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Abstract: Under the umbrella of an 18-year relationship between the American Nuclear Society 
(ANS) and the Indian Nuclear Society (INS), a delegation of eight US scientists and engineers 
visited Indian facilities in mid-January 2007. The mission was discretely supported by the US 
Embassy in New Delhi and the Consulates in Mumbai and Chennai. The US delegation toured 
power plants and research facilities, and had discussions with many of the senior nuclear 
leaders. The mission was able to assess many aspects of Indian nuclear technology and 
implementation plans. The connection between the two societies was strengthened. Initial 
invitations were extended to bring three Indian nuclear leaders to the ANS annual meeting in 
Boston during the week of 25 June 2007.  

BACKGROUND 

Foreshadowing passage of the US-India Civilian Nuclear Cooperation Act, the Counselor of 
Science and Technology in the US Embassy in New Delhi (Satish Kulkarni) contacted the ANS 
President (Harold McFarlane) about organizing a nuclear mission to India. His motivation was to 
strengthen ties and improve opportunities for US business in what promises to be a rapidly 
growing nuclear energy market. With the French and Russians already visibly positioning 
themselves, Dr. Kulkarni was concerned that US businesses would not benefit as much as they 
should given that it is a US initiative that is responsible for re-opening the global civilian nuclear 
market to India. The ANS had two advantages—credibility and no direct government ties. The 
last ANS-INS interactions—albeit at a much reduced scale—had been in 2005. 

The discussions started in mid-summer, with the goal of launching the mission in September. 
One consideration was coordinating with a much larger trade mission organized for the 
Department of Commerce by Undersecretary Franklin Lavin. The Commerce mission contained 
a nuclear component, including representatives from large corporations as well as the Nuclear 
Energy Institute. Because of the support required by the larger mission, it was desirable to have 
at least six weeks of separation between the two. Initially it was planned to have the ANS-
organized mission precede the Lavin Mission. 

Other agencies, including the Department of Energy (DOE), had concerns about the ANS 
mission given all the export control restrictions in place, the delicate negotiations still ahead, and 
the strong demands that the Indians were putting on the agreement. Further, DOE had 
established an Indo-US Working Group that had traveled to India in January 2006, and did not 
want the ANS delegation to confuse the issue of reciprocal visit by the Indians. The concern 
was that both groups (ANS and DOE) had strong technical representation from the national 
laboratories. To allay this concern, the national laboratory component of the ANS delegation 
was reduced and all membership overlap of the two groups was eliminated. Without the consent 
of all affected government agencies, organization of the ANS mission could not proceed. 

With encouragement from Satish Kulkarni, Elizabeth O’Malley of DOE-Nuclear Energy arranged 
a meeting of an inter-agency group to make a decision. Once the decision was made to allow 
the mission to go forward, Harold McFarlane contacted Placid Rodriguez, the President of the 
INS (and the retired director of the Indira Gandhi centre for Atomic Research (IGCAR)), to begin 
establishing an itinerary. Initially, Dr. Rodriguez wanted to schedule the mission for early 
December so that the US delegation could attend an INS meeting at the end of the tours. 
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However, the Lavin DOC mission launched during December and ANS mission was pushed 
back into January. 

During December the makeup of the delegation was finalized. Seven members comprised the 
core group, with an eighth member joining the delegation for the closing workshop. Slicing the 
delegation in several directions, it contained the ANS President and a past president, the 
current ANS liaison with the INS, three DOE laboratory employees, a mid-size business 
representative, a small business owner, two university nuclear engineering chairs, three Indian 
ex-pats, thermal and fast reactor expertise, fuel cycle and materials expertise, LWR design 
expertise, commercial software expertise, and reactor safety expertise. 

By the beginning of January, the itinerary was fixed, with tours beginning in Mumbai on January 
16 and concluding with a workshop on January 21 at Kalpakkam near Chennai. Harold 
McFarlane was requested to go to New Delhi for briefings with the Embassy officials and 
meetings with Indian government and business representatives. A complete schedule of events 
for the delegation is included as Attachment 2. 

INDIA’S ENERGY POLICY 

India is a country of stark contrasts. It has one of the world’s fastest growing economies; it has a 
large, well-educated workforce; it is estimated to have some 800 million people living without 
access to electricity; and it has several hundred million people living in abject poverty. The 
Indian government has long been aware that this situation is intolerable. They have a goal of 
lifting the population to a Western European quality of life during the next 50 years. Their plans 
to achieve this goal include increasing the per capita electricity consumption by more than a 
factor of 10 even as the population increases by a few hundred million. To finance these plans, 
the government has an economic growth goal of 8-10% for the next 25 years. In order to 
achieve such torrid economic expansion, India is quickly transitioning to more private enterprise. 

Dr. Kulkarni wanted the ANS delegation to have a balanced perspective on India’s energy policy. 
He arranged a series of meetings with government officials and with business leaders for Harold 
McFarlane. This was a key development for the ANS mission, because our scientist-to-scientist 
contacts had only opened the doors to the government’s nuclear laboratories and the 
government enterprise that operates India’s nuclear power plants. 

Our first meeting was with the Principal Energy Advisor of the Planning Commission, Mr. Surya 
Sethi. Mr. Sethi’s message was that the Planning Commission laid out the strategy consisting of 
the energy growth goals and the revenue streams to finance the infrastructure.  

The next meeting was with the Additional Secretary of the Ministry of Power, Mr. Ajay Shankar. 
Mr. Shankar’s message seemed to be that the government would contract for the power 
stations and distribution systems needed. His example was the two mega-projects for which the 
government had recently let contracts. These were “thermal” projects involving 4 GWe of coal-
powered plants each. He was surprisingly disinterested in any of the technical details. He did 
not seem to care about siting, technology or source of the coal (foreign or domestic). He was 
interested in price and date of initial availability. He seemed to indicate that this was the model 
for the future—a much heavier reliance on private enterprise, including in the nuclear arena. 
Once India is allowed to trade in the international uranium market, it seems that the government 
will extend its civilian nuclear ambitions. For example, the official goal of 20 GWe by 2020 is 
being tentatively raised to 40 GWe, with the difference assumed to be made up by international 

Page 2 of 22 



ANS Mission Report  Rev 001 

technology purchased and installed by private enterprise in partnership with Government of 
India enterprises. [This information came from several sources.]  

The key meeting was with Shyam Saran, the Prime Minister’s Special Envoy in charge of 
advising him on the nuclear negotiations with the US, and until recently the Minister of External 
Affairs. Ambassador Saran’s office is in the Prime Minister’s suite, so access takes some doing. 
Ambassador Mulford accompanied Satish Kulkarni and Harold McFarlane to this meeting. 
Ambassador Saran was cordial and seemed to express genuine interest in improving scientist-
to-scientist communication between the two countries. He expressed none of the reservations 
about the Indo-US deal that had quoted in the Indian press. Both he and Ambassador Mulford 
seemed ready for some positive news. 

The meetings with Indian business leaders consisted of a lunch with the Federation of Indian 
Chambers of Commerce and Industry (FICCI) and a closing meeting with the Chairman of the 
Nuclear Thermal Power Corporation. These meetings proved to be valuable in two respects. 

First, while there is an air of quiet determination in the government’s nuclear program of 
deploying domestic technology, the business leaders project confidence in becoming major 
players in the nuclear power market once they have access to the international technology and 
uranium markets. Although unspoken, the business community seems to expect to have a 
larger role than simply making up the gap between the planning goals and the domestic 
capability. They also seem to expect to have the funding necessary to initiate the projects. 
Although it will be necessary to form public/private partnerships in order to operate nuclear 
plants, they say that such arrangements work well in India. 

Second, there were several energetic members of the business community at the FICCI 
luncheon. They got busy and set up meetings in Mumbai with Reliance Energy and Larson and 
Tubro. The ANS contacts had been only with the government/laboratory community. Ultimately, 
the contrast between the business and the government perspectives was one of the key 
findings of the week. 

DOMESTIC NUCLEAR PROGRAM 

The Domestic nuclear program in India is remarkable in that it has remained true to the vision 
laid out by Dr. Homi Bhabha in 1956 [Dr. Bhabha was also the President of the first Geneva 
Conference on the Peaceful Uses of Atomic Energy in 1955]. Such constancy in implementation 
of the vision was possible, first because the vision was based on a very logical assessment of 
India’s resources, and projected needs, and second because of consistent support by the Indian 
political leadership for over five decades. This support has been through many changes in the 
political parties that have had power over the years. The strong and effective leadership over 
the years of the Department of Atomic Energy in India, comprised of outstanding technical 
people (who were essentially apolitical), was another contributing factor.  

The vision consists of a three stage program, starting shortly after its promulgation, and 
spanning many decades until an asymptotic position with energy independence is achieved. 
Stated briefly, the three stages are: 

• Utilization of the Pressurized Heavy Water Reactor (PHWR) technology to introduce 
nuclear technology to the power mix 

• Development and utilization of the Fast Breeder Reactor (FBR) and associated recycling 
technologies 
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• Development and utilization of Thorium Reactor Technologies to take advantage of 
India’s very large thorium reserves 

The three stages are interlinked, as the feed materials for stages 2 and 3 are produced in the 
previous stages (which also provide significant amounts of energy to the grid). This is shown 
pictorially in Figure 1. The plan has been to start with natural uranium feed in PHWRs to 
produce the Depleted Uranium and Plutonium feeds for the next generation FBRs. These FBRs 
include thorium blankets designed to breed the U-233 needed for the stage 3. The energy 
potentials of each stage are also shown in the figure. They increase from 300 GWe-year in 
stage 1 to 42,000 GWe-year in stage 2 and to 155,000 GWe-year in stage 3. The strategy is to 
utilize the small uranium resources in the country to start the process that eventually harnesses 
the very large potential of the available thorium resources, utilizing new technology that is 
developed along the way. 

FBTR AHWR PHWR 

 

Fig. 1. India’s Three-Stage Nuclear Power Program 
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Fig. 2 Status of India’s Reactor Program 

Figure 2 shows the status of the reactors in operation or under construction that fit into the three 
stages of the program. Stage 1 has been implemented satisfactorily, with 16 heavy water 
reactors in operation at six plant (Atomic power station) sites. There are also two GE designed 
BWRs at Tarapur in the mix. There are four PHWRs and two Russian supplied VVERs under 
construction. For stage 2, initial steps have been taken with the successful operation of the Fast 
Breeder Test Reactor in Kalpakkam, and the progress in the construction of the Prototype Fast 
Breeder Reactor nearby. For stage three a start has been made with the construction and 
operation of the U-233 fueled KAMINI reactor. Design of a U-233 fueled Advanced PHWR has 
been completed, and it was recently announced that construction would start in 2007. Included 
in this stage are designs of a compact High Temperature reactor, as well as work on an 
Accelerator Driven System, intended to increase the production of U-233 dramatically, and 
speed up the move to stage 3. The power potentials for each stage are also noted in Figure 2 – 
from a modest 10 GWe in stage 1, to a significant 530 GWe in stage 2, to an essentially 
unlimited power potential in the asymptotic stage 3. The physical locations of the power plants 
in India are shown in Figure 3. 
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Fig. 3 Location of Atomic Energy Establishments of India 
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The current installed nuclear capacity in India is 3.9 GWe, which is well short of the ambitious 
goals set in the early years. Completion of the planned construction of PHWRs, the FBRs and 
the AWHR will provide an additional 11.58 GWe, giving a cumulative 15.48 GWe of power by 
2020. The initial plan of attaining the goal of 20 GWe by 2020 was to seek 6 LWRs from abroad 
after the US-India deal was finalized. The recent pronouncements of attempting to get to 40 
GWe by 2020, ups the ante for foreign reactors in this time frame considerably. It seems very 
doubtful that the higher goal (set apparently more by political aspirations than 
technical/economic realities) can be met, because of limitations in fuels supply, financing and 
available trained personnel. 

In addition to the reactors mentioned above, and shown in the figures, there are research 
reactors located at the Bhabha Atomic Research Center (BARC). The Dhruva reactor is a 100 
MWt, D2O cooled and moderated reactor used as an experimental facility for neutron physics. It 
was designed and built indigenously, and has had no international obligations for safeguards. 
The reactor has been a source of plutonium for India’s weapon’s program. The Apsara reactor, 
built with UK collaboration, was the first research reactor in Asia (went critical in 1956), and is 
still operating. The 40 MWt CIRUS reactor, was built in collaboration with Canada and the US, 
but was upgraded using domestic technologies. It was a source of separated plutonium for the 
Indian nuclear weapon’s program, and because of the earlier agreements, has been a point of 
contention between the Indian and US/Canadian authorities ever since the first Indian nuclear 
tests in 1974. As part of the March 2006 separations plan, the CIRUS reactor will be shut down 
in 2010. Finally, a number of critical facilities have been used at BARC. These facilities - Zerlina, 
Purnima I, II and III – have now all been shut down and/or decommissioned. 

The organization of the Indian nuclear program is shown in Figure 4. Unlike all other 
government entities, the Chairman of the Atomic Energy Commission, reports directly to the 
Prime Minister, and has a very strong influence on nuclear policy, both in the power and 
weapons sectors. This direct link to the highest level of policymakers underscores the 
importance given to nuclear activities in India.  
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Fig. 4 Organization of the Indian Nuclear Program 

The Commission is chaired by the Head of the Department of Atomic Energy (currently Dr. Anil 
Kakodkar), and includes in its membership the following: 

• Principal Secretary to the Prime Minister 
• Minister of State for Atomic Energy 
• National Security Advisor 
• Secretary of State for the Department of Economic Affairs 
• Secretary of the Department of Space, and Director of the Indian Space Research 

Organization (currently Dr. Madhavan Nair) 
• Director of BARC (currently Dr. Srikumar Banerjee) 
• Director of DAE’s Management Services Group (AEC Secretary) 
• Two former AEC chairmen (ex officio – Currently Dr. R Chidambaram [who was the INS 

President when the most recent agreement with ANS was signed] and Dr. P.K. Iyengar 
[who signed the original agreement with ANS] 

The key policy making people in the country are Dr. Anil Kakodkar, Dr. Srikumar Banerjee, the 
Director of the IGCAR (currently Dr. Baldev Raj), and the head of NPCIL (currently Dr. S.K. Jain 
– we were told during our trip that he had just been awarded an honorary doctorate from 
Mangalore University). It is noteworthy that in contrast to most other countries (with the possible 
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exception of Russia) the top nuclear policy-makers in India are technologists who rise from the 
DAE ranks, as opposed to political appointees. 

As shown in Figure 4, the primary organizations involved in the Indian nuclear program are: 

• Five major nuclear R&D centers 
• Three industrial Organizations (incorporated within the DAE organization) 
• Five public sector undertakings (Government owned, but with the ability to float 

independent bonds) 
• Three Service Organizations 
• Eight “aided” Institutions, which are supported essentially totally by DAE, and which 

undertake basic research and education. 

In addition, the Atomic Energy Research Board (AERB) was created in 1983 to provide 
independent safety oversight for the non-strategic nuclear program. The AERB is not completely 
independent, in that it reports to the AEC, and depends quite heavily on DAE staff for technical 
support. There is a move to involve outside Universities in some of the Safety work (e.g. IIT 
Madras, and IIT Bombay have contracts to work on safety related issues), but that is still a small 
effort. An AERB Safety Research Institute was established in 1999 on the IGCAR campus at 
Kalpakkam under the leadership of S.E. Kannan. 

The institutions shown in Figure 4 provide the complete range of capability needed in a national 
nuclear enterprise. World class basic nuclear research has been conducted over many decades 
at Institutions such as the Tata Institute of Fundamental Research, and the Saha Institute of 
Nuclear Physics. Applied research on all aspects of nuclear technology has been conducted at 
BARC for 50 years. Fast reactor technology development has been the focus of the IGCAR, and 
their goal of becoming the premier fast reactor center in the world by 2020 seems eminently 
achievable. The industrial organizations and public sector undertakings were created to address 
specific nuclear development needs. As an example, the newest organization, the Bharatiya 
Nabhikiya Vidyut Nigam Ltd (abbreviated as BHAVINI) was created to have the responsibility for 
engineering, procurement and construction of fast reactors. 

The need for self-sufficiency in nuclear activities has created a significant industrial base within 
India that has been able to produce all of the reactor components with very little external 
collaboration. The principal industrial organizations that have been involved are: 

• Bharat Heavy Electrical Ltd. 
• Larsen and Toubro 
• Hindustan Construction Company 
• Walchandnagar Industries 
• Tata Consulting Company 
• Gammon India 

As the planned move to increased privatization of the nuclear sector goes forward, there will be 
many additional organizations involved. One intriguing move is that by the Reliance Corporation 
(The Ambani Group) which is looking to get involved in a big way, including taking a role in 
reactor operations. 
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The Indians have made a point of their inadequate uranium reserves for decades. They told us 
that their typical ore deposits are more like the tailing from profitable mines. Upon questioning, 
Dr. Rodriguez admitted that there had been relatively little subsurface exploration for uranium. 

PRIVATE INVESTMENT IN INTERNATIONAL NUCLEAR TECHNOLOGY 

Both government planners and private corporations are anticipating entry into the international 
uranium market and purchase of civilian nuclear technology from the global marketplace. This 
move has already started to some extent with the purchase of Russian VVER technology and 
the supply of enriched fuel for the old GE BWRs at Tarapur.  

To fully understand how becoming a global nuclear trading partner will mesh with India’s civilian 
nuclear plans, one must fully understand the strategy that has propelled them to this point. 
Because of the importance of its nuclear program within the highest circles of government, it 
seems likely that privately developed power stations will somehow be incorporated into the 
overall national strategy. 

The Three-Stage Strategy: The three-stage Indian nuclear power strategy, described briefly in 
the previous section and first articulated by Dr. Bhabha more than 50 years ago, includes: 

• Stage 1:  Initial nuclear power generation uses natural-uranium-fuelled Pressurized 
Heavy Water Reactors (PHWRs), starting at a modest power level of 220 MWe but 
growing to 540-700 MWe. Stage 1 has a growth potential that is limited to about 300 
GWE-yrs by scarce domestic uranium resources in India. There are currently 16 PHWRs 
operating in India, 2 small LWRs (160 MWe GE BWRs), 4 more PHWRs and 2-1000 
MWe Russian VVERs under construction, and several others planned with a target of 
about 10 GWe (4 GWe currently). 

• Stage 2:  The plutonium bred from the PHWR reactors is intended to fuel a series of 
stage-2 sodium-cooled, thorium-fuelled, fast breeder reactors that will in turn breed a U-
233 inventory. Plutonium stockpiles are expected to limit the total stage-2 energy 
potential to about 42,000 GWe-yrs. The 40 MWt Fast Breeder Test Reactor has been in 
operation since the mid 1980s, and a larger 500 MWe Prototype Fast Breeder Reactor is 
under construction at Kalpakkam with 3 more FBRs planned for the same site.  

• Stage 3:  U-233 will be used in a sodium-cooled, thorium-fuelled fast breeder fuel cycle 
and in a series of thorium-fuelled Advanced Heavy Water Reactors. Stage-3 has the 
capability to sustain the Indian nuclear power program through as much as 155,000 
GWe-yrs in a closed fuel cycle.  

Nuclear Power Growth Projection: The Indian Government plans to grow the GDP from 
today’s $2500 to $10,000-15,000 per-capita by 2050. This requires a substantial growth in 
electricity from today’s few hundred KW-hrs to 5000-6000 KW-hrs per-capita in the same period. 
The Government has set targets to grow the amount of nuclear electric power generation from 
today’s 4 GWe to at least 20 GWe by 2020 (and some in Government are reportedly pushing for 
40 GWe by 2020), and then 275 GWe by 2050 to make up 20% of India’s grid capacity.  

The plan to achieve the initial 20 GWe installed nuclear capacity by 2020 includes: 

• 3.9 GWe in operation currently from 16 PHWRs at 6 sites 
• 0.9 GWe under construction from 4-220 MWe PHWRs at 2 sites 
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• 2 GWe under construction from 2-1000 MWe VVERs 
• 0.5 GWe under construction from the Prototype FBR 
• 13.9 GWe planned including 8-700 MWe PHWRs, 4-500 MWe FBRs, 1-300 MWe 

AHWR, and up to 6-1000 MWe LWRs from international suppliers. 

The deployment of LWRs in the Indian nuclear power program is a necessary “fill” to meet 
capacity goals. These LWRs are expected to come with a “guaranteed” uranium fuel supply 
contract, and this is one of the motivations for the Indian Government to embrace U.S. 
President Bush’s initiative to establish a new nuclear trade relationship. 

The ability of the Indian nuclear enterprise to deliver this much nuclear power growth using 
indigenous (much of it first-of-a-kind) technology, clearly presents a challenge. The current 220 
MWe PHWRs are operating well, and the next-generation 540 MWe PHWR technology 
commenced operation in 2005 and 2006 at Tarapur and has limited operating experience to 
date to support the continued scale-up to 700 MWe for the 8 PHWRs planned for 2020 
operation. Similarly, the 500 MWe Prototype FBR is under construction with a projected 
operation date of 2010 which will provide very limited operating experience prior to undertaking 
construction of three additional FBRs planned for 2020 operation. Finally, the big growth in 
nuclear power from 20 GWe in 2020 to 275 GWe in 2050 would seem to be extremely ambitious 
to achieve considering the necessary shakedown and scale-up of indigenous FBR technology 
alone. Therefore, it is likely that India will, for a long period of time, need to supplement its 
nuclear power technology with purchases of large LWR plants from international suppliers.  

International Technology Business Opportunities: The week after the ANS delegation 
returned from India, Russian Federation President Putin was to be in New Delhi to initiate an 
agreement to supply an additional four 1000 MWe VVERs. Furthermore, there has been a long-
standing Indo-French cooperation, especially on fast reactor technology, but expanding to LWR 
technology (there was a Indo-CEA workshop on water desalination, reactor water chemistry, 
and back-end fuel cycle technology ongoing at the Indira Gandhi Center for Atomic Research 
when the ANS delegation visited on 19 January) and one would expect the French industry to 
be very active in the future Indian LWR market. Nevertheless, there is substantial opportunity for 
U.S. industry to participate in the emerging Indian LWR and uranium-fuels market. Likewise, 
Indian scientists see the potential to export their 220 MWe and 540 MWe PHWR technology to 
developing countries with small electricity grids and modest power demands, and they see 
themselves as world-leading in fast reactor technology. 

On 16 January, the ANS delegation met with Dr. V. K. Chaturvedi, Director of the Nuclear 
Power Initiative at Reliance Energy [Dr. Chaturvedi is the now retired Chairman and Managing 
Director of the Nuclear Power Corporation of India, Ltd]. Reliance Group is a multi-$B Indian 
Industrial Mega Corporation, and the Reliance Energy company itself has a market 
capitalization currently exceeding $20B. Reliance is very interested in making a substantial 
private investment in nuclear power generation in India. Dr. Chaturvedi arrived with a list of 
questions and issues (Attachment 5) to discuss with the delegation that included: 

• We discussed some of the difficulties in carrying out the worldwide renaissance in 
nuclear power due to limited heavy manufacturing capacity, skilled manpower limitations, 
and uranium prices. 

• They were concerned about the lack of a proven operating record for ALWRs. 
• Projected vs. actual capital costs for ALWRs will not be settled until several of the 

ALWRs are built. 
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• The role of private industry like Reliance Energy in the GNEP program, especially with 
respect to spent LWR fuel commitments. 

• What are the possible business models for American companies entering the large 
Indian nuclear market in partnership with Indian companies once the NSG and IAEA 
safeguards commitments are satisfied? 

• They were very interested in some sort of globalized reactor licensing or design 
certification process that could help the Atomic Energy Regulatory Board deal efficiently 
with Western technology (I believe there is an ongoing international effort led by the U.S. 
NRC dealing with this issue). 

• They were interested in nuclear island sizes of 10 GWe or more because of high 
population densities in India; they inquired whether maximum island size in the U.S. was 
determined by the dose at the site exclusion boundary. (This is certainly a limitation on 
reactor sites near large population centers in the U.S. However, if and when pending 
changes to dose impact a la the International Committee on Radiation Protection [ICRP) 
recommendations are made, the issues of low dose impact on large populations, 
exclusion zones and evacuation plans will need to be revisited.) 

• India will need to enact legal limitations on nuclear liability before U.S. vendors will 
participate in the Indian market. 

• How can Indian and U.S. companies work together to prepare for the opening of the 
Indian nuclear market? 

• What is the future for nuclear power in the U.S. and when do we expect new 
construction of ALWRs? 

• Will new manufacturing capability be created inside the U.S., or will we rely primarily on 
imported components? (We answered some of both.) This question may have been 
aimed at the potential for Indian component manufacturing to serve part of the U.S. 
market demand. 

In many of these instances, we were unable to offer firm commitments from U.S. industry, but 
the tone of the questions and the ensuing discussion indicated a strong interest from Indian 
private industry in U.S. technology participation in the Indian nuclear power market and possibly 
in Indian manufacturing industry participating in the U.S. market. Dr. Chaturvedi was also 
concerned about whether liability and other issues might keep American companies out of the 
India market. His interest in American participation went beyond direct technical assistance. He 
stated that American businesses were more sophisticated than their French and Russian 
counterparts, and possibly would be more creative with financial arrangements and other 
business processes. 

On 17 January, the delegation met with Mr. Pramod Joshi, Marketing Director for GE Nuclear in 
India. GE clearly has a strong interest in the Indian nuclear power market, although they are 
awaiting U.S. Government approval to proceed. One of their primary concerns relates to the 
issue of international nuclear liability and the establishment of liability protection in India. 

There has been impressive financial performance in the private sector companies that will 
become integrated into India’s emerging nuclear power infrastructure. Reliance Energy has 
grown from $3 billion to $20 billion in just three years (with a last quarter growth of 57%). Larsen 
& Toubro, a manufacturer of heavy components, needed in the nuclear power market, had an 
annual growth rate of 25% in 2006. L&T is one of the five largest engineering and construction 
firms in the world. 
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Only when we pressed was it confirmed that utilities such as Reliance and Tata would not 
simply be developing nuclear power stations with private investment and foreign technology. In 
order to own and operate the stations, the private utilities will be required to develop 
public/private partnerships with government enterprise corporations such as NPCIL and NTPC. 
In particular, since NPCIL has a monopoly on plant operating experience, they will figure 
prominently in supplying expertise for any new nuclear build. 

Finally, the market for nuclear technology in India will not be limited to ABWRs, ESBWRs, and 
AP-1000s. There will also be opportunities for small and mid-size companies in the services and 
software market. Of course, these potential business opportunities are contingent on the details 
of the implementation of cooperation agreement. There remains the possibility that it is a US 
initiative that will open the global nuclear marketplace to India, but US implementation policy will 
block American businesses from realizing significant benefit. The irony of the situation is not lost 
on the Indian business community. 

EDUCATION, TRAINING AND WORKFORCE ISSUES 

The majority of nuclear engineers in India are trained at a specialize school (Bhabha Atomic 
Research Centre Training School) which is housed at BARC. This training school graduates 150 
students annually. Students are selected from the best students in the country; most of the 
students have BS degrees from one of the seven IITs, and have to pass an entry exam. To date, 
7500 engineers have graduated from this training school.  

In order to give degrees to the graduates of the training school, students were required to 
register formally in a regular engineering school, while all the classes and research were done 
at the institute. To remedy this situation, in June 2005, the training school was converted to a 
University named Homi Bhabha National Institute (HBNI). Besides BARC, this institute uses 
resources from its affiliated institutes including: Indira Gandhi Centre for Atomic Research, 
Kalpakkam near Chennai; Institute of Physics, Bhubaneshwar; Variable Energy Cyclotron 
Centre, Kolkata; Raja Ramanna Centre for Advanced Technology, Indore; Tata Memorial 
Centre, Mumbai; Institute for Plasma Research, Gandhinagar; Institute of Mathematical 
Sciences, Chennai; Harishchandra Research Institute, Allahabad; and, Saha Institute of Nuclear 
Physics, Kolkata. A few of the affiliated organizations provide training branches as part of HBNI.  

The graduate capacity of the Homi Bhabha National Institute is projected to be 300-400 
graduates/year. An interesting aspect of this institute is the fact that the employees of different 
organizations within DAE function as professors and research advisors on a voluntary basis! 

To train the necessary number of qualified nuclear engineers/scientists for the expected 
significant growth of the Indian nuclear power generation, either HBNI has to increase its 
capacity drastically or new nuclear engineering programs have to be established at various 
universities. Based on our visit to the India Institute of Technology – Bombay, neither the faculty 
nor the physical infrastructure are well prepared to take up the slack at this time. Meanwhile, the 
US academic community can play an important role in educating a new generation of Indian 
engineers and scientists.  

Many of the recent and current leaders are proud of their early experiences in the US. Placid 
Rodriguez, for example, attended the Oak Ridge School and the University of Tennessee. 
Others were enrolled in the Argonne program. The two professors who acted as our hosts at the 
Indian Institute of Technology-Bombay (IITB) still maintain an affiliation with US universities. 
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Professor Doshi is quite proud of his UC-Berkeley roots and Prof. Iyer maintains his affiliation 
with Purdue. 

SAFETY AND QUALITY ASSURANCE 

Background: Although India and the US have not officially shared nuclear technology since 
India conducted its first nuclear test on 18 May 1974, India has endeavored to maintain ties to 
the international safety community through its relationship with Canada, France, and the IAEA. 
Further, India has kept abreast of the safety trends and practices adopted by the US Nuclear 
Regulatory Commission (NRC) and US industry. In fact, the visitor photo gallery leading to the 
Tarapur Unit 1 and 2 power plants chronicled a 1996 visit by then NRC Chairperson Shirley 
Jackson and now NRC Deputy Executive Director, Marty Virgilio. Beyond this, the US NRC has 
hosted representatives from the Indian Atomic Energy Regulatory Board (AERB) at its Rockville, 
MD headquarters for long-term assignments. Currently, there are two AERB representatives 
working at NRC and during the week of 9 January 2007, an AERB delegation visited NRC HQ 
to discuss potential cooperation in topics ranging from thermal hydraulics and digital I&C to 
containment building performance. This occurred under the auspices of the Eighth NRC-AERB 
Nuclear Safety Projects Meeting in Rockville, MD. While in our hotel in Kalpakkam, we 
encountered a team of WANO inspectors [including one American from PSEG] who were 
reviewing operations of the Madras plant 

Despite India’s knowledge of US safety practices and regulations through the open literature 
and their cooperation with NRC, India has been excluded from gaining access (at least officially) 
to much of the underlying data, models, and analyses developed by US regulatory authorities 
and their support laboratories. Because of this, India has developed its own suite of analysis 
tools and regulatory safety standards. In many ways, it has made sense for India to do this. 
Except for two older (Gen-I) BWRs from GE that first went critical in 1969 and two new Russian 
VVERs currently under construction, India has only deployed heavy water reactors and a fast 
breeder test reactor. So, many aspects of light water reactor regulations, safety analyses, and 
data had to be modified for India’s particular needs. 

The same situation has applied to India’s quality assurance efforts. India has largely developed 
its own quality assurance program based on the ISO 9000 international standards. We were told 
that these international QA standards have been adopted by each of the indigenous component 
manufacturers and software developers who support the Indian nuclear industry. In this way, 
India has addressed its supplier QA needs through a totally integrated nuclear power industry. 

General Observations: India takes pride in its safety record and its conscientious approach to 
safety and quality assurance. In response to safety questions from the delegation, our Indian 
hosts were anxious to describe how they had addressed a wide variety safety issues. Indeed, in 
some areas (e.g., digital I&C and computer software) it appears that India has made more 
regulatory progress than the US. Further, the Indian approach of re-licensing their nuclear 
facilities every five years is similar to the French 10-year interval and goes beyond the US 
standard of 40-year licensing. 

It was clear that India is anxious to receive worldwide recognition for its safety standards. India 
recognizes that this is a prerequisite for competing on the world stage as a future nuclear 
technology supplier nation, especially for the small-reactors they have successfully designed 
and operated. Further, India needs to obtain up-to-date knowledge of light water reactor (LWR) 
safety in order to license the LWRs it plans to purchase from Russia, the US, and others. This is 
especially important as questions are asked about the safety liability LWR suppliers will be 
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asked to take on in India. However, without seeing the details of their safety system designs, it 
was impossible to ascertain how much of their safety optimism reflects a “what will go right” 
versus a “what can go wrong” perspective. Some of their question responses hint that they have 
penchant for “what will go right.” 

Specific Observations: 

• At the Tarapur facility, Indian representatives stated that they have developed and 
applied safety goals for core damage and radioactive release “similar to the US” (i.e., 10-

4/yr for core melt and 10-5/yr for release). However, they did not give the exact numerical 
goals they have adopted. When asked about performing probabilistic assessments of 
passive systems for licensing (e.g., structures, vessels, and piping), a challenge now 
faced by the US NRC, they stated that they had done that, although it wasn’t clear what 
supporting data was used. 

• At Tarapur, in response to questions about their treatment of fire protection, evacuation 
planning, severe (core damage) accidents, seismic capabilities, and plant aging, the 
consistent response was “our plants meet all the current standards.”  We did not have 
the opportunity to explore the bases for these claims. 

• Because of the sensitivity of the topic, there was very little discussion of nuclear facility 
security. As one would expect, security was tight at both BARC and the IGCAR. 
However, it appeared that the design and configuration of the nuclear power plants we 
visited lacked the robustness one would expect in a post-911 world. 

• Fuel reprocessing and high level waste disposal, two topics receiving significant scrutiny 
in the US, are “non-issues” in India. India is focusing on and committed to PUREX for 
reprocessing, despite US concern that PUREX represents a material proliferation 
concern. It is clear that India’s commitment to a heavy water reactor / fast breeder fuel 
cycle based on thorium trumps any concern the US may have about plutonium 
production. India sees energy independence as paramount. Regarding high level waste, 
India does not see this as a “big deal” either and accordingly has only a small effort 
underway. They have adopted the French (and others) approach of using vitrification to 
deal with their relatively small volumes of high level waste from reprocessing, and they 
are storing spent fuel in an interim fashion at each of their nuclear reactor facilities. They 
do not see this as a safety issue, and they denied having any large-scale waste 
repository program underway. 

• India clearly intends to lead the world in the design, operation, and safety of sodium 
cooled fast reactors by 2020. Their apparent ability to scale directly from their 13.5 MWe 
Fast Breeder Test Reactor (FBTR) to a 500 MWe prototype fast breeder reactor is 
unprecedented, especially recognizing that their test reactor has never operated beyond 
around 6 MWe. Based on their operational experience, this would represent an 830% 
scale up!   

• The official view of those at Kalpakkam who designed and are building the state-of-the-
art 500 MWe Prototype Fast Breeder Reactor (PFBR) power plant is one of supreme 
confidence in the reactor’s safety. The safety approach is graded, ranging from Safety 
(Design) Basis Accidents (SBAs) having four categories of accident severity to Beyond 
Design Basis Accidents (BDBAs). The SBAs include a 600 mm pipe break, station 
blackout for 14 hours, and “any event having a frequency of occurrence of >10-6 per 
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reactor year.”  It appeared that accident events were assigned to the SBA categories 1 
through 4 according to the severity of the event. For example, a steam generator three-
tube rupture was assigned a category 4 for a steam generator and a category 3 for the 
plant overall. Based on the PFBR design specifications, only category 3 and beyond 
accident events are assumed to result in any sodium boiling scenarios. For BDBAs, core 
melting is assumed. However, it was not clear whether the breeder reactor containment 
building, which is only designed to a pressure of 250 millibar (3.62 psi), would be 
capable of containing such BDBA accidents. To prevent and deal with sodium fires, the 
PFBR has double-walled pipes in the primary system and single-walled pipes in the 
intermediate loop running through limestone lined cells – no steel-lined cells. 

• Based on comments made by FBTR designers, it appears that they have encountered a 
"limited" positive power coefficient associated with the way that the core is constrained. 
This condition is not surprising and similar to that observed in the design of the US 
Clinch River Breeder Reactor (CRBR). It is likely that the PFBR will experience this 
same sort of problem. In addition, it was not clear from question responses that the 
criticality benchmark data they have obtained from the Russians for their PFBR includes 
either Thorium or U-233. This could extend initially to questions about the sodium void 
reactivity for a Pu-Th system and eventually for a U-233-Th system. Although there was 
no mention of voiding in the safety basis for the PFBR, this condition was viewed as “a 
big deal” for the similarly-sized Pu-U fuelled CRBR and eventually, lead to the 
development of a heterogeneous fuel and blanket layout to mitigate a potentially very 
energetic Hypothetical Core Disruptive Accident driven by the positive reactivity insertion 
due to sodium voiding in the core. All of this leads to a concern that the Indians may be 
following strictly the French experience with Super-Phenix. If so, they may be using an 
outdated safety case for the PFBR that might not pass muster in the West for such a 
large (500 MWe) fast reactor.  

• For the Indian indigenously-developed Pressurized Heavy Water Reactors (PHWRs) 
currently under construction at Kaiga (2X220 MWe) and RAPS (2X220 MWe), the AERB 
and researchers at the Indian Institute of Technology in Mumbai are pursing 
confirmatory safety analyses and testing in several focused areas, including flashing-
induced thermal hydraulic instabilities and severe accident code development. 

Safety Conclusions: India has adopted many of the safety standards and regulations 
developed by the US NRC and IAEA. Although they have not had official access to the current 
versions of many US-origin analysis codes (e.g., RELAP, MELCOR, CONTAIN), it is likely that 
they have acquired these codes through other countries. In fact, professors at the Indian 
Institute of Technology in Mumbai stated that they have a version of RELAP5 in use. 

India has drawn upon the safety experience of the Canadians for heavy water reactors and of 
the French for fast breeder reactors. In many ways they now appear to be the leaders in both of 
these technologies. They also appear to be leaders in the use of computer-controlled digital I&C 
systems. However, because India has not built a new light water reactor since 1969, their LWR 
operational and safety knowledge is limited and not up to date. 

India requires all of their nuclear facilities to undergo a five-year re-licensing process, and their 
operators and scientists are trained for one year at their BARC reactor engineering school. Their 
operators also receive rigorous refresher training courses and simulator training. Many of these 
courses are developed and administered by the Indian Nuclear Society, which makes good use 
of retired scientists and engineers. 
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Similar to the US, they are anticipating a shortage of skilled nuclear designers and workers. 
Within India, opportunities in the information technology field are siphoning off some of their 
best talent. 

India has dedicated and knowledgeable staff committed to safety, and on the surface, India 
seems to have a comprehensive safety program and quality assurance program. However, it is 
not clear whether this program has been sufficiently critical of itself in terms of “what can go 
wrong.”  Generally, their containment structures are designed to very low pressures and would 
likely not do well under extreme accident conditions. Given the population densities and crowed 
living conditions in India, even around their nuclear facilities, it is not clear how effective their 
evacuation planning would be in case of an accident. The dramatic scale-up of their fast breeder 
technology (a factor of 830%) represented by their 500 MWe PFBR may lack sufficient 
consideration of important safety factors (e.g., positive reactivity and voiding). Their plants (even 
the newer ones) do not appear robust enough handle post-911 threats, and it was not clear 
(because we were not shown) whether their safety train separation details, seismic features, 
and systems redundancy achieve the level of defense in depth called for in the US. Finally, 
because all of India’s component suppliers and vendors are local, it is not clear whether their 
QA programs meet international standards, although their ISO certification bodes well in this 
regard. 

PUBLIC OPINION 

We were told that there is no current opposition to construction of new nuclear power plants. 
From our reading of the newspapers and other information sources, that seems to be the case. 
Indeed, India’s nuclear program—both strategic and civilian—seems to be a source of national 
pride. 

At the current meager generation of spent fuel and reprocessing waste, there are no plans to 
rush into geologic repository development and no public pressure to do so. Ultimately India 
plans to have such a repository. 

The one area of nuclear policy that has stirred up considerable debate is the pending nuclear 
deal with the US. Strong editorial opposition to some of the assumed provisions of such an 
agreement has been commonplace for months. The deal could become a hot political issue that 
could have some influence on elections. Some of the articles have been written by men that we 
met with on this trip, including Dr. Rodriguez and Ambassador Saran. Their tone in private is 
calm and reasoned. Indeed, it seems that the newspapers only cull out and print controversial 
material—in the style of British tabloids. 

INS/ANS COLLABORATION 

The success of the ANS mission was built upon the initial Memorandum of Understanding that 
was signed between the ANS and INS in 1993 and that has twice been renewed, most recently 
in 2004. Interactions between the two societies began as soon as the INS was formed in 1989. 
Prior the delegation’s visit, the most recent interactions in India had been in 2005. Harold 
McFarlane also had met with Baldev Raj, the Director of IGCAR, at the ANS/AESJ/ENS 
GLOBAL 2005 meeting in Japan in November 2005. In the post-9/11 era, several invitations to 
prominent Indian scientist to participate in ANS meetings within the US have resulted in 
embarrassing failures to process visa applications in time for the applicants to travel to the 
meeting. 
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The INS apparently operates considerably differently than the ANS, although the organization is 
continuing to develop. The Presidents seem to be appointed from very senior officials in the 
Indian government programs, usually after they retire. For example the current president, Placid 
Rodriguez, was the Director of IGCAR prior to retirement. The most recent MOU was signed by 
Dr. R. Chitambaram, who had been Chairman of the Atomic Energy Commission. The original 
agreement was signed by Dr. P. K. Iyengar, the then Chairman of the AEC. 

 

Fig. 6 Current Board of Directors of the Indian Nuclear Society 

Other members of the Executive Committee and the Board actually carry out the work of the 
organization. It is not obvious that there is a succession of the type that exists in ANS. When we 
began negotiations for the trip, Dr. Rodriguez was in charge. Once the main facilities had 
agreed to our visit, the details were left up to other members of the Executive Committee and 
professionals who deal with tour groups. 

While in India, the ANS delegation held two joint meetings with the INS, one at BARC and one 
at IGCAR. The BARC meeting was organized by the INS Vice President, Dr. Venugopal, and 
the Secretary, Mr. Mittal. It was relatively relaxed and informal. We gained insight into the 
operation of the organization and its main thrusts. The second meeting, at the conclusion of the 
mission in Kalpakkam, was presided over by Dr. Rodriguez. This meeting was much more 
formal and had more content. The minutes and agreement from the meeting are included as 
attachments 6 and 7.  A photograph from the Kalpakkam workshop is shown in Figure 7. 
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Fig. 7 Kalpakkam Workshop attendees. 

Three of the Indian leaders have been invited to participate in the ANS President’s Special 
Session [the afternoon plenary] of the opening day [June 25] of the Annual ANS Meeting in 
Boston. Dr. Rodriguez has been invited to co-chair the session with Harold McFarlane. However, 
he may not be able to travel because of health problems. [He is on dialysis.] Dr. Banerjee 
[Director of BARC and a member of the AEC] has tentatively accepted (pending DAE approval) 
an invitation to present the domestic nuclear program. Dr Chaturvedi [Director of Reliance 
Energy’s Nuclear Initiative] has accepted an invitation to present the commercial perspective. 

The INS has also expressed interest in a reciprocal visit. This could happen as early as June, 
although September [GLOBAL 2007 in Boise] and November [ANS winter meeting in 
Washington DC] are also possibilities. Photographs of the ANS visit at various facilities and INS 
presentations are expected to be received, but they had not arrived at the time that this report 
was prepared. 

SUMMARY, OBSERVATIONS, CONCLUSIONS AND RECOMMENDATIONS 

During one week, the ANS delegation was able to gain access a broad cross section of leaders 
in the Indian nuclear field as well as a variety of nuclear facilities. The success of the mission 
was made possible by discrete support from the US Embassy staff, highlighted by the personal 
engagement of Ambassador Mulford. Initial contacts and arrangements were made using an 
existing relationship between the American Nuclear Society and the Indian Nuclear Society that 
dates back to a Memorandum of Understanding that was first signed in 1993 and has been 
twice renewed. Chairmen or former Chairmen of the Atomic Energy Commission have signed 
for the Indian side, which may explain why this agreement so has much traction in India. 
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We have no evidence that we observed or heard anything that has not been made publicly 
available elsewhere. However, there may be some benefit in having a sizable delegation of 
nuclear experts see and hear so much in an intense week of tours and meetings. If we 
accomplished anything of significance, it was probably in establishing more open lines of 
communication. 

It became clear as the week went on that India is trying to learn as much as possible from 
international standards and internationally accepted economic processes for developing 
countries. One point that came up at least three times during our visit was that they recognized 
the high importance of improving educational opportunities for women. That said, very few 
women with significant responsibilities appeared during our visit. 

We experienced openness and eagerness to explain the nuclear program on the part of our 
Indian counterparts. The Indians projected alignment with the national program that has had the 
same direction for half a century—in sharp contrast to a US program that has experienced 
policy swings and a recent history of inability to complete major projects. In spite of 30 years of 
partial nuclear isolation, the Indian scientists also projected a great deal of confidence in the 
indigenous technology that they have developed. 

Their confidence was backed up by the truly impressive progress that has been made in 
construction of the 500 MWe PFBR at Kalpakkam. A separate project management 
organization—BHAVINI—has been established. They appear to be safely managing a massive 
undertaking that involves on-site fabrication of very large stainless steel vessels, construction of 
the nuclear and non-nuclear islands, 7000 workers in three shifts seven days a week, and 
subcontracts to many different commercial businesses across India. The reactor has been 
designed by the scientists and engineers at IGCAR, but construction has been turned over to 
professionals in BHAVINI. 

Although the Indian fast reactor experience has been with carbides (the only program that has 
successfully run carbide fuel to high burnup—150 MWd/t), the PFBR has been designed to 
operate with oxide fuel, apparently taking advantage of worldwide experience. Consistent with 
the oxide fuel, the design has a low breeding ratio of only 1.05, in contradiction to the national 
goal of rapid breeding, or more specifically rapiddoubling times [the time required to breed the 
quantity of fissile material required for a new core startup.] This conservatism could be for two 
reasons: assured performance based on worldwide experience and increased protection from 
core disruptive accidents (less chance of a high-reactivity transient due to rod withdrawal.) 

In order to meet nuclear energy growth goals, the Indians require very rapid fuel breeding in 
order to meet new reactor startup requirements. They plan to convert to metal fuel, which has 
the lowest doubling time, and eventually to squeeze as much zirconium out of the U-Pu-Zr alloy 
as possible. To get below a 10-year doubling time, they would like to demonstrate a zirconium-
less U-Pu fuel if that proves to be achievable. 

The Indians stated that they are only using PUREX reprocessing technology now with the low-
burnup fuel from their power reactors. However, they expect to develop pyroprocessing 
technology to go with their fast reactor metal fuel cycle. This could be for shorter cooling times 
(unlike organic solvents, molten salts are not damaged by radiation) or it could be simply an 
economic move. At any rate, it seems that they want to pick up the technology development trail 
that the US abandoned in the mid-90’s but has since reconsidered within the Global Nuclear 
Energy Partnership (GNEP) context. 
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India’s handling of the 2003 FBTR primary sodium leak of 75 kg demonstrates a level of 
technical sophistication and maturity. The cause of the leak was traced to a manufacturing flaw 
in a valve body; procurement practices were modified. Cleanup, repairs and restart lasted only 
three months in spite of having to work in tight quarters in the presence of radioactive 24Na. 

India appears to have mastered Pressurized Heavy Water Reactor technology, perhaps 
becoming world class in the timely construction and reliable operation of their indigenous 220 
MWe and 540 MWe systems. They assert that these systems are potential export candidates to 
smaller countries with immature electrical infrastructure. In thinking about the business model, 
they have concluded that the natural uranium fuel could be manufactured in-country. The Indian 
scientists see this as a non-proliferation advantage because no enrichment services are 
involved. The US might see it somewhat differently. The discharged lightly irradiated uranium 
would be relatively easy to reprocess. As a practical matter, it seems unlikely that Indian 
technology can do more than meet domestic requirements for decades to come and that an 
export business would be far in the future, if ever. 

It seems likely that the policy of isolating India from global nuclear trade has had unintended 
consequences. The isolation has been only partial in that Russia has met some needs including 
the construction of new VVER plants and supplying enriched BWR fuel. Further, it appears that 
India has at various times received aid from countries other than the US and Russia. If the 
Indian market does open up as a result of the cooperation agreement with the US, American 
vendors will start from a slightly disadvantaged position. To that point, Russia completed an 
initial negotiation for four additional VVERs the week after we left. 

The largest unintended consequence of the Indian isolation is probably underestimating their 
determination and success in developing all of the technologies necessary for an indigenous 
program. They have borrowed as many international benchmarks and standards as they can 
find in the open literature. While we were there, a WANO team was reviewing operations at the 
MADRAS power plant. (At least one member of the team was from PSEG in the US.) 
Nevertheless, without a closer tie to their program, it is difficult to assess what they might have 
overlooked. Without engagement, we may miss the opportunity to prevent an accident as their 
program grows at its projected frenetic pace. 

If the Indians do not run into difficulty with startup of the PFBR, they will quickly replicate it with 
three identical units at the same site. This would go a very long way toward establishing India as 
the leader in fast reactor technology experience.  

The surest and most logical way for the US to influence the trajectory of the Indian Nuclear 
Program is to successfully compete in the LWR technology market. We were told that the 
nation’s energy infrastructure would probably be 80% privately financed. All nuclear projects will 
include significant Indian involvement, but at least some Indians view American ingenuity in 
setting up such arrangements as a competitive advantage. It seems at least conceivable that 
once the international market is established, it will not be very constrained. It could proceed at a 
faster pace than the domestic program. 

The existing INS/ANS relationship could continue to be a useful venue for discussion and trust 
building. The Indians have expressed some interest in a reciprocal visit and we have said that 
we are willing to help arrange such a visit. Obviously we will need several months of lead time 
because of the visa issue. Two companies, NTPC and Reliance Energy, expressed interest in 
becoming organizational members of ANS once all of the nuclear agreements are in place later 
in the year (their estimate). 
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“This is a landmark event in US-Indo relations signaling a return to US Indo cooperation in 
nuclear science and energy.” This remark was made by Dr. Placid Rodriguez, former director of 
IGCAR and current President of the Indian Nuclear Society at the conclusion of the INS/ANS 
workshop on Saturday, 20 January. We don’t have any objective way to assess the validity of 
the statement, but it does seem to reflect the reception that we received from the Indian nuclear 
leadership. To have any lasting value, there must be timely follow-up to the ANS mission. We 
have made an opening for several key Indian leaders to visit the ANS for the June meeting in 
Boston, have encouraged submission of papers to the GLOBAL 2007 meeting in Boise, and 
have provided alternate dates during which an Indian delegation might be received. The next 
move is really up to them. 

ATTACHMENTS 

1. List of Delegates 
2. List of Facilities Visited / People Contacted 
3. Organization of the Indira Gandhi Centre for Atomic Research 
4. Business cards collected 
5. Dr. Chaturvedi’s Agenda 
6. INS/ANS Meeting Agenda 
7. INS/ANS Meeting Record 
8. List of Documents Received 
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Attachment 1 ANS Delegation Affiliation 

Name Work Affiliation ANS Affiliation

Harold McFarlane
Idaho National Laboratory, Deputy Associate 
Laboratory Director for Nuclear Programs; Director, 
Space Systems and Technology Division

President, Fellow

James Lake Idaho National Laboratory, Associate Laboratory 
Director

President Emeritus; Chair, Government 
Relations Committee, Fellow

Samit Bhattacharyya RENMAR Enterprises, Inc., President Fellow

Arvind Kumar University of Missouri-Rolla, Nuclear Engineering 
Program, Professor & Chairman member

Alireza Haghighat University of Florida, Nuclear & Radiological 
Engineering Department, Professor & Chairman

Fellow, Chair of Nuclear Engineering 
Department Head Organization

Dennis Berry Sandia National Laboratories, Director, Nuclear Energy 
Programs member

Arthur Digiovine Studsvik Scandpower, Vice President, Business 
Development Fuel Management member

Atambir Rao IAEA, Head, Nuclear Power Technology Development International Committee



Attachment 2:   
List of Facilities Visited / People Contacted 

 
Facilities Visited People Contacted 

Embassy, New Delhi Amb. David Mulford, Satish Kulkarni 
 

Energy Planning Commission, 
New Delhi 

Surya Sethi, Principal Advisory  

Ministry of Power, New Delhi Ajay Shankar, Additional Secretary 
Federation of Indian Chambers 
of Commerce and Industry, 
New Delhi 

Vijay Topa, Advisor to the Secretary General 

Prime Minister’s Offices, New 
Delhi 

Amb. Shyam Saran  

U.S. Embassy, New Delhi Pallava Bagla of the India Express (Newspaper) 
NTPC, New Delhi T. Shankaralingam, chairman and Managing Director, National Thermal 

Power Corporation. 
Larson & Tubro Offices, 
Mumbai 

Mr. N. Nigam, Executive Vice President. Mr. Anil Parab and Mr. Hari 
Ravindran 

Tarapur Mr. Goyal, the site General Manager, T. R. Arora, the Chief Engineer, 
Mr. K. P. Dwivedi, the Associate Director and  
Mr. B. D. Jha, the Training Superintendent. 

Mumbai (Hotel) Dr. V. K. Chaturvedi, Director of Reliance Energy’s Nuclear Power 
Initiative and the former Chairman and Manager Director of NPCIL. 
 
Mr  Pramod Joshi, GE Energy 

Bhabha Atomic Research 
Center, Mumbai  
100MW heavy water research 
reactor, waste plant and the 
supercomputing center. 

Dr. Srikumar Banerjee, Director of BARC 
Mr. Sharma, Chairman of the Atomic Energy Regulatory Board 
Dr.  G. D. Mittal and V. Venugopal, Indian Nuclear Society. 
 

Indian Institute of Technology, 
Bombay 

Prof. Iyer,  
Prof. Doshi 
 

Indira Gandhi Centre for 
Atomic Research, Kalpakkam 
 

S. C. Chetal, Director, Reactor Engineering Group 
Dr. V. Ganesan, Head, Materials Chemistry Division, Chemistry Group 
P. Swaminathan, Outstanding Scientist and Director, Electronics & 
Instrumentation Group 
G. Vaidyanathan, Outstanding Scientist and Director, Fast Reactor 
Technology Group 

The PFBR site. Phabhat Kumar, Director 
 

Safety Research Institute of the 
AERB, Kalpakkam 

S. E. Kannan, Director 

Thermal Hydraulics and 
Structural Mechanics 
Laboratories 

Lab. Managers 
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Agenda for meeting with Dr. Harold, President, and 
other delegation members of ANS, in Renissance Hotel 

to be held on 16th January, 2007  
 
 
1. Nuclear renaissance and difficulties: 
 
 Environmental degradation by use of fossil fuels and large 

capacity additions expected in next two to three decades 

particularly in the developing nations are the driving force for 

nuclear renaissance. Large nuclear programmes, as envisaged 

2010 onwards in US, East European countries, Russia, China, 

India and progressive increase in nuclear capacities in Korea 

and Japan may encounter difficulties due to following 

constraints: 

 
• Limited manufacturing capacities in the world 
• Need for large inventories of special materials for RPV, SG, 

Pressurisers etc. 
• Dearth of trained, experienced and licensed manpower 
• Abnormal increase in yellow cake prices and limited uranium 

resources 
• Need to enhance capacities for enrichment, fuel fabrication etc. 

 
As ANS President, your considered opinion on emerging 
scenarios  

 
2. Inadequate operational experience on ALWRs: 
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 Although, generation III ALWRS worldwide are licensed or in 

the process of being licensed, most of them still remain without 

a proven operating record. In this situation, many of the utilities 

may hesitate to select these designs immediately and may 

defer their decision till these reactors become operational and 

demonstrate good safety and reliability records.  

How this situation can be tackled? 

 
3. Lower Capital Costs: 
 
 At the time of developing new ALWRS, one of the targeted 

intention was to reduce their capital cost to approximately us$ 

1000 per kwe and achieve low gestation periods.  

Are we successful in our endeavour which does not look to be 

so? 

 
4. Spent fuel handling on GNEP application: 
 
 a) What are the chances of global acceptance of GNEP? 
 

b) With application of GNEP, what will be commitments of 

private utilities like Reliance Energy regarding spent fuel 

handling? 
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c) Does there lie an additional uncertainty in estimating the 

fuel cost under GNEP regime? If so, will it not be 

additional risk to be considered at the inception stage of 

the project? 

 
5. Business Models: 
 
        (a) Post 123 agreement, NSG acceptance for nuclear 

commerce with India and entering into IAEA safeguards, 

Indian private utilities will be very keen to participate in a 

big way in nuclear foray. 

 
(b) What are the chances of American companies making 

equity investments and joining hands with Indian private 

sector by forming Joint Ventures? 

 
( c ) Also do you see possibility of American companies 

entering large Indian nuclear market all alone on BOO or 

BOOT basis? 

 
 
6. Licensing and Regulation: 
 

(a) Only few standardized ALWRs are in market and have 

obtained acceptance by the regulatory bodies of more 
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than one country. Will it not be beneficial to work on 

globalised licensing process. It will greatly help in 

curtailing the licensing and design certification period in 

the client state. 

 
(b) In a Joint Venture between an American company and 

Indian private company, how much help and support from 

American company be available in design certification 

and licensing process? 

 
(c) If URD is a public document, can Reliance Energy obtain 

a copy of this or purchase it? 

 
 
7. Max. Island size: 
 

From the consideration of prescribed doses to the public at 

exclusion radius, what can be maximum number of ALWR units 

which may be located at one site. It is especially true for a 

country like India where demographically due to large 

population density, it is not easy to find many appropriate site 

and so the strategy will be to create nuclear islands of total 

10,000 MWe or more capacities. 
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8. Nuclear Liability: 
 
 What are your thoughts on nuclear liability for countries like 

India which have only few reactors? 

 
9. Preparatory Efforts: 
 
 In your opinion, how Indian and US companies can work and 

prepare in the interim period till flood gates for nuclear 

commerce is allowed by the NSG. 

 
 

10. Nuclear Future in US: 

 What is the future of nuclear power in US? Though most of the 

old plants are seeking life extension but when we can expect 

new constructions using Gen3 and Gen3+ ALWRs? 

 
11. Limited manufacturing capabilities in US: 
 
 
 In the absence of nuclear activity in power sector after 1980, 

most of the American manufacturers dealing with Nuclear 

Components have either closed their shops or diversified. For 
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American programme and for large supplies to countries like 

India, do you think new manufacturing capabilities will be 

created in USA or that you will depend on imports.  

 

END 
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Joint Workshop of INS-ANS 
Preparing for the Nuclear Renaissance:  Strategies for Human 
Resources Development and Nuclear Knowledge Management 

 
January 20, 2007 

Indira Gandhi Centre for Atomic Research 
Kalpakkam 

 
1. Opening Remarks – Dr. Placid Rodriguez 

2. Indian Nuclear Society -  Mr. G. D. Mittal 

3. American Nuclear Society – Dr. Harold McFarlane 

4. U. S. Commercial Nuclear Update - Dr. Harold McFarlane 

5. U. S. Nuclear Initiatives - Dr. Harold McFarlane 

6. U. S. Nuclear Engineering Education & NEDHO – Dr. Alireza Haghighat 

7. Homi Bhabha National Institute – Dr. R. R. Puri 

8. Sandia National laboratories Overview and Nuclear Fuel Cycle Programmes – Dr. 
Dennis Berry 

9. Overview of Idaho National Laboratories – Dr. James Lake 

10. Knowledge management for sustaining Innovations in Nuclear Technology – Mr. P. 
Swaminathan 

 
11. Studsvik Scandpower Company Overviews:  Products and Services – Dr. Arthur 

DiGiovine  

12. Nuclear Power in Space – Dr. Samit Bhattachaiyya 

13. Human Resource Development at Indira Gandhi centre for Atomic Research Dr. M. 
Sai Baba 



RECORD OF VISIT AND DISCUSSIONS BYTHE DELEGATIONOF

THE AMERICAN NUCLEAR SOCIETY TO INDIA

DURING JANUARY 16-20, 2007

A Delegation of the American Nuclear Society consisting of the

following members

Dr. Harold Finley McFarlane

Dr. James Lake

Dr. Alireza Haghighat

Dr. Arvind Kumar

Mr. Arthur DiGiovine

Dr. Atambhir Singh Rao*

Dr. Samit Bhattacharyya

Dr. Dennis Berry

President, American Nuclear Society;
D-ALD, INL

Past President, ANS; Battelle Executive

Chairman, NEDHO;Chair NE Dept.
University of Florida

Chair NE Dept. University of Missouri

Vice-President, Studsvik ScandPower, Inc.

Int'I Committee, ANS; Nuclear Energy
Directorate, IAEA

President, RENMAR

Director, Nuclear Programs, Sandia

visited India during January 16-20, 2007.

The Indian Nuclear Society organized visits by the ANS delegation to the

following institutions:

January 16, 2007:

January 17, 2007:

January 18, 2007:

January 19, 2007:

Tarapur Atomic Power Station, Tarapur

Bhabha Atomic ResearchCentre, Mumbai

Indian Institute of Technology Bombay, Mumbai

Indira Gandhi Centre for Atomic Research, BHAVINI,

and Safety ResearchInstitute at Kalpakkam

* joined the delegation at Kalpakkam



The delegation held discussionswith the following representatives of the

Indian Nuclear Society at Mumbai on January 17, 2007.

On January 20, 2007 at Kalpakkam, a joint workshop of the two societies

was held in which the following presentations were made.

1. Opening remarks by Dr. Placid Rodriguez

2. Indian Nuclear Society by Mr. G.D. Mittal

3. American Nuclear Society by Dr. Harold Finley McFarlane

4. USCommercial Nuclear Update by Dr. Harold Finley McFarlane

5. USNuclearInitiativesby Dr. Harold Finley McFarlane

6. US Nuclear Engineering Education & NEDHOby Dr. Alireza Haghighat

7. Homi Bhabha National Institute by Dr. R.R. Puri

8. Sandia National Laboratories Overview and Nuclear Fuel Cycle

Programs by Dr. Dennis Berry

9. Overview of Idaho National Laboratory by Dr. Lames Lake

10.Knowledge Management for Sustaining Innovations in Nuclear

Technology by Mr. P. Swaminathan

11.Studsvik ScandPower Company Overview: Products and Services by

Mr. Arthur DiGiovine

12. Nuclear Technology for use in space by Dr. Samit Bhattacharya

13.Human Resources Development at Indira Gandhi Centrefor Atomic

Researchby Dr. M. Sai Baba

Dr. V. Venugopal Vice-President, Indian Nuclear Society, Mumbai;
Director,RC&I Group, Bhabha Atomic Research
Centre

Mr. G.D. Mittal Secretary, Indian Nuclear Society, Mumbai

Mr. R.K. Singh Jt. Secretary, Indian Nuclear Society, Mumbai

Mr. R.K. Sinha Member, EC,Indian Nuclear Society, Mumbai

Mr. Jagdish Sharma Member, EC,Indian Nuclear Society, Mumbai



.......

The discussions were continued at Kalpakkamduring which the following

INS representatives were present.

It was noted that a comprehensive memorandum of cooperation between

the two societies already exists, renewed last on November 15, 2004 and

valid for five years. The two sides reiterated the desire and intention to

actively implement the memorandum of cooperation.

According to Clause 5 of the memorandum of cooperation, the Indian

Nuclear Society designates Dr.V.Venugopal, its Vice-President and Chair

for International Relations or his successor to be the point of contact who

will be responsible for communications between the two societies and for

implementation of the agreement. Similarly,the American Nuclear Society

designates Dr. Atambhir Singh Rao to be the point of contact who will be

responsible for communications between the two societies and for

implementation of the agreement.

The ANSdelegation extended an invitation to the Indian Nuclear Society

for a reciprocal visit by an INS delegation to the United States. The details

Dr. Placid Rodriguez President, Indian Nuclear Society, Mumbai

Mr. S.C. Chetal Director, Reactor Engineering Group, IGCAR

Mr. P. Swaminathan Director, Electronics & Instrumentation Group,
IGCAR

Mr. G.D. Mittal Secretary, Indian Nuclear Society, Mumbai

Dr. V. Ganesan Treasurer, Indian Nuclear Society, Kalpakkam
Branch; Head, Materials Chemistry Division,IGCAR

Dr. M.L.Jhoshi Member, EC, INS; Head, Health Physics Division,
BARC

Dr. R.R. Puri Dean, HBNI;Head, Human Resources Development
Division,BARC

Dr. M. Sai Baba Head, Strategic & Human Resources Planning
Section, IGCAR



of the reciprocal visit will beworkedout by the two points of contact. The

President ANSindicated the possibilityof having India-US Nuclear

Cooperation as the theme of the President's Special Plenary Session on the

opening day (June 25, 2007) of the ANSAnnual Meeting in Boston,

Massachusetts. He expressed the desire that one of the three speakers at

the session should be a senior representative from INS (the other two

representing USgovernment and business interests). Both sides will

examine the possibilityof the reciprocal visit coinciding with the ANS

Annual Meeting. The President ANSwill provide all necessary assistance

to the US P~C to ensure a successful INS visit.

The ANSdelegation made the followingsuggestions for consideration by

INS.

. Organising an international meeting such as ICAPPin the

post - 2010 time frame, corresponding to the commissioning

of PFBR.

. Active participation in the PacificBasin Nuclear Council.

Signed on the 20th day of January 2007 at IGCAR,Kalpakkam

PkWl~
Placid Rodriguez

President, .
Indian Nuclear Society

1{awM 9-~ /Jt<-~
Harold Finley McFarlane

President,
American Nuclear Society
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Literature List (India Delegation) 
 
Expertise in Materials Metallurgy & Materials Group 

Indira Gandhi Centre for Atomic Research 
Kalpakkam, Tamilnadu 
 

Pamphlet 

PFBR IGCAR BHAVINI 
Department of Atomic Energy 

Brochure 

Kamini Reactor Indira Gandhi Centre for Atomic Research  
Kalpakkam 

Brochure 

Steam Generator Test 
Facility 

Engineering Development Group 
Indira Gandhi Centre for Atomic Research 
Kalpakkam 

Brochure 

Prototype Fast Breeder 
Reactor 

Technology Development for 
Instrumentation and Control 
Indira Gandhi Centre for Atomic Research 
Kalpakkam 

Brochure 

DAE Facilities at 
Kalpakkam 

Government of India 
Department of Atomic Energy 
Kalpakkam – 1998 

Brochure 

IGC Annual Report – 2005 Government of India 
Department of Atomic Energy 
Indira Gandhi Centre for Atomic Research 
Kalpakkam – 603 102 

Bound 
Report 

INSAC-2005 Sixteenth 
Annual Conference of 
Indian Nuclear Society   
Conference Theme 
Science Behind Nuclear 
Technology  November 15-
18, 2005 

Invited Talks 
Editors 
S. Ganesan, R.K. Singh, T.K. 
Thiyagarajan and R.V. Koparde 
Organised by 
Indian Nuclear Society 

Bound  

Indian Nuclear Society – 
2005  INS on the Path of 
Progress 

 Brochure 

Indian Nuclear society news 
Quarterly Newsletter 
 

Vol. 3, No. 3, July – Septermber 2006 Magazine 

Waste Immobilization Plant 
– Trombay 

Bhabha Atomic Research Centre 
Trombay, Mumbai 400 085 
October, 2002 

Brochure 

Atomic Energy in India: 
A Perspective – 2006 

Government of India 
Department of Atomic Energy 
September, 2006 

Brochure 

Technical Courses for 
Indian Industry – 2006 

Indian Nuclear Society Pamphlet 

Course Calendar Indian Nuclear Society , Kalpakkam Pamphlet 
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Industrial Training Course – 
2007 

In collaboration with 
Indira Gandhi centre for Atomic Research 
Kalpakkam 

India R&D 2006  
Mind to Market – 
Background Paper 

FICCI in partnership with 
Government of India 
Departments of Science and Technology 
and Industrial Policy and Promotion and 
Council of Scientific and Industrial 
Research 

Brochure 

India R&D 2005   
The World’s Knowledge 
Hub of the Future 

FICCI in partnership with 
Government of India 
Departments of Science and Technology 
and Industrial Policy and Promotion and 
Council of Scientific and Industrial 
Research 

Brochure 

FICCI Information Packet Federation of Indian Chambers of 
Commerce and Industry 

Folder 

Integrated Energy Policy 
Report of the Expert 
Committee – August 2006 

Government of India 
Planning Commission 
New Delhi 

Bound 
Report 

Nuclear Power Presentation 
Jan 2007 

Avasarala Technologies Limited CD 

Beyond Boundaries Larsen & Toubro Limited CD 
The Saga of Atomic energy 
Programme in India – 3 
volume set 
Vol. 1 – The Chain 
Reaction 
Vol. 2 – Atoms with 
Mission 
Vol. 3 – Atoms for Health 
and Healing 

Department of Atomic Energy 
Golden Jubilee year August 2003-August 
2004 

Hard bound 
books 
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