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Good afternoon everybody. We shall continue our morning's lecture on the safety regulation in Indian nuclear power
plants. 
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Here one of the most important jobs of the regulatory board is to have a regulatory review of all operating nuclear
power plants. So here it is a clear-cut role of what NPCIL has to do, what is the regulatory authority has to do. Then



first and foremost thing the utility which I call as NPCIL must have people who have the capability to do the jobs.
Operation and other requirements they must meet some minimum educational standards. So here is what we call
licensing of personnel. So the people who are recruited for operations are based on their educational qualifications,
some  are  chosen  as  operators  some  are  chosen  for  shift  engineers  work  and  we  have  the  corresponding
qualifications. But we give them a training on the different features of the plant. The training is different for an
operator because his education qualification is different. The training is different for an engineer. So once they go
through all these courses wherein they are taught what are the basic features of operation, what sort of operation
limits which they need to see that it happens, even though automatism is provided. They should be aware that these
limits should not be crossed and they are of course, given the operating instructions and manuals. Then as regards to
the maintenance personnel the equipment maintenance, their inspection, and periodicity of inspection. Then your
radiation protection equipment,  waste management  all  these courses  are  given to  them and then only they are
licensed to operate. 
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So where all these things are documented AERB has got a called as a code of practice on safety in nuclear power
plant operation. So this elaborates and gives also the guidelines how to fulfill the requirements of the code. Now
enforcing the operating rules is of course major responsibility lies with the utility the NPCIL but AERB does a
review mechanism from time to time. So here coming to the plant proper when we give an authorization for plant
operation,  we do not  give  it  for  a  continuous.  We say after  the  commissioning authorization is  there,  you are
commissioned. The period is normally about 100 full power days. So this 100 full power days is what you can do as
a part of the commissioning because during that period you will get the data and there may be need to make some
changes. So that should get reflected in the as-built or the final safety analysis report. So at the end of these 100 days
you have understood the plant more completely. All these days it was under not a commercial operation. 
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Now it  goes  for  regular  commercial  operation.  So  the  utility  needs  to  submit  the  final  safety  analysis  report
reflecting the expected performance, the actual performance, by the plant, and where deviations are there and how
issues were resolved. Suppose some issues are not resolved but they are not very important to safety. They also need
to be brought out. Not only that, you need to give a time schedule in which these other issues will be resolved. Only
then we get the authorization for regular operation. 

Now as I mentioned earlier, once this regular power operation has started, the Advisory Committee on Project Safety
Review does not come in. it is out and the SARCOP enters. So basically the project stage is over. 
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Now it is the regular operation. Now again this regular operation is given again for a prescribed limited period and
then renewed subsequently. Now during this period after the authorization has been given surely the plant is under
regular review. So for to be able to review the plant has to document the operation history. It has to send periodic
reports to the AERB means basically the SARCOP specifying what are the observed things, what are the deviations
observed during the operation and in case some off-normal occurrences have happened, what do you say the off-
normal means not the expected occurrences it does not mean something bad. It does not mean unsafe. What you do
not expect is off-normal event and do they have any safety significance. And of course, the radiological safety status
thereby what is the activity in the containment building, what is the activity in the different operating areas. So what
is the what you call in the stack release activity; all these data need to be submitted to the DAE, to the regulatory
board that is SARCOP from time to time. 

(Refer Slide Time:00:07:50)

Then the periodic regulatory inspection which is done by the AERB. Mind you these inspections not only purport to
the nuclear  power plant per se,  it  goes also to the reprocessing facilities. It  also goes to the R&D laboratories.
Everywhere our safety implementation has no sort of a second level. It is everything we try to maintain at as highest
level as possible. Here what we do all the measures which have been done one is regular operation, one could be
maintenance. During maintenance some changes might have been done. Then surveillance. Surveillance means you
have to go and inspect that equipment say every 15 days or every one month. All these are written down and when
you inspect them you fill in okay when you have inspected and what is the health reports. So all these reports when
the AERB team comes, regulatory inspection team comes, it will go through and see whether you have followed.
Then if there is any safety significance of course AERB will go further deep into that and then suggest the corrective
measures. 
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Now let us say that the first authorization for a regular operation was given and then periodic safety review has been
conducted.  There  are  two  type  of  reviews  besides  a  regular  review.  Periodic  safety  review  then  I  am  sorry,
application for renewal of authorization every three years. So you have to apply for authorization every three years
and  then  of  course  the  next  level  is  a  very  comprehensive  and  safety  review  every  nine  years.  so  all  these
requirements are elaborated in the safety guides. Now license renewal this license renewal pertains to a nuclear
power plant which has supposed to have completed its life. Normally, the life of a plant we design for 30 years of
full power operation. Mind you it is not time alone. It is also the power at which you operate. So then only the
equipment's how much they are stressed that is a clear reflection of equivalent to a full power days, full power years.
For example, the Tarapur reactor you can take. It was built in the year 1964. So after completion of about 25 years or
so a thorough review was taken. The data on the plant, the number of cycles, temperature cycles the equipment has
been subjected to, all  these data however made available and then based on that the AERB gave clearance for
subsequent operation. Similarly if you take a ABTR reactor it was made critical at Kalpakkam in 1985. A review has
been conducted to look and then extension has been given for the operation. So why why it is, when you say a
design has been licensed, why at all there should be again another steady required? It is looks simple but very
important that during this period of 30 years some of the design rules may have changed. Of course, may be the
earlier rules were very conservative based on which we estimated the life to be last only 25 to 30 years but today
more  knowledge  is  available  about  the  material  performance,  material  characteristics,  material  response,  to
temperatures and pressures. Our knowledge base is more. So this when this review is done with the latest data we
may be able to extend the life plus should there be a safety improvement which could not be implemented in a
regular way it can be implemented. So here this sort of reviews are very useful. 

(Refer Slide Time:00:13:51)



How is the review conducted?  As we have seen  it  is  a  multi-tire  review. All  the plant  operations are  actually
reviewed by a Station Operation Review Committee. we normally use the word SORC acronym, SORC. We never
use the full word. We say SORC. So every station has got a SORC. That Kalpakkam you have got an SORC for the
heavy water reactors because the commander MAPS. We have got SORC fast breeder test reactor plant. Everywhere
there is a Station Operational Review Committee. Then in the case from here at the utility headquarters that is
NPCIL headquarters we have this safety review committee. The SORC will give the operation inputs and the nuclear
power corporation will draw the designers and the quality assurance experts also and review the whole operation and
findings. Having done this it goes to AERB. So above this line is AERB. In AERB every unit has got a safety
committee  which is  looking after  the  review of that  plant  so that  the  people  are  familiar  with what  has  been
happening in the plant. They are familiar with the history of the plant. So it is easy to make a good judgment for
them to give the clearances. So the unit safety committee does this job. Having done this the unit safety committee
gives the recommendations to SARCOP which is the Safety Review Committee for Operating Plants and SARCOP
mind you, it will go through the things. Should it have some clarifications or it feels there is need to look into the
matter in more depth it appoints expert committees. Many times this expert committees consists of people from
outside the Department of Atomic Energy and from different units so that you have the expertise or the wisdom of
all getting into resolution of the plants. Now SARCOP also does a quarterly progress report of all the plants and
sends it to the Atomic Energy Regulatory Board which meets every quarter and discusses these reports so that it is
satisfied  that  the  all  the  plants  are  operating  safely.  So  the  AERB that  way in  its  newsletter  it  gives  what  is
happening to the different plants, what has happened, and it is quite open and transparent and available to all the
public in that website. Website is www.aerb.gov.in. 

(Refer Slide Time:00:17:34)
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Regulatory inspection during operation. What  we talked earlier  was the renewal  authorization. That is  periodic
safety review and application for review for renewal but here it is during operation. So here during the operation
twice a year normally the units are visited. The plants are visited. We do have industrial safety experts also there
besides the experts on the nuclear area,  and all of them go through all the documents, all the things. They also
question. They practically do the audit. The utility does everything but they do the audit whether the utility is doing
as per the procedure. So sometimes when during these inspections if the regulation team find, regulatory team finds
that  things are not going fine it  can recommend to AERB to stop the operation of  the plant.  So basically  this
regulatory inspection is to see compliance of all the regulatory requirements by the plant or the utility through
review of records and other documents maintained by the utility. So that is what is the during operation. 
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If you say what are the list of items in brief. Audit of operation. Maintenance and quality assurance programs. When
I say maintenance I told what is the frequency of maintenance, should there, what is the preventive maintenance
schedule, what is the schedule of surveillance; all those things will be there. So whether it has been done as that.
Then whether the plant is being operated as per the technical  specifications, whether they have not crossed the
limits. If they crossed the limits have they reported to the AERB, and taken clearance or not. Then, whether the
licensed staff is available in all shifts in the different areas of the plant, in control room, the local centers, whether
they are available. Again this is through a documentary check. Then what about the health physics people? Are they
taking data on the activity and radiation doses received by the people? Are they maintaining the records of the
pocket dosimeters or the TLD badges? Whether all the theta courts are being done. Whether these badges are being
sent for counting? All sorts of these how are they being followed is seen through audited by through the documents.
Then what about the emergency preparedness excise, whether any drills have been conducted by the plant. Normally
once in a year we are supposed to have a drill to see that all the what we call establishments in and around the plant
are ready to carry out the actions needed during an emergency. So it is be something like you know training the
people so whether it is being done as per the regulatory procedure. 

(Refer Slide Time:00:21:37)

So that is one step. Then licensing of the operating personal. As I mentioned it is a very mandatory requirement that
personnel in different facilities should be licensed and qualified. We have a manual for this called as the licensing
procedure for operating personnel. And also a QA manual for Station Licensing Examination. Here the purpose is to
check their competence, their depth of knowledge and any skills for operation positions. How fast he is able to think.
No doubt all these are tested through a set of examinations, written examinations followed by interviews. One thing
which I have forgotten to mention earlier today it is mandatory that all nuclear power plants have a power plant
simulator. What is the power plant simulator? 
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The power plant simulator is basically it is a replica of a control room but there is no plant. The plant is modeled and
it is in the software but all the switches are there. So when you say pump start on the console, it will initiate the
pump star and the flow will increase. All these things can be seen on the control room panels. This as I said it is a
replica control room the operator is exposed to the same environment as he would be exposed to in case of a actual
reactor. There is also a training console which is kept with a training supervisor and what is the role of the training
supervisor, let us say the plant it should be started up. So the procedures are given. So the engineer, shift engineer
starts the plant and whatever he does step-by-step is recorded and at any stage if the person is deviating from the
procedure, the training supervisor will caution him, but here there is no real plant. It is only a simulation. So the
operator gets a feedback through that. Similarly the training supervisor gets it also on his console. So this way the
supervisor is able to guide. Then next step operator responds to different events. Let us say there is a power failure.
There are a certain set of actions that he needs to take place, should be undertaken by him. So what the supervisor
will do, he will have a software key by which he can simulate a power failure situation. So then the response of the
shift engineer or the operator will be observed and then recorded, and then they will be assessed. So this way the
training is made foolproof to the operator. Now earlier reactors that is not compulsory but of late last 10-15 years it
is compulsory and we have operation training simulators. When you go to the simulator room you will feel as if you
are in the control room of a actual plant. So these, after these examinations and interviews the licensers are given for
a period of three years to the operating personnel and then they are renewed thereafter. Surely along with this there
is a cash incentive for them by giving some special allowances. 
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Now we talked about reviewing the safety after some 20 to 30 years of the plant life. We want to reassess whether
the license can be given. But let us say during the operation of the plant sometimes there are changes needed due to
some operating experience or some incident happening somewhere else. The best example is of Three Mile Island,
pressurized water reactor. The moment the accident happened in the Three Mile Island, there was a review and as we
saw earlier lot of changes in procedures was sought, operator training was needed to be enhanced. All such things
are there and there was need for better instrumentation of the plants. So how does one go about so that means you
have to do some safety upgradation. So how do we do that? So we have stipulated for all the old operating plants
whenever  any  change  happens  or  any  incident  happens  we  have  a  thorough  review carried  out  by  the  utility
submitted to AERB and we see whether there is any safety concern. If there is a safety concern we will do that
improvement but if it is not a safety concern then we prescribe some procedures and continue to operate. Now this
applies to basically three plants. The first two units at Rajasthan power station units one and two. Tarapur one and
two. They are of the boiling water reactor, MAPS one and two. Subsequent to that more or less in the CANDU
reactors there has not been much change. 
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Now let us come to Rajasthan unit-2. We did a review for this reactor which was commissioned in 1981 and what
upgrades and modifications needed. They were finalized by the utility and one of the important things compared the
cause  earlier  they  were  using  Zircaloy-2 for  pressure  tubes  but  based  on  the experience  of  swelling,  bulging,
etcetera. of these tubes we had developed Zirconium niobium alloy which was tested for a long time, tested means
under the irradiation atmosphere in reactor, actual reactor, and this new alloy was formed to be suitable. In fact for
that matter in the heavy water reactors which use thermal neutrons the flux levels are low but in the first reactor like
FBTR the flux levels are irradiate and higher. So when we wanted to irradiate this and get its full lifetime irradiation
data we irradiated the Zirconium niobium in fast breeder test reactor so that in a shorter time we could get the
information of the effect of radiation and temperatures and we could come out with the Zirconium niobium alloy
and these were needed to be replaced Zircloy-2 pressure tubes. So in 1996 normally every 10 to 15 years there is a
need, earlier there was a need to change these pressure tubes so at that time we put Zirconium niobium alloy. One
more thing we did at that time was to have the supplementary control room. Now you have a main control room
where you have carry out all the important operations. But a need was felt that should there be a fire in the control
room, many operations, practically you may not be able to do any operation. So most important operations which are
required for safety were also wired to another control room called as the supplementary control room. Of course,
today all the reactors need to have the main control room and a supplementary control room or sometimes it is also
called as an emergency control room where most of the safety operations can be done from that room. And that is
provided in another building so that there is not chance of a common cause effect. Also in the Rajasthan-2 we put
additional diesel generators so that it could meet all the requirements. 
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Then we come to the boiling water reactors in Tarapur. As you know the construction started in 1964 and it was
commissioned in 1969. Then from time to time we had some operation problems. So we felt that there is need to
improve some of the components and do some safety upgradation in some carriers. Here you know the General
Electric company which has built a large number of boiling water reactors from time to time they keep on giving out
the experiences of the different plants. So we not only have the experience of Tarapur, we also have the experience
of other boiling water reactors. So based on this we found out that we need to do the following. we needed lot of
modification in the emergency power supply system to the plant. As in the case of Rajasthan Unit-2 we needed to
add more diesel generators of higher capacity, and not only that segregate these diesel generators to avoid a common
cause failure. I mean common cause means common cause like flood or could be fire. Then other systems like the
shutdown cooling system. Whether  any  of  the  shutdown cooling  systems are  shared  with any  other  things.  If
wherever sharing was there we wanted to remove the sharing plus the spent fuel cooling system that also we needed



some improvements. Then on the emergency feed water supply we felt the need to add independent set of pumps.
Again addition of a supplementary control room and improvement of the fire protection system. Here I would tell
one thing it does not mean that it is unsafe. It is better operation leading to less of troubles. But in our reactor
terminology more or less we consider both alike everything is towards safety finally. A plant should be available.
Plant should be operate safely without even minor issues. That is our aim. So this was all done. 

(Refer Slide Time:00:35:33)

Then another requirement from the regulatory authority is about the probabilistic safety assessment. During my
lecture on the analysis of different events I mentioned to you about the deterministic approach and the probabilistic
approach. So deterministic approach is one thing but for instance which are a very very low frequency whether the
margins we can have high or whether I should postulate an event whether it is really happening. So these sort of
assessment based on the what you call probabilistic you know calculations is now mandatory. So we have carried
out the probability of safety assessment. Basically level one what we call for all the internal events and we estimate
what is the probability of a core damage and it was about 7.0E-05/reactor  year. Then not only that seismic re-
evaluation. That means we carry out the seismic analysis of all the systems once again, and because we now have
the latest data on the ground motion parameters, we have the structure actual when earthquakes happen we got the
data. So we found that in certain areas basically the auxiliary systems if we strengthen the supports things would be
nice. See the auxiliary systems per se are not going to endanger safety but there are going to affect the availability of
the plant. So we have gone in and strengthen those structures. 
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Of course after that TMI-2 Three Mile Island-2 accident in the United States in 1979. Again we look into the whole
designs even though we didn't have a similar reactor at that time. Now Kudankulam is similar to that. So we found
that again lot enhancement of the emergency feed water system was needed. So that we implemented. Then we also
augmented the capacity or you can say the inventory of the coolant system so that it  could give flow for more
basically in the case of the Tarapur Atomic Power Station. Then in some cases we wanted to have a remote operation
of some of the valves so that without getting any activity, the operator could operate. So this is a safe operation. So
there we did some modifications. Then in the case of PHWRs we also included a high-pressure emergency core
cooling in addition to the existing systems so that we have a more defense in depth philosophy of providing cooling
under all cases. Not only that emergency operating procedures like TMI-2 surely we didn't expect it happen. So what
should be the  emergency operating  procedures  under  the  new set  of  events.  The next  of  course  accident  after
Chernobyl. 
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So after Three Mile Island was Chernobyl in Russia. So again AERB undertook a detailed review and this very
important. One thing was that design of that reactor or a similar reactor of design reactor is not existing in India,
neither  Tarapur,  none.  So  the  design  itself  had  some fault  of  the  Chernobyl  reactor.  Again  it  didn't  have  the
containment as I mentioned earlier. So the major aspect of learning in this was emergency preparedness aspects.
Then nevertheless, we also started examining our reactor behavior under low power operation where in the case of
Chernobyl there is a positive reactivity coefficient. We again analyzed our reactors and reviewed whether under any
condition it is possible to get into a positive reactivity regime. So having done that only thing we needed was to have
a look again at our emergency plants both for on-site and off-site emergencies. When I say on-site emergency it
means the emergency which is limited to the plant and not involving the public. Off-site means which also includes
the public. So all these were in the nature of reinforcing the already existing practice with checks and balances. 
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Then we had our own event of fire in the Narora Atomic Power Station. Though I have talked to you about it in my
earlier  lectures.  Nevertheless,  it  is worth repeating for sake of continuity. This incident happened in the Narora
turbine. The last few stages of the turbine, the blades started, you know, the clearances between the blades and the
casing came down as a result of vibrations and the vibrations of the shaft were due to imbalances, severe imbalances
in the thing. Maybe the blades had moved away and these blades touched the casing when there was casing was
touched there are sparks, you know, 3,000 RPM blade touching a static component. There were sparks and not only
that  because of this imbalance the generator  hydrogen seal  was damaged and hydrogen came out.  Hydrogen is
normally used to cool the generators because the cables have got I squared R loss, heating loss as current passes we
have to keep them cool so that the insulation life is long and lengthen. So we use hydrogen, and this hydrogen came
out and this spark ignited the fire, ignited the hydrogen. The fire what happened? The fire spread to the cable trays,
from the cable trays, relay panels, and it also went very close to the control room. Then what the operator did he
tripped the reactor by manual actuation and initiated cooling down of the reactor. In the meantime the control room
equipment also fire came into the control room and damaged the power supply and control cables. 
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When this happens what you have the electrical power but you are not able to control your pump. You are not able to
start the emergence coolant pumps which is required to cool even in a shutdown state. That is what we call as the
decay heat removal. So this was needed. So effectively you can say diesel generators are available but we couldn't
start the pumps. So in effect it was a loss of off-site power equivalent to your loss of off-site power and a loss of on-
site power. So what you call as station blackout. And this lasted for nearly 17 hours, and also the operators couldn't
work in the control room due to heavy smoke. Thanks to the training you know if you recall the engineered safety
features we have got different levels of cooling and last but not the least we have fire water safety pumps. There is
fire water pumps which are operated by, you know, diesel generators directly not the station diesel generators. So
operators started those and maintained cooling of the plant. Of course the fire per se was put in about one hour to
half hours but the cables were damaged so the operators resorted to the fire water to quench the heat in the reactor.
There was no failure of fuel. There was no radiological impact of this incident and nothing happened to the public.
But then this is a event which is not very good. Something like a common mode or common cause failure has
happened. So this was very much in detail looked at by the Atomic Energy Laboratory Board. 
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We found that everywhere independence was there of the signals, the shutdown systems, everything. But then when
these cables were entering into the reactor building, they were through a common penetration. So the common
penetration  was  the  cause  of  the  fire  happening.  So  they  re-routed  all  the  power  and  control  cables  and
independence. The true independence was maintained and also not only that providing additional firewalls so that
the fire should not spread like fire barriers at the penetrations wherever and whether fire retardant cables wherever
possible these were introduced. 
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Thereby the chance of a fire affecting all the systems was minimized. Then of course having done this continued
surveillance was improved. Then the fire detection systems they were also some improvements were done. Then the
ventilation system of the control room we found that control room could not be habituated due to the smoke so what
about the ventilation system for the control room. Then last but not the least the design modification to the last stage
turbine blades. Here you see these operate on saturated vapor. It is not super-heated steam. So when the saturated
vapor you use the last few stages do have moisture and moisture is the one which can cause erosion of the blades.
Thereby causing you know these vibrations and imbalances. So this is also an area where material improvement and
other things were necessary and we have strengthened these blade designs. Last again, all the emergency operating
procedures in case of a station blackout we have again improved. 
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Now we will continue of further regulation of AERB in the next lecture. Thank you.
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