg/litre (ppm).

i) Hydrazine removes dissolved oxygen. Controlling 
dissolved oxygen, prevents growth of Fe2O3, which is 
undesirable for being insoluble and leads to deposition 
on fuel Bundles & other reactor core components. The 
formation of magnetite on carbon steel surfaces is through 
following chemical reactions called as schikor reactions. 
Hydrazine is removed before raising temperature because 
at high temperature, hydrazine turns to NH3, which is 
corrosive for heat exchanger (HX) tube.

ii) At low temperature non-adherent Fe(OH)2 is formed. 
Temperature is raised and maintained by operating the 
PCPs which provide pump heat in rasing PHT water 
pump.

Mechanism:

Fe  Fe ++ + 2e-

2e- + 2H2O  2 OH- + H2 

2e- + ½ O2 + H2O  2 OH- (In the presence of oxygen)

Fe++ + 2 OH-  Fe(OH)2 (In the absence of oxygen)

 Temp >180°C 
Fe(OH)2    Fe3 O4 + H2O +H2 

Reactor Coolant Pumps and Motors Installed at KKNPP-1

Reactor coolant pump motor erection underway in
KKNPP-1 reactor building

The installation works for all the four reactor coolant pumps 
(RCP) and motors have been completed for Kudankulam 

Nuclear Power Project-1 (KKNPP-1). The four reactor coolant 
pumps, each with a capacity of 22,000 cu. m/hr. fl ow rate will 
pump light water coolant for heat transport from the nuclear 
reactor to the steam generators located inside the reactor 
building. After the installation of the pump pullout assembly, 
the high-capacity motors for driving the pumps were installed 
with utmost precision by the engineers of Nuclear Power 
Corporation of India Limited (NPCIL) under the technical 
supervision of the Russian specialists. The pump units and 
motors were pre-assembled at the main workshop building 
with special facilities before installing in the design position. 
Each of the motor for the RCP is of 7MWe-capacity and 
weighed 60 MT. All the erection works inside the reactor 
building were carried out using the polar crane inside the 
reactor building.

[M.I. Joy, KKNPP]
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400-KV Gas-Insulated Switchgear Erection Completed at KKNPP

The erection works for the 400-KV gas-insulated switchgears 
(GIS) has been completed at Kudankulam Nuclear Power 

Project (KKNPP). The 400-KV GIS for KKNPP consists of 6 
bays connecting 6 transmission lines on the line side, and 2 
outlets each on the interconnecting transformer and shunt 

400-KV Gas-Insulated Switchgear (GIS) in UAB building at KKNPP

The huge transport airlock (TAL) barrel at KKNPP unit-1 
has been installed successfully in the reactor containment. 

The transport airlock for KKNPP weighing around 300 MT 
was delivered at the site in fi ve parts. The pre-assembly and 
welding of the sections were carried out at ground earlier. 
The transport airlock is positioned at around 31 m above the 
ground level and the erection of the transport airlock was 
done using the 350T-capacity huge trestle crane, which was 
commissioned and load-tested recently.

[M.I. Joy, KKNPP]

Transport Airlock Erected at KKNPP-1

Erection of transport airlock (TAL) barrel in progress at KKNPP-1

The Rajasthan Atomic Power Station unit-2 (RAPS-2) 
was synchronised to the grid at 1022 hrs. on September 

1, 2009. The unit was shut down for en-masse feeder 
replacement (EMFR) and performance improvement 
upgrades. The unit currently is operating at 100% power level. 
RAPS-2 (200 MWe) is the fi rst pressurised heavy water reactor 

RAPS-2 Resumes Operation after
En-masse Feeder Replacement

(PHWR) in the country to operate on imported natural uranium.
The power from this unit is fully allocated to Rajasthan.

RAPS-2 was fi rst synchronised to the grid on November 1, 
1980, and went into commercial operation on April 1, 1981. 
It has generated 27,732 million units since commercial 
operation.

The EMFR was completed with highest degree of safety 
and within approved cost estimates. This complex and 
technologically advanced project was carried out with entirely 
indigenously developed technology, tools and tackles. India is 
one of the few countries in the world that have mastered the 
ageing management of nuclear power plants and developed 
suitable technology indigenously.

[NPCIL, HQ, News Desk]

reactor side. The GIS has been designed with one-and-a-
half breaker scheme, to have better operational fl exibility and 
reliability of the power evacuation system.

The 400-KV GIS system for KKNPP consists of 54 circuit 
breaker poles with associated components like disconnectors, 
earthing switches, current transformers, voltage transformers, 
etc. The erection of such large-size GIS was carried out for 
the fi rst time in the country and the entire erection works was 
completed in a short span of nearly 6 months.

The 400-KV GIS system will be used for evacuation of the 
2000 MWe electricity generated from KKNPP-1&2 to the 
power grid. The erection of outdoor switchyard for the power 
evacuation has already been completed. The erection of the 
transmission towers has also been completed by Power Grid 
Corporation of India Ltd. (PGCIL) for evacuation of power 
from KKNPP-1&2.

[Mr. Ravi Kamth, PE (E-1), KKNPP]
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The thermal desalination plant of 4 x 106.6 cu.m/hr capacity 
constructed at Kudankulam Nuclear Power Project 

Desalination Plant at KKNPP-1&2 Inaugurated

Inauguration of thermal desalination plant at KKNPP

(KKNPP) for supplying fresh water for the plant requirement 
was inaugurated by Dr. S.K. Jain, CMD, NPCIL & BHAVINI 
in the presence of Mr. S. A. Bharadwaj, Director (Technical), 
Mr. Jagdeep Ghai, Director (Finance), Mr. K.C. Purohit, 
Project Director, KKNPP, Mr. K.K. Kuldeep, Executive Director 
(KKNPP), Mr. A.K. Misra, ED, Tata Projects Ltd., and other 
senior offi cials.

The desalination plant at KKNPP is based on multi-vacuum 
compression (MVC) technology and has four stages in 
each stream. Another desalination plant based on reverse-
osmosis technology is already in operation at Anuvijay 
township, KKNPP, to meet the fresh water requirement of 
the township.

[M.I. Joy, KKNPP]

The Nuclear Power Corporation of India Limited (NPCIL), 
and Larsen & Toubro (L&T), India’s leading engineering, 

manufacturing & construction major announced the formation 
of a joint venture company to produce special steels and 
ultra heavy forgings.

A new, fully integrated facility planned to set up in Hazira, 
Surat, would signifi cantly augment India’s capabilities in 
manufacturing critical components for the nuclear power 
industry.

The state-of-the-art facility will have a dedicated steel melt 
shop producing ingots weighing up to 600 MT each, and 
a heavy forge shop equipped with a forging press which 
will be amongst the largest in the world. The JV will supply 
fi nished forgings for nuclear reactors, pressurizers & steam 
generators, in addition to heavy forgings for critical equipment 
in the hydrocarbon sector, as well as for thermal power 
plants. Direct access to a water front at Hazira will facilitate 
multi-modal transportation and exports.

With the addition of this forge facility,  L&T's Hazira 
Manufacturing Complex will enter an exclusive club of 
manufacturers with an integrated capability covering the 
entire range - from melting of steel to fi nished equipment.

Indigenous manufacture of forgings will close a critical 
gap in Indian industry’s capability to produce equipment 
for nuclear, thermal power and hydrocarbon plants. It will 
enable significant reduction in cycle times. Considering 
the thrust on infrastructure growth in India, and the global 
nuclear renaissance, the market potential for such forgings 
is expected to remain strong over the long term.

The new facility fi ts in with L&T’s commitment to remain 
at the forefront of manufacturing technology across key 
sectors.  Operating at the higher end of the technology 
spectrum, over the years, L&T has introduced new products 
& processes  into Indian industry.  In critical sectors such as 
space research, nuclear and thermal power, defence and 
hydrocarbon, L&T’s manufacturing facilities have met the 
challenges of technology, quality conformance and delivery, 
while ensuring the highest value to its customers.

NPCIL and L&T set up JV to build facility for 
Special Steels and Ultra Heavy Forgings

Shri S.A. Bhardwaj, Dir (T), NPCIL (Right) and Shri M.V.Kotwal, 
Senior Exe. Vice President & Board  Member, L&T (Left) signing 

the JV Agreement
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A Memorandum of Understanding (MoU) was signed 
between Nuclear Power Corporation of India Limited, 

a Public Sector Undertaking under the Department of 
Atomic Energy and Indian Oil Corporation Limited (IOCL) 
for partnership in setting up Nuclear Power Plants in India.  
The MoU was signed by Dr. S. K. Jain, CMD, NPCIL and Mr. 
Sarthak Behuria, Chairman, IOCL on 04.11.2009 at IOCL 

MoU Between NPCIL and IOCL

Offi ce,Bandra, Mumbai

As per the MoU, NPCIL & IOCL wish to collaborate with each 
other for setting up Nuclear Power Plants in India within the 
framework of the Atomic Energy Act  for generation and sale 
of Electricity.

[NPCIL, HQ, News Desk]

Dr. S.K.Jain, CMD, NPCIL (center) and Mr. Sarthak Behuria, Chairman, IOCL (center) with other senior offi cials after the signing of MoU

Gracing the occasion, Dr. Anil Kakodkar the then Secretary, 
Department of Atomic Energy and Chairman Atomic Energy 
Commission said :“The establishment of  JV between NPCIL 
and L&T refl ects  our vision of steady progress for growth of 
Nuclear Power in the country in a self reliant manner. The 
facility would contribute in closing the gap in the supply chain 
for Nuclear Power Reactors, wide spectrum of installations for 
nuclear fuel cycle and other infrastructure applications like, 
petro chemical, power and railways I am very happy that this 
is a Public-Private Partnership venture.”

Mr. A. M. Naik, Chairman & Managing Director of L&T, 
said: “This JV will place India amongst the few countries 
in the world capable of producing nuclear grade heavy 

forgings. When combined with the established facilities at 
Hazira, this venture will form part of a fully integrated high 
technology manufacturing complex. NPCIL has been a valued 
customer for our nuclear plant systems and equipment. This 
joint venture will add a new dimension to our long standing 
relationship.”

Dr. S. K. Jain, Chairman & Managing Director NPCIL & 
BHAVINI said : “The joint venture will be a major strategic 
step towards achieving the target of 20 GW of nuclear power 
by 2020 and 63 GW by 2032. It will accelerate NPCIL’s 
efforts for localization of LWR technologies and will open up 
possibilities for export of critical nuclear equipment.”

[NPCIL, HQ, News Desk]

Nuclear Power Corporation of India Limited (NPCIL) signed a 
Memorandum of Understanding (MoU) with Korean energy 

major Korea Electric Power Corporation (KEPCO), Republic of 
Korea, in Mumbai on August 28, 2009. The MoU was signed by 
Mr. S.A. Bhardwaj, Director (Technical), NPCIL, and Mr. Sung 
Min Cho, Director General, KEPCO, in presence of Dr. S.K. 
Jain, Chairman and Managing Director, NPCIL & BHAVINI, 
Mr. Ssang Su Kim, President and CEO, KEPCO, and other 
senior offi cials of Department of Atomic Energy and NPCIL.

The MoU covers bilateral cooperation in the fi eld of nuclear 
power through technical exchange of data, experience, visits 
and joint work. The MoU includes development of nuclear 

power projects, operation and maintenance of nuclear power 
plants, nuclear fuel, manufacture and supply of equipment 
and components, and joint study for the licensibility and 
constructability of APR 1400 reactors in India.

NPCIL has plans for a signifi cant capacity addition in nuclear 
power generation. In addition to the indigenous nuclear power 
plant programme including construction of eight 700-MWe 
PHWRs, it has been planned to set up power reactors of 1000 
MWe or higher unit sizes based on international cooperation. 
As a part of international civil nuclear cooperation, India 
has signed MoUs with General Electric Hitachi for BWRs, 
with Westinghouse for AP1000 PWRs and with Areva, 

NPCIL and KEPCO Sign MoU
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Nuclear power corporation of india Ltd. (NPCIL) and Bombay 
Natural History Society (BNHS). India have signed a 

Memorandum of Understanding on 16th July 2009 at Navkiya Urja
Bhawan, NPCIL to meet the long term object ives
of Environmental Stewardship Programme (ESP) being 
pursued by NPCIL.

The MoU was signed by Dr. A.R. Rahmani, Director, BNHS 

on behalf of BNHS and Shri N. Nagaich, Associate Director 
(CP &CC) on behalf of NPCIL, in presence of CMD and other 
senior offi cers of NPCIL.

Dr. A.R. Rahmani made a presentation on BNHS activities 
and conservation of biodiversity, which was highly applauded 
by the audience.

[NPCIL, HQ, News, Desk]

NPCIL & BNHS Signs MoU

Dr. A.R. Rahmani, Director, BNHS (second from the right) is 
exchanging the signed MoU with Shri. N.Nagaich, 

Associate Director (CP&CC), NPCIL (second from the left).
Dr. S.K. Jain, CMD, NPCIL & BHAVINI (extreme right) and 

Shri. J.K. Ghai, Dir(F), NPCIL (extreme left) have graced the occasion.

Dr. A.R. Rahmani, Director, BNHS (left) is presenting a book on 
biodiversity Nuclear Power Corporation of India Ltd (NPCIL) and 

Bombay Natural to Dr. S.K. Jain, CMD, NPCIL & BHAVINI.

MoU between NPCIL and Nature Club, Surat

Shri S. Thakur, Executive Director (CP&CC) (in the centre) 
exchanging the signed MoU with Shri Snehal Patel, President of 

Nature Club, Surat (in the centre).

France, for EPR reactors. In addition, NPCIL is engaged with 
Atomstroyexport, Russian Federation for additional VVER-
1000 reactors at Kudankulam, where two VVER-1000 units 
are at advanced stages of construction.

KEPCO is responsible for promoting and developing nuclear 
power industry in Republic of Korea. KEPCO has obtained 
a worldwide reputation for its excellent performance and 

standards through construction and operation of the OPR 1000 
PWRs and the design and construction of APR 1400. Nuclear 
power generation accounts for 27% of total installed generation 
capacity of Korea and 39% of the total electricity generation 
through the operation of 20 nuclear power plants.  KEPCO has 
at present 8 units (9600 MWe) under construction.

[NPCIL, HQ, News Desk]

Nuclear Power Corporation of India Limited (NPCIL) has 
signed an MoU with Nature Club, Surat on September 

12, 2009 to develop a butterfl y garden within the premises 
of Kakrapar Atomic Power Station(KAPS) as a part of its 
Environmental Stewardship Programme (ESP). The MoU 
was signed by Shri S. Thakur, Executive Director (CP&CC) 
on behalf of NPCIL and Shri Snehal Patel, President of 
Nature Club on behalf of Surat Nature Club in presence of 
Shri S. K. Gupta, Project Director, KAPP-3&4, Shri Vinod 
Kumar, Chief Superintendent, KAPS-1&2, Shri N. Nagaich, 
Associate Director (CP&CC) NPCIL, Shri Lokesh Kumar, Chief 
Construction Engineer, KAPP-3&4 along with other senior 
offi cers and employees of KAPS.
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International Conference on Peaceful 
Uses of Atomic Energy

A three-day International Conference on Peaceful Uses of 
Atomic Energy was oraganised by DAE & Indian Nuclear 

Society (INS) from September October 29 to 1, 2009 at Vigyan 
Bhawan, New Delhi. This conference was inaugurated by 
Honourable Prime Minister Dr. Manmohan Singh in presence of 
Dr. Mohammed ElBaradei, the then Director General 
International Atomic Energy Agency (IAEA), Shri. Pranab 
Mukherjee, Union Finance minister, Dr. Anil Kakodkar, 
Ex Chairman, Atomic Energy Commission and Secretary, 
Department of Atomic Energy, Prof. P Rama Rao, President 
Indian Nuclear Society and Dr. Sree Banerjee, Chairman, 
Atomic Energy Commission and Secretary, Department of 

Atomic Energy. Inaugurating the conference Honourable 
Prime Minister Dr. Manmohan Singh focused on the growing 
importance of nuclear energy for India, while hailing the return 
of the country to the global nuclear mainstream after a gap 
of over three decades. Dr. Mohammed ElBaradei, the then 
Director General IAEA recalled the contribution of Dr. Homi 
Bhabha as president of the fi rst international conference 
on peaceful uses of atomic energy held in Geneva in 1955. 
He also mentioned that despite of global recession, nuclear 
energy has recorded a sustained growth.

[NPCIL, HQ, News Desk]

Honourable Prime Minister, Dr. Man Mohan Singh (Center) inaugurating the conference, 
Honourable Finance Minister Shri Pranab Mukherjee (Left) and Shri El - Bardei, Ex- DG, IAEA (Right) graced the occasion.

Shri. V. Ramesh Kumar, Training Superintendent, KAPS (extreme right), 
Shri. Srikanth, Civil Section, KAPS (second from right) and other offi cials of 
NPCIL are planting a plant in the proposed butterfl y garden at KAPS after 

the signing of MoU with Nature Club, Surat.

The purpose of this project is to create pesticide free green 

landscape, which will attract butterfl ies, insects, moths, rare 

species of migratory birds and other living organism. Eventually 

this butterfl y garden will become a small eco-system in itself 

- full of various forms of life. The eco-friendly vermicompose 

fertilizers (made from food waste) will be used in developing 

the garden. About 2500 plants of about 60 species of nectar, 

host and creeper plants will be planted.   The butterfl y garden 

is planned for completion within 6 months.

[NPCIL, HQ, News Desk]
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TAPS Completes Forty Years of Safe Operation 

Inauguration to Commemorate 40 Years of TAPS by Dr. A. Kakodkar Ex.ch. AEC, Ex.Sec., DAE with Dr. S.K.Jain CMD, NPCIL & BHAVINI

Tarapur Atomic Power Station (TAPS-1&2), the fi rst nuclear 
power station in Asia completed 40 years of nuclear 

power generation on April 1, 2009. The plant was set up on 
turnkey basis under an agreement between the governments 
of India and USA. The plant was built by M/s. General Electric 
Company, USA, within a period of fi ve years and electricity 
started fl owing to the grid from April 1, 1969. The station has 
generated more than 77 billion units so far, and it is supplying 
electricity to the states of Maharashtra and Gujarat at 93 
paise per unit.

The plant has been refurbished and upgraded to meet current 
safety standards. The station performance is comparable to 
the best operating nuclear power plants in the world and has 
recorded a capacity factor greater than 90% for the last six 
years. The plant had undergone international peer review by 
the World Association of Nuclear Power Operators (WANO) 
in the year 2004. TAPS has won national awards from 
Central Electricity Authority (CEA) for Excellent Performance 
continuously for 6 years since the year 2000, in addition to 
several others for productivity, industrial and fi re safety.

To commemorate 40 years of nuclear power generation in India, 
a function was organised at TAPS-1&2 site on April 1, 2009.

Book Released by. Dr. Anil Kakodkar Ex. Chairman .AEC,, Ex.Sec., 
DAE on commemoration of 40 Years of TAPS Also seeing Dr. 

S.K.Jain, CMD, NPCIL & BHAVINI, Dr. M.R.Srinivasan, Ex. 
Chairman. AEC and Member AEC
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Performance Highlights

Criteria Station Unit-1 Unit-2

Highest generation (million 
units)

2626.4 
(2004)

1319.8 
(2007)

1360 
(2004)

Highest capacity factor (%) 93.44 
(2004)

94.2 
(2007)

96.81 
(2004)

Highest availability factor (%) 96.21 
(2002)

96.26 
(2004)

Longest unit run (days) 288 
(2005)

209 
(2000)

Shortest unit refueling 
(days)

20 
(2003)

26 
(2003)

Total generation (billion units 
as on March 31, 2009)

77.4 38.5 38.9

Refueling outages (Number) 20 20

Lowest collective dose 
consumption (person-Sv)

5.5 
(2004)

Lowest liquid radioactive 
waste discharge (Curies)

0.59 
(2006)

Historical Milestones

Selection of site August 1960

Global tender issued October 1960

Main contract executed May 1964

Start of construction October 1964

Criticality attained: unit-1 February 1, 1969

Criticality attained: unit-2 February 27, 1969

Connected to grid: unit-1 April 1, 1969

Connected to grid: unit-2 May 8, 1969

Commercial operation November 1, 1969

Dedicated to nation January 19, 1970

Maximum generation of 420 MWe April 21, 1970

WANO International Peer Review January 2004

Safety upgradation February 2006

Forty years of nuclear power generation April 1, 2009

Awards and Achievements

(Last 10 Years)

Sr. 
No

Details of the Awards Year

1. Gold Shield Certifi cate of Merit – for 
outstanding performance of station 
from the former President of India, Dr. 
A.P.J. Abdul Kalam

2000-01, 
2001-02

2002-03, 
2003-04

2. Gold Shield National Award – for 
meritorious performance of the station 
from Honorable Prime Minister of India, 
Dr. Manmohan Singh

2004-05

3. Atomic Energy Regulatory Board 
Industrial Safety Award

2003

4. Atomic Energy Regulatory Board Fire 
Safety Award

2002, 2003, 
2005

5. Appreciation letter from Chairman, 
AERB, for maintaining good fi re safety 
standards.

2004

6. NPCIL Industrial Safety Award 2002

7. National Safety Council Award – 
for meritorious performance in the 
industrial safety consecutively for 
three years

1998, 1999, 
2000

8. National Safety Council Award – for 
lowest average accident frequency 
rate.

2002

9. National Safety Council Award – for 
longest accident-free period

2002, 2003, 
2005

10. Suraksha Puruskar 2004

11. Shrestha Suraksha Puruskar 2005

12. National Safety Award – for lowest 
average accident frequency rate by 
Ministry of Labour and Employment

2005

[S.M. Maskey, TAPS 1&2]
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A memorandum of understanding (MoU) was signed 
between Nuclear Power Corporation of India Ltd. (NPCIL) 

and National Aluminum Company (NALCO), for collaboration 
with each other for setting up Nuclear Power Plants in India. 
The MoU was signed by Dr. S.K Jain, CMD, NPCIL and Shri. 
A. K Srivastava, CMD, NALCO on November 26, 2009 at 
NPCIL’s offi ce at Anushaktinagar, Mumbai. 

As per the MoU, NALCO intends to invest in Nuclear Power 
Generation as part of their strategy to diversify into commercial 
generation and sale of electric power and to leverage its 
experience in electricity generation by setting up Nuclear 
Power Plants jointly with NPCIL.

MoU between NPCIL and NALCO

Signing of MoU by Dr. S.K Jain, CMD, NPCIL & BHAVINI (Right) and Shri. A. K Srivastava, CMD, NALCO (Left)

Rajasthan Atomic Power Plant, Unit-5 was synchronised 
with the Northern Grid on December 22, 2009 at 14.43 

hrs. after authorisation from Atomic Energy Regulatory Board 
(AERB). This activity has been achieved in a period of 28 
days after criticality of the unit on November 24, 2009. 

RAPS Unit - 5 is a 220 MW unit of Pressurised Heavy 
Water Reactor (PHWR), located at Rawatbhata in district 
Chittorgarh. Rajasthan site, where four Pressurised Heavy 
Water Reactors are already in operation. RAPP - 5, an 
indigenous nuclear power reactor and uses state-of-the-art 
technology on par with anywhere in the world, has joined the 
fl eet of 17 nuclear power reactor in operation. The power will 
be shared by the benefi ciaries of Northern Electricity Region. 
The commercial operation of RAPP-5 has increased the 
installed nuclear power capacity to 4340 MW. 

It has been designed and built by Nuclear Power Corporation 
of India Limited (NPCIL), a public sector undertaking under 
the Department of Atomic Energy (DAE). Indian industry 

Rajasthan Atomic Power Plant, Unit-5 
synchronised with the Northern Grid

has played a major role in supply of critical equipment and 
in meeting construction schedules. RAPP - 6 is in advance 
stage of construction and slated to be start soon.

[NPCIL, HQ, News Desk]

NPCIL is a Central Public Sector Undertaking under the 
administrative control of department of Atomic Energy (DAE), 
Government of India and involved in the Design, Construction, 
Operation and Maintenance of Nuclear Power Plants for 
generation of electricity in accordance to the provisions of 
the Atomic Energy Act.

NALCO is a Central Public Sector Undertaking under the 
administrative control of Ministry of Mines, Government 
of India which has experience of more than 25 years in 
Mining, Alumina Refi ning, Power Generation and Aluminum 
Smelting.

[NPCIL, HQ, News Desk]

Glimpse of Rajasthan Atomic Power Station - 5 & 6
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The US Nuclear Regulatory Commission (NRC) is 
conducting a special inspection at the Diablo Canyon 

nuclear power plant in California in order to determine how 
two switches were misaligned, potentially impairing operators’ 
ability to respond in the event of a severe accident.

During a maintenance procedure on 23 October 2009 workers 
discovered that a set of switches intended to allow control room 
operators to remotely open cooling water valves were misaligned.
The valves are part of a system that would collect water 
from the fl oor of the containment building for recirculation 
to cool the reactor during some severe accidents, the 
NRC said. If the valves could not be opened remotely, 
operators would be required to manually open them or use 

a different system to provide cooling water for the reactor.
The NRC said there was no danger to public health or safety 
because operators would have been able to take compensatory 
actions in the event of a severe accident. “But we want a better 
understanding of why this occurred and the potential impact 
of this problem,” said Region IV administrator Elmo Collins.
The inspection began yesterday and is expected to take 
several days. The team will issue a report about 45 days after 
completion of the inspection.

The Diablo Canyon nuclear plant has two pressurised water 
reactor units

[Source: NucNet]

Special Inspection Under Way at California’s Diablo Canyon

Increased use of nuclear energy to meet rising electricity 
demand with a clean-air energy source will provide a major 

boost to the American economy, an industry infrastructure 
expert told the U.S. Senate Finance Committee today.

“Congress has set a high bar in climate change legislative 
proposals and must have a significant contribution from 
nuclear energy—the largest source of carbon-free electricity—
to achieve its goals. New nuclear power plants also will serve 
other national imperatives, as construction of new plants will 
create tens of thousands of jobs in project development, 
construction, operations and manufacturing,” said Carol 
Berrigan, the Nuclear Energy Institute’s senior director of 
industry infrastructure.

Berrigan pointed out that nuclear energy provides 72 percent 
of the U.S. electricity supply that comes from sources that do 
not emit greenhouse gases or other controlled air pollutants. 
The 104 reactors operating in 31 states also generate 
substantial economic value. In 2008, companies in the nuclear 
energy industry procured more than $14 billion in materials, 
fuel and services from more than 22,500 domestic suppliers 
in all 50 states.

The prospect of new nuclear plants already is acting as an 
economic catalyst, Berrigan said. The industry has invested 
more than $4 billion in nuclear plant development over the past 
few years and is expected to invest approximately $8 billion 
more to be prepared to start construction of new plants in 2011-
2012. This investment will translate into major opportunities 
in the labor and supply chain markets.

“The resurgence of nuclear energy will lead to increasing 
demand for skilled labor at all levels—especially in the 
skilled crafts, including welders, pipefitters, electricians, 
sheet metal workers and carpenters,” Berrigan said. “The 

New Nuclear Power Plants Will Spur U.S. Economy, 
Help Achieve Climate Change Goals

nuclear supply chain also represents a major opportunity 
for American manufacturers to expand capacity to meet 
the needs of the growing world nuclear power market.”
Over the past two years, more than 15,000 new jobs have 
been created due to new nuclear plant activities and the 
number of U.S. suppliers of nuclear energy equipment certifi ed 
by the American Society of Mechanical Engineers has jumped 
22 percent since 2007.

License applications for 22 new reactors are under active 
review by the Nuclear Regulatory Commission. A recent 
Environmental Protection Agency analysis shows that to meet 
the carbon-reduction goals of the House of Representatives’ 
American Clean Energy and Security Act, 187 new nuclear 
plants must be built by 2050. An Energy Information 
Administration analysis shows the need for 69 new reactors 
by 2030.

Achieving these goals and expanding nuclear energy to 
meet the nation’s climate and energy challenges cannot 
be shouldered alone by the nuclear industry, Berrigan 
cautioned.

“A program to expand reliance on nuclear energy to meet U.S. 
climate change goals, even if it only approaches the scale 
indicated by EPA and EIA analyses, will require a sustained 
partnership between federal and state governments and the 
private sector, including additional policy support from the 
federal government,” she said.

Financing is the single largest challenge to the accelerated 
construction of new nuclear and other clean energy facilities. 
Successful expansion of nuclear energy on the scale identifi ed 
by these independent analyses requires these and other policy 
initiatives, Berrigan said:

 Congress should create a permanent fi nancing platform—with 
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at least $100 billion in loan authority—to provide loans, loan 
guarantees and other credit support to develop clean energy 
projects, including new nuclear energy facilities, and new 
nuclear equipment manufacturing facilities.

 Federal tax stimulus would accelerate capital investment in 
new nuclear energy technology and in the critical workforce 
and infrastructure necessary to build new energy facilities in 
the numbers required to reduce carbon emissions.

 Congress should reduce and eventually eliminate tariff 
and non-tariff barriers to international trade in nuclear plant 
components while providing expanded investment stimulus to 
develop U.S. manufacturing capability for nuclear goods and 

components where such capability does not exist.

“No single technology by itself can slow and reverse increases 

in carbon emissions, but the role of nuclear energy in achieving 

the nation’s climate goals is clearly established,” Berrigan said. 

“With the proper investment environment, the expansion of 

nuclear energy in the U.S. and globally provides a signifi cant 

opportunity for American workers and industry, increasing 

high-wage employment and significantly expanding our 

domestic manufacturing sector.”

[Source: NucNet]

Eighty-four percent of Americans living near nuclear 
power plants favor nuclear energy, while an even greater 

number—90 percent�view the local power station positively, 
and 76 percent support construction of a new reactor near 
them, according to a new public opinion survey of more than 
1,100 adults across the United States.

The survey contacted people residing within the 10 mile-radius 
of an operating nuclear power plant and excluded electric 
company employees.

The survey also found that 88 percent give the nearest nuclear 
plant a “high” safety rating, 91 percent have confi dence in the 
company’s ability to operate the power plant safely, and 86 
percent believe the company is doing a good job protecting 
the environment.

The telephone survey of 1,152 randomly selected plant 
neighbors—18 adults within 10 miles of each of the nation’s 
64 nuclear power plant sites—was conducted in mid-July 
by Bisconti Research Inc. with Quest Global Research 
Group. The survey, with a margin of error of plus or minus 3 
percentage points, was commissioned by the Nuclear Energy 
Institute. The survey marked the third time since 2005 that 
nuclear power plant neighbors have been surveyed nationally 
for their attitudes about nuclear energy.

This survey shows, consistent with the prior ones, that support 
for nuclear energy is stronger in communities near nuclear 
power plants than in the population at large.

“This latest survey confi rms that the vast majority of the people 
living in communities near nuclear power plants have a high 
level of support for the facilities. They see the overall benefi ts 
of these plants and are comfortable with the possibility of an 
additional reactor at the sites,” said Ann Bisconti, president of 
Bisconti Research. “These numbers are averages across all 
the 64 sites and are lower in some areas and higher in others.”

In addition to the 76 percent support for new reactor 
construction, 90 percent of the survey respondents believe the 

nuclear energy facility helps the local economy, and 89 percent 
believe that it provides good local jobs at the plant itself and in 
nearby businesses providing services to the plant.

Seventy-two percent of survey respondents said they 
associate nuclear energy “a lot” with reliability, up from 65 
percent in 2007. Seventy-one percent of those surveyed, up 
10 percentage points from 2007, have heard or read about 
clean-air benefi ts of nuclear energy. Nuclear energy does 
not emit greenhouse gases or controlled air pollutants during 
electricity production.

“Awareness of positive news about nuclear energy is very high 
and has increased signifi cantly in the past two years. People 
see nuclear energy as part of the solution to America’s energy 
and environmental challenges,” Bisconti said.

The survey’s findings come with license applications for 
more than 25 new reactors pending before the U.S. Nuclear 
Regulatory Commission and Congress deliberating on major 
energy and climate change legislation.

“The familiarity, comfort and support of those living near nuclear 
plants is refl ected in this survey, and they are enthusiastic 
about the possibility of new plants being added to the existing 
sites for the obvious economic and environmental benefi ts,” 
said Scott Peterson, NEI vice president for communications.

The overall approval of nuclear energy was signifi cant, with 
84 percent of plant neighbors favoring the use of nuclear 
energy—58 percent strongly in support compared to fi ve 
percent strongly opposed—as a means of providing electricity 
in the United States. And by a margin of 90 percent to nine 
percent, plant neighbors have a favorable impression of 
the nearby nuclear plant and its operation�63 percent very 
favorable compared to three percent very unfavorable.

When asked about the company that operates the nearest 
nuclear power plant, 83 percent believe that the company “is 
involved in the community.”

[Source: NucNet]

Nuclear Plant Neighbour Survey Shows Strong 
Support for Current and New Power Plants
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Support Overwhelming for Nuclear Energy to 
Combat Climate Change, New Survey Finds

Eight out of 10 Americans believe the United States “should 
take advantage of all low-carbon energy sources, including 

nuclear, hydro, and renewable” to meet growing electricity 
needs while limiting greenhouse gas emissions, according to 

a new public opinion survey of 1,000 U.S. adults.

When asked specifi cally about nuclear energy’s future role, 
three out of four Americans agree that this emission-free 
electricity source “should be expanded as one way to reduce 

The Obama Administration announced on Friday its intent 
to nominate George Apostolakis and William Magwood 

to serve as commissioners on the U.S. Nuclear Regulatory 
Commission. Following is a statement by Tony Pietrangelo, 
NEI’s senior vice president and chief nuclear offi cer, on the 
announcement of the planned nominations:

“The administration’s nominees to serve on the Nuclear 
Regulatory Commission are qualified leaders on nuclear 
technology issues and have the breadth of experience 
necessary for an agency that effectively oversees the nation’s 
commercial nuclear industry.

“The industry is particularly pleased that the NRC will be fully 
staffed at the commissioner level. The NRC operated at its 
best when there is a collegial dialogue on the issues among 
the full complement of commissioners.

The White House today named Dr. Gregory Jaczko as 
chairman of the Nuclear Regulatory Commission, the 

independent agency that oversees nuclear power plant 
operations. Following is a statement from Marvin Fertel, 
the Nuclear Energy Institute’s president and chief executive 
offi cer.

“The Nuclear Energy Institute congratulates Commissioner 
Jaczko on his ascension to the chairmanship of the Nuclear 
Regulatory Commission. In the four years that Commissioner 
Jaczko has served as a member of the commission, he has 
demonstrated an unwavering commitment to safety and 
transparency in our nuclear regulatory regime, along with 
considerable technology and policy insights with regard to 
the safe operation of civilian nuclear facilities.

“We greatly value the fact that, particularly in those instances 
where our views on how to best achieve a common goal—
continued safe operations—have differed, our relationship 
with the new chairman has been marked by mutual respect 
and candor. I have the utmost confi dence that this amicability 

and open communications with all stakeholders, including 
the industry, will continue for the betterment of the regulatory 
process.

“This is a critical time in our nation’s energy and environmental 
history. It is vital that the Nuclear Regulatory Commission 
achieve its mission through a predictable and fair regulatory 
philosophy that includes a disciplined approach with regard 
to licensing the new nuclear plants that will help the nation 
achieve its formidable energy and environmental goals. We 
welcome the opportunity to work with Chairman Jaczko toward 
this end.

“NEI thanks Dale Klein for his service as NRC chairman over 
the past three years. Under his leadership, the commission 
completed rulemakings in nuclear plant security and other 
signifi cant issues, and began the effi cient processing of 17 
license applications for new reactors. We look forward to his 
continued involvement on the commission.”

[Source: NucNet]

Industry Welcomes White House's Intent to 
Nominate Apostolakis, Magwood to NRC

“The industry’s fi rst priority is operating 104 reactors safely and 
reliably. As the industry proceeds with the license applications 
for new reactors, uranium enrichment facilities and other 
commercial nuclear energy facilities, it is critically important 
that the NRC ensures the stability and predictability of the 
regulatory process.

“It is also vital that the NRC effectively meets the challenge 
of incorporating thousands of new staff at a time when it 
is reviewing more permits than in the past two decades. 
Accomplishing the knowledge transfer among its staff and 
promoting regulatory stability and predictability is necessary 
for the NRC to continue to be an effective regulator and 
provide the oversight that has helped achieve the safest and 
most reliable nuclear energy program in the world.”

[Source: NucNet]

NEI Congratulates Jaczko on Selection as
Nuclear Regulatory Commission Chairman
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greenhouse gases and prevent global climate change,” the 
survey found.

In line with numerous surveys conducted by a variety of 
researchers over the past 18 months, this survey shows that 
public support for nuclear energy remains strong.

Sixty-one percent of respondents said they favor the use of 
nuclear energy. This is the ninth straight year that favorability 
levels have averaged more than 60 percent in surveys 
conducted by Bisconti Research Inc. The fi rm typically conducts 
two national opinion surveys each year for the Nuclear Energy 
Institute, one in the spring and one in the fall.

This latest telephone survey was conducted during October  
1st-4th by Bisconti Research in conjunction with GfK Roper. 
It has a margin of error of plus or minus three percentage 
points.

The research found that 80 percent of Americans believe 
that nuclear energy will play an important role in meeting this 
nation’s electricity needs in the years ahead, and 82 percent 
support license renewal for nuclear power plants that continue 
to meet federal safety standards

The new survey comes with federal policy makers in the midst of 
a vibrant debate over legislation designed to reduce greenhouse 
gas emissions and address the threat of global climate 
change. Numerous independent analyses of climate change 
measures identify the need for a pronounced build-out of new 
nuclear plants to meet aggressive carbon reduction targets.
By 2050, 187 new reactors must be built as part of a 

comprehensive approach to meet the carbon reductions 
mandated by the Waxman-Markey bill, according to the 
Environmental Protection Agency’s analysis of H.R. 2454.

In the short term, the United States would need to build 69 
new reactors by 2030 to meet the Waxman-Markey carbon 
reduction goals, according to the U.S. Energy Information 
Administration’s basic scenario of the energy portfolio required 
to meet those goals. This would result in nuclear energy 
supplying 33 percent of U.S. electricity, more than any other 
source.

The survey found that 84 percent of Americans agree that we 
should take advantage of all low-carbon energy sources to 
meet this challenge, and 75 percent agree that use of nuclear 
energy specifi cally should be increased.

When asked their perceptions of nuclear energy’s major 
advantages, respondents most often cited nuclear’s clean-
air/no pollution generation (27 percent). The percentage 
mentioning clean air is the highest measured since the 
question was first asked in 1985 and matched only by 
an identical percentage in 1990 following NEI’s national 
advertising and public relations campaign on that topic.

One hundred and four nuclear power plants operating in 31 
states supply nearly 75 percent of the electricity produced by 
emission-free sources, including renewable technologies and 
hydroelectric power plants.

[Source: NucNet]

China initiated construction of nine nuclear power 
reactors in the year 2009. These reactors include three 

Westinghouse AP 1000 PWRs at Sanmen (Sanmen 1&2) 
& Haiyang (Haiyang 1) and an AREVA EPR at Taishan 
(Taishan-1). The remaining five reactors to be initiated 
were 1000 MWe PWRs of Chinese design (CPR-1000) viz. 
Hongyanhe 3&4, Fuqing 2, Yangjiang 2 and Fangjiashan 2. 
There are twenty reactors with a capacity of 19920 MWe under 

China Initiates Construction of Nine Reactors
construction in China.

China currently has 11 reactors with a capacity of 8438 
MWe in operation. China’s nuclear power development plan 
envisages reaching a capacity of 40 GWe by the year 2020. 
However, the capacity is expected to reach up to 60 GWe by 
the year 2020.

(Source PRIS, IAEA & WNA)

South Korean fi rms are to lead the construction of nuclear 
power plants in the United Arab Emirates (UAE), after the 

nation concluded its long-awaited nuclear tender.

Four South Korean-developed APR1400 reactors are to be 
built in a $20 billion order, with Korea Electric Power Company 
(KEPCO) providing the "full scope of works and services". An 
array of South Korean fi rms are to take up roles in supply and 
technical support, notably Korea Hydro and Nuclear Power 

UAE Picks Korea as Nuclear Partner
(KHNP) which will assist in operating the new reactors.

The fi rst of the 1400 MWe reactors is to come on line in 
2017, with the others following by 2020. No sites have yet 
been selected, but the Emirates Nuclear Energy Corporation 
(ENEC) is currently in the advanced stages of evaluating a 
number of potential sites for nuclear power plants throughout 
all regions of the UAE.

(Source: WNN)
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1 Meeting the energy 
needs of a developed 
world
Energy is essential for the survival and 
growth of human civilisation. Growing 
population and economic development 
are accelerating the rate at which the 
demand for energy, in general, and 
electricity, in particular is growing. A 
per capita  electricity  use  of  about 
5000  kWh/year appears to be needed  
for  reaching  a  state  of reasonably 
high human development. Considering 
the progressive depletion of fossil 
fuel reserves, and the urgent need 
for addressing the global warming 
related concerns, nuclear energy is 
expected to emerge as a major option 
to substantially contribute to meeting the 
future global energy needs.

Assuming that  at least half of  the  
total  energy  demand  may  need  to  
be  met  with nuclear,  the  world  will 
need  between  3000  to  4000  nuclear  
power reactors of different capacities 
for electricity generation. The goal is 
independent of any   projected scenario 
for growth. A scenario will help in 
estimating the time when the goal can 
be reached. Substitution of fossil fuel-
based transport fuel with nuclear energy 
or energy carrier (such as hydrogen), 
would increase the number of these 
reactors at least two-fold. Many of these 
reactors may need to be located in 
regions with high population densities 
and modest technological infrastructure, 
with their sizes consistent with local 
needs. The level of safety achieved 
must ensure practically insignifi cant risk 
in the public domain.

2 Need for a closed fuel 
cycle
Today, the majority of the world’s 

nuclear electricity production is based 
on the once-through fuel cycle using 
low enriched uranium in Light Water 
Reactors (LWRs). The results of Indian 
studies (Figure 1) show that uranium in 
open cycle is unsustainable. Recycle of 
spent fuel and timely deployment of high 

Technology Options For Long Term
Nuclear Power Deployment

Dr. Anil Kakodkar, Ex. Chairman, Atomic Energy Commission and Ex. Sec. DAE

conversion ratio reactors is essential.

3 Selection of 
technology options
3.1 Reactor technologies
The selection of technologies for new 
reactors for a country is dependent 
on many factors. In the near-term, 
economic  compet i t i veness  and 
proven technologies are the main 
considerations. For the middle and long-
term period, additional considerations 
play a major role. Some of these 
considerations are:

a) Technology to be consistent with 
fuel cycles that support fuel resource 
sustainability

b) Achievement of enhanced levels 
of safety consistent with level of 
development

c) Technological solutions to address 
security issues including proliferation 
concerns

d) Requirements of additional, non-
power applications

3.1 Fuel cycle technologies
For the selection of fuel cycle, near-term 
considerations comprise availability of 
domestic facilities or reliable external 

supply, economic viability, and adequate 
protection of technologies. Additional 
considerations for mid-term and long-
term period pertain to fuel resource 
sustainabil i ty and environmental 
sustainability through waste minimisation 
and disposal strategies.

3.2 The importance of 
establishing an optimum 
sequence
A case study carried out for India 
to achieve the fastest growth profile 
takes into consideration the above-
mentioned strategy. Considering its 
modest uranium resources and one of 
the largest known reserves of thorium, 
the strategy considers a closed nuclear 
fuel cycle approach. Use of uranium-
fuelled reactors in open fuel cycle can 
support a very small nuclear installation 
capacity. Therefore, closing the fuel 
cycle is essential. The results of the 
study are shown in Figure 2.

8000

Figure 1: Results of an Indian case study for INPRO-GAINS
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The choice of Pressurised Heavy Water 
Reactors (PHWRs) is driven by the 
fact that in PHWRs, on account of the 
use of heavy water as moderator and 
on-power refuelling, more neutrons are 
available to convert 238U to Pu than 
in the case of LWRs. Once again, the 
unique characteristic of plutonium, with 
the highest value of eta (�) of all fi ssile 
materials in the fast spectrum (Figure 
3), leads to a logical decision to use 
plutonium-based Fast Breeder Reactors 
(FBRs). Neutron economy does play an 
important role in deciding the breeding 
ratio. This consideration favours the use 
of metallic fuel compared to other forms 
of fuel in these FBRs for a faster growth. 

Introduction of thorium is important 
from sustainability point of view. The 
introduction of thorium in the blanket 
of a plutonium-uranium fuelled FBR 
slightly increases the doubling time, that 
has an adverse impact on the rate of 
growth of the installed FBR capacity in 
the initial part of the growth. Hence, the 
introduction of thorium has to be done in 
a timely manner, starting with its use in 
the blanket and much later in the core. 
This case study indicates that, it would 
be most appropriate to introduce thorium 
in this manner, a couple of decades 
after the launch of metallic fuel-based 
FBRs.

This case study leads to the following 

scientifi c conclusions:

a) Closing the nuclear fuel cycle is 
essential as it leads to multi-fold 
increase in energy supply

b) To achieve a particular growth 
prof i le ,  carefu l  p lanning and 
selection of appropriate technology, 
reactor systems and fuel cycle are 
necessary

c) A strategy to achieve required growth 
profile can be supported through 
appropriate and timely deployment 
of reactor technologies, including 
FBRs and thorium-based reactors

4 Indian approach to 
selection of reactor 
technology and fuel 
cycle
India, with a rapidly growing economy 
and about one-sixth of world’s population 
has large energy requirements. India has 
adopted a strategy taking into account 
indigenous resources for long-term 
energy security and sustainability. The 
currently known Indian nuclear energy 
resources comprise 61,000 tonnes of 
uranium and about 800,000 tonnes of 
thorium. Considering low inventory of 
uranium and for long term sustainability 
of nuclear energy, India has selected 
closed fuel cycle-based three-stage 
nuclear power programme as indicated 
in the case study (Section-3) given 
earlier. The current state of the Indian 
three-stage nuclear power programme 
is depicted in Figure 4.

This three-stage power programme 
was formulated in the 1950s. At that 
time, the country had just become 
independent and had no large-scale 
industrial infrastructure . As mentioned 
earlier, PHWRs were also chosen in the 
fi rst stage so as to produce maximum 
plutonium essential for the FBR-based 
second stage of the programme. 
Moreover, the necessary pressure 
vessel technology required for LWRs 
did not exist at that time. These LWRs 
would have also needed technologically 
complex uranium enrichment facility. 
Therefore, using indigenous LWRs 

Figure 2: Results for a scenario for India with current domestic uranium resources and 
assuming deployment of short doubling time FBRs from 2021
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was not a feasible option at that time. 
Also , India had a smaller  capacity grid 
necessitating installation of small power 
reactor systems. Considering these 
aspects, the country adopted the 220 
MWe PHWR technology.

The second stage comprises FBRs, 
utilising plutonium-based fuel. The 
plutonium and uranium reprocessed 
from the fi rst stage would be effectively 
utilised in the initial part of second 
stage. As mentioned earlier, for the 
second stage reactors, based on the 
highest value of eta (�) for plutonium 
in the fast spectrum, the coun try 
selected the metallic fuel-based FBRs 
using plutonium . The current Indian 
programme in the second stage 
starts with the well-proven oxide fuel-
based FBRs, and subsequently, at an 
appropriate stage, when all the new 
necessary technologies have been 
developed and demonstrated, metallic 
fuel based FBRs will be introduced. 
The highest breeding ratio in FBR is 
achieved with plutonium-uranium based 
metallic fuel in the core and uranium in 
the blanket.

India has envisaged robust thorium 
reactor technologies as a promising 
sustainable future energy resource for 
the country. Thorium is an immense 
source of energy. The Indian resources 
of thorium are easily one of the largest 

and of the best quality available in the 
world. Studies indicate that once the 
FBR capacity reaches about 200 GWe, 
thorium-based fuel can be introduced 
progressively in the FBRs to initiate the 
third stage of the programme, where 
the 233U bred in these reactors is to be 
used in the thorium based reactors. The 
proposed road map for the third stage 
therefore comprises thorium-based 
reactor technologies, incorporating the 
(Th-233U) cycle. Thorium has superior 
physical and nuclear characteristics 
and is an important candidate for high 
burnup and non-proliferation. Some of 
the important properties of thorium are 
listed below:

a) Effective burner of Pu, producing 
233U

b) 233U with 232U, results in high 
intrinsic proliferation resistance

c) L o w e r  g e n e r a t i o n  o f  m i n o r 
actinides

d) Thoria has better retention of fi ssion 
gases, has high thermal conductivity 
and relatively  higher melting point

India is one of the leading countries in 
the world in thorium research and has 
gained the experience through thorium 
irradiation and the operation of 233U 
fuelled research reactors.

5 The Indian experience
5.1 Indian PHWRs

a) Progressive establishment of 
the design
Presently the PHWR technology is 
well-established in the competitive 
commercial domain in India. India 
has a fl eet of PHWRs currently under 
operation. The size of the fi rst sixteen 
PHWRs was selected as 220 MWe. As 
the large carrying capacities became 
available in the grid, the 220 MWe 
design was scaled up to 540 MWe. 
Two units of 540 MWe each have 
been successfully set up. The design 
has been further scaled up to 700 
MWe by permitting limited boiling of 
coolant, using the same core as that 
of 540 MWe PHWRs. Thus larger 
output is being derived with minimum 
changes in the hardware. Nuclear 
Power Corporation of India Limited 
(NPCIL) is operating fifteen PHWRs 
(thirteen 220 MWe category and two 

Figure 4: Indian three-stage nuclear power programme, and its current status

Figure 5: Schematic of PHWR
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540 MWe category) and is constructing 
three more, together representing 
a total generation capacity of 4460 
MWe. NPCIL is also in the process 
of standardising 700 MWe PHWRs 
designs for future installations.

PHWRs offer options for accommodating 
different fuel cycles. Advanced fuels 
using SEU, MOX, EXPAND// Th/233U 
cycles are feasible with high burnup in 
PHWRs. This indicates the fl exibility of 
PHWRs to deal with advanced fuel cycle 
options [1]. This is possible mainly due 
to its high neutron economy and on-
power fuel management.

b) Experience in construction
The schedule and cost in setting 
up a PHWR are inter-related and 
ultimately determine the viability and 
the competitive edge of a project [2]. 
The rich experience of over 30 years of 
operation and construction management 
has made it possible for NPCIL OK?? to 
set up nuclear power projects in India 
in 4-5 years. Advanced construction 
technology (Figure 6) and management 
have been incorporated in constructing 
the PHWRs resulting in project schedules 
of less than fi ve years from fi rst pour of 
concrete and efforts are on for further 
reduction of gestation period. This 
improvement is facilitated with the use 
of advanced construction technology, 
mechanisation, parallelisation of civil 
work with equipment erection and 
computerised project monitoring and 
accounting systems. It is felt that by 
considering the best achieved times for 
the critical path activities of previous 

and ongoing projects, even a 4-year 
gestation period is achievable. NPCIL 
has achieved fi rst criticality of Tarapur 
Atomic Power Station-4 (TAPS-4), 540 
MWe PHWR in less than 5 years [3]. 
For nuclear power to be competitive, 
it is essential that the gestation period 
is further reduced and the capacity 
utilisation enhanced.

Material supply holds the key to 
timely completion of projects. Work 
package approaches have been 
implemented and emphasis has been 
given for engineering procurement 
and construction (EPC) work as a 
complete package. This approach 
has paid rich dividends in speeding 
up the construction. Another important 
area for construction management is 
planning and implementation of pre-
project activities, which include many 
preparatory activities and action for 
advance procurement of long delivery 
items. These are completed before 
fi nancial closure of a new project.

c) Experience in operation
India has an accumulated experience 
of more than 200 reactor years of safe 
operation. Operating performance of 
NPCIL has seen an improving trend over 
the past several years.

Having demonstrated the capability 
to design, construct and operate the 
nuclear power plants, the improvement 
of the performance has been a major 
thrust area. Three units of NPCIL, 
namely Kakrapar Atomic Power 
Station-1 (KAPS-1), Kaiga ??? (KGS-2) 
and Rajasthan Atomic Power Station-4 

(RAPS-4) recorded non-stop continuous 
run of more than a year recently. In 
2002-03, NPCIL recorded an impressive 
overall capacity factor of  90 per cent for 
its operating units. KGS-2 is credited 
with 529 days of continuous operation 
for the year 2007-08 and the operational 
continuity of the Kaiga nuclear power 
plant has been adjudged to be among 
the best by international standards. 
World Association of Nuclear Operators 
(WANO) has recognised Kakrapar 
(2006-07) and Kaiga (2007-08) nuclear 
power plants [4] for excellence in 
operations. All the Indian nuclear power 
plants are ISO-14001 (environment 
mangement system) compliant and the 
radiation dose from these plants to the 
environment is less than 5 per cent of 
the permissible limits.

The commercial performance of the 
Indian PHWRs has been generally 
at par, if not better, with comparable 
modern reactors in the world. Table 
1 illustrates this point for the world. 
Table 1 illustrates this point for the new 
designs. On Account of its consistent 
excellent performance, NPCIL has been 
given 'AAA' grading by CRISIL12 for 
ten years in row. Table 2 shows capital 
costs of recently constructed units.

Table 1: Commercial performance of 
Indian PHWRs

Indian 
PHWRs 
(700 MWe)

Global 
Range

Capital cost 
(US$/kWe)

1700
2000-
2500

Construction 
period

5 – 6 years
5 – 6 
years

Unit Energy 
Cost (US$/
MWh)

60
60 – 
70

Table 2: Capital cost of recently 
c o n s t r u c t e d  I n d i a n  P H W R s

TAPS- 3 & 4 (540 MWe) 
(US$/kWe)

~ 1200

Kaiga- 3 & 4 (220 MWe) 
(US$/kWe)

~ 1300

Tariffs for electricity from Indian nuclear 
reactors are at par with that produced 
from fossil fuel-based power plants. The 

Figure 6: Calandria at manufacturer shop and its erection
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tariff has shown a continuously declining 
trend. Variation of tariff for electricity 
produced by TAPS 1 and 2 units over a 
period is shown in Figure 7.
2 CRISIL (Credit Rating Information 
Services of India Limited) is the premier 
credit ratings organisation that presents 
credit ratings, capital market information, 
industry analysis, and corresponding 

failure. An indigenously designed 
and developed 500 MWe Prototype 
Fast Breeder Reactor (PFBR) is also 
under construction (Figure 9). The 
manufacturing technology development 
for this reactor was completed much 
prior to the start of the project. This 
demonstrates the capability of Indian 
indust r ies  to  manufacture  h igh 
technology nuclear components of 
fast reactors including, main vessel, 

safety vessel, steam generator, and 
grid plate.

5.3 Thorium utilisation
As mentioned earlier, India has vast 
reserves of thorium. This aspect has 
been taken into consideration while 
formulating the country’s nuclear power 
programme. Technologies pertaining to 
utilisation of thorium have been under 
development right since the inception of 

Figure-7: TAPS 1 & 2 tariff at 2008 (In $)

detailed reports.

It may be noted that the aforementioned 
cost figures are valid in the Indian 
context. In the international context, 
costs will be location dependent.

d) Experience with inspection, 
m a i n t e n a n c e  a n d  l i f e 
management
India has establ ished capabi l i ty 
to address all required inspection, 
d iagnos t ics ,  ma in tenance,  and 
replacement needs for major equipment 
and components of PHWRs. Large scale 
retubing has been carried out in four of 
the operating reactors with very small 
downtime and low personnel radiation 
exposure. Some of these systems are 
depicted in Figure 8.

5.2 Fast Breeder Reactor 
Programme
The second stage of the Indian nuclear 
power programme is based on plutonium 
fuelled FBRs. A 40 MWth Fast Breeder 
Test Reactor is in operation in India 
since 1985. Indigenously developed 
mixed carbide fuel used in this reactor 
has achieved a burn-up of more than 
152 GWd/t at a maximum linear heat 
rating of 400 W/cm without any clad 

Figure 8: Some of the diagnostic, inspection and life extension tools developed

Figure 9: Photographs depicting construction of PFBR
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Indian nuclear power programme.

Considerable experience in thorium 
irradiat ion has been acquired in 
research reactors and thorium has 
been introduced in PHWRs for initial fl ux 
fl attening. With the sustained efforts over 
years, India has acquired experience 
over all aspects of thorium fuel cycle. 
An example is the KAMINI (Kalpakkam 
Mini) reactor, at Indira Gandhi Centre 
for Atomic Research (IGCAR), Tamil 
Nadu?? which is perhaps the only 
operating reactor in India/ the world?? 
that uses 233U as fuel. This fuel was 
bred, processed and fabricated at 
Bhabha Atomic Research Centre 
(BARC), Mumbai. Several programmes 
have been launched to enlarge the 
utilisation of thorium to a larger scale. 
The design of Advanced Heavy Water 
Reactor (AHWR) is one such step.

5.4 AHWR
The AHWR is a 300 MWe, vertical, 
pressure tube type, heavy water 
moderated, boiling light water cooled 
natural circulation reactor [5]. The fuel 
consists of (Th-Pu)O2  and (Th-233U)
O2 pins. The fuel cluster is designed to 
generate nearly 65 per cent of energy 
out of 233U, which is bred in-situ from 
thorium. Schematic of a fuel cluster is 
shown in Figure 10.

In AHWR, minor actinides produced 
in 233U-Th pins are much smaller in 
quantity as compared to those produced 
in the Pu-Th pins. This shows advantage 
of thorium fuel cycle in this regard. This 
characteristic is depicted in Figure 10.

AHWR has adopted the well-proven 
pressure tube technology. The reactor 
core of AHWR consists of 513 lattice 
locations in a square lattice pitch of 
225 mm where fuel assemblies occupy 
452 locations. Sixty-one locations are 
reserved for the reactivity control devices 
and shut down system. The schematic 
arrangement of different systems in 
AHWR is shown in Figure 11. The 

reactor has two independent, functionally 
diverse, fast acting shut down systems, 
namely, Shut Down System-1 (SDS-1) 
consisting of mechanical shut off rods 
and Shut Down System-2 (SDS-2) 
based on liquid poison?? injection into 
the moderator.

The reactor has a slightly negative void 
coeffi cient of reactivity. The AHWR has 
several passive safety systems for normal 
reactor operation, decay heat removal, 
emergency core cooling, confi nement of 
radioactivity, etc. These passive safety 
features are listed below:
�  Core heat removal by natural 

c i rcu lat ion of  coolant  dur ing 
normal operation and shutdown 
conditions.

�  Direct injection of ECCSEXPAND 
water in the fuel cluster in passive 
mode during postulated accident 
conditions like LOCA.

�  Containment cooling by passive 
containment coolers.

�  Passive containment isolation by 
water seal, following a large break 
LOCA.

�  Availabi l i ty of large inventory 
of  water  in  GDWP at  h igher 
elevation inside the containment 
to facilitate sustenance of core 
decay heat removal, ECCS injection, 
containment cooling for at least 72 
hours without any active/operator 
intervention.

�  Passive shutdown by poison injection 
Figure 10: Schematic of AHWR fuel cluster and cluster cross section

Figure 11: Schematic arrangement of different systems in AHWR
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in the moderator, using the system 
pressure, in case of MHT system 
high pressure due to failure of wired 
mechanical shutdown system and 
liquid poison injection system.

�  Passive moderator cooling system 
to minimise the pressurisation of 
calandria and release of tritium 
through cover gas during shutdown 
and station blackout.

�  Passive concrete cooling system for 
protection of the concrete structure 
in high temperature zone.

A number of major experimental facilities 
have been built and planned to validate 
the new concepts used in AHWR. The 
core damage frequency targeted is 10-7 
per year or less. A series of potential 
high consequence events have been 
visualised even when these events are 
Beyond Design Basis Accidents (BDBA) 
according to current standards. Figure 
12 shows that peak clad temperature 
hardly rises even in the extreme 
condition of complete station blackout 
and failure of primary and secondary 
shutdown systems (possibly arising out 
of insider threat).

AHWR has been designed to extract 
most of its power from thorium-based 
fuel keeping plutonium consumption 
as low as possible. 232Th has a higher 
neutron absorption cross section as 
compared to 238U and hence the initial 
fissile content of the core is slightly 

higher. The equilibrium fuel cycle for 
the AHWR is based on the conversion 
of naturally available thorium into fi ssile 
233U driven by plutonium as external 
fi ssile feed. AHWR has been designed 
to be self-sustaining in 233U. The fuel 
cycle is a closed fuel cycle, envisaging 
recycle of both fi ssile 233U and fertile 
thoria back to the reactor.

Thorium, on irradiation forms 233U, 
which is always associated with 232U. 
The decay daughter products of 232U 
emit hard gamma rays (>2.6 MeV), 
which pose problems during its handling, 
transportation and fabrication. The dose 
increases with time after separation. 
The intrinsic properties with respect to 
proliferation resistance are evaluated 
based on isotopic  composi t ion, 
radioactivity, neutron emission and heat 
generation. It is a well-known fact that 
burning plutonium along with thorium 
burns more than 80 per cent of fi ssile 
plutonium. The reprocessed plutonium 
has lower fissile content. The heat 
generation, neutron release and activity 
are higher compared to the 239Pu. 
Plutonium-241 decays to Americium-
241, reducing the fi ssile content with 
time. Due to presence of higher isotopes 
of plutonium, other parameters are 
also favorable from the consideration 
of addressing proliferation concerns. 
The presence of 232U in 233U also 
promotes non-proliferation.

Even though the AHWR is 
primarily designed to work 
with 233U/PU-Th MOX fuel, 
the design has the fl exibility to 
accept other fuel types.

6 Conclusions
Globally, the technology options 
for long term nuclear power 
development need to be based 
on a scientifi c approach to attain 
sustainability of nuclear fuel 
resources and environment even 
while addressing, enhanced 
global reach and volume of 
deployment of nuclear energy.

Similarly, concerns relating 

to safety, security and proliferation 
issues a lso need to  be handled 
through technological means. This, 
perhaps, is the only way for sustainable 
management of these issues.The Indian 
nuclear programme is consistent with 
the above objectives. At present, India 
has robust technologies in all aspects 
of nuclear energy. India is operating 
the world’s smallest power reactors. 
The performance of these reactors is 
competitive with the larger-sized reactors 
in spite of the latter having the benefi t of 
economies of scale. India has developed 
comprehensive capabilities in all aspects 
of nuclear power and fuel cycle activities, 
and reached a state of technological and 
commercial maturity. The Indian industry 
has adequate resources and expertise 
and India can become a manufacturing 
hub for the nuclear industry. This will 
also include not only reactors but supply 
of fuel. The entire saga of the growth 
of Indian nuclear energy programme 
has an underlying thread of continuing 
emphasis on self-reliance, maximising 
the energy by utilising the indigenous 
resources.

(Dr. Anil Kakodkar, Ex. Chairman AEC 
& Ex. Sec, DAE, Superannuated on 

November 30, 2009)
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Since my Saturday Evening Post 
story in 1945, ”Frontier Life Among 

the Atom Splitters,” I’ve written five 
books and numerous technical papers 
and popular articles about nuclear 
technology and its history. In my 
research, I’m repeatedly struck by the 
inconsistencies, contradictions and 
questionable logic that characterise 
its literature, including statements that 
are presented as scientifi c fact but are 
demonstrably false. Anything nuclear 
is repeatedly characterised as “scary,” 
“dangerous,” and “hazardous,” yet the 
actual health statistics show nuclear 
workers among the healthiest. These 
contradictions and mis-statements have 
become part of the legend and culture 
of the nuclear enterprise, on which we 
all—insiders and out—base our opinions 
and decisions. How did this happen, and 
what should we do about it? Let’s start 
at the beginning.

Most people learned about nuclear 
fi ssion from the fi ery destruction of two 
entire cities.   Although most other large 
Japanese cities had been destroyed 
by fi rebombs, this was different. The 
degree of destruction was comparable. 
The mechanics of destruction—heat and 
physical blast—were comparable. The 
uniquely nuclear feature—radiation—
was trivial, by design. But, for military 
and political reasons, it was important 
that nuclear weaponry be seen as 
the ultimate doomsday super weapon 
so uniquely fearsome that no merely 
human army could stand up to it.

That fear-generating ability was carefully 
nurtured through the duck-and-cover 
drills of the cold war that followed, 
in the tactic called “MAD” (Mutually 
Assured Destruction). Each party kept 
reminding the other that a breach of the 
treaty would surely bring about the end 
of civilization.

The New World
Out of this uneasy uniqueness, the 

nuclear community undertook the 
creation of a new and esoteric Nuclear 
World— a kind of a Fantasy Land, where 
200 years of mundane engineering 
experience and judgment seemed 
wholly inadequate.  In the 1970s, New 
Age gurus from Baba Ram Dass to 
Margaret Mead told young people that 
their elders had not experienced the 
coming age, did not understand it, and 
therefore could not advise them on how 
to live in it. Experience in the dying age 
was declared inapplicable to the New 
World. At the same time, nuclear gurus 
were applying the same philosophy 
to the Nuclear Age. Alvin Weinberg, 
long-time senior spokesman from Oak 
Ridge, characterised nuclear energy 
as a “Faustian Bargain”—a providential 
gift to humanity, but with the Devil to 
pay if we slip up. I was in Oak Ridge 
not long before he died, and when he 
heard I was there, he asked me to 
come up to his house. He urged me 
to carry that message onward. “You 
people in Admiral Rickover’s group 
understand the absolute necessity 
for unprecedented excellence. To 
keep nuclear technology from slipping 
inexorably into mediocrity, we need to 
keep the Faustian threat alive.” Rickover 
had created the American nuclear navy, 
and he certainly agreed with the need 
for unprecedented excellence—indeed, 
he practically created it. But he believed 
that excellence was justifi ed on its own 
merit, and didn’t need a satanic myth 
to support it.

Then,  in  1953,  U .S .  Pres iden t 
Eisenhower launched his Atoms for 
Peace program; the Friendly Atom was 
to take over from the fearsome A-bomb. 
Eisenhower wanted to have his Atoms 
for Peace program completely civilian, 
but the only group ready to take on 
such a major chore was Rickover’s 
Naval Reactors group. So Eisenhower 
assigned Rickover the job of building 
the world’s first wholly commercial 

central station nuclear power plant. All 
the supporting technology was to be 
rounded up, declassifi ed, and submitted 
to civilian engineering code committees. 
Fear and mystery would no longer be 
an integral part of nuclear technology. 
Rickover was to build an engineering 
world to help the Atom join the civilian 
labor force.

The declassifi cation order was carried 
out swiftly and completely. When the 
plant was built and operating, Rickover 
showed Frol Kozlov, the USSR second-
in-command, through it. When Kozlov 
asked Rickover, on public TV, where 
to leave his camera, Rickover said he 
was welcome to photograph anything 
in the plant; there was no classified 
information in the entire facility. But of 
course, it was not quite so simple to 
bring about such a complete reversal of 
mindset in the public, or even within the 
nuclear community.

Most people had been quick to accept 
that the Atom was fearsome, and now 
they were reluctant to abandon that 
belief. When it became apparent that 
they might have to take the Atom into 
their homes, they started expressing 
concerns and raising questions. For 
many, these concerns have still not 
been satisfactorily answered. Yet, it 
is not hard to show that most of these 
fears are based on premises that are 

Nuclear Technology: Caught Between Two Worlds
Dr. Theodore Rockwell
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simply untrue, and others are based 
on theoretical computer models that 
describe situations that simply cannot 
occur in the real world. Let’s look at 
some specifi cs, one at a time.

A Quick Look at Nuclear 
Power “Problems”
Myth: It’s better to use a biofuel, because 
it’s renewable and sustainable.

In fact, biofuels raise more uncertainties 
and known problems than nuclear 
fuels.

That’s because biofuels need huge 
quantities of materials in demand 
elsewhere. We’ve already seen what 
happens to the price of food, when 
even a small amount of corn is diverted 
to ethanol production. If cornhusks, 
switch-grass or other fibers can be 
used instead, their diversion  from 
soil nurture is apt to have serious 
consequences. Nuclear fuel requires 
less than a millionth as much material, 
and it’s not a material vitally need in the 
consumer market.

Only one in 140 uranium atoms is 
fissionable that is, fuel. The other 
atoms are “fertile,” that is, capable 
of converting to fuel by absorbing a 
neutron if the fuel is recycled. We are 
currently not recycling fuel because it is 
cheaper to operate “once through.” But 
we have demonstrated the recycling 
process in theory and in several 
experimental reactors that actually 
“breed” more fuel than they burn. We 
have enough uranium to operate once-
through for several hundred years.  As 
we go into recycling and then breeder 
reactors, we can eventually tap the 
seawater as James Muckerheide has 
pointed out, in addition to hundreds of 
years of mineable uranium, the oceans 
contain an estimated 4 or 5 billions 
tons of uranium, which is continually 
replenished as uranium is leached 
from ocean life-forms and from the 
land, by the rivers emptying into the 
sea. In addition, there is nuclear energy 
available from thorium, which is several 
times more abundant than uranium. 

(Some or all of India’s new reactors will 
probably be based on a thorium cycle.)  
Like the non-fissile uranium, thorium 
can capture a neutron and produce 
nuclear fuel. That can create a reliable 
energy source for millions of years.

 (India has its own, homegrown way of 
introducing real-world technology into 
the nuclear world. Drawing on lessons 
from the Swadeshi Movement, which 
it has used so effectively in dealings 
with other nations, India is buying 
nuclear technology from more than one 
nation, with the intent of developing 
full capability to build nuclear power 
plants of local design, with no outside 
assistance. True swaraj!)

But How Do We Solve 
the Nuclear Waste 
Problem?
We created this problem. I’m not referring 
to fi ssion products. Fission products are 
not a problem. They’ve never been 
released in dangerous quantities into 
the environment. They’re still bound 
within the refractory ceramic fuel pellets 
where they were formed. These pellets 
are inside stainless zirconium tubes that 
are sealed into high-integrity used-fuel 
casks, which are nearly indestructible. 
These casks sit in water pools for 
several years, until more than 99% of 
their radioactivity dies out. Then the 
casks are removed from the water until 
they are recycled to recover most of the 
fi ssionable material still in them. Right 
now, it’s cheaper to keep using new 
uranium, but eventually they will all be 
recycled. They’ve been sitting there up 
to half a century, hurting no one, having 
no impact on the environment. They 
could stay there another century. Some 
plant owners invite the public—school 
children, church groups, scout troops—
to visit and see these casks, touch 
them, measure their radiation level, to 
understand fi rsthand that these casks 
are neither mysterious nor dangerous.

We’re the ones that keep telling people 
there’s a problem. Anti-nuclear activist, 
Sheldon Novick, wrote that nuclear 

waste is no more hazardous than many 
other industrial wastes. During the fi rst 
decades of nuclear power, there was 
no demand from the public to move 
the waste, until the Nuclear Energy 
Institute (NEI) took out full-page ads in 
major papers telling people that used 
nuclear fuel casks were terrorist targets. 
This created the “Mobile Chernobyl” 
problem. We also kept telling people 
that our most important problem was 
getting the nuclear waste storage site 
at Yucca Mountain (YM) approved. It’s 
true that the federal government by law 
is supposed to take responsibility for 
the waste, but this is not because of its 
special danger.

The only way to solve this problem 
is to tell the truth: there is no such 
problem. The quantity of material is 
trivial. Its toxicity is comparable to 
other, non-nuclear wastes that we deal 
with routinely except that it gets less 
and less toxic each year. (How is that 
a problem?) No one has been injured, 
or even in danger of being injured, 
nor is there any objective evidence of 
environmental harm. So long as we 
keep telling people “we have to fi gure 
out how to solve the waste problem,” 
we make it so.

This “problem” provides income, 
reputation and jobs for many people. 
But so does building and operating 
nuclear power plants. We need to stop 
working on problems that aren’t real, 
build plants we know how to build, and 
keep looking for ways to make plants 
better and better. We need to do all 
three.

Why Treat Nuclear 
Assets as Fearsome 
Problems?
 In trying to think rationally about the 
many contradictory statements and 
actions associated with nuclear power, 
one useful tool is the concept of reductio 
ad absurdum. This rule of logic says 
to follow a particular line of reasoning 
until either the problem is solved, 
or an absurdity is encountered. But 
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this approach fails when one cannot 
recognise absurdity. For example, 
suppose one postulates that nuclear 
waste is so dangerous that extraordinary 
actions must be taken to keep it from 
being eaten (the only way it can be 
hazardous). Following that premise, 
we could put the waste into sealed 
canisters, with great care taken in 
design and material selection, and 
announce that the problem is solved. 
Objectors might claim that paying $1 
million per canister is absurd, but since 
this would add only trivially to the overall 
cost of electricity, we might accept 
this as a practical compromise. But if 
this line of reasoning requires that the 
canisters be placed into a $100-billion 
hole in the ground, and objectors are 
claiming that this is still inadequate, 
common sense tells us that the line of 
reasoning has acquired some absurd 
premises along the way.

With this in mind, let us look at some 
of the myths that have been developed 
to claim that nuclear technology is 
uniquely hazardous. To understand 
the situation, we must recognise how 
these myths arose and how they are 
sustained. First: antinuclear activists did 
not invent these stories; they only repeat 
them. Jane Fonda did not invent The 
China Syndrome. Nor did the media. 
We did. So we should not complain that 
we cannot get our message out. We’ve 
gotten it out very well. We’ve said for 
fi fty years that there is no safe level of 
radiation, that nuclear waste is a major 
(perhaps insoluble) problem. Further 
instruction in public relations will not 
solve this problem. We must fi rst get a 
clear picture of what is so and what is 
not. Let’s start with an easy one:

Myth: Nuclear reactors are potential 
nuclear bombs. Even shipments of 
spent fuel are “mobile Chernobyls.”

Facts: This is simply untrue. No shading 
or ambiguity about it. We should have no 
hesitancy in asserting that the Laws of 
Nature prevent accidental criticality 
occurring in such cases. Period.

Myth: Nuclear power is an especially 

unforgiving technology. A momentary 
slip-up, and it’s catastrophe.

Facts: The opposite is true: nuclear 
plants are robust and stable . 
Hundreds of commercial nuclear 
power plants worldwide, and hundreds 
of naval reactors operating reliably 
for decades, confirm this. They can 
resist earthquakes, hurricanes, power 
loss, sabotage, and operator errors.  
Ironically, although nuclear plants are 
designed to operate reliably under 
conditions that destroy, or shut down, 
other facilities, a distorted sense of 
caution requires that they be shut down 
just when they are needed most! This 
may be another case where purported 
safety rules actually lead to a less 
desirable situation. The proven stability 
of nuclear plants spawns the next 
myth:

Myth: Nuclear plants are so touchy, 
they use them only for providing the 
steady base load.  You wouldn’t want to 
try load-following with a nuclear plant.

Facts: This is a wonderful example of 
portraying a nuclear asset as a problem. 
Nuclear fuel is cheap; building a nuclear 
power plant is expensive. So, once a 
plant is built, it makes economic sense 
to use the cheapest fuel  as much as 
possible, and bring in the cheap gas-
fi red plants that burn expensive fuel only 
when you have to. But it’s the steam 
plant, not the nuclear plant, that limits 
how fast you can maneuver.

The fl exibility and responsiveness of 
a nuclear power plant is dramatically 
demonstrated in a working nuclear-
attack submarine. Admiral Rickover 
used to challenge the crews to see how 
fast they could change power level. 
They would select the biggest, strongest 
sailor aboard, and pass the order, 
“Crash back!,” which is a maneuver that 
takes the ship from “All Ahead Flank!” 
to “All Back Emergency!”  The sailor 
spins the ahead throttle closed, bringing 
the reactor from 100% power to zero. 
He then immediately opens the astern 
throttle as fast as possible, restoring the 
reactor to 100% power. The ship shakes 

violently, shrieks of various equipment 
protesting mix with the clatter of coffee 
cups, operating manuals and other 
miscellany sliding off normally horizontal 
surfaces, as the ship shudders to an 
emergency stop. The reactor plant 
operator watches placidly as the reactor 
temperature drops a few degrees, which 
automatically raises the power smoothly 
to the required level. He could pull the 
reactor control rods a notch to restore 
the temperature, but he doesn’t have 
to. The electrical plant operator and 
the steam plant operator are equally 
relaxed, as the ship’s propeller reverses, 
and the plant accommodates itself to the 
new conditions. It’s hard to imagine 
the need for any greater fl exibility than 
that. Unlike a combustion-fi red power 
plant that has to warm up and cool 
down very carefully, to avoid thermally 
shocking the system, the temperature 
swings in a water-cooled plant are quite 
moderate, and impose no restraints on 
the operators.

Myth: We should stop creating all this 
radiation and radioactivity. It’s unnatural, 
little-understood, an unprecedented, 
ever-growing threat to the natural earth. 
We’re fouling our nest and degrading 
the human gene pool by continually 
adding to the earth’s radioactivity.

Facts: Radiation has been with us 
since the dawn of time. Life evolved 
in a sea of radiation several times 
more intense then than it is now. 
Our soil, our water and our bodies 
are naturally radioactive. Radioactive 
processes light the sun and the stars 
and keep the earth’s core molten 
and our environment livably warm. 
Radiation is better understood than 
most environmental challenges. Tests 
show it’s probably essential to life. The 
report NCRP-136, by the U.S. National 
Council on Radiation Protection and 
Measurement, states right up-front 
(page 6) that most people exposed to 
low-dose radiation are benefi ted, not 
harmed by it.

Fission changes long-lived uranium into 
shorter-lived fi ssion products, ultimately 
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decreasing earth’s radioactivity. All 
the radioactivity we generate is not 
enough to offset the earth’s natural 
radiation decay. The earth becomes 
less  radioactive each year.

Myth: But radiation is spooky. You can’t 
see it or smell it. You can’t tell it’s there 
until it’s too late!

Facts: Radiation is detectable at the 
single atom level by a simple, hand-held 
detector. No other hazard is so easily 
detected. As the respected physicist/
physician, Zbigniew Jaworowski, wrote, 
humans and other animals have no 
organs for sensing ionising radiation, 
because they have no need for them. 
Natural radiation levels up to hundreds 
of times the levels now being regulated 
have proved to be harmless, or even 
benefi cial, as noted above.

Myth: We don’t know how to solve the 
waste problem.  The quantity of nuclear 
waste is so great and we don’t know 
what to do with it!

Facts: Not true!  In every real sense, we 
handle the problem before it begins. 
Nuclear plants produce less than one-
millionth the volume of waste from 
an equivalent coal-fi red plant, so it 
can be put into sealed, stainless steel 
containers and controlled, rather than 
dumped into the environment. The 
50,000 tons of radwaste destined for 
a federal repository was produced by 
all U.S. nuclear plants over the past 40 
years. This is less than 2 pounds per 
person served. You could put each 
person’s lifetime of nuclear waste into 
a soda pop can. So, it’s no problem to 
keep it in casks and never dump it into 
the biosphere. The corresponding waste 
from a coal-fired plant is 140,000 
pounds.

U.S. Naval reactors can now operate 
for the life of the ship—a million miles, 
without refueling. All the waste from 
that operation stays locked up within 
the fuel elements, without causing 
any undue swelling or distortion. That 
illustrates the small quantity of waste 
we’re dealing with. Compare that to 

wastes produced by other industries. 
Even the volume of  waste f rom 
construction and operation of solar, 
wind and other renewables is greater on 
a per-kilowatt-hour basis than nuclear, 
and some of the solar power poisons 
are highly toxic forever.

Myth:  What about those huge waste 
tanks that have been leaking radioactivity 
into the ground for years?

Fact: Those tanks, at the Hanford site 
in the state of Washington, were built 
during World War II, to handle liquids 
used in the Army’s Manhattan Project 
to build the atomic bomb. They have 
nothing to do with the commercial 
nuclear power plants. If no nuclear 
power plants had ever been built, the 
situation at Hanford would still exist. 
We’ve learned a lot since then, and 
there are no such tanks associated 
with the commercial nuclear plants. 
Incidentally, Hanford is now being 
cleaned up, and there is no evidence 
of danger to people or to any of the 
surrounding environment. The phrase 
“exposed to radioactivity” may make 
exciting headlines, but it is not evidence 
of bodily harm. We are all exposed to 
radioactivity, every day and night, and 
it does us no harm.

Myth: Nuclear waste stays toxic for 
thousands of years. Humanity has 
never faced such a long-term hazard. 
Anthropologists have talked about 
setting up a “nuclear priesthood” to 
pass on word of where radioactivity is 
buried, so as civilizations rise and die 
out, people a million years from now will 
be warned to stay away.

Facts: All radioactive materials 
continually decrease in toxicity, 
whereas non-radioactive pollutants 
like mercury, lead, arsenic, selenium, 
cadmium, chromium, etc. maintain 
their toxicity undiminished forever. 
After a few hundred years, nuclear 
waste is no more toxic than the original 
ore, yet we plan to bury it 1,000 feet 
underground. The top 1,000 feet of 
U.S. soil contains more lethal doses 
of natural poisons than all the nuclear 

power waste together. We make 10,000 
times more lethal doses of chlorine 
each year and put it in our drinking 
water to kill germs.

Myth: Shipping spent fuel casks past 
schools and homes is a terrible risk.

Facts: These shipments pose no 
realistic risk whatsoever. The shipping 
containers are nearly indestructible. 
They have been tested by high-speed 
collisions, and fi re. The fuel and waste 
are solid and there is no liquid to 
leak. It can’t “go critical” like a reactor. 
In tests, a special armor-piercing missile 
was mounted on a cask, to ensure that 
it would hit exactly on the centerline 
and not be defl ected harmlessly aside. 
It blew a small hole in one side of the 
container, but the small amount of 
radiation released would not be harmful. 
The diesel fuel in the truck’s “gas tank” 
would be a greater risk than the waste 
cask, although it is no more dangerous 
than any other truck.

Myth:  The Chernobyl accident in 1986 
killed thousands of people and disabled 
millions.

Facts: Not true. Fifty workers and 
fi refi ghters at the plant were killed. 
A 20-year investigation by the U.N. and 
World Health Organization concluded 
that no members of the public were 
harmed. There were about 2,000 
cases of childhood thyroid nodules, 
with 10 or 12 deaths resulting from this 
condition. But the occurrence of these 
doesn’t correlate with radiation level, 
and are within the natural occurrence 
frequency for such nodules. The World 
Health Organization (WHO) said that 
fear of radiation caused much more 
harm than radiation itself. It led to 
unnecessary, long-term evacuation 
of large population groups, 100,000 
unwarranted “voluntary” abortions, 
unemployment, depression, alcoholism 
and suicides.  Deformed “Chernobyl 
victims,” displayed to raise money for 
relief efforts suffered from conditions 
that were later shown to be unrelated 
to the accident. Some were from far 
away; others were deformed before the 
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accident. Chernobyl was not a factor in 
their condition.

In any event, no one is suggesting that 
more Chernobyl reactors be built. It 
was a fl awed design, built and operated 
without adequate safety considerations. 
The water-cooled reactors of the 
kind now operating could not under 
undergo the type of casualty that 
occurred at Chernobyl.

Let us look at the fundamental question 
about the safety of nuclear power 
plants: How bad could a worst-case 
nuclear casualty be?

Many theoretical studies have claimed 
that a hypothetical mishap could 
cost thousands—even hundreds of 
thousands—of lives. Nuclear advocates 
reply that the particular casualty 
described is “a highly improbable 
scenario” and therefore an acceptable 
risk. Such a response—that this sort 
of thing will not happen very often—
does not answer the question. Highly 
improbable events do happen. How bad 
could it be? And what about scenarios 
not yet envisioned? We deserve 
substantive answers to those questions. 
Putting extraordinary emphasis on 
safety without defi ning the hazard is 
misleading and irresponsible.

It is easy to calculate what would 
happen if all of the radioactivity in a 
nuclear reactor were released into the 
air at once, and it stayed suspended in 
the air over large areas and populations, 
and that any radiation exposure is 
detrimental. Such calculations say 
that thousands could die.  But such a 
situation cannot be created in the 
real world. “Worst case” calculations 
are not meaningful if they are based on 
conditions that defy the laws of nature 
and the known properties of materials 
and processes. What is relevant are 
credible engineering evaluations of the 
consequences of the worst conditions 
that could realistically be created, 
based on known science, both at the 
laboratory level and from large-scale 
tests and analyses. This has been done 
for pressurized water or boiling water 

reactors, of the type now operating 
in nearly all the world’s commercial 
nuclear power plants. Similar analyses 
of the Canadian CANDU reactors show 
that they have an even larger margin 
of safety.

The worst  consequence of  any 
postulated scenario would begin with 
a loss of the water that cools the fuel, 
leading to some molten fuel. So we can 
presume (for the worst case) that a 
large part of the fuel melts. Then we 
need not argue about what scenario 
could get us there. We’ve accepted 
the worst case: fi ssion products from 
the fuel escaping into the coolant. 
We assume further that the coolant 
system boundaries are compromised 
by the casualty, and fi ssion products 
are escaping into the containment 
atmosphere.

We know the rate and the composition 
of fission products released by 
molten fuel. Starting in the 1950s, 
extensive theoretical and laboratory 
work was done worldwide to explore 
these questions, and we know that 
in all of the real reactor accidents, 
measured releases were very much 
lower than the unrealistic assumptions 
used for safety studies. And we know 
what happens to fi ssion products as 
they enter the air, steam and water 
surrounding the reactor coolant system. 
We have substantial fi eld data showing 
that highly charged and reactive fi ssion 
product particles rapidly clump together 
and accumulate in the water fl ows and 
settle in the sumps, are absorbed in 
steam and water, condense and plate 
out on cooler surfaces, and interact 
with other materials they contact. The 
water lost from the reactor cooling 
systems does not disappear; it does 
not all evaporate inside the building. It 
reduces the airborne radioactivity within 
the building many thousand-fold below 
the extreme assumptions used for some 
safety analyses.

So we assume that the worst realistic 
casualty also compromises the 
containment’s pressure-retaining 

ability and leak-tightness, so that 
it is no more effective a containment 
structure than other industrial buildings. 
Which, it turns out, is good enough.

We have large-scale experience, as well 
as lab data and theory, with just such 
casualties:

• The EBR-I accident resulted in 
almost complete core meltdown, in 
a regular warehouse building.

• The SL-1 accident resulted in about 
a 30% core meltdown, in a Quonset-
type building.

• The Lucerne reactor incident 
resulted in about 10% core melting, 
in an unsealed cave.

• Radioactivity released from these, 
and from the other nine or ten core-
melt accidents or planned meltdown 
demonstrations, was many orders of 
magnitude less than predicted. No 
catastrophe!

• Measured radioactivity within the 
TMI containment during and after 
the casualty was so low that, until 
the reactor fuel was inspected, it 
was widely assumed there had been 
no meltdown.

Outside the building, we have three 
more unrealistic premises to revise: 
1) Radioactivity does not disperse 
like the meteorological models used; 
2) The radiation doses calculated 
in the models from the airborne and 
ground dispersion are unrealistically 
pessimistic; and 3) The near-term 
and long-term adverse biological 
reactions attributed to small radiation 
doses do not agree with medical data. 
With these discrepancies resolved, 
we can answer the important 
question, constrained only by known 
and measured characteristics of real-
world materials and processes.

The American Nuclear Society White 
Paper on Realism, a follow-on document 
to the 20th September, 2002 and 10th  

January, 2003 summaries in the Policy 
Forum presented by 19 nuclear-expert 
members of the National Academy of 
Engineering in the mainstream, peer-
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reviewed journal Science, discusses 
and documents this question, answering 
that the worst that can be expected 
is few if any deaths off-site. (See: 
www.radscihealth.org/rsh/realism/WP-
TableOfContents.htm)

A detailed description of the whole 
casualty process, and the scientific 
evidence supporting it, needs to be 
collected, documented and promulgated 
to the scientific community at large, 
to receive the wide peer review and 
acceptance i t  deserves. But the 
magnitude of overstatement in current 
safety models is more than enough to 
cover the various uncertainties, and 
to support the conclusion just stated: 
that a catastrophic consequence of 
any realistic nuclear plant casualty 
is simply not possible in the real 
world.

The sketch below shows how nuclear 
safety is often pictured. It is not a plot 
of actual data from any real power 
plant, but just intended to picture 
(Line A) the classical expectation that 
casualties of increasing severity tend to 
be increasingly improbable. One could 
argue that the improbability and the 
severity of the damage are worse than 
shown—perhaps more like Line B.  But 
there is no reason to assume the lines 
reach the catastrophe level. And how 
confident can we be of our ability to 
predict probabilities in the range of one 
in a million?

We can avoid probabilities altogether by 
assuming worst realistic cases, using 
physically measured numbers, without 
stacking up arbitrary “safety factors.” 
Field tests at EPRI, Karlsruhe, ORNL 
and INL show that Nature generally limits 
the consequences. A physical chemist 
might calculate that an iron frying pan 
put over a gas burner could burst into 
fl ames. But real-life cooks usually fi nd 
that’s not a serious consideration with 
the equipment they use. Field tests 
and more sophisticated analyses have 
shown that zirconium fuel elements are 
also not as vulnerable to ignition as 
previous analyses had implied.

Th is  changes the bas ic  nature 
of the nuclear safety debate. High-
consequence nuclear scenarios are no 
longer considered merely improbable. 
They have been shown to be simply 
not possible in the real world. More 
such realistic evaluations would be 
useful in specifi c situations.  But tests 
with unrealistically pessimistic premises 
do not produce safer designs—just 
bad ones. The implications of this 
conclusion are highly signifi cant.  To 
pick just one example, a number of 
careful studies have shown that mass 
evacuation would seldom, if ever, be 
a conservative response to a nuclear 
plant casualty, and would generally be 
counter-productive, apt to endanger, 
rather than protect people. The incidents 
at Three Mile Island and Chernobyl 
showed graphically that promulgating 
unwarranted fear of radiation in the 
name of safety will generally cause 
more harm than good.

Other means of generating electricity 
have occasionally caused death and 
bodily harm.  Nuclear power has not. In 
this situation, it does not make sense 
to require nuclear plants to protect 
against extreme hypothetical dangers, 
while not applying the same amount 
of concern to more dangerous, and 
more vulnerable, facilities (such as oil 
refi neries, chemical plants, coal mines, 
and chlorine tanks).

Summary
Unwarranted fear of nuclear technology 
is based on two false premises:
The belief that a nuclear casualty 
could have catastrophic public health 
consequences, and The belief that 
no amount of radiation can be small 
enough to be harmless.

 These and other false beliefs are 
accepted uncritically because nuclear 
power is demonised, and  e a r t h l y 
solutions are considered inadequate 
by defi nition.

To make progress, we have to apply 
real-world knowledge and experience, 
not unrealistic models.

T o  b u i l d  a  s o l i d  t e c h n o l o g y , 
quickly deploy many proven plants 
w i th  few regu la to ry  ques t ions ;
and start preparing improved designs 
for regulatory review and approval
and carry out an appropriate level 
of long-range research to ensure 
continuous progress.
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Handling of SPND at TAPS-3&4: A Success Story
A.K. Singh, SO/D, MMU, Vijay Prakash, SME (M), R.K. Gargye, Station Director, TAPS-3&4

Introduction
Self-Powered Neutron Detectors 
(SPNDs) are used as a reliable source 
for measurement of dynamic and 
constant neutron fl ux in reactor cores 
worldwide. These are very versatile
in-core instruments used to monitor 
neutron fl ux in a local region as opposed 
to ion chambers, which measure leakage 
fl ux and correspondingly represent the 
global fl ux values. Owing to their small 
size these can be easily installed inside 
reactor core with very little housing 
support required.

A SPND consists of a central wire, which 
can be made of various materials such 
as platinum, cobalt, vanadium, rhodium, 
etc. The type of material used for central 
wire gives SPND its name and its special 
characteristic properties depending on 
how the element interacts with neutron 
and behaves after absorption. The 
outer housing of SPND called its sheath 
is normally made of Inconel alloy or 
stainless steel. The annulus space 
between central wire and sheath is 
fi lled with an insulating material such as 
aluminum oxide or ceramic.

Every time a neutron interacts with 
elements of central wire, the nucleus of 
element becomes a radioactive unstable 
nucleus and undergoes decay by 
emission of an electron, a hard gamma 
or both to regain nuclear stability. 
Due to emission of electrons, the wire 
becomes positively charged, and if 
this wire is connected to a resistor and 
ammeter, fl ow of current takes place. By 
accurate measurement of this current, 

it is possible to determine the number 
of neutronic interactions taking place 
around the wire, and hence, calculate 
the neutronic fl ux around the region of 
SPND. This simple working principle 
makes SPND a easy-to-use and very 
accurate instrument.

The Challenge
As neutronic interactions keep on 
taking place, the element also keeps 
on undergoing loss of original nucleus 
by radioactivation and decay leading to 
electron emission. This phenomenon  is 
termed as burn-up and leads to loss of 
sensitivity (a term used to describe the 
amount of current generated by SPND 
per second per unit of fl ux). After a certain 
time, the SPND becomes saturated and 
no longer generates current signals, 
which calls for its replacement. As a 
general practice, SPNDs are designed 
as single individually replaceable 
(SIR) entities. However, due to its long 
residence time inside reactor, the SPND 
becomes highly radioactive, posing a 
serious problem for its removal, handling 
and fi nal disposal.

SPNDs have been used in Indian 
nuclear power  reactors since Narora 
Atomic Power Stat ion units-1&2 
(NAPS-1&2), where some SPNDs were 
installed in the central thimble of the 
reactor. However, the primary function 
was to see the response of SPNDs 
under various neutronic states of the 
reactor and not in any direct use for 
reactor regulation or protection system 
(RRS). SPNDs have been used in a big 
way at Tarapur Atomic Power Station
units-3&4 (TAPS-3&4) reactor cores 
owing to neutronic decoupled core of 
very large size (TAPS-3&4 cores are 
assumed as 14 imaginary zones, each 
having the provision of control of neutron 
fl ux independently from the other zones). 
Each zone has its individual neutron fl ux 
measurement arrangement for RRS. 
There are three channels (A, B, C) 
hence a total of 42 SPNDs are used. 
Apart from these core over-power 
protection system-1 (Channel D, E, F) 
& 2 (Channel G, H, J), each related to 
shutdown system-1&2, also make use of 
SPNDs. The total distribution of SPNDs 
in TAPS-3&4 cores is as follows:

Table-1: Distribution of SPNDs in TAPS-3&4 Cores

Serial Type System Quantity Orientation
1. Cobalt Core Over-Power Protection 

System-1 (COPPS-1)
36 Vertical

2. Cobalt Reactor Regulation System 42 Vertical

3. Vanadium Flux-Mapping System 102 Vertical

4. Cobalt Core Over-Power Protection 
System-2 (COPPS-2)

18 Horizontal

Total 198

At TAPS-3&4, two types of SPNDs 
are used, cobalt (for RRS, COPPS-
1&2) which give response instantly 
but are less accurate and vanadium 
(for flux-mapping system) which are 
slow-responding (response time of 
about 250-300 seconds) but very 
accurate. A combination of vanadium 
and cobalt SPNDs is used for various 
protection and regulation works and 
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also for correcting the reading of cobalt 
SPNDs. Theoretically, the life of SPND 
is assumed to be about 2-3 full-power 
years for cobalt SPND and about 5 
full-power years for vanadium SPND. 
However, during their stay inside reactor, 
SPNDs may also need replacement due 
to some other reasons such as:

1. Loss of insulation resistance.

2. High deviation in readings from 
neighbouring sensors.

3. Loss of capacitance (Physical 
damage to sheath).

These factors lead to premature failure of 
SPNDs without completion of its design 
life. Cobalt SPND upon interaction with 
neutron produces 60Co27 isotope, which 
is highly radioactive with a half-life of 
5.27 years  and emits hard gamma 
rays, having energy of 1.19 MeV and 
1.33 MeV.

The presence of  60Co 27  poses 
a challenge in handling irradiated 
SPND.

Although the design envisages   the 
replacement of each SPND as and 
when required, no design provisions 
were made in TAPS-3&4 for their 
actual removal. As known from the 
experience of removal of cobalt pellets 
from absorber and regulating rods from
220-MWe cores, handling of cobalt-
60 is a formidable task even with all 
arrangements in place. At TAPS-3&4, 

the situation was still more challenging 
as the the provision to carry out such 
a removal job was not envisaged in 
the design.

Hence, following  three areas of concern 
were  identifi ed for taking up this task. 
follows:

a. Removal

SPND assembly being 13-meter 
long with very high fi eld, it cannot be 
handled in standard flasks. It must 
also be ensured that SPND assembly 
remains intact during any removal 
operation so as to avoid spread of 
contamination. Both points required 
the use of specialised schemes and 
fl asks, which can be accommodated in 
existing space and material handling 
arrangements and at the same time 
provide effective shielding and smooth 
removal operation.

b. Storage

At TAPS-3&4, no fi nal disposal facilities 
exist for such highly active waste for 
long- term storage. Further, the existing 
tile holes at Solid Waste Management 
Facil ity (SWMF), Bhabha Atomic 
Research Centre (BARC), Tarapur, are 
also inadequate to provide shielding to 
such high fi elds. It became imperative 
that some scheme be developed at 
site to provide temporary storage for 
SPNDs until a permanent facility is 

developed for their fi nal disposal.  The 
requirements of  temporary scheme 
needed  were to ensure effective 
storage conforming to Atomic Energy 
Regulatory Board (AERB) guidelines on  
active material storage facilities.

c. Transfer of SPND from Flask to 
Storage

The shifting of  radioactive SPND 
from flask to its storage facility was 
yet another challenge as it required 
a remotely operated tool , to prevent  
radiation exposure of  the  operators,. 
In addition the other required features 
of this tool were the design having  a 
suffi cient safety margin and should be 
easy to use.

Design Development
The fi rst step in planning and carrying 

out the  job of SPND removal and 

its disposal or temporary storage, 

to estimate/ calculate the  expected 

radiation fi elds based on the estimation  

of saturation value of 27Co60 in a SPND. 

This value was theoretically calculated 

as around 100 curies and this translated 

into on-contact fi elds of 1,000,000 Rads 

hour-1 (1 mega Rads hour-1). With 

current AERB stipulations, ,that the 

radiation field on flasks to be  less 

than or equal to  2 mSv hour-1 ,  the 

total requirement of shielding worked 

out to 7 Tenth Value Layers (TVL, 1 

TVL reduces the fi eld to one tenth). 

For 60Co27, the value of 1 TVL is equal 

to about 40 mm, making the lead 

thickness to 280 mm in any of the 

geometries that could be thought of 

for a fl ask.

Taking the advantage of the profile 
of SPND assembly, few observations 
were made that could be helpful for the 
removal of irradiated SPND from the 
core. These are as follows:

i. The long MI (mineral insulated) 
cable made of Inconel alloy (about 
13 meters in length) has one of 
its ends getting terminated into 
a connector. This connector is 

SPND Assembly Amplifi er Unit
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situated outside the reactor core in 
terminal block (TB) and hence has 
no fi eld over it. This end could be 
easily handled for any kind of use.

ii. The TB is an easily accessible part 
of flux unit assembly and could 
be used to locate and identify the 
damaged SPND.

iii. A large part of the MI cable is 
situated outside the active core 
and has variable field over it, 
which progressively goes on 
increasing as it approaches the core 
center. However, as theoretically 
predicted and later found during 
actual exercises, the cable was 
fairly ductile and possessed good 
bending properties even after being 
irradiated.

Two alternates were thought of for 
removing the SPND along with cable, 
which are as follows:

• Bending the SPND over a drum 
along with the cable

• Pulling the cable and cutting at 
regular intervals and collecting the 

pieces

On analysis of both schemes, it was 

found that there were chances of 

contamination spreading while cutting 

the wire, with possible problem of 

decontamination later on. Further, 

a proper cutting mechanism has to 

be developed in future. The bending 

scheme was found to be simpler 

and effective, as very few parts were 

involved.

Hence, in view of above that it was 

decided to remove SPND by bending 

it over drum or sheave assembly 

using a remote mechanism. This drum 

or sheave would be contained in a 

container to hold the complete SPND 

assembly in wound condition. This 

arrangement also ensured that in case 

of breakage of SPND during winding 

the items would remain inside the 

canister and not fall apart causing 

widespread contamination. After 

various experiments and various trials, 
it was found that 65 NB (2½”, Sch 40) 
pipe was suitable for fabrication of 

drum. This assembly was contained 
inside a canister made of 150 NB 
(6”, Sch 40) pipe having a length of 
190 mm. The ends of canister were 
capped with two 6-mm-thick plates. The 
complete assembly was made of mild 
steel for the lifting reasons explained 
subsequently.

After the scheme was finalised the 
next job was to design a fl ask around 
the canister. To meet the requirement 
of approximately 7 TVL thicknesses 
and accommodating the canister, the 
diameter of fl ask came out to around 
750 mm. The drum assembly inside the 
fl ask is rotated by means of a handle 
which in-turn is rotated by a pulley and 
rope arrangement. By suitably adjusting 
the length of rope, the operator can stay 
at a safe distance of up to 10-12 metres 
away from the fl ask. Flasks for the work 
were fabricated from outside industry 
and were subjected to radiometry. All 
the grid sections on the fl asks were 
found to be normal and the fl asks were 
cleared for use.

To qualify the process of bending of MI 
cable over the drum, a spare MI cable 
was taken and winding of the same was 
carried out over the drum. The process 
was repeated 2-3 times and it was 
found that the drum radius is suffi cient 
to wind the entire cable and SPND.

Bent SPND on Drum

SPND Removal Cum Shielding Flask



ARTICLESARTICLES

38                                                                         

Hanumant:D:\D\Nu-power sep09 #496\Nu-power496.indd   38

One of the biggest challenges that were 
faced in the exercise was to place and 
hold the fl ask on reactivity mechanism 
deck area. The fl ask after fabrication 
weighed 3.8 tons. To place such a 
heavy fl ask over the reactivity devices 
drive mechanism (1,100 mm in height) 
for almost one hour safely in a stable 
position without needing to disturb any 
drive mechanism and at the same time 
providing proper radiation shielding was 
a big task. To overcome the problem, 
a locally designed platform having a 
length of around 9 metre and 1.5-metre 
width was fabricated out from ISMB 200 
(Indian Standard Beam sections). This 

2.5 TVL) was placed between platform 
and the deck plate. This shield brought 
down the background radiation levels to 
less than 10% of bare (without shield) 
values and contributed in a big way in 
saving valuable man-rem.

The handle rotation was done by 
a single operator placed at a safe 
distance of about 10 metres and was 
also given an additional protection of 
about 1.25 TVL by means of a lead 
brick wall.

Another important area was the visual 
means to conform the actual movement 
of SPND into the flask. For this a 
camera and monitor was arranged with 
monitor placed near the operator and 
was useful for providing visual aids to 
the rope operator.

A full-scale mockup facility was erected 
in Reactor Component Assembly (RCA) 
shop. The complete procedure was 
validated here with actual fl asks and 
MI cable. The same was witnessed 
by AERB and clearance was given for 
further work and necessary training to 
personnel was given here.

Storage
As expounded earlier in the article, the 
mind-boggling fi eld on SPND not only 
posses challenge of its removal but also 
of fi nding a place for its fi nal abode. 
Such high-fi eld wastes are previously 

SPND Removal Arrangement 
in Pump Room

SPND Removal Platform for VFU

platform rested on four 1.8-metre-high 
legs that could be placed anywhere 
across the length of deck area. Further 
to ease the procedures, indexing 
holes were drilled corresponding to 
the position of vertical fl ux monitoring 
unit (VFU) rows (running east-west). 
The fl ask was placed over a particular 
VFU. To provide shielding in area when 
SPND comes out of the core and enters 
the fl ask. The total distance travelled 
by SPND is about 2 metres and takes 
about 10 seconds to travel the distance. 
Due to high fi eld on SPND, signifi cant 
increase in background radiation takes 
place. To avoid this, transit shield (of 
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unheard of and hence no facility is 
available in existing waste-disposal 
facilities. To tackle the problem of 
temporary storage of removed SPNDs, 
a novel idea of using Spent Fuel 
Storage Bay (SFSB) water as shielding 
was used. The scheme involved dry 
storage of SPND bearing canisters in 
SFSB in a stainless steel pipe.

For using above method a 250 NB 
(10”, Sch 40) stainless steel (AISI 304 
L) pipe was used, which is compatible 
with other components of SFSB (liners, 
etc). Further, as water chemistry of pool 
water is maintained to suit SS 304 L 
(stainless steel), the pipe faced no 
corrosion problems. Design calculations 

were done to show that the weight 
of assembly is more than buoyancy 
forces and hence the assembly will be 
stable. Further, proper side anchoring 
was designed to keep the container 
stable during any seismic activity. 
Thus a temporary storage facility was 
fabricated using 8,600-mm-long pipe 
covered at base with a 25-mm-thick 
600x600-mm square SS plate. The 
assembly was lowered in water using 
SFSB crane and tied in its place using 
side supports and 2x10-mm SS 316 
cables. The top of assembly had a 
dumbbell-shaped lead-shielding plug 
having a composite shielding of 300 and 
200 mm of lead connected by an 80-

SPND Transit Storage Assemble in Spent Fuel Storage Bay (SFSB)

SPND Disposal Exercise in SFSB

mm pipe. This plug provided more than 
12 TVL of shielding. Prior to installing 
the assembly in water, radiography and 
liquid penetration test (LPT) of all weld 
joints was done followed by hydro test 
of each assembly at a pressure of 7 kg 
cm-2. 4 such assemblies were installed 
in SFSB-4 and 1 in SFSB-3.

After all these arrangements, another 
scheme was developed to lift the 
active canister from fl ask in SFSB to 
be transferred to the storage container. 
This involved use of an electromagnetic 
tool, which could be operated remotely 
using SFSB 5-ton crane. The visual 
conformation of tool movement is 
ach ieved  t h rough  a  2 - camera 
arrangement located in two different 
planes. The tool operator makes use of 
SFSB 5-ton crane for axial movement 
and a 1-ton electrical hoist for lowering 
of tool with canister inside the storage 
container. For providing radiation 
shielding, a transit shield of 3.5 TVL and 
a lead brick wall of 50 mm thickness is 
used. Further, the operator stays at a 
distance of around 12 metres from the 
canister. The visual conformation is 
done by two cameras and a monitor 
provided for the operator.

The fi rst instance of using the modifi ed 
schemes was done during Biennial 
Shut Down (BSD) of TAPS-4 and 
around 25 SPNDs having field upto 
100,000 rads hour-1 were removed. 
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SPND Cannister Handling Magnetic 
Tool Assembly

The total man-rem consumption was 
planned as 3.5 man-rem, against this 
the total job was completed within 
0.9 man-rem. In TAPS-3 BSD, the 
total work of removal of about 16 
SPNDs having maximum fields of 
about 1,200,000 rads hour-1 were 
removed with even lesser consumption 
of about 0.3 man-rem against planned 
1.4 man-rem. As a self-comparison 
it is mentioned here that first SPND 
removed form TAPS-4 core was done 
with consumption of 0.55 man-rem 
for a single SPND. Presently, half 
that amount is used to remove about 
12-15 SPNDs. The proof of pie is in 
the eating, and numbers convey only 
part of the success story. The whole 
exercise gives a valuable insight into 
the handling of ultrahigh radiation 
field material and its safe disposal. 
It also provided a good experience 
feed back for design improvements 
of such systems, as these are going 
to become part of large-size core 
(700-MWe PHWR), where SPNDs are 
extensively used.

Future Plans
It is planned to further improve the 
procedures and practices, primarily 
by increased automation of various 
steps. Far smaller and lighter flasks 
are already designed and expected to 
be put into use in subsequent removal 
operations in near future. This endeavor 
has helped in saving man-rem and 
given a confi dence of handling such 
typical problems in a professional and 
systematic manner.
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Decontamination of Radioactive Cesium, Strontium and 
Cobalt from Liquid Waste at KAPS – A Plant-Scale Study
S. Venkataraman, O/C, (ESL),  Y.B. Bhatt, Head, WMP, KAPS,  A.G. Hegde, Head, HPD, BARC, P.K. Datta, S.D. KAPS,

Figure-2: A view of fi lter column connected to liquid storage tank
 during plant scale decontamination

Abstract
Radioactive liquid waste is generated 
during the operation and maintenance 
of pressurised heavy water reactors 
(PHWRs). The liquid radioactive  waste 
mainly contains the radio isotopes , 
Tritium      ( H-3), Cesium -134 and 
Cesium -137  ( Cs-134+137), Strontium-
90(Sr-90), Cobalt-60 (Co-60),    Zinc-
65(Zn-65), Mangneese-54(Mn-54), 
etc.

Among these radionuclides, the major 
radioactivity is due to H-3, which is a 
low-energy beta emitter, having the 
average energy of about 6.0 KeV. 
Barring the H-3 activity, the other
important radionuclides, which contribute 
to the radioactivity of the liquid waste, are
Cs-134+137,  Sr -90 and Co-60. 
Generally, low-level liquid waste is 
diluted and then discharged into a 
nearby  wa te r  body  as  per  the 
standard waste management practice. 
If the liquid waste containing these 
radionuclides is discharged into a water 
body, then an accumulation of these
low-level radionuclides may occur 
in the water body, from where these 
radionuclides could enter into the 
aquatic food chain.

To avoid radionuclides entering the 
environment, it is essential to remove 
these radionuclides from the liquid 
waste before dilution to as low as 
practicable (ALAP) level to attain as 
low as reasonably achievable (ALARA) 
environmental radiation exposure after 
dilution.

To achieve this objective, inorganic 
so rben ts  such  as  coppe r  i r on 
hexacyanoferrate-II (CuFe-HCF)-coated 
acrylic fi bers were prepared and used 
for the removal of Cs-134+137 and 
manganese dioxide-coated acrylic fi bers 
were prepared and used for the removal 

of both Sr-90 and Co-60. To validate the 
removal of all these radionuclides by 
using chemically coated acrylic fi bers, 
a plant-scale study was undertaken 
at Kakrapar Atomic Power Station 
(KAPS).

CuFe-HCF-coated acrylic fibers (5 
kg) and MnO

2-coated acrylic fibers 
(2 kg) were packed in a cylindrical 
vessel made of carbon steel having the 
capacity of 130 litre. Inside the vessel, 
these chemical-coated fi bers were kept 
in between blank acrylic fi ber beds (each 
1 kg), henceforth referred to as fi lter 
column.  Liquid waste was made to pass 
through the fi lter column through the 
inlet from top to bottom. After removal 
of these radionuclides, the liquid at the 
bottom of the vessel was made to pass 
through the outlet at the top. The fi lter 
column thus made was connected to the 
tank containing the liquid waste (4000 
litre). The liquid waste was then passed 
through the fi lter column at the fl ow rate 
of 20 litre per minute using pump. On 
one complete circulation of the total 

volume of the liquid waste, about 65% 
of the gross beta activity was removed 
and after twelve complete circulations, 
about 80% of the gross beta activity 
was removed. Radionuclides such as 
Cs-137, Cs-134, Co-60 and Sr-90 were 
removed to the extent of about 56%, 
53%, 53% and 95% respectively on one 
complete circulation of the liquid waste 
through the fi lter column.

On 12 complete circulations, about 80% 
of Cs-137 and Cs-134 were removed 
from the liquid waste; however, further 
removal of Co-60 and Sr-90 was not 
observed. The details of the experiment 
conducted at KAPS and results obtained 
are discussed in the article.

Introduction
At KAPS, two units of PHWRs are 
operating since the year 1994. Liquid 
waste is generated during operation 
and maintenance of these reactors. 
This liquid waste contains radionuclides 
such as H-3, Cs-134+137, Sr-90, Co-
60, Zn-65, Mn-54, etc.  Among these 
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Figure-1: Filter Column

radionuclides, H-3 is a low-energy beta 
emitter having average energy (Eavg.) of 
about 6 keV, which contributes major 
radioactivity to the liquid waste. Barring 
H-3 activity, among the remaining 
radionuclides, Cs-134+137 contributes 
more than 90% of the total activity of the 
liquid waste. Low levels of Sr-90 and 
Co-60, which have greater signifi cance 
as radiological hazards, are also present 
in the liquid waste.

Controlled discharges of low-level liquid 
waste, containing these radionuclides, 
from KAPS into Moticher lake water are 
being routinely carried out in accordance 
with the technical specifications of 
KAPS. The discharged radionuclides 
have the potential to migrate through 
water and aquatic food chain, possibly 
resulting in radiation exposures of 
the public, which presently, however 
has been found to be well below the 
permissible limits. However, with a 

view to achieving further reductions 
in possible public exposures, it may 
be feasible to examine ways for the 
removal or reduction in the levels of 
the significant radionuclides present 
in the liquid waste contributing to such 
exposures.

I n  v i e w  o f  t h i s ,  a n  a t t e m p t 
was  made a t  KAPS to  remove 
mainly Cs-134+137,  Sr-90,  and
Co-60 from the liquid waste to ALAP 
level to attain ALARA environmental 
radiation exposure using copper iron 
hexacyano ferrate (CuFe-HCF)-coated 
acrylic fi bers and MnO2-coated acrylic 
fi bers as sorbents. The details of the 
plant-scale study conducted and the 
results obtained are discussed in this 
article.

Materials and Method
Removal of radiocesium from the liquid 
waste using copper iron hexacyano 
ferrate-II (Cu Fe-HCF)-coated acrylic 
fi bers has been reported (Venkataraman 
et al., 1997, 1999). Removal of radioactive 
strontium and cobalt using manganese 
dioxide (MnO2)-coated acrylic fi bers has 
also been reported (Venkataraman et 
al., 2004, 2005). Preparation of CuFe-
HCF-coated acrylic fi bers, characteristic 
sorption properties and ion exchange 
capacity of CuFe-HCF to sorb cesium 
and decontamination study of cesium in 
a laboratory and plant scale have been 
documented (Venkataraman, 2006). 
The preparation of MnO2-coated acrylic 
fi bers, characteristic sorption properties 
and sorption capacity of MnO2 to sorb 
both strontium and cobalt have also 
been documented (Venkataraman, 
2006). The same inorganic sorbents-
coated acrylic fi bers, referred to above 
were used to remove Cs 134+137, Sr-90 
and Co-60 from the liquid waste in the 
present study.

Description of Filter 
Column
A typical vessel made of carbon steel 
used for holding chemical-coated acrylic 
fibers is shown in Figure-1. Inside 
the vessel, 5 kg of CuFe-HCF-coated 

acrylic fi bers and 2 kg of MnO2-coated 
acrylic fibers were packed as filters. 
Both the chemical-coated acrylic fi bers 
were separated by 1 kg of blank acrylic 
fi bers and covered both at the top and 
bottom by 1 kg of blank acrylic fi bers. A 
schematic arrangement of the chemical-
coated acrylic fi bers, which were packed 
inside the vessel as fi lters, is also shown 
in Figure-1.  Thus, a vessel containing 
acrylic fi bers was prepared, which is 
referred to as ‘fi lter column’ in the text. 
The fi lter column was connected to the 
liquid waste storage tank as shown 
in Figure-2. The liquid waste from the 
storage tank was made to pass through 
the fi lter column using a pump.

Experiment
The total volume of the liquid waste in 
the storage tank was found to be about 
4 m3. The pH and electrical conductivity 
of the liquid waste were measured 
and found to be 6.85 and 937 μS/
cm respectively. Before passing the 
liquid radioactive waste through the 
fi lter column, the initial composition of 
the liquid waste was determined. The 
activity of Cs-134+137 and Co-60 were 
measured by gamma spectrometry 
using HPGe detector connected to 
Multi channel Analyzer (MCA). An 
analysis of Sr-90 content of the liquid 
waste was carried out by radiochemical 
separation and counting of Y-90 activity 
by low-background beta counter. The 
background radiation level on the fi lter 
column was measured using μR digital 
survey meter and it was found to be ≤ 
0.2 mR/h.

The liquid waste was passed through 
the fi lter column with the fl ow rate of 20 
lit/min. Initially, an attempt was made 
to assess the performance of the fi lter 
column by collecting few samples from 
the outlet of the fi lter column before the 
completion of one full circulation of the 
total volume of the liquid waste. The 
liquid waste samples were collected 
from the outlet of the filter column 
before it reaches the storage tank on 
circulation. The results of the outlet 
samples are given in Table-1. Then on 
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completion of each circulation of the 
total volume of the liquid waste, samples 
were drawn from the inlet of the fi lter 
column before starting the experiment 
on each day. The inlet samples collected 
after each full circulation were analysed 
for their composition and the results are 
given in Table-2. The same samples 
were analysed for gross beta activity. 
The results are given in Table-3.

Results and Discussion
From the results given in Table-1, the 
sorption effi ciency of the fi lter column 
for radiocesium was found to be 99.5%. 
On passing more liquid waste to the 
fi lter column, sorption effi ciency of the 
fi lter was gradually decreasing to 91.6% 
in the third outlet sample. Sorption 
effi ciency of the fi lter column for Co-60 
was found to decrease from 75% to 
69%. From the results it was observed 
that the filter column was working 
satisfactorily.

From the results given in Table-2, it 
was observed that on one complete 
circulation of liquid waste through fi lter 
column, the individual radionuclide 
such as Cs-137 and Cs-134 were 
removed to the extent of 56% and 53% 
respectively. The decontamination 
factor (DF) for Cs-137 and Cs-134 was 
found to be 2.3 and 2.1 respectively. 
On six complete circulation of liquid 
waste, about 10% more removal of Cs-
137 and Cs-134 was noticed, but on 
twelve complete circulation about 80% 
Cs-137 was removed from the liquid 
waste. Corresponding to the placement 
of CuFe-HCF- and MnO2-coated acrylic 
fibers inside the filter column, the 
gamma radiation level on the outside 
surface of the fi lter column varied from 
5 to 25 mR/h.

Initial activity of Co-60 and Sr-90 in the 
liquid waste was found to be very less as 
compared to Cs-137 activity. After one 
circulation, the removal of Co-60 and 
Sr-90 from the liquid waste were found 
to be about 53% and 95% respectively. 
The decontamination factor for Co-60 
and Sr-90 were found to be 2.2 and 18.8 

respectively. On further recirculation, 
removal of these radionuclides was not 
observed.

From the results given in Table-3, it was 
observed that about 65% of the gross 
beta activity was removed from the liquid 
waste on one complete circulation with 
DF of 2.8. The same activity removal 
was noticed even after six circulations. 
Finally, at the end of twelve circulations 
about 80% removal of gross beta activity 
was observed with the DF of 4.9.

Conclusion
While passing the liquid waste through 
the fi lter column, it was observed that 
maximum radioactivity was removed in 
one complete circulation. To achieve 

more removal of radioact ivi ty in 
one complete circulation, two filter 
columns can be used in series. Thus, 
radionuclides such as Cs-134+137, Co-
60 and Sr-90 found in the liquid waste 
can be converted to solid radioactive 
waste by the inorganic sorbent, which 
were used as fi lter in this experiment. 
The solid waste thus generated can 
be disposed of as per the waste 
management practice followed for 
other solid radioactive waste generated 
in PHWRs. By removing radioactivity 
from the liquid waste, the radionuclide 
level in liquid waste can be reduced 
to ALAP levels to attain ALARA 
environmental exposure to the general 
public.

Table-1: Results of Initial Performance of the Filter Column

(Flow rate: 20 l/min, pH: 6.85 and Conductivity: 937 μS/cm)

Sample 
description

Radion-
uclide

Activity (Bq/l) % Sorption
effi ciency of
CuFe-HCF/
MnO2 fi bers

DF
(Deconta-
mination 
Factor)

Before 
passing

After 
passing

Outlet-1
16:15 hrs
March 13, 2007

Cs-137
Cs-134
Co-60

11406
2033
71

53
10
18

99.5
99.5
75.0

215
203
3.9

Outlet-2
10:30 hrs
March 14, 2007

Cs-137
Cs-134
Co-60

11406
2033
71

714
144
22

93.7
92.9
69.0

16
14
1.2

Outlet-3
11:30 hrs
March 14, 2007

Cs-137
Cs-134
Co-60

11406
2033
71

828
170
22

92.7
91.6
69.0

14
12
1.2

Table-2: Results of Decontamination of Individual Radionuclide after 
Passing Through Filter Column on Complete Circulation

(Flow rate: 20 l/min, pH: 6.85 and Conductivity: 937 μS/cm)

Description 
of sampling

Radionuclide
Activity 
(Bq/l)

% Sorption
effi ciency of
CuFe-HCF/
MnO2 fi bers

DF
(Decontamination 
Factor)

Initial activity 
of liquid waste

Cs-137 11406 - -

Cs-134 2033 - -

Co-60 71 - -

Sr-90 18.8 - -

Activity of 
liquid waste 
after one 
circulation

Cs-137 4981 56.3 2.3

Cs-134 949 53.3 2.1

Co-60 33 53.5 2.2

Sr-90 1.0 94.7 18.8
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Description 
of sampling

Radionuclide
Activity 
(Bq/l)

% Sorption
effi ciency of
CuFe-HCF/
MnO2 fi bers

DF
(Decontamination 
Factor)

Activity of 
liquid waste 
after six 
circulation

Cs-137 3838 66.3 3.0

Cs-134 724 64.4 2.8

Co-60 35 50.7 2.0

Sr-90 - - -

Activity of 
liquid waste 
after twelve 
circulation

Cs-137 2141 81.2 5.3

Cs-134 421 79.3 4.8

Co-60 35 50.7 2.0

Sr-90 - - -

Table-3: Result of Decontamination of Gross Beta Activity after Passing 
Through Filter Column on Complete Circulation

(Flow rate: 20 l/min, pH: 6.85 and Conductivity: 937 μS/cm)

Sample description
Gross beta 
activity 
(Bq/l)

% Sorption
effi ciency of
CuFe-HCF/
MnO2 fi bres

DF
(Decontamination 
Factor)

Initial activity of liquid waste 15.8 - -

Activity of liquid waste after 
one circulation

5.6 64.6 2.8

Activity of liquid waste after 
six circulation

5.6 64.6 2.8

Activity of liquid waste after 
twelve circulation

3.2 79.7 4.9
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Research published by the BirdLife 
Partnership in the journal Biology 

Letters has discovered a second 
veterinary drug causing lethal effects 
in Asian vultures, adding further 
pressure to already beleaguered vulture 
populations.

For every 1,000 White-rumped Vultures 
Gyps bengalensis occurring in southern 
Asia in the 1980s only one remains 
today because of the lethal effects of 
diclofenac - a drug used to treat livestock 
- on vultures. Alarmingly, researchers 
looking into safe alternatives have 
now identifi ed that a second, livestock 
treatment in Asia - ketoprofen - is also 

of these magnifi cent birds is staggering. 
For White-rumped Vultures, for every 
two birds alive last year, one will now 
be dead, and this is all because of 
the birds' inability to cope with these 
drugs in livestock carcasses, the birds' 
principal food source."

He added, "Everyone interested in 
conservation, quite rightly knows about 
the plight of India's tigers, but in the 
race towards extinction the vultures will 
get there far sooner!"

Dr Vibhu Prakash, Director of the 
Vulture Programme of the Bombay 
Natural History Society in India, added, 
"Only meloxicam has been established 
as a safe alternative for vultures, while 
at the same time being an effective 
drug for treating cattle. We would like 
to see other safe alternatives, but it 
should be the responsibility of the Indian 
pharmaceutical industry to test these to 
determine their safety to vultures."

The research, published in the Royal 
Society journal Biology Letters, shows 
that ketoprofen is lethal to the birds in the 
dosages that would be administered to 
livestock to reduce pain and swelling of 
those animals suffering from rheumatism 
or arthritis. Worryingly, researchers 
have already recorded the drug in one 

in 200 carcasses in southern Asia, with 
70% of those occurring in potentially 
lethal concentrations.

The authors add that ketoprofen could 
already be contributing to further 
declines of the remaining vulture 
populations caused by diclofenac, 
and this is a trend likely to increase 
if ketoprofen replaces diclofenac. In 
addition to ketoprofen and diclofenac, 
other non-steroidal anti-infl ammatory 
drugs sold by veterinary pharmacies 
for treating livestock include meloxicam, 
phenylbutazone, analgin, nimesulide, 
flunixin and ibuprofen. Just three of 
these have been tested to determine 
their effects on vultures. Diclofenac 
and ketoprofen cause lethal kidney 
failure and only meloxicam is known 
to be safe.

The RSPB and the UK Government's 
Darwin Initiative have been the main 
funders of research to f ind safe 
alternative drugs and to measure 
levels of diclofenac contamination 
in  the env i ronment ,  as  wel l  as 
in partnership with the Indian and 
Nepalese governments supporting 
construction and running costs of the 
vulture breeding centres.

[Source : Birdlife International, 
printed by permission

Second blow for Asian vultures

The discovery of a second toxic drug is another blow to Asian vultures 
Pic : J. C. Eames, rarebirdsyearbook.com

“Everyone.. knows about 
the plight of India's tigers, 
but in the race towards 
extinction the vultures 
will get there far sooner!”
Richard Cuthbert, RSPB
(BirdLife in the UK)

lethal to the birds. Vultures feeding 
on the carcasses of recently-treated 
livestock suffer acute kidney failure 
within days of exposure.

Following this discovery, the RSPB, the 
Bombay Natural History Society and 
Bird Conservation Nepal - (BirdLife in 
the UK, India and Nepal) - are calling for 
tighter controls on the use of this second 
drug in veterinary use in southern 
Asia. The organisations are keen to 
see the promotion of drugs that are 
safe, and currently the only similar 
livestock treatment known to have 
no harmful effects on the continent's 
vultures is meloxicam. Meloxicam is 
no longer under patent and is currently 
manufactured by at least 20 companies 
in South Asia.

R ichard  Cuthber t  o f  the  RSPB 
said, "From millions of individuals 
in the 1980s, vultures have simply 
disappeared from large swathes of 
India, Pakistan and Nepal and at least 
three species have been brought to the 
brink of extinction. The rate of decline 
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Kaiga Generating Station (KGS), 
one of NPCIL’s power plant sites, 

is located in the picturesque location 
of Sahayadri hills in India’s Western 
Ghats. The site has four units each 
of 220-MWe Pressurised Heavy 
Water Reactors (PHWRs). The site is 
surrounded by hills all around, making 
it a sort of bowl and river Kali fl owing 
in the midst of the bowl.

The site is located in the dense forest 
area and due care had been taken 
to ensure that the cutting of trees 
is limited to only at required places 
rather than the full site area. Since 
during the construction of the plant 
and the township, a number of trees 
had to be cut; fi ve times the number of 
trees cut were planted in the available 
surrounding area, thereby further 
increasing the tree density in the 
area. Any person coming to Kaiga 
is fascinated by the scenic view of 
gigantic trees, thick forest of bamboos, 
steep valleys and high mountain hills. 
The journey by train in Konkan rail is a 
pleasure we all know. The area is in the 
neighbourhood of the well-known Anshi 
National Park, which has a rich forest 
and wildlife population. The park has 
a number of bisons, apart from other 
wild animals.

With such a rich forestation, it is but 
natural to have a number of animals 
and birds living in the area. Kaiga 
employees saw this as challenge and 
soon formed a nature club – Kaiga 
Nature Club – whose work is to keep 
the area clean and to work for ensuring 
its continued neutrality. The club carries 
out its activities of arranging awareness 
programmes in the villages on topics 
such as the illegality of hunting, cleaning 
of hills after some of the festival ‘yatras’, 
conducting trekking programmes, etc.

The NPCIL’s Environmental Stewardship 
Programme (ESP) has always helped 

the club members in carrying out 
various activities. Recently, a trip was 
arranged to Benikery Falls, about 30 
kilometers from the Kaiga township, 
which has a round-the-year waterfall- 
in the midst of the Kali river catchment 
area. In this context, NPCIL’s ESP 
programme becomes more signifi cant 
as it aims for the following.

• Conservat ion of biodiversi ty, 
especially the avian fauna.

• Training volunteers at NPCIL’s 
stations/projects in basic ornithology 
and conservat ion and make 
them site support groups in such 
activities.

 Conducting public awareness 
campaigns.

Keeping in mind the above goals, the 
Environmental Stewardship Programme 
at Kaiga started with a workshop 
conducted by Kaiga with the support 
from Bombay Natural History Society 
(BNHS) during November 12-14, 2006. 
The workshop was coordinated by 
NPCIL headquarters. A presentation 
was made by Kaiga personnel about 
the existing fl ora and fauna of the area, 
the works being done by Kaiga Nature 
Club, etc. About 25 persons from KGS 
state forest department, representatives 

from Marine Biology Center, Karwar, 
and volunteers from the local areas, 
participated in the workshop.

The workshop mainly focused on 
avian fauna. The lectures by Dr. A.R. 
Rahmani and Mr. Prashant Mahajan 
were enlightening. Anshi National 
Park and the paddy fields of Halga 
and Ulga were selected for fi eld study. 
Bird counting methodology like Line 
Transect method and Point Count 
method were demonstrated during 
the fi eld study. The SWOT (Strength–
Weakness–Opportunities–Threats) 
analysis introduced by Mr. Prashant 
Mahajan, Scientist, BNHS, was a new 
experience for the participants, and the 
lectures by him and Dr. A.R. Rahmani 
were enlightening.

Wi th  the act ive  suppor t  o f  the 
management, volunteers from Kaiga 
carried out the following conservation 
efforts:

• Bird watching in and around the 
plant site and reporting signifi cant 
sightings there of.

• Migrant bird watching and recording 
the data during the months of 
August-May every year.

• Monitoring of butterfly and moth 
population in and around the plant 

ESP Activities at Kaiga 1-4
K. Puttaraju, SO/C, Technical Unit, KGS 1&2

Panoramic View of Kaiga 1-4 Station
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Shri. K. Puttaraju, 

S O / C ,  T U , 

KGS 1&2, Vice 

P r e s i d e n t  o f 

Anshi Naturalist 

Society, Amateur 

Naturalist/Wildlife 

Photographer, 

An Mountaineer 

Participated Successfully in 2nd DAE 

Mountaineering Expedition to Ruinsar 

tal region for 40 days. Actively engaged 

in Birds, Insects, Floral studies in and 

around Kaiga Karwar and Anshi National 

Park area. Taken in to consideration of his 

studies and base line data on around 140 

varieties of Birds, 58 variety of Butterfly, 

54 varieties of Insects many varieties 

of plants and wild flowers like Vanda, 

Drosera, orchids, Puffball (Lycoperdon 

giganteum, Acer (Maple), Mangroves, 

Lichens, Algae, Fungus etc., of kaiga region. 

Mangalore University Department of Bio 

Sciences, recommended his nomination as 

consultant for the ongoing research project. 

Accordingly Shri. S.G.Ghade, ED(R&SA) 

had put up a photographic exhibition 
on “Birds of Kaiga” on the occasion of 
Independence Day, in the year 2008. 
He also put up another photographic 
exhibition on “The Butterfl ies of Kaiga’’ 
at AECS school during the student’s 
science exhibition held in July 2009.

In addition to the above activities, 
Kaiga 1-4 has carried out several 
other environmental activities like tree 
plantation, organi organising lectures by 
academicians, releasing fi sh seedlings 
into the Kali river, etc. Kaiga Nature 
Club has been organising a number of 
activities, such as trekking programmes 
in nearby areas, short expeditions by 
cycle by township residents, a trip to 
Karwar lighthouse, etc. These activities 
have brought the township residents 
close to nature and have taught them 
to protect nature and the wildlife.

site and township.

• Enhancement of fi sh population in 
Kali river.

• Public awareness campaigns.

Kaiga ESP volunteers conducted a 
bird survey in the exclusion zone of 
Kaiga 1-4 on June 12, 2007, under the 
leadership of Mr. Parag Ranganekar, the 
author of “A Catalogue on the Birds of 
Goa”. Mr. Parag is presently employed 
with the Mineral Foundation of Goa as 
Programme Offi cer, Environment.

Migrant bird watching was also started in 
the same year. Mr. K.V. Rajeev, HWM, 
KGS-1&2, is leading the migrant watch 
programme at Kaiga. The migratory birds 
start coming in the last week of August 
and stay up to May-end. So far, ESP 
volunteers have recorded the arrival 
time of Common Swallow (Hirundo 
rustica), Red-rumped Swallow (Hirundo 
daurica), Yellow-throated Sparrow 
(Petronia xanthocollis), Blue-capped 
Rock Thrush (Monticola cinclorunchus), 
White Wagtail (Motacilla alba) and Grey 
Wagtail (Motacilla cinerea). This year, 
with the fi rst time sighting of Lesser-
Adjutant Stork (Leptoptilos javanicas) 
around township, ESP volunteers are 
more excited to look for further migrant 
species and its arrival time in the 
coming years.

ESP volunteers have already spotted 
Indian Moon Moth (Actias selene) in 
the township. The following butterfl ies 
were found to exhibit site fi delity in the 
Kaiga exclusion zone.

• Blue Oak Leaf

• Common Grass Yellow

• Mottled Emigrant

• Common Jezebel

• Common Mormon

ESP volunteers have so far conducted 
several public awareness campaigns, 
like forest walk, village awareness 
programmes for school children, Kali 
river expedition and avian fl u survey 
around the Kaiga region.

Mr. K. Puttaraju, SO/C, Technical Unit, 
KGS-1&2, one of the ESP volunteers, 

NPCIL Mumbai has nominated him as 

consultant. His fi rst Photography Exhibition 

“Glimpses of Mountaineering experience” 

was inaugurated by the present Director 

(Operations) Shri. Nageshwar Rao in 2003 

in Kaiga KPERC. He regularly writes article 

on birds, Butterfl y, plants & insects in leading 

Daily’s like The Hindu, Deccan Herald in 

English and Kannada article to  Prjavani 

(Deccan Herald Group), Udaya Vani(Manipal 

Group), Samyktha Karnataka and Monthly 

publication like Sudha (Deccan Group) 

Kasturi(Samyktha Karnataka Group)and 

Write article in Sanskrit to Sambhashana 

Sandesh(Only Sanskrit monthly published 

from Bangalore)  more over his regular 

article with  cover and back cover photo 

to Anusanket  is known very well to kaiga 

fraternity,  (A house magazine of KGS) He 

participated for monitoring of birds of kaiga 

region and given good inputs to Migrant 

Watch. Some of the very rare sighting of 

Lesser Adjutant declared as vulnerable 

species and Osprey a birds of prey only 

one species is known to the world. Which is 

a winter   Migratory is sighted in kaiga and 

regularly monitored and its fi nding have been 

sent to   Birdlife international and IUCN. His 

photograph of Southern Bird wing a largest 

among Indian Butterfl y have been selected 

by Centre for Environment Education for 

the field guide book on Bhadra Reserve 

National Park.  To create awareness among 

tribal and village school children On regular 

basis on the  week ends 2nd Saturday visit 

Hartuga, Virje, Shigekeri, Bare, Honnekoppa, 

Timmani Irpage, Mallapur, Kurnipet, Kadra 

School and Exhibit Birds photographs, 

Slide show, PowerPoint presentation and 

brief them how to identify birds by its call, 

It’s importance in nature & protection of 

wildlife were conveyed.  Enclosed letter from 

Principal AECS   refl ects the enthusiasm and 

activities of  Shri. Puttaraju.K. 
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Oriental White Ibis (Black-headed Ibis)

Scientifi c Name: Threskiornis melanocephalus

IUCN Red-List Category: Near Threatened

Physical Characteristics

Oriental White Ibis is a large bird of 
75-cm height. It is a snow-white 

ibis with darkhead and dark legs. Its 
stout, long and down-curved black bill 
is distinctive even during fl ight. A blood-
red scarlet streak is visible under the 
wings during fl ight. The bare-headed 
ibis develops ornamental plumes at the 
base of neck has also some grey on 
scapulars and the wings. The juvenile 
has dark facial skin, grey neck and pale 
grey legs. Both sexes are alike. Oriental 
white ibis prefers inland marshes, jheels, 
paddy fi elds, along rivers, and also in 
mangroves, tidal creeks, mudfl ats, etc. 
Ibises often form large flocks, which 
may include other species fl ying from 
one place to other for foraging. It is a 
sight to behold when they cover the 
whole sky as they return in the evening 
for roosting.

Distribution
Oriental White Ibis is spread in a range 

of about 1,560,000 km2, including in 

Japan, China, Hong Kong, Pakistan, 

Nepal, India, Sri Lanka, Bangladesh, 

Myanmar, Phil ippines, Thailand, 

Vietnam, Cambodia and Indonesia.

Its global population is estimated to 

be about 20,100.  It is a resident and 

locally migratory bird found throughout 

the Indian subcontinent.

All nuclear power plants in India are 

within its distributional range. Large 

flocks of Oriental White Ibis can be 

seen within the Exclusion Zone of 

Rajasthan Atomic Power Station. It has 

been reported at all the stations or their 

neighbourhood.

Food
Oriental White Ibis is diurnal and feeds in 
groups often mixed fl ocks. It walks about 
the marshy land probing actively with 
its bill. Like other ibises and spoonbill, 
Oriental White Ibis also feed with the 
sense of touch rather than seeing. It 
uses its bill probing the soft mud with 
partly open mandibles of its bills.

Breeding
The nesting season of Oriental White 
Ibis lies between June to August in north 
India and November to February in the 
south. The nest is made on tall trees 
near or in water, often close to villages. 
The platform-type nest is made using 
sticks, vegetation, etc.

It lays 2-4 eggs blue-green in colour. 
Both parents share the parental 
responsibilities.

Threats
Major threats faced by the bird include 
a combination of factors like habitat 
destruction due to drainage, pollution, 
conversion to agriculture and other 
anthropogenic pressures. Disturbance 
to foraging and breeding colonies, 
collection of eggs and nestlings, etc. 
has also contributed to its population 
decline.

Late Shri A.I.Siddiqui, 
Ex - Secretary,

Environment 
Stewardship 
Programme

Know this Species
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REPORTSREPORTS Technical Showcase

Indian Nuclear Industry Showcased
at Expositions Home and Abroad

NPCIL Participates in India Expo in Kazakhstan

Nuclear Power Corporation of India Limited (NPCIL) 
participated in India Expo exhibition at Almaty, Kazakhstan, 

organised by India Trade Promotion Organisation (ITPO) 

during May 21-23, 2009.  It was a B2B event.  Mr. K.P. Dwivedi, 
Associate Director (RC) and Mr. M.K. Kannan, Associate 
Director (Business Development), showcased NPCIL at this 
exhibition, which attracted visitors representing several players 
in the fi eld, including academicians and business planners. 
NPCIL’s achievements in siting, design, construction, 
operation, maintenance, life management etc. of small- 
and medium-sized pressurized heavy water reactors were 
highlighted. In the exhibition, many offi cers from organisations 
like Kazatomprom, Chamber of Commerce & Industry, 
Institute of Nuclear Physics, National Scientifi c Laboratory 
and students from Technical University showed keen interest 
in nuclear power and appreciated the achievements and role 
of NPCIL in promoting nuclear power.

The foreign visitors in discusses with Shri N. Nagaich, AD (CP & CC) 
on NPCIL export model of 220 Mwe / 540 Mwe PHWRs.

Dr. Nirupama Rao, the then Ambassador Indian Embassy in 
China & currently Foreign Secretary, Government of India, visitis 

stall of NPCIL. Shri N. Nagaich AD (CP&CC) and 
Late Shri Siddiqui, EX- DGM (CC) presenting NPCIL details.

NPCIL Capabilities Show Case at IAEA Ministerial conference, Beijing

One of the visitors entering his remarks in the visitors’ book

NPCIL participated in an exhibition on nuclear energy 
at Beijing, China in April 2009. This exhibition was 

held concurrently with International Ministerial Conference 
on Nuclear Energy in the 21st Century at the same venue, 
organised by International Atomic Energy Agency (IAEA) and 
hosted by Government of the People’s Republic of China 
through China Atomic Energy Agency during April 20-22, 
2009. The NPCIL pavilion showcased India’s nuclear power 
programme strategies, progress, status, future prospects 
and industrial capabilities, including the export potential of 
PHWRs. A large number of participating delegates visited 
the stall. The visitors included ministers, heads of atomic 
energy departments, academicians, representatives from 
research institutes, industry representatives, etc. There were 
wide-ranging technical questions regarding the Pressurised 

Heavy Water Reactor (PHWR) features, including material 
selection, performance and good practices in Indian reactors, 
safety, human resource development, especially the training 
and licensing process, and economics. They had a high 
appreciation for India’s achievements in atomic energy. A 
large number of visitors including those from Egypt, Jordan, 
Sri Lanka, Chile, Brazil, etc. showed keen interest in the 
220-MWe PHWR and also enquired in-depth about the 
progress in fast breeder reactor technology, advanced heavy 
water reactor (AHWR) and thorium utilisation programme. 
The AHWR technology, in fact, fascinated many of the 
visitors. The effort went a long way towards marking NPCIL’s 
presence in international forum and  reaffirming India’s 
prowess in nuclear power.

[Source:Bhart Bhusan]
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Shri Bhart Bhusan, AM (CC) welcoming Dr. A. Kakodkar, Ex.Ch. 
AEC, Ex. Sec. DAE at NPCIL stall Students explaining about reactor model to the dignitaries.

Public Awareness Exhibition at Science College, Latur

On the occasion of Dr. Homi Bhaba birth centenary 
celabrations, Bhabha Atomic Research Centre (BARC) 

and Dayanand Science College, Latur, jointly organised a 
symposium during May 23-25, 2009 at Latur. The theme of the 
symposium was ‘Nuclear Energy for National Development’.
NPCIL participated in the symposium and set up a public 
awareness exhibition on India’s nuclear power programme by 
displaying about 40 display panels and an impressive working 

NPCIL participated in “AtomExpo-2009” exhibition 
organized by ROSATOM during 26th to 28th May 2009 

at Expocentre, Moscow. The exhibition was concurrent to the 
International congress on “Development of Nuclear Power 
in Financial Crisis”. All leading global industries, equipment 
manufacturing, engineering and nuclear service providers 
participated in the event. NPCIL pavilion was visited by a large 

Npcil Participation in Atomexpo-2009 Moscow 26 - 28 May 2009

Dr S K Jain, CMD, NPCIL & BHAVINI 
answering to the querries of Russian media 

and visiting delegates at NPCIL's Stall

Shri N Nagaich, Associate Director (CP&CC) 
discussing with visiting delegates at NPCIL stall

Dr S K Jain, CMD, NPCIL & BHAVINI at 
International congress on “Development of 

Nuclear Power in Financial Crisis”

number of visitors from many countries. Many visitors showed 
a keen interest in Indian Nuclear power programme especially 
the three stage programme, FBR and use of Thorium, light 
water reactor programme based on international co-operation, 
human resource development and training. NPCIL’s plan and 
initiatives on management of diverse technologies, future 
expausing plans of Indian Nuclear Power Programme etc.

model of reactor building and PHWR fl ow diagram. About 16 
science students were trained as volunteers for the exhibition. 
Mr. S.V. Patil and Mr. Bharat Bhushan were present from 
NPCIL’s side to organise this exhibition.

The exhibition was inaugurated by Dr. Anil Kakodkar, 
Ex-Chairman of AEC.
Around 1000 visitors like students, professors and citizens of 
Latur city and nearby villages visited the exhibition. 
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Shri C.B. Jain Project Director, Jaitapur, 
breifi ng to Mr. A. Kadkodkar Ex Ch. AEC & Sec. DAE Deligates visiting the NPCIL stall 

Seminar / Workshop

NPCIL have been participating in various exhibitions at 
local, national and international level as a part of the 

company’s communication strategies to disseminate authentic 
information on nuclear power and NPCIL. During 22-25 May 
2009, the company has participated in the exhibition ‘Disha 
2009 Career Expo’ held at Ratnagiri. Famous Industries, 
reputed educational institutes and education related 
companies also participated in the above exhibition. It was 
well used as a platform for the public awareness activities on 
nuclear power, in particular Jaitapur Nuclear Power Project 
(JNPP) which is under progress. Though the target audience 
were students, a wide range of population from farmers to 

NPCIL participation in Disha 2009 Exhibition, Ratnagiri 22-25 May 2009

industrialists also visited NPCIL stall. On an average, per day, 
about 200 visitors witnessed NPCIL stall and were informed 
about nuclear technology and the general activities of NPCIL 
and DAE. The exhibition provided an opportunity to directly 
communicate the local public about JNPP. A lecture on 
careers in nuclear technology by Mr. S.P. Dharne, Associate 
Director was well received by the audience. More than 400 
people attended this interactive and interesting session. The 
exhibition was inaugurated by Mr.Jindal, Jindal group of 
companies. Dr. Anil Kadkodkar, Ex- Chairman, AEC, the chief 
guest of the function.

[Inputs from NPCIL, HQ, News Desk]

NPCIL Technical and scientifi c displays 
at Vigyan Bhawan

On occasion of three-day International Conference on 
Peaceful Uses of Atomic Energy held on September 

29 to October 1, 2009 at Vigyan Bhawan, New Delhi, NPCIL 
showcased technical and scientifi c displays at its pavilion. A 
large number of delegates visited the NPCIL stall and enquired 
about the various aspects of Indian Nuclear Power Programme. 

NPCIL showcased various interactive panels and working 
model of 220 MWe PHWR. The exhibition was inaugurated by 
Dr. Anil Kakodkar, Ex Chairman, Atomic Energy Commission 
and Secretary, Department of Atomic Energy.

[NPCIL, HQ, News Desk]

Visitors at NPCIL Stall. View of NPCIL Pavilion. 
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Vigilance Seminar at MAPS

A one-day vigilance seminar was conducted at Madras 
Atomic Power Station (MAPS) on 29th June, 2009. Forty 

offi cers from MAPS participated in the seminar. The seminar 
commenced with a welcome address by Mr. D. Rajendran, 
Vigilance Offi cer, MAPS, followed by the formal inauguration 
by Mr. K. Ramamurthy, Station Director, MAPS. Mr. Sushil 
Chandra, Chief Vigilance Offi cer, was the chief guest and he 
explained the participants the important aspects to be taken 
care while executing purchase- and works contracts. The 
seminar included presentations on “common irregularities 
observed in NPCIL works contracts” by Mr. S.G. Galgali, DGM 
(Vigilance Tech.), and “an introduction to vigilance and case 
studies” by Mr. A.K. Gupta, CE (Vigilance). 

[D. Rajendran, Vigilance Offi cer, MAPS]Mr. K. Ramamurthy, Station Director, MAPS,
 delivering the inaugural address

Safety Seminar ‘SHAN-2009’ Organised at KKNPP

A safety seminar – ‘‘SHAN-2009: a seminar on Safety and 
Health at Nuclear sites’’ was organised at Kudankulam 

Nuclear Power Project (KKNPP) on April 4, 2009. The aim of 
the seminar was to inculcate awareness about development of 
safety culture with specifi c stress on Behaviour-Based Safety 
(BBS) approach among the line managers of NPCIL as well 
as those of the contractor partners working at KKNPP.

This seminar was jointly organised by the Civil group and 
Industrial Safety groups of KKNPP commemorating 60 years 
of the Factories Act, 1948.

The experts who were invited for the talks on the occasion 
were Mr. R. Bhattacharya, Head (IPSD), AERB; Mr. S.G. 
Darvekar, Deputy DG, Directorate General of Factories 
Advisory Services and Labour Institutes; (DGFASLI) and Mr. 

Mr. Bhattacharya Head IPSD, AERB gave the participants 
an in-depth insight into ‘Safety culture and Behaviour-Based 

Safety (BBS) approach’.

Mr. Darvekar DG. FASLI talked in detail on the ‘Causation and 
prevention of accidents’. He explained in a lucid manner about the 

principles and methodology of accident prevention.
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R.P. Bhanushali, Technical Advisor, National Safety Council 
(NSC).

Mr. Bhanushali while talking on ‘Roles and responsibilities 
of the stakeholders towards safety in construction industry’ 
described the roles to be played by the government, client, 
contractor and public for improving safety in construction 
industry.

The seminar was attended by the senior management of 
KKNPP including the Project Director, Offi ciating Project 
Director (KKNPP-3&4), Chief Construction Engineer, Chief 
Superintendent along with senior offi cers, engineers and 

Delegates attending the safety seminar at KKNPP

supervisors of NPCIL and all contractor partners. Around 400 
people participated in the seminar.

In his appeal to all employees, on the occasion of National 
Safety Week, Dr. S.k.Jain, CMD, NPCIL & BHAVINI 
emphasised on implementation of behaviour-based safety 
(BBS) approach at work sites to reduce the ‘At-Risk 
Behaviours’ and improve safety culture.

This appeal was disseminated widely at KKNPP using print 
and electronic media. 

(Mr. P. K. Khare, Head (Industrial Safety & Fire), KKNPP)

23rd Joint Coordination Committee
Meeting Held at KKNPP

23rd Joint Coordination Committee meeting on Kudankulam
NPP in progress at KKNPP

Mr. Alexander Lokshin, Deputy Director General of Rosatom, the 
Russian Federation, Dr. S.K. Jain, CMD, NPCIL & BHAVINI, and 
Mr. K.C. Purohit, Project Director, KKNPP, along with other senior 

offi cials at the main control room of KKNPP-1

The twenty-third meeting of the Joint Coordination 
Committee (JCC) on Kudankulam Nuclear Power Project 

(KKNPP) was held at KKNPP site on August 9-10, 2009. 
The meeting was co-chaired Dr. S.K. Jain, CMD, NPCIL & 
BHAVINI, from the Indian side and by Mr. Alexander Lokshin, 
Deputy Director General of Rosatom, from the Russian 

side.

The members of the committee visited various buildings and 
structures where the erection and commissioning works are 
in progress and expressed satisfaction on the progress of the 
works at the site. During the meeting, Dr. Jain and Mr. Lokshin 
appreciated the achievement of various important milestones, 
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Dignitaries listening to the Technical session

A unique workshop on “Recent trends in Cancer 
Management” was initiated by Shri. K. Ramamurthy, 

Station Director, MAPS and was organized by Madras 
Atomic Power Station on April 19, 2009, in co-ordination with 
Indian Medical Association, Chengalpattu and Dr. Kamakshi 
Memorial Hospital, Chennai. Dr. S.K. Jain, CMD, NPCIL 
and BHAVINI was the guest of honor for the workshop. 
Shri. K. Ramamurthy, SD, MAPS, Shri. Prabhat Kumar, Project 
Director, BHAVINI and Shri. P. Swaminathan, Director, EIG, 
IGCAR graced the inaugural function along with the dignitaries 
from MAPS and other DAE establishments at Kalpakkam.
The workshop was attended by eminent doctors from various 
Hospitals like JIPMER, Pondicherry, Chengalpattu Medical 
College and members of Indian Medical Association from 

Workshop On Recent Trends 
In Cancer Management at MAPS

Dr. S.K. Jain, C.M.D. NPCIL & BHAVINI delivering the inaugural address Dr. S.K. Jain, C.M.D. NPCIL & BHAVINI releasing the CD 
containing proceedings of the workshop

viz. reactor coolant pumps and motors erection, fi lling of the 
fuel pool, assembly of the reactor equipment, completion 
of passive heat removal system (PHRS), tertiary dome 
concreting, commissioning of compressor plant, completion 
of caissons works, erection of main control room panels, etc. 
since the last meeting held in March 2009.

The Indian team for this high-level meeting included Mr. A.P. 
Joshi, Additional Secretary, Department of Atomic Energy, Mr. 
S. A. Bharadwaj, Director (Technical), NPCIL, Mr. Jagdeep 
Ghai, Director (Finance), NPCIL, Mr. K.C. Purohit(1), Project 
Director, KKNPP, Mr. K.K. Kuldeep, Executive Director 
(KKNPP), Mr. K.S. Rao, Offi ciating Project Director (KKNPP-
3&4), Mr. A.K. Pal(3), Chief Construction Engineer, KKNPP, 
Mr. M.K. Balaj i (2),  Chief Superintendent (KKNPP), 
Mr. N.S. Parihar, Chief Engineer (PMS-Projects), NPCIL, 
Mr. P.S. Pathak, Head of NPCIL Representative Offi ce in the 
Russian Federation, Moscow, and other senior offi cials from 
NPCIL headquarters and KKNPP site.

From the Russian side, Mr. Dan Belenky, President, 
Atomstroyexport, Mr. G.O. Kumani, Vice President, 
Atomstroyexport, Mr. Timur V. Bavlakov, Vice President, 
Atomstroyexport, Mr. A.O. Lebedev, Head of Division for 
NPP construction in India, Mr. Y.N. Dudkin, Head of the 
Russian Specialists Group at KKNPP site, Mr. I. Kopytov, 1st 
Deputy Director General of Atomenergoproject, Mr. Konstantin 
B. Kosourov, Director of Nuclear Reactors Institute, Kurchatov 
Institute, Mr. Yuri. M. Semchenkov, Deputy Director of Nuclear 
Reactors Institute, Kurchatov Institute, Mr. Victor A. Mokhov, 
Chief Designer, OKB Gidropress, Mr. Dimitry A. Grigoriev, 
Deputy Head of Department, ATEK, and other delegates 
and specialists from Atomstroyexport and Atomenergoproject 
participated in the meeting.

1. Shri K.C. Purohit has assumed the Director (Project) 
position in NPCIL on November 16, 2009.

2. Shri M.K. Balaji is presently Site Director, KKNPP.

3. Shri A.K. Pal is presently Project Director KKNPP.

[M.I. Joy, KKNPP]

Corporate Social Responsibility
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Dignitaries listening to the Technical session

Chengalpattu, Thirukalukundram, Sadras and other places in 
addition to the Doctors from DAE Hospital, Kalpakkam.

Dr. P.K. Sinha, Chief Medical Superintendent, NPCIL and Dr. 

A. Vijaya, Head, Medical Division, DAE Hospital, Kalpakkam, 

chaired the scientifi c sessions.

Various technical Subject were discussed with the active 

participation of all the delegates. A quiz competition was also 

conducted and prizes were distributed to the winners of the 

competition. A technical visit to MAPS was arranged for all 

the delegates at the end of the programme.

[Dr. Aravazhi Annal, MAPS]

Corporate Social Responsibility

Prabhat Kumar, Project Director, BHAVINI, Group Directors 
and Senior Officers of IGCAR, other DAE installations 
graced the occasion. Offi ce bearers of Union, Supervisors 
Association, Offi cers Association and employees of MAPS 

Shri. S.K. Jain, CMD, NPCIL & BHAVINI, inaugurating the Guest House Beautiful view of the Guest House

and has three fl oors including the ground fl oor. The interior 
layout of the guesthouse is a replica of the NPCIL, Mumbai 
Guest House at Anushakthinagar.

[S. Ravi, MAPS]

Inauguration of NPCIL Guest House at Kalpakkam

NPCIL MAPS guesthouse at Kalpakkam, was inaugurated 
by Dr. S.K. Jain, Chairman and Managing Director, 

NPCIL & BHAVINI on April 18, 2009. Shri. K. Ramamurthy, 
Station Director, Shri. S.K. Sharma, Chief Superintendent Shri. 

participated in the inaugural function.

The Guest House is situated in a serene and scenic location 
with landscaping and greenery providing feast to the eyes. 
The Guest House measures to about 2327 sq. meter area 

Committed to the corporate social responsibilities, MAPS 
Organised a medical camp for adults and children of 

Vayaloor village on June 26, 2009. About 1000 people were 
provided medical for general health. An eye camp was also 
conducted and cataract operation was performed for 10 
people and spectacles were issued for about 100 needy 
people.

With the representatives from Artifi cial Limbs Manufacturing 
Corporation of India (ALIMCO, Bangalore), an assessment 
was conducted in the nearby villages for issue of assistive 
devices to the physically disabled persons.

[T.J. Kotteeswaran, TSS, MAPS]

MAPS – Committed to Social Welfare

Shri. K. Ramamurthy, SD, MAPS helping an old lady wear spectacle
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Shri. K. Ramamurthy, SD, MAPS distributing
books to schoolchildren

Village children receiving plates for noon-meal from
Shri. K. Ramamurthy, SD, MAPS

MAPS - Support to Education of Village Children

With a motherly attitude towards providing quality 
education support to school children of surrounding 

villages, books and note books were provided by MAPS to 
children studying up to 12th standard. Books were issued 
through local District Library so that the books can be made 
available to the students in the successive years.

With an intention of providing education to village children 
through multi-media, personal computer was also donated. 

To nurture the interest of learning to tiny tots of nearby 
villages, educational kits were distributed to primary school 
children of Chittilambakkam village on July 8, 2009.

Trees were planted in 10 schools 0n August 5, 2009 in the 
nearby villages with a noble intention of creating awareness 
among school children on protection of environment.

[T.J. Kotteeswaran, MAPS]

A multipurpose hall constructed by Kaiga at Malavalli, Yallapur Taluk.Construction of bridge at Bare, Hattimane, Yellapur Taluk.

Recent welfare activities at KGS

KGS has consistently undertaken several welfare activities 
for the benefi t of the surrounding population. Several 

welfare measures were taken up recently in the vicinity of 
20-km surrounding region. Some major initiatives in this 
regard were:
• Construction of a community hall
• Construction of school buildings

• Setting up of education facilities

• Providing water supply and sanitation

• Construction of bridges for remotely located hamlets that 
usually get disconnected during rainy season

Projects conceived and constructed during the year 2009 are 
as follows:
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� Construction of a multipurpose hall for Government High 
School, Kadra.

 � Construction of a multipurpose hall at Government Higher 
Primary School, Anshi,  Joida Taluk.

� Construction of a water tank at Shingewadi.

� Construction of a school building for the High School at 
Mallapur.

� Construction of overhead water tank of 75000-liter capacity 
at Kurnipet.

KGS also Organise periodically free medical camps in nearby 
villages at regular intervals. It also provides fi nancial assistance 
to meritorious  students from neighbourhood in the form 
of scholarships. Upgrading of schools with computers and 
furniture is also Undertaken as part of education welfare.

[A.K. Prasad, KGS]

A  Kisan Mela was organised with an intention to make 
available to the local farmers from the surrounding villages 

of Tarapur Maharashtra site (TMS), the latest technology in 
the fi eld of agriculture and high-quality and high-yielding 
seeds of various oil seeds like groundnut, mustard, till, moong, 
tuvar and urid developed by the scientists of Bhabha Atomic 
Research Centre (BARC). Director, BARC, in a Krishi Mela 
held at Tarapur in November 2000, had desired whether the 
distribution of seeds of BARC crop varieties and information 
regarding the cultivation practices and new research and 
development, could be made available to the farmers around 
TMS. This idea was mooted after a very warm response 
from the farmers at the Krishi Mela. Then, it was thought 
that cultivable land either in the Exclusion Zone or near the 
power station, under its authority, could be used as farmland 
for multiplication of basic seeds of BARC crop varieties and 
testing of other breed materials. With this intention in mind, 
NPCIL provided 12 hectares of land for the purpose, and initial 
activities, like infrastructure for development of an agricultural 
farm at TMS, were commenced in the year 2002. The society 
called Parmanu Urja Agriculture Society, Tarapur, was 
formed in March 2006 to run the agriculture-related activities. 
Presently, the society is under the chairmanship of Mr. U. 
Ramamurty, SD (TMS).

During the mela, among many diginitaries, Dr. K.B. Sainis, 
Director, Bio-medical group, BARC, Dr. (Smt.) Karmarkar 

Kisan Mela at Tarapur  Maharastra Site (TMS)

Shri U. Ramamurty, Site Director  (TMS) addressing the visitors Visitors attending the Kisan Mela

from Bordi, Mr. U. Ramamurty, SD (TMS) and Chairman, 
Parmanu Urja Agriculture Society, Tarapur, Dr. S.F. D’souza 
from BARC, Mr. Arun Save, a progressive farmer, Mr. 
Bhattacharjee, SD, TAPS-1&2, Dr. Jose Pannackal, Director, 
GSO, and the members of Parmanu Urja Agriculture Society, 
Mr. B.D. Jha, Chairman, PAWAC (TMS), Mr. H.D. Singh, CE 
(GS), Mr. S. Sanyal, AGM (HR) as well as persons from local 
media were present.

This Kisan Mela has been a boon for the farmers, especially 
in the area surrounding TMS and it has provided an excellent 
example public welfare function taken up by NPCIL and BARC 
jointly. 

[B. D. Jha, TAPS-3&4]

Demonstration of various crops to the visitors
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Introduction
Kaiga Generating Stat ion (KGS) 
located at Kaiga, Uttar Kannada district, 
Karnataka state, about 13 kilometers 
upstream of Kadra hydroelectric project, 
on the left bank of Kali river and about 
150 kilometers southeast of Goa state, 
consists of 4 units each of 220-MWe 
pressurised heavy water type reactors 
(PHWRs). Unlike other power reactors, 
the PHWR has the unique feature of 
an on-power refueling facility. In such 
reactors, a healthy fuel-handling system 
is an essential to keep the reactor on-
power. The fuel-handling team of KGS 
does in-depth analysis of all incidents/
diffi culties encountered and comes out 
with suitable solutions/improvements 
to avoid recurrence of the same. This 
article gives an in-depth analysis of 
the incident of a fuel bundle struck in 
channel K-11 on January 25, 2003 in 
KGS-1due to a fuel-bundle damage 
in transfer magazine (TM), and the in-
house development of a unique system 
in 2004 with the eminent leadership of 
Mr. G. Nageshwar Rao, the then Station 
Director, KGS-1&2, which ensured 
fuel-bundle centering in the transfer 
magazine.

History of Development
A detailed study on various possibilities of 
failure of fuel bundle in transfer magazine 
was conducted, which zeroed in on the 
cause of failure, which was ascertained 
to be mainly attributable to improper 
centering of the fuel bundle in the transfer 
magazine.  A search was on to ascertain 
centering of the fuel bundle in transfer 
magazine. It was an evolutionary type 
of development, from use of sensors to 
micro switches to pneumatic-operated 
cylinders, etc., and learned that the 
system so developed shall:

• Operate without obstruction for free 
movement of the transfer magazine 
carriage

Sensing the Fuel Bundle in
High Radiation Field — A Success Story

• Give good sealing as the transfer 
magaz ine  i s  in  heavy-water 
atmosphere

Be non-contact type

• Withstand very high radiation from 
the spent fuel passing through the 
transfer magazine

Have fail-safe operation

• Have high reliability

To avoid the possibility of TM carriage 
obstruction, non-contact-type switches 

were preferred. On extensive study, 
an inductive proximity switch was tried 
and it was found that it was capable of 
sensing the zircaloy end-plate.

A manufacturer of an inductive proximity 
switch was contacted for making a 
switch according to requirement. It 
was decided to fi x the coil on a 1-inch 
tube piece and fi x it to the plug through 
a bore-through fitting by providing a 
suitable hole on the fuel stop-plug 

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(1). Coil,
(2). ETFE Bobbin,
(3). Standard core 
Ø40mm,
(4). ETFE Core mounting 
ring,
(5). Coil & core mounting 
in the ETFE ring,
(6). Sensor mounting in 
the plug,
(7). Sealing of the Sensor.

Figure–1: Assembling Details of Coil on the Plug

Kaiga

G. P. Reddy, SME (FHS), 

S. Dileep, SO/E, Fuel Handling Section, KGS, Kaiga
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for fixing the bore-through Swagelok 
tube-fi tting. This switch was installed in 
KGS-2 south TM on  May 27, 2004 and 
kept under observation.

The proximity switch circuit failed due to 
radiation on one spent fuel discharge 
operation. The design of the switch and 
associated circuit was further modifi ed 
with the support of the manufacturer. 
Keeping the coil alone in the plug, the 
electronic circuit assembly was kept 
away from the transfer magazine and 
radiation shielding was provided with 
lead sheets. However, this scheme 
also failed after two days of operation. 
It was realized that this development 
could be reliable and successful only 
by keeping the electronic circuit away 
from the radiation area.  The electronic 
circuit was required to be kept about 50 
meters away from the switch to avoid 
any radiation zone and consequent 
failure, which the switch manufacturer 
was unable to support. Attempts were 
continued with the facilities available at 
site and knowledge gained from past 
experience to develop an inductive-type 
proximity switch for this application. 
After several attempts, a suitable sensor 
was developed, which could sense 
the position of the fuel bundle with an 

accuracy of less than 0.1 mm in shop 
testing. For this sensor, the coil of about 
40-mm diameter was embedded into the 
plug as shown in Figure-1 and oscillator 
and detector were located outside fuel 
transfer room. The signal from detector 
was fed to a comparator, which was 
located in control equipment room. The 
relay contact output of this comparator 
was used in series to existing ‘CJ ram 
advanced’ switch as a permissive for 
further operations. This had an added 
advantage of provision for measuring 
the position of the fuel bundle in transfer 
magazine measurement at the control 
room. The signal not being linear, the 
measurement was to be done with 
comparison to a calibration chart. An 
indication for CJ ram advanced with fuel 
bundles was also provided in 6619 Pl 9 
A and B for manual mode operations.

Details of the Sensor 
and Signal Conditioning
An oscillator was designed and the 
output of which was fed to a coil in a 
circular ferrite core.  With a cable length 
of 50 meters between the coil and the 
oscillator, it was found that the coil 
current was responding when a metal 
was approached. This was done to 
ensure that the coil sensor could perform 

well even after placing the oscillator in 
JB 325 (RB 100 meters outside FT 
room). The sensor and related circuit 
was designed and introduced in the 
system and was found responding well. 
The 24V system  power supply was 
reduced to +12V DC by a regulator IC 
and used for this circuit. This circuit gave 
output as DC voltage and the signal 
was wired up to the control room and 
fed to a spare comparator. To avoid 
any possible failure of system power 
supplies due to failure in this circuit, 
standalone signal conditioning unit 
was fabricated with the same circuit 
of comparator card and with in-built 
power supplies for oscillator comparator 
and set point. The set point knob was 
provided with a dial indicator and locking 
provision. Since it was planned to 
use a similar sensor for the new fuel 
magazine and transfer magazine, 
a dual-signal-conditioning unit was 
fabricated (same power supplies and 
separate comparators). The comparator 
outputs were used to drive relays, which 
gave potential free contact output for 
logics and indication.

Testing and Qualifi cation
After installation of the sensor, a transfer 
magazine hydro test was done at 1.0 kg/

-Ve

+24VDC

OUTPUT

560 Ω

A1=40 & A2=50 TURNS

A2

A1
0.022uF/200V

IN3611

47K Ω

0.1uF

22K Ω

1Ω
IN3611

470K Ω

INDUCTION SENSOR PRE AMPLIFIER

3 IC 7812

2

1

BC107

1000uF/50V 1000uF/50V

Figure-2: Oscillator and Detector Circuit
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cm2 for 10 minutes and found having no 
leaks. After this, insulation resistance 
of the coil was also checked and found 
above 50 mega-ohms (at 100 volts).

Six aluminum rods of diameter equal to 
that of the fuel bundle and length less by 
0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mm were 

made and loaded, along with a natural 
bundle as second bundle in the pair. 
Output voltage readings of the circuit for 
pushing two fuel bundles, i.e. one natural 
bundle and one aluminum rod, were 
taken for all the above sizes of rods, and 
this data is given in Table-1 below:

North South

Ram - CG Ram - CJ Ram - CG Ram - CJ

Empty Tube 5.88 V 3.88 V 8.65 V 7.21 V

2nd bundle 492.2 mm 4.49 V 3.48 V 8.21 V 6.83 V

2nd bundle 492.7 mm 4.592 V 3.553 V 8.01 V 6.63 V

2nd bundle 493.3 mm 4.334 V 3.454 V 7.99 V 6.49 V

2nd bundle 494.3 mm 4.091V 3.365 V 7.91 V 6.37 V

2nd bundle 494.8 mm 3.851 V 3.271 V 7.76 V 6.15 V

Both normal bundles 3.63 V 2.93 V 7.65 V 6.03 V

Comparator Set at 3.75 V 3.05 V 7.70 V 6.10 V

Table-1: Output Voltage Readings of the 
Circuit for Pushing Two Fuel Bundles

Comparator setting was done at about 
0.5 mm behind the centered position 
of the bundle, beyond which feedback 
would not be available.

Conclusion
The above explained incident is a 
good example of sustained efforts of 

G.P. Reddy is an electronics graduate 

from Nagarjuna University and belongs to 

the 29th batch of BARC Training School. 

After the training, he joined Narora Atomic 

Power Project in 1986. He has been actively 

associated with the commissioning, and 

subsequently, in the maintenance of fuel 

handling system. He was transferred to 

the Fuel Handling Unit of Kaiga Generating 

Station in June 2001. Since 2003, he is 

working as Senior Maintenance Engineer of 

Fuel Handling Unit. He played the leading 

role in fuel handling system performance 

improvement and evaluation. He was also 

instrumental in reducing committed dose in 

the fuel-handling unit.

S. Dileep, SO/E (FHS), KGS, joined NPCIL 

in 1986 and worked at Narora Atomic Power 

Project in Control Maintenance Section. In 

1992, he was assigned the duties in Fuel 

Handling Section of NAPS. In 1995 June he 

was transferred to fuel handling unit of Kaiga 

project for the commissioning activities, and 

subsequently, in maintenance of control 

system. He also holds a control engineer 

license. He played a key role in the innovative 

modifications in the fuel-handling control 

system and quality circle development. He 

has to his credit the successful completion 

of camera installation and imaging inside 

the K-11 channel during the bundle retrieval 

operation.

teamwork and motivation. For the fi rst 
time, an inductive proximity switch was 
used in a high-radiation fi eld and  was 
found to be successful. This will be 
suitable for many applications of similar 
nature in future. After the successful 
imp lementa t ion  in  the  t rans fe r 
magazine, the same was implemented 
in the new fuel magazine, also to detect 
fuel bundle centering.
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“...In respect of new 
starts, we have received 
the fi nancial sanction 
for two 2x700-MWe 
PHWR projects – KAPP-
3&4 and RAPP-7&8 
recently...”

Dear Colleagues,

On the eve of bidding farewell to 

the year 2009 that closed with 

several developments and welcoming 

the New Year 2010 that brings renewed 

hopes and challenges to us, I am happy 

to share those positive developments 

on several fronts as we move ahead 

towards meeting our long-cherished 

desire to expand the nuclear power 

programme.

2009 after the successful completion of 

en-masse feeder replacement (EMFR) 

and plant system upgrading works. The 

unit, since then, is operating smoothly, 

at its full rated power. Recently, RAPP-5 

has been connected to the grid on 

December 22, 2009 within 28 days 

of the criticality. With this, the nuclear 

power capacity has risen to 4340 MWe. 

RAPP-6 is closely following the suite 

with the completion of fuel loading and 

would also be connected with the grid 

by the time this publication reaches 

you. These units have been loaded 

with imported fuel, a result of fruition of 

international cooperation.

As you are aware that  fuel  has 

been a constraint over the last few 

years, resulting in lower generation 

performance in spite of high availability 

factors of our plants. Towards the later 

half of the year, though, there has been 

an improving trend in the availability 

of fuel from imports for reactors under 

IAEA safeguards. Now, NPCIL plants’ 

capacity factors are showing improving 

trends, to 60% during the current 

fi nancial year (April-November 2009), 

over the 50% in the same period last 

year. We expect that this trend in 

capacity-factor recovery will sustain as 

the separation plan is implemented fully 

and the domestic fuel supply improves. 

The process of placing RAPS-3&4 under 

IAEA safeguards is already underway 

and it is expected to be completed by 

the fi rst quarter of the New Year.

At KAPS-1, since quite a long time, light 

water leaks were observed through the 

calandria vault liners, and we had been 

working to identify and repair the same. A 

major breakthrough in identifi cation and 

repair of these leaks, using indigenously 

developed techniques, has been 

achieved during the year. Currently, 

the EMCCR and upgrading work that 

has been undergoing at KAPS-1 is at 

an advanced stage of completion. Also, 

the work on EMCCR and upgrading 

of NAPS-2 has been completed and 

Kaiga-4 is also ready. Now, these three 

units await fuel supply. We expect to 

start these units in the coming year as 

the fuel from domestic sources becomes 

available progressively.

In respect of new starts, we have received 

the financial sanction for two 2x700-

MWe PHWR projects – KAPP 3&4 and 

RAPP-7&8 recently. We have set a 

target of fi ve-and-a-half-year gestation 

period (from first pour of concrete 

to commercial operation) for these 

projects. Based on our experience of 

“...The government 
has also accorded ‘in 
principle’ approval of 
fi ve new green-fi eld 
sites...”

The last few months have been eventful 

and have been quite promising in 

providing impetus to several of our 

activities/plans, which includes imported 

fuel supplies for RAPS-2 and RAPP-

5&6, receipt of full fi nancial sanction 

from the Government for four 700 MWe 

PHWRs and in-principle approval of fi ve 

greenfi eld sites and expansion of already 

in-principle approved sites, namely, 

Jaitapur and Kundankulam. However, 

this also brings new challenges, which 

I am confident we can address with 

our innate strengths and added efforts. 

While we welcome the New Year 

with immense opportunities, we also 

recognise the challenges ahead.

 We, at NPCIL Parivar, have stood 

together, in diffi cult times, in overcoming 

the challenges and achieving what 

appeared diffi cult, demonstrating the 

strong character and inherent strength 

of the Parivar.

I am happy to share with you that 

RAPS-2, which was awaiting fuel for over 

a year, was restarted on September 1, 
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project execution and a strong team of 

NPCIL and industry in the country, we 

are confi dent of achieving the same. 

This, however, needs dedicated efforts 

from all the groups involved as well 

as constant monitoring and course 

correction. In both the projects, we have 

cooperation with the USA at Chhaya 

Mithi Virdi and Kovvada, Russian LWRs 

at Kudankulam and Haripur, and French 

LWRs at Jaitapur.

W e  h a v e  a l s o  g o t  a p p r o v a l s 

for purchasing land and obtaining 

environmental clearances for all the 

reactors planned at the new site prior to 

the project sanction. In this regard, we 

have set up a task force with a mandate 

to expedite and complete the process 

of land acquisition and pre-project 

activities at these sites within 15 to 18 

months.

As you are aware, we have planned 

the start of work on 8 units of 700-MWe 

PHWRs during the XIth Five-Year Plan 

period. Of these, work on 4 units at 

Kakrapar and Rajasthan has already 

been started, whereas pre-project 

activities for the remaining 4 units have 

been initiated.

The planning in respect of light water 

reactors, based on international 

cooperation, is to start pre-project 

activities on the first set of twin-unit 

projects at all these sites in the XIth 

Plan. This requires that we ensure 

that land acquisition, obtaining of 

statutory clearances and other pre-

projects activities at all the new sites 

are completed in the next 15 to 18 

months. We also need to expedite the 

process of negotiations with our LWR 

reactor supply partners and complete 

the process of DPR fi nalisation at the 

earliest, in time for obtaining fi nancial 

sanction.

The work on next twin-unit VVERs, 

KKNPP-3&4 at Kudankulam site, of 

course, is planned for start in 2010 

itself.

Meeting the requirements of this 

large and rapid expansion requires 

establishment of infrastructure for the 

supply chain. One of the most critical 

links of the supply chain is large nuclear-

grade forgings and exotic steels, for 

which the country has very limited 

capacity, in terms of both size and 

volume. The global nuclear renaissance 

has meant that the limited capacities in 

the world for critical components are 

already overbooked. So, NPCIL took 

the lead in establishing a joint venture 

with M/s. Larsen & Toubro Limited 

for setting up an integrated facility for 

manufacturing these materials in our 

own country. The JV will manufacture 

exotic steel ingots and large forgings 

required for applications in nuclear, 

petrochemicals, power and strategic 

sectors. NPCIL has thus pioneered 

a Public-Private Partnership (PPP) 

venture in this high-technology area.

In the next one to two years, we will 

be entering into various contracts with 

vendors of different countries for different 

technologies. We will also have several 

facilities under safeguards. Handling 

these diverse contracts/technologies 

under safeguards will be a challenge. 

We need to prepare ourselves and 

our industry partners for meeting this 

challenge to ensure smooth deliveries 

and timely completion of projects.

We also need to strive to take initiatives 

to further enhance our competitiveness. 

Our efforts to lower costs and improve 

effi ciency have to be continuous and 

pursued with enhanced vigour. As I 

expressed in the beginning, this is a 

proud moment to share the fruits of our 

endeavors so far, and to recharge and 

rededicate ourselves to address the 

future challenges.

Wishing you all and your family members 

a very happy, prosperous and fulfi lling 

New Year 2010.

(Dr. S.K. Jain)

completed the pre-project activities and 

have placed orders for long-delivery 

equipment. The order for main plant 

civil work for KAPP-3&4 has already 

been awarded. We are now expediting 

placement of all other major package 

orders.

The government has also accorded ‘in 

principle’ approval of fi ve new green-

fi eld sites, i.e., three coastal sites, at 

Chhaya Mithi Virdi in Gujarat, Haripur 

in West Bengal and  Kovvada in Andhra 

Pradesh as well as one inland site each 

at Kumharia in Haryana and Bargi in 

Madhya Pradesh. The government 

has also approved the full potential 

of Kudankulam (6x1000 MWe) and 

Jaitapur sites (6x1650 MWe). The 

government has earmarked the sites 

for setting up nuclear power parks of 

6000-MW to 10000-MW LWR capacity 

at each site based on international 

“...NPCIL took the 
lead in establishing 
a joint venture with 
M/s. Larsen & Toubro 
Limited for setting up 
an integrated facility 
for manufacturing, in 
our own country, exotic 
steel ingots and large 
forgings required for 
applications in nuclear, 
petrochemicals, power 
and strategic sectors...”



PLANTS UNDER OPERATION

Unit - Location Reactor Type Present Capacity Date of Commencing
(MWe) Commercial Operation

TAPS-1, Tarapur, Maharashtra BWR 160 October 28, 1969

TAPS-2, Tarapur, Maharashtra BWR 160 October 28, 1969

TAPS-3, Tarapur, Maharashtra PHWR 540 August18, 2006

TAPS-4, Tarapur, Maharashtra PHWR 540 September 12, 2005

RAPS-1,* Rawatbhata, Rajasthan PHWR 100 December 16, 1973

RAPS-2, Rawatbhata, Rajasthan PHWR 200 April 1, 1981

RAPS-3, Rawatbhata, Rajasthan PHWR 220 June 1, 2000

RAPS-4, Rawatbhata, Rajasthan PHWR 220 Dec 23, 2000

RAPS-5**, Rawatbhata, Rajasthan PHWR 220 **

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, Gujarat PHWR 220 Septmber 1, 1995

KAIGA-1, Kaiga, Karnataka PHWR 220 November 16, 2000

KAIGA-2, Kaiga, Karnataka PWHR 220 March 16, 2000

KAIGA-3, Kaiga, Karnataka PHWR 220 May 06,  2007

Total 4340

*Owned by DAE

**Synchronised with grid, likely commercial operation in January, 2010

PROJECTS UNDER CONSTRUCTION

PROJECT CAPACITY (MWe)

Kaiga Atomic Power Project, Unit-4 1x220 PHWRs

Kudankulam Nuclear Power Project, Units-1&2 2x1000 LWRs

Rajasthan Atomic Power Project, Units- 6 1x220 PHWRs

Total 2440

PFBR* Kalpakkam 1x500 FBR

* Being implemented by BHAVINI
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