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MR. KERR: The meeting will come to order.

This is a meeting of the Advisory Committee on
Reactor Safegquards, specifically the Subcommittee on Class 9
Accidents.

I'm William Kerr, Subcommittee Chairman. Other
Committee members present today are Mr. Siess and
Mr. Shewmon. Our consultants present are Messrs. Lee,
Davis and Corradini.

We are here to continue our review of the
severe accident research program, and today we will
concentrate on continuing performance, status of source
term work, recent activities and decisions in a severe
fuel damage program.

The meeting is being conducted in accordance with
provisions of the Federal Advisory Committee Act and the
Government in the Sunshine Act. Harry Quittschreiber
is the desiagnated federal employee. Alan Wang is also
present.

Rules for participation in the meeting were
agnounced as part of the notice of the meeting published in
the Federal Pegister of Friday, April 8, 1983,

A transcript of the meeting is being kept and
will be made available 25 stated in the Federal Register

notice.
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I request that each speaker identify himself or
herself, and use a microphone.

We have received no written statements from
members of the public, nor have we received requests for time
to make oral statements.

We will proceed with the meeting. In context,
what we are doing is a continuing review and an effort to
put this research program into context ir which =-- or
understand the context which fits into the Nuclear Regulatory
Commission's oncoing program of dealing with severe
accidents.

In my own review of the most recent version of
NUREG-0900, the Nuclear Power Plant Severe Accident

Résearch Plan, I'm reminded that on page 1-2, the third

paraagraph, there is a statement that if meaningful requirements

for severe accidents are to be developed, a rational structure

for decision-making is needed. Safety goals and the
numerical aquidelines pertaining to NUREG-0880, offer a useful
criteria to judge whether modifications of existing
regquirements -- whether modification of existing requirements
is necessarv. Probabilistic risk assessment establishes

the formal, logical methodology to be used in evaluating

severe accident safety iszues in terms of the safety goal.
The limitations and us- ness of PRA in the context of
severe accident analys: 8t be carefully established if
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this methodology is to be used correctly in the revision or
confirmation of current regulatory reguirements.

I interpret this to mean that the foundation for
axiomatic, or however one puts it, basis for this approach is
an effort to meet safety goal recuirements, and from a set
of criteria which depends on nrobabilistic risk assessment.
I am willing to have that paraaraph interpreted differently.
If my own interpretation is incorrect, I would hope to have
some light shed on the subject. And I think also it is
perhaps useful in the discussion of individual elements of
the program to comment on how they do or do not fit into
this sort of context.

The agenda that I have indicates that the status
of containment performance will be the first item to be
discussed, and I have Arlotto, Bernero, and Vollmer, in that
order. But I don't know what order the speakers will come.
Bernercv indicates it will not be alphabetical, and he will
lead off.

MR. BERNERO: Dr. Kerr, the first thing I would
like to do is speak a little bit about that citation you
just made from NUREG-0900, the use of PRA in the decision

process.

The question is frequently raised about the use of

a safety goal, the use of PRA, the establishment of numerical

criteria, and using them for decision-making, and there is a

|
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great temptation to do this in what is apvarently a rigorous
way. That is, setting numerical criteria, and then slavishly
running a PRA and taking the results and saying it meets,

it doesn't meet, making some pro forma uncertainty analysis
to persuade yourself how well you meet or how badly you

don't meet the criteria.

We don't think that the state of the art for PRA
is at that stage, and I don't think the Commission does,
either, because the Commission has put out its safety goal
for trial evaluation, and I think the best way we can
describe it is as using PRA and attendant safety goal
calculations as a logical structure for laying out the
relationships, the thought process, the interactions between
the factors associated with some safety issue or some problem,
and then superimposing on that logical display discrete use

of judgment. A very good examnle is before us today. Some

of the people in this room are involved with the ATWS question.

You, yourself, are the chairman of the ATWS subcommittee.

As you know, you vourself can approach that problem, and we
have for some ten or more years =-- you can approach it
probabilistically and chase your tail for years, trying to
calculate an exact number for the orobability of the event
or failure to respond to the event, failure tc mitigate

the consecuences of the event, and yet we do not have a g»nod,

solid criteria against which we would consider one is

1
|
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acceptable, one probability is acceptable or another is not.

What we must do is look at the level of probability

of trip -- or failure, transient without trip, occurring;
look beyond that to the likelihood of the plant getting new,
unacceptable plant conditions. And as you know from the
discussion there, even the definition of "unacceptable
plant conditions"” is extremely hard to do.

In 2 pressurized water reactor, is service level C
a go/no-go threshhold. We look at that. We can't say that
it is absolutelyv acceptable to be below service level C
oressure and absolutely unacceptable to be above it. What
we really say is at service level C pressure, we
suspect we have lost confidence in our ability to rely on
valves reopening for HPI injection; we have lost our
confidence that large numbers of steam generator tubes won't
have runtured. And to some modest extent, we may even
have lost our confidence in the structural integrity of the
whole reactor coolant system.

Others arque that you could make those same
voints at service level D, which is a goodly number of psi
beyond service level C.

So, lacking acceptable criteria, a very well-
defined criterion, it would be foolhardv of us to attach
overly great sianificance to the exactly calculated

pressure or the exactly calculated probabilicy of exceeding
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that pressure.

In the severe accident regime, whether it be
ATWS or something else, we are trying as carefully as we can
to develop a logically displaced relationship and estimate
of all of the factors that go with severe accident
consideration and then use them, use this dispiaved
relationship in our decision process, being very careful not
to hang our hats on that bottom-line number. That is a
real hazard. It is a real hazard in this.

And the more you slush around in PRA and safety
goals, the more vulnerable you are to talking yourself into
acceptance of somethina cr rejection of something solely
cn the basis of how it meets a calculated number.

MR. KERR: Mr, Bernero, I was not trying to
defend or attack this paragraph. But in my efforts to
understand the thrust of the severe accident research
program, I need some context of how one knows what to do
about severe accidents, and as I read the descriotion
of the severe accident research program, a siagnificant
amount of effort is being attached to refining PRA, so
that presumably it will be more useful. And when I read this
pragraoh, it seems to say -- whether it represents the
view of the Staff or not, I don't know == that the judgment
as to whether the nla-- s acceptable will be based to a

considerable extent or fety goals and that the way one
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determines whether a plant meets safety goals is by use of
PRA.

Now, it may not say that, and if it doesn't say
that, then I need some =-- I would welcome, I should say, some
additional elaboration on where it is we are, where it is
that we are headed, and how we will know when we get there.

As I say, this is what I read in 0900, and if
that is not the true gospel --

MR. BERNERO: It is true to the extent --

MR. KERR: Then I need an exegesis.

MR. BERNERXRO: It is true to the extent that, as
I think I've tried to tell vou before, there is a systematic
effort in the severe accident research program to look at
all the risk information available to us on all the plant
tyoes, and to the extent possible identify classes of
reactors, their accident secuence characteristics, and those
features or alterations of design that would improve either
bv preventina the dominant accident sequences or by
mitigating their consequences.

And, ves, this is PRA. 1In fact, this 1is the
most difficult of PRA that WASH-1400 merely asserted it
~ould do; that is, taking a single plant, the PRA of a
single plant, and rising to generic conclusicns drawn from
that that affect a class of plant.

Looking at Grant Gulf and saying from that I can
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derive judagments about the risk of BRR-6's with Mark IIT
containments, solely on the basis of evaluating Grant Gulf.
Sometimes that is not an unreasonable extension
of the calculation; sometimes it is an unreasonable
extension. The attempts we are making to refine PRA =--
a little later on when I get to talking about containment
failure -- we are looking at the PRA information available
to find out what are the generic challenges to different

tvpes of containments that have to be assessed. We are

trying to be very careful not to say that we are calculating

a2 single number, a single matrix of dominant accident
sequences auantitatively and laying that out as the
snole basis of judgment.

MR. KERR: Are you telling me, really, that is
what this paragraph means, what you have just said?

MR. BERNER: Yes. That is what the program is
doing. That paragraph is attempting to express the fact
that constructing this analytic guantitative analysis
framework and for illumination of the issue comparing it to
the safety goal calculations which the Commission has out
for trial use now, to have that on the table before you,
let you exercise judgment in so much better a way than
merely not having that and looking at the issues with the
murkiness of gualitative logic.

MR. KERR: Who finally is going to exercise the
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judgment?

MR. BERNERO: The Commission.

MR. KERPR: Please, please.

MR. BERNERO: Ultimately but pratically, the
collegial staff.

MR. KFRR: Somebody at some point has to decide
that a class of reactors needs to be changed or not.

MR. BERNERO: That a certain feature might be
warranted in a class of reactors, and it is really a
collegial exercise of the technical staff that would then
be presented to the Commission for ratification, which is
what you normally do in rule-making. You don't wait around
for the Commission to tell you exactly what the technical

content 1is.

MR. KERR: So at this point you don't know how you

will decide, but you will get people together in a room,
given the results of the research wvrogram, and given the
PRAs, and then it will be sort of a committee of the whole
decision as to whether something does or does not need to be
done. But in the meantime, some people who have the
reactors won't have any way of knowing whether their reactors
are okav or not.

MR. BERNERO: Well, they have in a sense a
parallel analysis of the same issues using very similar

methodology throuch the IDCOR program.
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MR. KERR: The decision, as you tell me, is not
going to be based on the analyses and any set of criteria.
The decision 1s finally going to be made by the judament
of this group of NRC people presently undefined?

MR. BERNERO: After reflection on the analytical
result, yes, and I would assume the industry does the same
thing.

MR. KERR: But their judgment won't be the
judgment of the group.

MR. BERNERO: Certainly not. Not necessarily,
I should say.

To go to another example, it is going on right
now in White Plains, New York, the hearing on Indian Point,
is an ample display of the very same kind of thing.

There is probably now no plant in the world that has enjoyed
as much guantitative risk assessment as Indian Point.

Indian Point Units 2 and 3 have been deeply analyzed by the
owners through specialized contractors. That analysis has
been subjected to very, veryv close scrutiny by the Staff

and its contractors, and there has been a complex interplay
of quantitative risk analysis and judgment that has led the
owners in some cases, and Harold Denton in other cases,
exercising his responsibility as Director of Reactor
Regulation, to say go and fix that control room roof and go

and put some sort of fire barrier here, and go do something
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else, whatever it is, selecting those changes which
constitute justifiable alterations of the Indian Point
facilities in order to permit further operation of them.

Now, those are not exactly calculated solutions.
They do not exactly calculate what does it take to lower core
melt frequency to less than 10 to the minus 4.

MR. KERR: Are you telling me that the Indian
Point proceedings will form a meodel for the decision process
to be used on operating reactors?

MR. BERNERO: To a very great extent, yes. Indian
Point is the severe accident decision process in microcosm,
because it happens to be the most popular site licensed for
operation in the U.S, because it happens to have two
relatively large reactors already licensed at that site,
it is running ahead of the severe accident decision.

MR. KERR: Would you guess, or could you guess
with some reasonable confidence when a decision is likely
to be reached on Indian Point?

MR. BERNERO: Well, it is difficult to say how
long it will take the hearing process to complete, and then,
of course, the Commission will undoubtedly not speak on
it until the hearing procasss is complete, and I would set
aside the emergency resoonse issues right now.

MR. KERR: ~“-e reason 1 asked is that it would

appear to me that that ~ision might well be reached
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without benefit of much of the severe accident research
program. Is that not the case?

MR. BERNERO: Yes and no. That decision =-- if
I take that decision at the threshold of Harold Denton's
rulings, which I think is a reasonable first threshold,
if you take the director of NRR's rulings, that decision
is current. It is an early 1983 decision, and it has the
benefit of some severe accident research. It also has the
benefit, as I said earlier, of the largest plant specific
risk analysis that has ever been done. So he has the benefit
of that information, and to a certain extent you can say a
regulatory severe accident decision has been made in
Indian Point with respect to the plant desiqgn. There is the
off-site emergency response issue, as I say. I have to
set that aside.

But the information between now, say, and this
time next year is absent in that. The Commission will have
the benefit of that. I've just =-- I just roughly would
assume that by the time the hearing is concluded and the
Commission has a chance to look at the case and draw their
conclusion, that it might be as much as another year from
now., But again, Indian Point is a pretty good example of
tiie severe accident decision process, just laced
throughout with probabilistic risk analysis, laced throughout

with the explicit consideration of safety goal levels,
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safety goal criteria.

MR. KERR: It is also laced throughout with a lot
of other things that ncither one of us will mention. But
I was trying to learn something about the relationship of
this research orogram to the decision-making process, and I
don't learn much about that from the Indian Point case.

MR. BERNERO: I can only bring you back to this.

MR. KERR: Assuming that most of the severe
accident research is in the future, which I have to assume.

MR. BERNERO: Yes. A good deal of the physical
phenomena research still lies in the future, as the word
we often don't like to use, confirmatory research. If you
would make a decision this year, early this year, end of
next year, ther: are still physical phenomena research
that you won't have the benefit of and you will be making
judicious estimates just as we did in ECCS. I hope we are
not as conservative as we were in ECCS. Maybe we will be.

I just don't know.

But acain, if you just look at the Indian Point,
you can't afford to look at every plant out there as
specifically and as exhaustively as we are looking at Indian
Point.

MR. KERR: As I say, what I'm trying to do is
to understand how the research program fits into the

decision-making process, and I can't gain much of an insight
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by looking at Indian Point. I will simply have to wait and
see how things develop to understand. Because at this point,
I don't. But why don't you go ahead with your comments.

MR, BERNERO: All right.

Let me talk today in this continuation of severe
accident research. I will be speaking to you first about the
assessment of containment failure. I have some Vu-Graphs
on that. There are representatives of the appropriate
sections, branches, divisions of NRPR and of the Office of
Research here, as well, to answer questions. Then, after
that, I want to talk to you about the source term prcgram
office and what the Staff is doing within the severe
accident environment or situation that is labeled with
source term in order to bring it to a head a little more
effectively, a little more ocuickly.

Let me go first to the assessment of containment
failure.

MR. SIESS: I hate to start in so early, but I'm
not going to listen to an assessment of containment failure
until somebody defines "failure" for me. There are too many
different definitions going around. I want to know what you
a re talking about.

MR. BERNERO: Containment, of course, is that
outer barrier other than the reactor coolant system, that is

supposced to contain the fission products in the event of
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As you undoubtedly know, the risk significant
failure of that containment need not be catastrophic
bursting; it can be large leaking.

As I go on, I will be talking about two models
for containment failure: a threshold model which would
characterize containment failure as on or off. You either
irave containment or you blew it, you know, that you reack
some pressure, some limit, at which point the containment
just bursts open and is in catastrophic failure.

An alternative, which is probably much more

realistic, is a leakage model, whereas the pressure increases

the characteristic of the containment is to have a higher

and higher leak rate, perhaps accellerating into catastrophic

failure, or perhaps not. Perhaps coming to some degree of
blowdown that blunts the pressure increase that prevents
catastrophic failure.

Now, there is one chart that I regret I didn't
use. I should have brought it along. Jim Meyer made
a chart for his Indian Point analyses that is very, very
illustrative. It shows the off-site consequences for
different containment failures. That is, catastrophic

failure, total rupture of the containment, eight-inch pipe

equivalent failure. Just assume that there was an eight-inch

pipe somewhere that blew open, that that is the model
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he used; a four-inch pipe somehwere, assume that blew open ]

to the atmosphere, and a half-inch pipe.  And he calculates the
off-site consequences. And what you see from that display --
it was a very nice matrix -- you see that you don't have to
have catastrophic containment failure in order to have
significant off-site risk. 2An eight-inch pipe will certainly
compete with the catastrophic containment failure using
current models, and a four-inch pipe failure can even get
you there. It turns out that a four-inch pipe failure is
also approximately at the level that will prevent further
pressure buildup.. A four-inch pine on most of the
pressure transients will give you this kind of a controlled
blowdown.

MR. SIESS: Am I correct that four inches is
about 100 percent a day leakage?

MR. BERNERO: 1T would say several.

MR. SIESS: Half-inch is probably somewhat
greater than the 1 percent a day?

MR. BERNERO: Somewhere between a tenth and one.

MR. SIESS: That is a good answer.

The point I think we have to appreciate is that
the containment, although it is a structure, it is not a
structure like a building; it 18 a structure like a tank.
The containment is a *:k and when it leaks, it fails.

MR. BERNEF Yes. If it leaks badly enough,

|
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it fails, and it is a graded failure, and that makes the
problem a little more difficult.

MR. SIESS: If it leaks at a’l, it fails. 1It's
just degrees of failure. Again, you can define "failure"
at various levels.

MR. BERNERO: I am not interested in an exact
threshold of containment failure. I am interested in the
distribution of risk from that containment.

MR. SIESS: 1 hope you are not interested in
exact pressure, because you ain't going to get it.

MR. BEPNEPO: The important thing is that I must
understand the containment characteristics. Let me
postulate two types of containment. One containment is
very unlikely to over vressurize, but when it does, it
fails catastrophically. Another containment is much
more likely to leak at the range, say, of 17 to 100 percent
per day; it is more likely to leak at that, but has great
resilience, will not overpressurize and fail catastrophically.

MR. SIESS: What vou are calling fail
catastrophically rould be better expressed as having an
infinite leak rate. If you plotted pressure versus leak
rate, at any pressure there is some stoichastic distribution
of leak rates. At zero oressure it is probably zero.

At 1 psi, it is not zero. Right?

MR. BERNERO: Yes. That's right.

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



20

21

22

23

24

168

MR. SIESS: At something like three times the
design pressure, you know, it is very likely to be infinite,
to several hundred percent a day leak rate. It is a
distribution and it varies with pressure, or ratio of
nressure to design pressure.

MR. BERNERO: I could draw a curve here. 1If
1 had leakage -- and let me just make this like a logarithmic
sc”ie in percent. This is percent per day. I could have
1, 10, 100 and 1,000, and if I take pressure --

MR. SIESS: Do you want to use the sketch I've
got in front of me?

Do you want to use mine?

MR. BERNERO: VYes. It may be the same thing.

If I take pressure up to something like two-and-
a-half times design pressure, 1 can draw something like an
asymotote there. I say leakage at zero oressure is
zero and have some sort of characteristic that goes like
that.

MR. SIESS: On each one of those verticle
slices you could draw your distribution?

MR. BERNERO: Yes. There is some uncertainty
band that goes with that, and a little later on I'll talk
abcut it.

I wish I knew that curve. That curve would be

a real joy to have. Unfortunately, that is not the way

e
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people treat containments.

MR. SIESS: That's the way they think about them.

MR. BERNERO: That is an essential way to
think about themk if yvou can get there.

MR. SHEWMON: Why is pressure versus leakage --
orobability distribution would be a problem, but pressure
versus leakage must be fairly straightforward, isn't it?

MR. BERNERO: No, it isn't. It is not a fixed
orifice.

MR. SIESS: The orobability of a large hole is
greater the higher the pressure.

MR. SHEWMON: Okay.

MR. BERNERO: Even the shape of that curve =--

MR. KERR: It seems to me the way to fix that is
to out in a hole so you know what is going on.

MR. BERNERO: Let me make a couple of ooints
before we go on.

The importance to risk to containment integrity
is very great. The best known vhenomena for the attenuation
of fission products, settling, and all the attendant plateout
mechanisms are found in the containment. There is a greater
level of confidence in what aerosols will do, what the
radionuclides will do to play out or settle out in the
containment atmosphere than there is in the reactor

PRI :an go back to WASH-1400; you can go to
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any risk assessment done since then, and if you look at the

nature of the problem, you can easily understand that.

The very high temperatures, the very severe
physical conditions inside the reactor coolant system, make
it very difficult to predict, or to conduct experiments
to show what happens to radionuclides in that environment.

On the contrary, when vou get into the
containment atmosphere, where you are at manageable
temperatures, a few nundred degrees Fahrenheit, pressures of
just a few atmosvheres, there is abundant evidence as to
what aerosols do. So our models for fission product
attenuation are much better and our confidence in those
models is much higher for containment mechanisms.

Now, if containment fails early, or, as is
the case I'll show you later, in some reactors, where the
containment might fail before the core melts, then you have
a different problem. You have in effect removed that
nice attenuator, the containment from the equation more or
less, and you must rely for attenuation of fission products
solely on mechanisms that work in the reactor coolant
system, and it makes it a lot more difficult to predict with
confidence, and therefore it is generally true that early
containment failure will dominate the risk when you lock
at containment response to core melt accident sequences.

Now, there are two aspects of this problem.
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You have to look at the certainty or uncertainty one has
Of ==

MR. KERR: Excuse me. Let me try to understand
that statement, if I can.

Early failure will dominate risk sort of means

that you have made some assumptions about both probability and

consequences.

MR. BERNERO: Indeed, vyes.

MR. KERP: 1In WASH-14400 did early failure
dominate risk?

MR. BERNERO: Yes.

MR. KERR: 1In what sense?

MR. BERNERO: Let me take a simple example --

MR. KERR: I'm not trying to disagree with you.

MR. BERNERO: A larcge, dry containment, with some
sort of core melt sequence, say, a station blackout.
There are two challenges to containment that you must face
in that large, dry containment. One is, where the core
starts to melt, it boils off some steam first, and the
containment goes up to some initial accident pressure, and
then there is a melt-through and you get a stcam spike.
There i1s a release of energy from the reactor coolant system
to the containment atmosphere, generating some gases, but
principally steam in tnat case, and you get a pressure

pulse. And that pres: -e pulse, if it is strong enough or
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e iy —————

high enough to either lead to catastrophic failure of the
containment or substantial leakage. If it does, the
radionuclides at that time are at a high enough
concentration as to have severe off-site consequences.

I1f, on the other hand you get through that
first hump -~

MR. KERR: In a PWR seaquence, what sequence are
you talking about?

MP. BERNERO: Station blackout, as an example.

If you don't fail in that pulse, you know, the melt-through

spike, if you get through that, you look at the heat transfer

eguations and you find that the pressure will dip as you

condense on che walls of the containment and things like that

and hit the sirnks, and then with no containment cooling,
you will ultimately build up to a failure, oh, eight hours,
twelve hours, fifteen hours later, after the accident
started.

If that failure occurs, at that time you
have had all those hours of containment, settling mechanisms
to werk, and the consequences are vastly lower.

MR. KERR: I understand that. What I was
trying to get at, do you include the interface of LOCA
in the early containment category?

MR. BERNEROC: Yes, although it is also a moot

point. Interfacing LOCA bypasses containment and has to be
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dealt with in a different arena altogether.

What I'm saying here ==

MR. KERR: When you talk about early failure,
you are not talking about the interfacing LOCA?

MR. BERNERO: No. I'm talkiny about mechanisms
where the containment has a role, and it is the early failure
of containment that dominates the seguence.

MR. KERR: This comes back to my next question

|
which is, what do you mean by "containment failure"? You don't|

mean interfacing LOCA =--

MR. BERNERO: No. It is not even in this arena.
You work on interfacing LOCA by depressing =-

MR. KERR: You are talking about core melts.

MR. BERNERO: Core melt sequences in the
containment where the containment has a role. I'm not
talking about interfacing LOCA. The important thing is
that the difference in consequences between early failure
of containment and late failure of containment is so great
that even a modest fraction of seauences going to early
failure can dominate risk, because *there can be orders of
magnitude difference.

Now, as I was saying, looking at containment
failure, the challenge to containment and response to
containment have to be considered.

Usually people use the word "containment loading"
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or "loadings."

MR. KERR: Excuse me. I'm trying to educate
myself, so vou have to forgive me,

Is that statement very strongly dependent on
what might develop out of the source term research; 1Is
it possible that cne might find the source term for early
failure to be different than what we now think, whereas the
source term for something else may not be much different, so
that one might modify this?

MR. BERNERO: Yes, indeed, vyou might.

Let me aive you a dramacically different
postulation. A boiling water reactor, because of its very
nature, has to have steam dryers and separators in the
reactor vessels. So it's got the world's supply of metal
over the core's head, so to speak. Now, in that
configuration, let me nostulate for the moment that a
careful scrutiny of core melt and fission product
transport scenarios would show that under virtually every
circumstance, a boiling water reactor core will melt and
all he goop will come out and go into that acres and acres
of metal that is above it and stick and that the attenuation
of the reactor coolant system would therefnre be very
high. Then early failure of containment becomes almost
academic. The early or late failure of containment will have

relatively little effect. The source term work, if it
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demonstrated such a phenomena to be true with some
confidence, would have shcwn that there was relatively little
burden laid on the containment to miticate the conseguences
of the accident. But that has to come true. That is a
postulation.

MR. CORRADINI: Could I ask a guestion?

Again, it is more the introduction that I'm still
trying to understand. If i follow that logic, then the next
thing I worry about, since everything tries to go to
disorder in such an event, wouldn't one worry about all that
structure now that one has captured all those fission
oroducts, melting?

MR. BERNERO: Yes. I would have to carry that
postulation on and say that the melting phenomenon going
through the bottom head would not release or melt down
that structure. The stuff would be left there, safely
captured in the st2am dryers. It wouldn't come true
unless that worked.

MR. CORRADINI: And our example would not carry
through to the PWR simply because of the amount of surface
area 1s so drastically different?

MR. BERNERO: Some argue that the PWR, with all
that forest, the control rod tubes, has a sufficient area
to do the same thing. The results we have seen so far

suggest that we aren't seeing overwhelming plateout
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inside the reactor coolant system, at least on some
accident secuences.

MR. CORRADINI: T ask just one other thing.
When you say "early failure dominates risk," you gave one
example of a PWR station blackout, and you said steam
spike, or some rapid rate of rise of presusre due to
steaming in the accident.

What is another means? The only other thing that
comes to my mind is the hydrogen.

MR. BERNERO: Now, on the station blackout,
it is arqued you can't burn the hydrogen because of steam
inerting and no source of sparks, but you can have
LOCA secauences that could have hydrogen generation that
would lead to igniteable or combustible hydrogen in
the containment. It could give you a spike.

The important thing is that any mechanism
that wilil fail the containment before you have had
substantial benefit of the plateout mechanisms that work in
the containment, and this is going to be true unless further
investigation can show that the plateout mechanisms or
attenuation of fission oroduct mechanisms in the containment
are not as important as we now think they are. 1f we
can show that primary system, that is, reactor coolant
system attenuation 1s very sianificant, that in turn will

diminish the signific ce of attenuation in the containment,
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but until we can show that we have to recognize that the
containment is the predominant mechanisms for attenuation of
fission products.

Now, in order to appraise the containment
performance =--

MR. KERR: You have just convinced me. 1I'm not

going to remove the containments.

MR, BERNERO: 1'll be the last tc recommend their

removal.

The two aspects of the problem that you have to
look at are the loads imposed on the containment, and this
is how to describe the generation of steam, hydrogen gas,
other noncondensible gases that releases that, together
combine to challenge the pressure volume capability of the
containment.

MR. SIESS: Including temperature?

MR. BERNERO: Yes. Ultimately a containment
is a tank; it is a tank-like vessel, and the energy that
it holds is going to be translated into tank challenge,
namely, a pressure volume. It has a certain volume.

MR. SIESS: 1I'm thinking of temperature per se.

MR. BERNERO: Yes. The temperature per se,
example, the study of the Brown's Ferry containment where
it was discovered that certain electrical penetration

assemblies would become thermoplastic. They are currently

S
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designed for the LOCA design pressure and temperature, but
at a substantially hicher temperature they will ooze and
extrude out of the penetration hole and give multiple leak
paths.

MR. SHEWMON: I have had the suspicion for some
time that though it is more fun and faster and easier to-do
experiments at high temperature, that safety lay in dumping
water on this thing, whether it was inside the pressure
vessel, under the pressure vessel, spread around the
containment or whatever. I never seem to hear that
discussed in the United States. It is just station blackout
and apparently the workers are sent home and we all sit
there and watch, or at least that seems to be the
scenario. I was heartened that things might be at least
better in France the other day when the group said that
their procedures were to look at how they could get water
into the containment if that was -- sorry -- into the
oressure vessel if that was still there, to get water into
the sump if that was where it was, to get water in to flood
the containment, if that is where it was. And what they
could do to get auxiliary power 1f indeed there was
station blackout, and how far they would have to bring that.

Does that sort ol thinking ever penetrate over
here? I haven't heard of it if it has. I would be greatly

heartened if you could say yes.
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MR. BERNERO: Yes, it does. That sort of
thinking is on the table in this whole process of severe
accident.

Charlie Kelber will be here to talk about this
specifically a little later this morning. He will talk
right after my talk or a little bit later. I don't see him
here yet.

MR. SHEWMON: When you talk about auxiliary
station blackout, do you ever talk about blackout for five
hcurs or ten hours, or is it just gone forever?

MR. BERNERO: Let me invite your attention to
a pace-setting, or a precedent-setting ASLAB ruling here in
the United States, that has underneath it the whole tone
of this.

St. Lucie case, all of us think of Florida as one
lona extension cord with all of the pneonle at the very
end. It very nearly is that. It is not quite as unstable
as we taink.

In any case, down on Hutchinson Island, the
St. Lucie plant, in its licensing process, got into the
issue of the reliability of off-site power and the potential
for blackout, and there was a good deal of liscussion of
what is the probability for blackout, how reliable are the
AC and DC power sources. The plant is a PWR with the

traditional turbine-driven auxiliary feed pump. How long

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



3

14

15

20

21

22

23

24

can you run on the DC, you know, without AC power? And in
a nutshell, the resolution of it was that the appeal board
ruled that station blackout is a desion basis event.

Now, you have to be very careful. That doesn't
mean design basis accident, class 1 through 8, show that
no single failure, you know, that whole ritual that we do
in chapter 15 of the final safety analysis report. No.
What they meant, and what it really means is it is a design
basis event; that is, it is something that you should
consider in the design, and that plant and every other
plant now also, I believe, has included in its emergency
response procedures considerations of, I know you are not
supposed to lose AC power, but you did; what are you
doing; what are the extracrdinary options open to you to
restore AC power, to provide continued cooling of the
plant, to maintain the plant so that you don't melt the
core. And this ranges all over the map from
jury-rigging off-site power to jury-rigging cooling.

You know, normally in a PWR, vou are going to
have a turbine-driven oump that runs on exhaust steam
drawing from some condensate supply. Then vou start
opening the door to fire pumps and things like that.

I am reminded that vyears ago I worked in the
Naval Reactor Program on surface ships. Ve had a hose

connection on top of the reactor compartment, with a

B
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portable fire pump. When all else failed, you did that. That
is in the extremest emergency procedures.

MR. SHEWMOM: Do we have dedicated standpipes
in any U.S. plants?

MR. BERNERO: I can't answer th2t. I dorn't know.

I do know that they have fire systems -- you know,
like these pumpers, you know, usually a fire truck only holds
about 500 gallons a minute. But most plants have some
source of water supply nearby, like a pond, a river, or
something like that. But they do have these procedures.

Now, I can't tell you how many plants actually
have gone into the extent of deliberately flooding the
containment, having an emergency procedure that would
deliberately flood the containment.

MR. SHEWMON: It should be relatively easy at
Indian Point.

MR. BERNERO: It should be relatively easy at
most any of them.

MR. SHEWMON: They've done it once.

MR. BERNERO: I just want to make the point
that you've got to look at both the challenge to the
containment and its respornse to that challenge in order to
decide whether or not you have failure.

Now, if you look at loading, containment loading,

what we are doing, wha- I'm describing tu you now is an
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' approach by which we are trying to assess containment failure
. 2 in the broadest sense for purposes of estimatina the risk

3 of the plant or class of plants. The first thing we have to

4 do is take this plant, which is a surrogate for a class -~

s Grand Gulf is the surrogate for the BWRs or whatever, identify

e its dominant accident sequence characteristics. What are

- the challenges, what are the chains of events that are

8 challenging this containment; then calculate the

° containment Joadings and then you run into a problem. When

0 you calculate the containment loadings, the most dramatic, ,
and I'm sure you have heard it many times, you get into physica”
models of core melt where we don't really know what happens,
. A and remember what the MARCH code suffers for all of its
vices.

'8 When the core melts, we are talking about a

room-sized block, actually greater room-sized block, a hundred

metric tons, uranium oxide, zirc alloy and all the other

|
fittings. You've got over a hundred metric tons of

{

|

18

o material, tryving to form a molten ball, glob, or series of

20 globs throuagh the bottom of the reactor vessel, after

& Jetting throuch a nuddle ~f water in there, and then 1

22 | falling through a sump that may be dry or wet, depending ;

- ! on the accident scenario.

24 The steam spike, that aspect which raises the

,

. 28 gquestion of early containment failure, is going to depend on
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how intimately that molten material mixes with the water.
What is going to happen is, globs, maybe as big as a
basketball, maybe ‘as big as a baseball, molten material

are going to fall into the water. There will be a fracturing
of that material that will enable smaller and smaller pieces
to mix with the water, transfer their energy into the water,
making steam, and that steam will be the cause of the

steam spike.

Now, these codes, the MARCH code, do not calculate

that fracturing. You tell the code from physical phenomena
knowledge, from what you know about how core M behaves when
it falls into the water, you tell the code, assume that
whole mass of a hundred metric tons breaks into particles of
average diameter, one inch, or half-inch, or as recently --
we have run some sensitivity analyses, .04 inches. I
honestly don't even believe that one. But somewhere in the
range »f several inches down to fractions of an inch. And
depending on the particle size you choose for that fracturing,
or distribution of size, you will get a different steam
pressure. ou will get a different energy transfer.

So you have to conduct sensitivity analyses
for key uncertainties, and that is probably the largest
single one.

MR. CORRADINI: T ask a gquestion there, since

this interests me.
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Can't one automatically, just from thermodynamics,
get an upper bound, if you just quench the core, if you know
the maximum amount?

MR. BERNERO: Yes, you can. When you do a
sensitivity analysis for particle size and take it down to
little, fine pellets, you know, .04 inches or something
like that, you are in a sense bounding it by saying I'll
give it infinite h«at transfer, I'll get all the eneray
out as a steam spike and see what happens, and maybe you
can come out smelling like a rose. If you've got a
sufficiently robust containment, then even total energy
transfer wmight get you through.

MR. CORRADINI: I'm just trying to link it up
with what I've read. That is the conclusion of the Zion
PRA.

MR. BERNERO: The Zion PRA concluded -- well,
there is more to it than that, as I'll show later. 1If you
assume that the threshold of failure is a high one, and you
are highly confident in that tnreshold. There is no big
uncertainty taii on that. Then a simple thermodynamic

bounding mav get you by. You don't get early containment
failure. You get late containment failure. But you've got
to do this sensitivity analysis, and this is where it gets
sticky. If you are going to convolute your uncertainty, 1if

you are going to deal with your uncertainty in containment
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loading, and your uncertainty in containment response, you
have to have some sort of probabilitv distribution at least
as:_igned to this range of loadings.

Now, if the thermodvnamics are such that you can
bound it, you can assign the probability 1 to the bound, less
than or equal to that as a probability 1, and you might be
home free. But this may not be the case for all containments.

For containment response, it is a tricky thing.
We have a committee that the severe accident research review
group has appointed -- this is the one that is chaired by
Denny Poss, and it's got all the division directors affected,
in NRR, research, and NIE -- and this committee is drawn
from the cognizant people in both research and NRR in the
areas of structural engineering, equipment qualification, and
risk analysis. And it affects or brings up issues of the
structural prediction of containment, the leakage of
containment. Like the containment systems branch in NRR is
deeply involved in this. The leakage expectation. Eguipment
qualification people for the expectations and the experience of
electrical penetration response to overtemperature, to
overpressure. This group has twofold objectives:to develop
two models that we can use in source term calculations.

Now, we have them listed here as the leakage-before-failure
model and the threshold model, the difference being in an

ideal world, the two are combined. If you have perfect
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knowledge, you actually combine the two with a single curve
like that. But right now most risk analyses are done with a
threshold model. If you lock at Zion, you look at Indian
Point, you look at many of the others, you will find a
threshold model used which in effect says, here is a single
pressure, and below that pressure the containient is sound.
There 1s essentially no significant leakage, and above that
nressure the containment has catastrophic leakage, and then
one calculates containment loadings, and they are either
below that pressure or above that pressure. If they are
above, you call it failure. If they are below, it's success.

In actuality, we need to expand that model to
s~nsider substantial and perhaps extremely undesirable leakage.
Going back to what I was saying earlier about six-inch or
eight~-inch pipes: Leakage that is not in the category of
total collapse or burst to the containment but high enough
to give off-site risk, that is very nearly the same. We are
trying to develop both models and as well this
committee is to recommend a plan of action for improved
confidence in the models.

We have a number of programs going on right now
that were put together based on the wisdom of a year, two
years ago to analvze and to test the structural integrity of
containment, the integrity of variou; boundaries in

containment, penetrat:2n, seals, things like that, for
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equipment qualification.

These programs may be judiciously redirected to
get additional information, some feedback from this work that
would point out, for instance, a body of simple test information
that might be readily available that can greatly change our
knowledge of a model.

MR, SIESS: Bob, what do you know about the
leakage that exists before the accident even starts?

MR. BERNERO: Well, this is part of it. The
containment systems branch, in particular, and NRR, has been
looking at the history of Appendix J testing, and what sorts
of things are leaking, what sort of characteristics they
seem to disvlay. Looking at the LERs, for instance.

MR. SIESS: What are they learning? 1 saw a

report the other day of a 66-inch purge valve that they couldn't

even get the pressure on it. S5o obviously they don't know

how much it is leaking. I've seen a lot of excessive

leakage tests where that was the case. I mean, I wouldn't
know where to put my distribution.

MR. BERNERO: When you get the substantial
overpressure above the design, there are severe pressures.

Some of them are double butterflies and so forth.

Is there someone from containment systems branch

that would like to speak on that?

MR. SIESS: That's why I wouldn't start that
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curve at zero.

MR. BEPNERO: Well, zero pressure, zero leakage.
That's where I started.

MR. SIESS: It might be convection.

MR. BERNERO: For government work, zero is good
enough at that level.

But this is a real problem. We do have some
exverience that leads us to suspect substantial leakage from

some of the valves and particularly for large valves, the purge

valves.

MR. SIESS: It seems to me you have to make
a distinction also between the path outside the containment
and the path to the environment.

MR. BERNERO: Yes. I will.

Would you use the microphone.

MR. HUANG: John Huang from Containment Systems

Branch.

We currently have a request for proposal. We
have sent it to four different labs. We have already received ;
a proposal back from the iab and we are in the process of
reviewing it.

MR. KERR: Excuse me. This is a reauest for I
proposal to do what? j

MR. HUANG: To eva'uate the reliability of the

containment isolation system, because we had a feeling that
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the containment may not work the way they are supposed to.
In other words, the containment may fail as a result of

many things: seal failure, sometimes the area indicates
containment leaks. Of course, it is difficult to estimate
exactly how much it leaks. But we try to at least get some
idea from this to see how reliable the containment isolation
system is and what kind of estimate we can get from those
leakage data. We have to make a lot of guesses. We hope

we can get at least some idea from those data.

MR. KERR: This is not part of the research
program? 'This is technical system program?

MR. HUANG: Yes. The containment system is
issued in the hones that we can get some idea how reliable
the system is.

From the result of that program we hope we can
find a means or ways of increasing the reliability through the
testing program, or better design or some other way.

MR. SIESS: Let me suggest something: At least

|
{

one operating plant operates with a small pressure in the
lcontainment at all times, which I think would detect a leakage
in a purge valve, for example.

MR. HUANG: Yes, indeed.

MR. SIESS: I hope when they look at reliability
they might see what effect that operating procedur2 has on

reliability.
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MR. HUANG: That is one of the things we have
currently. We hope through these data, especially, like a
leaking purge valve, we hope we can institute a leak-testing
program. But we are waiting for it to see how reliable
the containment design or system operation is before we
impose that testing as a part of our current leak~-testing
program.

MR. KERR: Thank you.

MR. BERNERO: Well, for the containment response,

as I say, we are trying to develop both models. The ideal
would be a well-defined leakage-up-to-failure curve

with the distribution at any given pressure, and then one
could much more rigorously analyze risk for different
scenarios. But that is going to be quite difficult to get.
Here again, just as I said in containment loadings, you will
find that there will freguently be a need to do a sensitivity
analysis, and then through the use of expert ovinion, convert

those sensitivities into quantitative un‘:ertainties, and deal

with this mixture of uncertainties from containment loading and

containment response as quantitative uncertainties.

Now, some of the early work we are doing --
I've got some rather long detailed Vu-Graphs I'm going to go
into here.

MR. CORRADINI: I ask a gquestion, out of

curiosity.

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA




10

12

13

14

20

21

22

23

24

25

191

penetration assemblies or that the equipment hatch gaskets, |

Is there currently an accepted method as to
choosing the threshold? 1Is it chosen such that one always
is using a hundred percent per day, 200, 3602

MR. BERNERO: No. The threshold of risk
significance is going to be found somewhere in the realm of

several hundred, 200, 300 percent per day leakage.

Somewhere in that range you are going to get significant

off-site risk if you leak it at that rate.

The threshold model is a threshold of catastrophic

failure, and the structural people -- and by this I mean
reinforcing bar, steel, concrete, those people -- will,
if that is all the question is -- somebody else will have to

guarantee thermoplastic penetrations and all that, and

seams, but if you just look at the physical structure of

containment, there is a much better feeling about the

threshold being somewhere from 2.2 to 2.5 times design
pressure. |
Now, I'll call that the macroscopic containment

of containment. That does not guarantee that the electrical

or that the purge valve internals, the blig butterfly
valves, that those things won't separately .ail at some pressur%
other than that. That is strictly speaking of steel shields,

concrete, and rebar.

MR. KERR: Just a minute. I want to get another
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data point.

Do you agree with 2.2 to 2.5?

MR. SIESS: Sure. If you stick to first
yield and last yield and not talk abou: large strains, and
talk about the membrane, the things that he mentioned, it
is not unreasonable. There is still aband on the
confidence level.

MR. BLERNERO: Yes. There is an uncertainty band
on it. How well was the rebar placed and all of that?

But the important thing that you should recognize is in
risk assessments to date that has been the failure model
used, and I have strong recollections back when we reviewed
the Zion risk analysis right after it came out, discussing
it with Dr. Siess in this room, the uncertainty curve which
is put on it, which I'll call it a structural engineering
uncertainty curve, and a very narrow, or tight one at that.

MR. SIESS: The yield strength of the rebar was
the only var..able on that curve.

MR. BERNERO: Yes. It was too sanguine, too
optimistic. There was a big uncertainty. I have just
ruled out the other things, like containment penetrations.

But basically on these slides I want to give you
an example of what is being done. In the severe accident
program element 5.1, we have the accident sequence

evaluation program, It is looking at all the PRAs for
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dominant accident sequences, and you will find the
pervasive typo, and especially in my division, with
words like likelihood, I'm embarrassed with the lack of an
E.

But the ASEP with its current results, we are
looking at them to say, in this case, a Mark I containment
for a boiling water reactor, that is roughly two dozen
reactors with operating licenses, and looking at what are the
dominanat accident sequence types, and in a nutshell the
boiling water accident sequences boil down to two
dominant types: TW and TC, which are generic terms for
a transient sequence wherein loss of decay heat removal or
containment heat removal is suffered, or a transient
sequence with ATWS. And the two characteristics, or
accident sequences, are somewhat the same. In the TW
sequence what you have is a successful trip and ccoling
but a failure to cool the containment. So that the decay
heat energy of the reactor is slowly but surely heating up
the suppression pool to the point that the containment
will reach an upper limit pressure of some sort.

So the energy rate in this case is decay heat.

MR. KERR: 1In the TC sequence, it is also
assumed that the SL, SCLC, whatever it is, doesn't
work.

MR. BERNERO: There are a variety of sequences.

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



19

20

2]

22

23

24

23

194

it S

MR. KERR: TIf you get to 30 percent -~

MR. BERNERO: This is for TC. 1I'm just talking
about TW now. 1I‘ve had a trip. This is decay heat. Decay
heat is warming up the pool.

In the ATWE sequence, you can generally assume
that the recirculating pumps trip, which will cut your power
from 100 percent to about 30 percent, but then the sequence
has the characteristic that you didn't scram by pushing
buttons, or you didn't borate it.

MR. KERR: It is more than not scramming. It
is also a failure of the secondary shutdown system, as well.

MR. BERNERO: Failure to borate the system
to shut down. So that now the only difference between this
sequence and this one is that in the TC secuence, a faster,
or nore rapid energy transfer is taking place. Instead of
decay heat, you've got power heat. You've got about 30
percent power. So that youhave a more rapid pressure buildup.

But now in both cases, what you have is a
sequence which on its face is going to fail the containment
first and then melt the core. You see, what it is doing =-=-
you haven't melted the core; you've got water in there, and
you are pumping water in there, but the containment is
rising up toa high enougn pressure to fail, and then
upon failing can lead to disruption of piping or cavitation

of vital pumps; it can lead to core melt, and then the
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core melt would occur after the containment has failed.

Let me show you on the next slide a rough
sketch of the containment pressure load.

Now, sequence A, where the containment pressure
lust goes steadily upward and reaches some catastrophic failure
point, is the cne where the rate of energy input is such that
you ar rising and there is no mechanism to turn it around.

The core is not melted yet. And you just reach some

failure pressure and away they go. You burst the containment.
That leads to core melt failure. And very crude numbers

for the containment failure point.

In an ATWS type sequence, it would be in about
several hours. In a TW type seqguence it is more like a day,
because it is decay heat. That, of course, is plant-
specific. It will vary with the exact size and pressure
capability of the containment.

Now, there was an analysis done on the Brown's
Ferry plant and published as one of the SASA analyses that
followed sequence B, where the containment pressure would
build up, and temperature as well -- it is a saturated
containment -- and you would reach a point where sufficient
leakage would be incurred by failure of penetrations, that
you would turn over the pressure pulse, and the pressure
pulse would be something like sequence B here, where you never

quite get to catastrophic failure. You sort of blowdown
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Now, if tnat sequence takes place, you've got to
ask yourself a number of questions: Was nature kind to ..
Did nature give me a blowdown that was sufficiently
gentle, or was this perhaps abrupt? If this is an abrupt
blowdown, remember the nropensity for boiling water reactors
to incur dynamic loads. You could have a loadina
situation where flashing of the pool could cause ‘lynamic
loads that could fail containment. You have to understand
reasonably well how the blowdown occurs, the rapidity or
abruptness of it, in order to have confidence if you were to
model this as a safe relief. Noncatastrophic failure of
containment, you would have sufficient confidence in your
knowledge of the blowdown characteristic such that you
wouldn't upset the general geometry of the suppression
pool and cause catastrophic containment failure.

The last sequence is kind of drawn with a gap in
it because you don't know what is going to happen. 1f during
containment heatup degradation of pump performance leads
to core melt before containment failure, you might have some
third sequence that goes up and maybe even has a spike that
goes up to give you catastrophic failure and them comes down.

Now, thls responsive containment has to be
understood and some fractional distribution, some

probability distribution for the different failure paths
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likely to dominate the risk because it fails the containment
and then fails the core and gives you a core melt with
essentially no containment, or badly disrupted containment
around it,

This squence B might give you great mitigation
of consequences if the blowdown is into auxiliary spaces
which have significant fission product attenuation
capability. It is almost like going into secondary containment.
You have fire protection space available out there and things
like that.

MR. KERR: 1Is it the consideration of the A that
has led to the discussion of venting the Mark III, I guess it
is?

MR. BERNERO: Or any of the Marks, yes. Really
a filtered vent containment system is a controlled segquence
B. It's sole purpose would be -- rather than suffer A, or
C, which might be a variationof A, it says let me get &
safe relief path that I can trust that 'ill give me some
substantial attenuation and I won't bring it in until I get
up to some substantial pressure. I'll pick a pressure that
is high enough that I won't casually use it and lov enough
that I won't burst the containment or blow out penetrations
or go into some uncontrolled failure mode. A filter vent

18 just that.

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



13

14

15

20

21

22

23

24

25

198

MR. LEE: Could you perhaps tell me at this stage
what kind of information you may need to be able to
determine whether sequence A is more likely to occur or
segquence B is more likely to occur, or when you think such
information might be available?

MR. BERNERQO: The principal information we need for
sequence B relates to penetrations and seals, and there is
very little available right now. We are looking very hard
at that right now, and that is one of the areas where we might
be able to get some crucially important information in the
very near term.

Right now risk assessments in general and my
own personal conviction is it is sequence A until proven
otherwise. If I would put numbers on it, I would assign 90
percent probability to A and divide 10 percent probability
between B and C.

MR. LEE: Even with so many penetrations that you
have to consider typically in containment?

MR. BERNERO: Yes. That is what risk assessments
have done. WASH 1400 just said it's A, and that's what
we've done since then. Because not enough is known -- see,
remember, if you have -- let me take for a moment the
Brown's Ferry analysis where sequence B gave a substantial
mitigation, where the blowdown through the electrical

penetrations into the auxiliary buildings substantially
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mitigated the consequences.

I have now an event tree, and the event tree has --
instead of a yes, no, containment does fail, containment doesn't
fail, I have two no's. Everybody knows the containment is
going to fail. We are just arguing about which of the
yes's applies.

If I have any substantial fraction of sequence A,
it is going to dominate risk, again because it is early
failure and it is failure directly outside essentially with
no containment.

I have to have a very large proportion of the
sequences end up with profile B in order to substantially
reduce the risk.

MR. SIESS: Bob, if you've got A there, obviously
uncertainty inthe level of that dashed line, or uncertainty

in the slope of that solid line, doesn't really give you much

of a problem, does it?

MR. BERNERO: No, because the core hasn't melted

yet.

MR. SIESS: It is going to go fairly early and it's

| going to go?

MR. BERNERO: Yes.
MR. SIESS: Unless you are talking about venting
at some point, you don't have to know where point A is

very precisely?

Rt —————————
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MR. BERNERO: Only in this regard. 1In its TC

sequence, ATWS, you have to do things in a hurry. On the TW

sequence they go so long that the fire trucks and emergency

procedures have plenty of time to work and it's good to

know

the tolerance of the system, that you've got 24 hours, or 30

hours, or scmething to work with. And the probability of

recovery, even by Rube Goldberg methods, is very real.
So, insofar as you want to know that, it is
important, you know, the options for recovery. But on

it happens pretty quickly.

the TC

In general, like in the ATWS consideration, we

consider that the operator better do what he has to do

first 20 minutes, 15 minutes. It is a rather demanding

sequence of events, simply because there is so much more energy.

In the ATWS sequence you've got roughly 30

percent power dumping into that containment.

MR. DAVIS: Question: On secuence A, don't
still get the action of the suppression pool scrubbing
fission products?

MR. BERNERO: It depends onwhere it kusts.
is a question about that. Sequence A is going to take
to some high pressure which will give you what might be
called a violent failure of containment.

Now, if you can expect that the suppression

will be intact and have essentially all of its water st

in the

you

of the

There

you

pool

ill
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there, you might -- and the failure is in the top of the

wet well somewhere -- then you might indeed get scrubbing
afterward. Rather than count on that happening -- in a Mark
III containment I would be more inclined to agree with you,

that, you know, even if you burst the containment, naturaliy

it might come out okay. On a Mark I containment I wouldn't have

any confidence at all in it unless you went and built a
rupture disk pipe, a vent pipe, on the wet well, the vapor
space of the wet well, and put a rupture disk, or a
pop-open valve cr something like that to cut in at some

less than catastrophic pressure in a way that wouldn't be

catastrophic in itself. You wouldn't get some great boiling of

the suppression pool to make it jump off the ground.

MR. SIESS: When you are talking about Mark III,
what do you call the containment?

MR. BERNERO: The steel building. 1.2 million
cubic foot, whatever it is.

MR. SIESS: The secondary?

MR. BERNERO: The wet well.

MR. DAVIS: The more recent figures I've seen on
suppression pool scrubbing negativeness even under
saturated conditions, if they are correct, series A may not
be the dominant --

MR. BERNERO: If you can be sure it's there.

In other words, that's what I'm saying: 1In order to be

e
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| one would go first?

assured of that, you might very well have to provide a chosen ‘
failure path and failure scenario. In other words =-- 1
MR. DAVIS: For Mark I?
. |
MR. BERNERO: Yes. For Mark I, what we are looking l
at in the severe accident research program is that very
thing: to install on a Mark I that amounts (v a simple
duct, a pipe, with an opening mechanism that would open at
a significant pressure but a pressure below, I'll call it
catastrophic failure pressures, so that you would have a
controlled pathway, and you would be left with what amounts
to a filtered vent containment system wherein the pool

itself is the filter.

MR. SIESS: Bob, on a Mark I, would the drywell
and the wet well see the same pressure?
MR. BERNERO: With the vacuum breaker, yes.

|
|
|
|
MR. SIESS: But nobody has looked to see which l

MR. BERNERO: You don't know.

MR. SIESS: I know we don't know, but we are

spending several million dollars down at Sandia to find out

when a  drywell will go.

MR. BERNERO: There are two pressure vessels.

Take tne Mark I. The drywell and the torus are two steel

pressure vessels, and their design pressure is essentially the

same. Their failure pressure is so congruent that you are

L e
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swamped with doubt. That is why we think the only way --
see, this is the scenario you would want through a safe
exhaustive path; namely the pool, and the only way we think
you could be assured of that is to put the pipe where you
want it --

MR. SIESS: 1 see what you are doing, but it
is interesting, you see, rather than trying to compute the
burst pressure for those, you say, well, we can put a system
in that, will guarantee it will go through the second one.

MR. BERNERO: Yes, because that is the only
acceptable one.

MR. SIESS: 1It's an interesting approach. I'm
thinking about how I could apply that to a dry containment.
I'm working on it.

MR. BERNERO: Of course, what we are looking at
with the bolling water reactor is the vent alone, using the
pool as the filter, and then the vent with the filter, and I
micht add that in the boiling water reactor it appears to be

fare more attractive. The initial results indicate that

| the pipe alone, using the pool, because of that pool scrubbing

data, the pipe alone appears to be attractive far more than
the pipe with filter, you know, something like a sand and
gravel filter outside.

MR. KERR: 1I'm sorry. You say the pipe with no

filter is more attractive than the pipe with a filter?
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MR. BERNERO: Yes. From a cost benefit standpoint,

| in the sense that the pool provides =--

MR. KERR: You are talking about cn a cost benefit
basis?

MR. BERNERO: Yes. A cost benefit basis.

Because the pipe is so much cheaper. A pipe vent
alone is on the order of a million dollars. A pipe with
filter, or a filtered vent, 10 to 20 million dollars. It
really goes up in cost. And you are working on the tail
of risk.

MR. KERR: You are also giving thought to mechanism
for deciding when that vent will vent?

MR. BERNERO: Yes. Not too low and not too high.

MR. KERR: I don't believe in the rupture disk.

MR. BERNERO: No. No one believes in the rupture
disk, if for no other reason the pressure controlability of
it, and the fact that when it goes it tends to be an abrupt
failure, and you get a -- you know, the whole pool is going to
start bouncing.

The one I just took off, I covered in the words.

MR. KERR: Out of curiosity, is the thinking at
present, 1f you can discuss it, that the NRC would make that
decision, that the governor would make a decision, or the
utility?

MR. BERNERO: My feeling is you better build that
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decision into the plant. That is not a decision =-- that is
my personal feeling. That is not a decision that should be
debated during that pressure rise. You know, the plant should
have a control system of some kind, a simple, elegant, complex,

whatever.

MR. KERR: The decision will be made automatically
based on some parameters built into the plant, and neither
the operator nor the NRC have the burden of sucking on a

finger while the pressure builds up and youhave to decide

whether to pull the plug on the containment.

The other Vu-Graph was an explanation of what I
have already done.

If you turn to the PWR, this is a large dry.
The important point to make here is large dry containments

cover guite a spectrum.

Everyone uses the term "large dry" as if it is a

standard. I'm almost trying to adopt not so large and not
so dry or something, because some are much bigger than others. |
They range in pressure capability over guite a spectrum, and
therefore you have to look carefully at the specifics of
sets, at least, if not individual plants.

If you go into these systems, you will find a !
number of things from the accident seguence evaluation
program and from current work.

One of them is this: Remember what I said about the i
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importance of containment is greatest when the attenuation
of the reactor coolant system is least.

Now, in a pressurized water reactor, there are
some accident seqguences which give you some reascnably good
confidence that the reactor coolant system is going to get
some of that stuff befcre the containment sees it. For
instance, some of the loss of coolant accident sequences
which are downstream of the steam generators -- just
visualize, if alluviam from the core comes off, it has to
go through the upper plenum, down through the hot legs.
There is the enormous surface area of the steam generator in
the way. So that you have some sequences wherein you have the
potential for very significant reactor coolant system
attenuation. However, you will have other sequences, the
station blackout for example, TMLP prime, which
in general -- remember, you have lost AC power. The heat
buildup boils the water out of the reactor coolant system,
into the reactor building, and what you will find from
this sequence -- let me just switch to the next Vu-Graph
because it's got a picture of it -- you will find the
containment loading following a profile something like
this. The steaming, as you come up, you pressurize the
reactor building, depending on its size, to some level,
and then you have the steam spike. The melt-through

occurred somewhere in here, and you will have a steam spike
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due to the melt falling into the sump and converting at least

some of its energy to steam. And, of course, the question is:

Is this spike high enough to hit this line or not? and then
you hit the heat sinks a little bit and you have a pressure
drop, and still lacking heat removal from containment, you
build up until you have failure of the containment
structure.

Now, the risk is going to be dominated by whether
or not that spike hits the containment failure, either
catastrophic failure or substantial leakage failure.

The same problem goes here. Will the purge valves collapse,
fall open; will the equipment hatch -- remember how a PWR
equipment hatch is. It faces the outside, and you've

got about 100 linear feet of doorway with some kind of a
gasket or seal there, and if you blew it all out, that is a

big hole, you know, a very long slot.

So, that is the issue that dominates. And what you

have to do 1s look at the containment loading, and your
certainty of it, the containment pressure capability and your
certainty of it.

Now, I pulled one Vu-Graph and put it aside,
because I think it best illustrates the concept we are
trying to pull in here. Right now we are doing some
preliminary work wherein we are taking containment loading --

admittedly I think with a conservative bias to it,
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particle sizes. We are doing sensitivity analyses where

particle sizes for the hot drop into the water range from

an inch down to .04 inches, and with that distribution,
assigning either a normal or a log normal distribution to
the containment load pressure, taking containment failure

pressure and looking at some sort of distribution around it
that we think is a ‘ttle more realistic than the ones we've

€een, you can get an overlap of the tails, even in a large

dry containment, and that is quite significant, because if you
have an overlap of those two tails, it says even though your
normal or central estimate of load pressure is below
containment failure pressure, there is a finite prcbability
that the mixture of uncertainties can combine and give you
early failure.

Now, depending on the validity of the distributions
you have, it is not too difficult for us to generate numbers
that wounld approach 10 percent or more here for the combined
probability of loading being high enough and capability low
enough due to failures of one sort or another, to give you
an early containment failure of risk significance.

This is why it is quite important for us to look
at both the threshold model and the leakage-before-failure
model in the containment failure.

MR. CORRADINI:

Could I ask a question?

I was looking at your graph and just something
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struck me. Yesterday we had people from IDCOR here, and

I asked what is early containment failure to them. They
said minutes versus hours.

I look at your plot here,and here you have four to
five hours where the Delta P may cause failure. Unless
I'm misinterpreting, you are saying early.

MR. BERNERO: No. They were undoubtedly speaking
of minutes after melt-through. Your time zero is usually
time zero when the accident sequence started. It takes
several hours to boil away the water and melt the core. The
time for the heat to melt and go through the bottom of the
reactor vessel. I'm quite sure when they said minutes,
they meant minutes after that process, within, say, the first
30 minutes after the core melt drops to the floor.

MR. CORRADINI: I thought that. Maybe I should
ask the guestion this way: then one doesn't only worry about
the Delta P in that Vu-Graph vou showed, but also about the
rise time?

MR. BERNERO: Yes.

Now, from the standpoint of risk, the rise time is
much more important for heat transfer considerations than
it is for decay energy. You know, the decay heat and the
nuclide concentrations are dropping, but they are not dropping
that rapidly on this scale. But for heat transfer purposes,

it is important.

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS

NORFOLK, VIRGINIA




10

1"

16

17

18

20

21

22

23

24

210

MR. CORRADINI: I guess I have to go back =--
I'm still trying to understand.

Then all the Delta Ps for the steam spike are of
the order of minutes, all the rise times, from that Vu-Graph
you showed?

MR. BERNERO: Yes. This is not a very good
drawing.

MR. CORRADINI: I understand that. I'm just

curious.

MR. BERNERO: This time is the time it takes to heat|

up the water, boil enough water away to uncover the core,
melt the core, and attack the bottom head.

MR. CORRADINI: And that is four to five hours?

MR. BERNERO: An accurate construction of this
curve would have a rise time in a very steep =-- what, 20
minutes, 10 minutes -- well, you know, many minutes. Less
than 30 minutes. Less than 30 minutes. Possibly even far
less than 30 minutes, for the Delta P to occur.

In fact, that is why it is usually called a steam
spike. On a more accurate plot it is much more vertical.

MR. CORRADINI: To follow through so I get complete
understanding of this: The reasons that the minutes versus
the hours is so crucial is due to the aerosol and fission
products settling in the containment. So the time scale of

that physical process is of the order of hours.

|
|
i
|

|
|
|
|
|
|
|
|

|
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MR. BERNERO: Yes. The containment never sees

the fission products until here, in bulk.

MR. CORRADINI: They only see what gets out through

the PORV?

MR. 3ERNERO: They see what gets out through the
PORV, but then when the melt-through of the head occurs,
that is when the bulk of the radiocactivity enters
containment, and you get substantial aerosol generation and
so forth, and then from the containment's perspective, they
have a few minutes before the steam spike, and many hours
for the late containment failure.

For the mechanisms in containment you need the
hours here to do anything significant.

MR. CORRADINI: This is a little bit off the
track, but I'm trying to understand the differences. So
one could look at it two different ways: One is the Delta P
and the rise time, and another one would be the uncertain --
the other one would be the uncertainty of how I produce the
aerosols and the rate of aerosol production, given some
Delta P and some rise time? It is not a well-known thing
as to the rate of aerosol production and how it is
formed once it leaves the vessel?

MR. BERNERO: If you go into the mechanics, you
have an aerosol term generatea from the melting of the core.

Call it an aerosol flow trying to get out. When the core
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bulk gets out into the containment and starts to react with

concrete and water, it starts generating another aerosol

term that is superimposed and can actually scrub the original

aerosol term. It can cause a new wave of agglomeration

that can pull out aerosols that were put in there originally.
MR. DAVIS: Bob, there is a school of thought which |

postulates that these pressure spikes will be very unlikely

because the reactor vessel lower head failure process will

be dominated by a failure of tubes that go to the bottom of }

the reactor vessel, and you will get small streams of

molten material dispersed widely throughout the containment.

Has the NRC Staff adopted any position about
the likelihood of that scenario?

MR. BERNERO: No, not yet. Of course, that is true

on most of the Westinghouse -- CE has the round bottom.
It's Westinghouse and B&W have the pins, or flux monitor !
tubes. i

Yes. That changes the rate at which the molten
material goes out and might be a dispersal mechanism that would!
subdue the spike by changing the rate of transfer. That is, %

the rate at which the heat goes out. It could be that it

gives you greater energy conversion. You know, it might ;
accentuate the possibility of small particles and better heat
transfer, albeit at a slower rate.

Now, we don't have a position now -- Jim Meyer,
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in NUREG 0850, Indian Point, you know the analysis of that
containment; he ended up with the luxury of abcund. It

is a big enough containment that he was able to get by with
abound. He didn't have to sweat it. He wasn't that close.
But we don't have a position yet, you know, that we would say
the best judgment would describe the scenario in one way or
the other.

MR. KERR: Bob, I'm looking for a good place
for a ten-minute break.

MR. BERNERO: I was going to suggest about here.
I'm about wound up with this.

What I would like to do is go into a discussion
of the source term approach, and it is a much more general
thing than this. I think it would Le ideal to take it here.

MR. KERR: We will reconvene at 20 after.

(Recess.)

MR. KERR: What happened to my leading man?

We are ready when you are.

MR. BERNERO: Sorry to hold you up.

MR. LEE: Mr. Chairman, if I may, I would like
to raise a question or two for Mr. Bernero.

MR. KERR: Before you raise a question, an
earlier question had been raised about whether we need
Containment Branch people here for any further purpose.

Do you need Containment Branch people here for any
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further questions or comments?

MR. SIESS: I think not.

MR. KERR: Thank you.

MR. BERNERO: Thank you, gentlemen.

MR. KERR: Mr. Lee wanted to raise a question.

MR. LEE: In one of your earlier Vu-Graphs which
showed the probability densities for containment load
pressure versus failure pressure, you said your overlap region
has a probability of about 10 percent or so.

MR. BERNERO: Could. Yes.

MR. LEE: Could. Yes.

I'm just curious whether you think that 10 percent
potential leak probability is too large ov* too small, or
if you performed the proposed containment research and
the further data-collecting process and so on, you can
reduce the uncertainties associated with that 10 percent
probability? Do you think that uncertainty could go down
by an order of magnitude, or what do you think we should
try to accomplish?

MR. BERNERO: For instance, we are talking about a
pressurized water reactor with a large dry containment. If
the probability is out where you don't have overlap of
tails, the releases -- the delayed containment releases,
slow overpressure, the release categories are like

WASH 1400, PWR 6 or 7 categories. They are very mild

TS

S —
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consequences by comparison.
If you are in this overlap regime, you have a

release category like PWR 2 or 3. And the result is the

consequences rise dramatically. PRW 2 has early fatalities in

it. PWR 6 or 7 do not.

The difference in conseguences is so great that
even a 10 percent chance of getting a PWR 2 release is a
relatively significant and a dominant, in fact, fraction of
the risk. But now you are talking about the level of risk
that you have and is it tolerable. So that we are talking

about a given reactor, say, or set nf reactors where our

best estimate of the risk is at a certain level, and take the

example of Indian Point: You have an estimate of the
risk at that level, and there is at that level an estimated
probability of PWR 2 type releases, and you look at that
and you have to make a judgment. That is the dominant
risk, and is that at a tolerable level, and if not, what
do I do? What are the alternatives to reduce that risk?

So there is no single probability that brings it
into the threshold of concern or not. It could be 90
percent, but if the overall probability were so low, you
might accept it. It could be 10 percent and not be
acceptable.

There is no explicit answer. The point I would

like to make is that many people don't even look at it.
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MR. LEE: Could you also address wbether you can
expect to, or we should try to improve on our understanding
of that overlap region?

MR. BERNZRO: Absolutely.

MR. LEE: How much should we try to improve upon?

MR. BERNERO: That is the very thing we are doing.
We do not consider it acceptable to look at the most likely
or central estimate of the containment failure pressure
and the containment load pressure and say, voila, it doesn't
fail, or yes, it does. That is not an acceptable analysis,
in our view.

We have to look at the tails insofar as we can
construct them, but that requires a proper treatment of both
load pressure and failure pressure.

MR. LEE: Do you think we can get reasonable
estimates of that overlapping region by sometimes next year,
before we make a decision on --

MR. BEKNERO: Yes, I think we can.

MR. LEE: I would like to also ask you one more
question.

At our meeting with IDCOR people yesterday, it
was brought up by the IDCOR people that perhaps the early
containment failures are not as likely as they were thought
some years back. Hence, that fact alone perhaps could change

a lot in their deliberationor decision process toward
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perhaps containment alterations, or venting, or whatever,
And I got the distinct impression that they were talking

about hours versus minutes.

Could you comment a little bit on whether these earlj

containment failures are not as likely as they were thought
to be?

MR. BERNERQO: They are relying on analyses such
as Indian Point and Zion where there is a containment
failure pressure, a very robust, large containment, which is
substantially above the containment load pressure, and
therefore it is fairly obvious that the tails, whatever
they are, are going to be small. The overlap potential is
rather small. And on that basis they would say, huh, those
containments are not likely to have an early failure.
However, they are also referring to some of the earlier risk
assessments, which gave a strong weight to early containment
failure, by superimposition of loads, hydrogen loads,
and steam loads together, and so forth.

The IDCOR people, in their analysis, are looking
to establish a large gap between these two pressures. I
have yet to see any analysis by them that amounts to a
convolution of uncertainties to see what the overlap might
be. But I do know that they are looking at both containment
loading and containment failure pressures in a more rigorous

manner than previously. But I haven't seen any results

)
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yet that indicate that they are as deep a look as I would
like to see.

MR. LEE: If I may come back to my earlier qguestion:
You said that you would like to accomplish a better
resolution of Lhis overlapping region and so on sometime
by iid next year or so on. So as a part of such an effort,
you have been working on RETAIN code and things like that,
as well. But do you feel that we are in a position with the
code where you can perhaps try to predict, or try to =--
yes, I guess, predict the procedure that will be regquired
for the information regarding, for example, penetration
probabilities, and things like that?

MR. BERNERO: Yes. I think so. 1In the next
presentation I'll be showing you a schedule of what we call
the source term reports and analysis and the review thereof
that I think will give you a sense of the scale and the
timing of when we are trying to make these appraisals, and we
are using a set of five plants there that leads into the
severe accident set of more than that. And I think it will
give you an idea when we ihink we can make that decision.

MR. KERR: Do you expect to get that containment
failure pressure distribution =- or get better information
on it from analytical work, experimental work, expert
judgment, all of the above?

MR. BERNERO: Yes. All of the above, really.

(TR

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



10

12

17

'8

e

20

21

22

23

24

219

If there was one program that -- well, frequently,
when I look at experimental programs, I say, gee, if there
was one program I would accelerate, this is one. Tha
containment experimental program, and I'll just call it
penetration qualification program, you know, penetration
research -- I would really like to see those done
yesterday, you know, much earlier. I wish that were so.

It isn't so. All we can do is look at the results as we go
along and see if we can't extrapolate or forecast what
the outcome will be.

We will have to rely a good deal in this regime
on expert judgment as much or more than experimental data,
because the programs just run over a longer scale, which the
time scale is several years. So there is some data just
coming in now,and a lot of it is empirical data, analyses
of previous containment tests, containment experience.

MR. KERR: Back in the days when pressurized
thermal shock wasn't being looked at so much but people were
still concerned about reactor pressure vessel failure, a lot

of operating experience on pressure vessels that was

nonnuclear was used to draw some inferences about the behavior

of reactor pressure vessels.
Is it possible to make use of existing information
on the behavior of conventional vessels to get more

information on that, or are they so different that one can't
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draw conclusions from them, or do the data exist, or
whatever?

MR. BERNERC: Bill Farmer, on the penetrations,
could you say that nonnuclear penetration data is of
significant value?

MR. FARMER: I'm not aware of any nonnuclear
electrical penetration leak rate data, and we have very
little to go on when it comes to leak rates.

MR. KERR: Most of the uncertainty you feel, then,
is in the p2netration?

MR. BERNEKRO: Yes. We generally speak of
penetrations and seals, things like that. It is that mixture
of peculiar gaskets, diaphragm seals, some of the big
butterfly seats on elastomeric donuts instead of walls.

So it is those details.

MR. KERR: So you are talking about things for which

data wouldn't be of much use, anyway? Think of the data
you would have to have to cover the different plants. I mean,

the statistics =--

MR. BERNERO: Well, it's plant-to-plant differences.

MR. KERR: Well, differences with age of a given
plant. It seems to me it is hopeless to get the data from
experiments.

MR. CORRADINI: I follow that up, then. The

question has been partly asked already.
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If you've got two curves, and I want to look at
the region in between, or as you said to John, that the
region in between will have a fairly good handle within
the next year or so, which of the two curves are you working
on to get the handle on?

MR. BERNERO: Both. For instance, this tail here
is a particle-size tail, principally.

MR. CORRADINI: Principally?

MR. BERNERO: Ha, you wince. And you know more
about it than anybody else. Now I'm going to pick your
brain.

You know, the question, how well do you have to know
it cannot be answered in advance. You have to take how
well you know it and examine the result after you look at it
to see whether you can make a sufficient decision.

Now, cbviously if it turrned out that for the
vast majoricty of ithe plant these two curves were almost
congruent, you would have to know both of them with consummate
precision.

MR. KERR: You just made a statement which I
can't let pass without exploring.

I don't see why you can't make some estimate of
how well you would like to know it in an engineering
situation. It may turn out you can't know it that well,

but given the uncertainties that you are willing to accept to
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operate with, it seems to me that one could make some
estimate of how well this is needed to be known.

MR. CORRADINI: If you ask the question in reverse,
maybe it would tell you what you are looking for.

MR. BERNERO: We are doing just that. We are
taking large dry containments first. As an example, we are
looking at the large dry containments for their pressure
volume capability on the books, multiplying it appropriately

on the advice of the structural engineering community

to get the central estimate of 2.2 to 2.5 times design pressure‘

which becomes the central estimate, and then looking at the
containment loading sensitivity study, trying to find its
central estimate, to see how far apart they are.

We are just trying to establish that distribution
from which will come an index of how well we have to know
it. The reason I raise the 10 percent was we took one fast
cut through the large dry containments and got a potentially
significant overlap, enough to tell us go do that homework
deeper.

MR. KEER: Maybe I can get Mr. Siess to explain
later, but I'm puzzled if you think the failure is most
likely to occur in containment, that the best central
estimate is that based on structural considerations?

MR. SIESS: I didn't know. I guess I was going to

ask, are you doing a similar kind of study on the probability

|

\
i

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



10

11

20

21

22

23

24

223

that there will be a leak rate in excess of 100 percent a day?
I assume that failure here still means gross catastroohic
rupture.

MR. BERNERO: Yes. As I said earlier, we are
following two approaches: the threshold model and the
leakage model, like the curve I drew on the board. And
in reality, as you know, this tail is the leakage curve. You
know, if you really knew perfectly what was happening =--

MR. SIESS: Not the way you are drawing it. That
1s a structural tail you've got there.

MR. BERNERO: That is artist's liberty, just to
show that there is overlap. The shape of that distribution
would be such that in reality the leakage model brings you up
to here, and the tail going beyond is the tail associated
with the uncertainty about the asymptote.

MR. SIESS: If you drew it, instead of leakage,
on the size of the hole, the equivalent size, the pressure,
what you would be plotting here would be the probability
that you would get a great big hole?

MR. BERNERO: This is probability of a risk-
significant hole.

MR. SIESS: That is the probability of a great
big hole.

MR. BERNERO: Yes. This is more the probability

of a catastrophic failure.
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MR. SIESS: Right. There's another curve that is
a probability of a four-inch hole, or a half-inch hole,
or a ten-inch hole, which has nothing to do with this
curve.

MR. BERNERO: It would be a different curve.

This is a threshold model that says there is a threshold
at which the containment fails and below which the
containment does not fail.

MR. SIESS: The trouble with that terminology
is that the threshold is at the extreme upper end; it is not
the kind of threshold we normally think about; this is our
threshold model. It may turn out chat there is no way of
ever getting to this so-called threshold.

MR. BERNERO: It may. That is why we are equally
pursuing the leakage model which may render this whole
consideration useless.

MR. LEE: But if you superimpose this leak
probability curve with the membrane failure probability
curve, perhaps, you may still see some general distribution of
the type that you are showing, perhaps.

MR. BERNERO: You may or may not.

MR. SIESS: You can't do it in this format, no,
because the size of the hole -- at certain levels, the size
of the hole may be a function ¢f containment pressure.

MR. BERNERO: This particular presen’ation has as
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a separate parameter not displayed the size of the leak.
This is for any given size of leak.

MR. SIESS: The way you've got that drawn, it is
for a great big leak.

MR. BERNERO: It is nominally for the great big
leak.

MR. SIESS: In your threshold case there is either
zero leak or a great big one. That is what you mean
by threshold.

MR. KERR: Now that we have solved that problem,
let's continue.

MR. BERNERO: Now let's talk source terms.

You may recall that in December of 1982, which
was last year -- I'm losing track -- there was formed a
group called -- no. Wait a minute. Back up.

LDecember 17, 1982, there was a memo from
office directors to the EDO with an action plan for accident
source term. That is the seguence of events which said,
let's get out and get source term related research
information and get it into the regulatory process in a nice,
gquick, timely and responsible manner. And it laid out
milestones that included, as early as February of 1983,
initial assessments of source terms, what might be called
interim source terms. But a lot of activity in 1983,

somewhat culiminating in a September '83 approach tec the
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Commission, with revised policies, standards, or something or
other related to emergency response planning, based on revised
source term knowledge.

Then in January of 1983, the EDO established a
separate management group called the Accident Source Term
Program Office, ATSPO, and I was named to be the director of
that Source Term Program Office. It is in the Office of
Research, and with but one exception is staffed by people
on detail from appropriate sections of the Offices of NRR,
the Office of IE, and the Office of Research.

And its basic charter is to develop or see to the
development of source term information, accident source term
information, and work that into the regulatory process in
a timely way.

Now, the basic agenda, as I have here =-- i¢member,
the prospective of this office, this ATSPO, is to do
what needs to be done in the coming year or so, you know, give
or take; document the current data base for severe accident
behavior prediction.

We have a moving target here. There is an awful
lot of work that has been done and that is being done, and it
calls for a current documentation, a snepshot. It is
time for another NUREG 0772, which is a stazte-of-the-art
appraisal for accident source term prediction.

Secondly, the agenda includes the application of
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the latest techniques or the latest knowledge to estimate
severe accident scurce terms for at least some reactors, at
least a representative set.

Thirdly, the agenda must include, obtain, be
substantial and broad peer review.

MR. KERR: Excuse me, Bob. What is the significance

of the term "latest best estimate models"? Does that

imply that one is developing some new models, or that you

take the new data and on the basis of the new data try to
put them into the old scenarios?
MR. BERNERO: It is both. It is developing the i
.
most realistic, and that is why I use the term "best i
estimate," rather than relying on rereated use of MARCH
and CORRAL, to model, based on new research information. %
It is to develop more realistic models, perhaps
more difficult, more elegant, more deeply analytical, of the
procusses within the reactor coolant system in particular, %
and to develop those models using this data base.

The peer review has to have two compo.. to it.

For one, when you are going into this regime and trying to get
best-estimate models for the physical processes of core
melt, physical product transfer, all of these things are

|
extremely difficult and require the best advice of all of those{
|
people who are involved in this kind of work and have been ;

|

involved in it in recent years. And as a result, there is a

]
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very, very strong need for specialist review, for the
specialists in these Archean sciences.
In addition, there is a very important need for,
I would call them, the scientists across the street. There
is a need for a detached, not specialist review, to look
at the basic level of science, to look at the forest
rather than the trees and to ensure that the basic science
that will be used here 1s sufficiently well-grounded.
Because, if you believe much of what you see in

industry papers and pronouncements, this source term

estimate that is now very popular is such that, well, you know,

we used to say that reactor accidents couldn't happen. But
now, unfortunately, we do have to admit they do happen; but
son of a gun, under close scrutiny, they don't hurt anyboudy,
nothing gets out. You know, the forces of nature hold
everything in, and isn't that wonderful, and if it is true,
let's prove it, and let's prove it responsibly. If we are
going to base regulatory action, regulatory decision on
anything like this, we better have a sound scientific basis
and a broadly accepted one, and unless we get both deep
specialists and broad peer review of the principal work here,
we won't be able to use it.

Now, we also have to look in the first order of
business inthis agenda at emergency planning, and in

particular we have had about five years =-- if I could recall

™
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for your memory, emergency planning is one of the few
risk-based things in reactor relatinon. Prior to 1978 there
wasn't a whole lot done on emergency response planning.

It was there, but it really wasn't very well fleshed out. And
during the period of 1977 to 1978, the Environmental Protection
Agency and the NRC worked together tc develop an important

trail of reactor risks suitable to be the Lasis for emergency

planning. That was published in December of 1978 in a
document, NUREG 0396, which also had ar EPA number.

It was a joint report by the NRC and EPA. And what that repor*
did is, it took the risk models of WASH 1400, translated them
into risk versus distance, different relationships of the

probability of suffering a certain dose at a certain

distance from a reactor. Again, WASH 1400 model. And i
that report concluded that, ba:2d on this portrayal of reactor
risk, the level of probabilities and the reach, the

range of life-threatening doses, considering the protective
action guides that the EPA had out in draft then, you know,
the 1 rem, 5 rem, and so forth, protective action guides;

that considering all that it was appropriate around

nuclear power reactors in this country to have a 10-mile
radius emergency planning zone for the immersion pathway,

that is, cloud exposure of humans, and a 50-mile radius
planning zone for the food chain pathway.

That document went on the strcet and became the
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basis for emergency planning in late 1978. Many people don't
realize that when the TMI accident happened just a few
months later, and then there was a great deal of interest

in accelerated pursuit of refinements in em2rgency planning,
that document stood as the planning basis and the derivative
document jointly prepared by NRC and FEMA, the Federal
Emergency Management Agency, NUREG 0654, that came out; and
it actually came out in a revision later, and I forget the
dates, but early 1980 and late 1980, something like that,

and the document NUREG 0654 establishes the criteria

for such emergency planning. So you have one as the technical
basis, the other is the criteria.

Obvicusly. if you reevaluate accident source terms
you gu at the very ioot of the whole structu.2, and you
have to go back to NUREG 0396 and say, is that still
a fair portrayal of risk.

Is the conclusion, the recommendation of a 1l0-mile
planning zone for immersion pathway, or a 50-mile planning
zone, & legical one. You also have to go back and
look at what we have done in the five years since 1978 to
implement that portrayal of risk, that basis of planning,
and those criteria.

Have we learned something from that implementation
such that we would reconsider it even without a new source

term?
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So you have tn look at the experience as well as the

technical basis.

So, we have to go back there, look at this
planning experience while we are looking at the potential
revision of the accident source term, and then given new
source term information and refined understanding from the
evaluation of experience, our agenda is to go first into the
emergency response regime and develop revised policies or
revised criteria, and then later to go intc things like the
equipment qualification source term; what is the appropriate
one to use for different equipment?

Design bases for water cleanup systems, and things
like that. Thos would be later. And, of course, the severe
accident decision is one of the others.

MR. KERR: Even though you might use the same
technical approach that you used in 0396, it isn't obvious to
me that you would necessarily change the 10-mile zone just
because the source term changed.

MR. BERNERO: No. You might say I'm still planning
for 10 miles, but my skew of planning, my distribution of
attention is going to be different. This is, quite frankly,
one cf the things we are discussing. I might approach the
first two miles as zone 1 of the 10 miles, and that is the
one where life-threatening doses are most significant.

Zone 2 would be from 2 miles to 5 miles, a secondary

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



10

"

12

13

14

15

20

2)

22

23

24

232

threat of life-threatening dose, or urgency, and then another
zone frem 5 miles to 10 miles. I could grade my attention,
and I might leave the alerting systems and the organizational
structure alone and still work with a 10-mile planning zone

and just absorb the conservatism.

On the other hand, if the source term reduction were

really dramatic, I might just say, oh, I'm gocing to cut
down from 10 miles to 5 miles, or to 3 miles or something.
But the option is open.

Now, our approach in this work is to identify these
elements, and they will turn out as you see to -- wait a
minute. I skipped one. Here is our strategy.

The first thing is to do a reassessment of the
source terms. NUREG 0772 was really a snapshot in 1981.
It said here is what we know about severe accident source
terms and here is what we would say about predictions.
And if I could very simply state its conclusions. NUREG 0772
two years ago said WASH 1400 estimate is far mcre likely to
be conservative than it is to be optimistic. It said
the phenomena are such that the releases from severe
accidents, that is, core melt accidents, are probably lower
than this but we can't establish yet how much lower; we
can't establish a scientific basis yet for a lower number.
It's promising; we've got to work on this, but we are not

there yet.
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MR. SHEWMON: I wish you would use a different
word than "optimistic" as the oppcsite of conservative.
Realistic might be a better word, I hear behind me here.
Conservative means we won't get there, where optimistically =--

MR. BERNERO: It is really overestimating or
underestimating. Does WASH 1400 accurately estimate,
underestimate, or overestimate. And what NUREG 0772 says is
that WASH 1400 is likely to be an overestimate of fission
product release.

MR. SHEWMON: Normally I like to be optimistic,
and 1 get confused.

MR. BERNERO: Now, our research program, if you
look at it, in the ideal, says be patient, friend; 1981 is
nice; you stick around and in 1985 we will tell you a whole
bunch of new things, because that is when we get the besc
fuel damage data, the best codes, and the best all kinds of
things.

MR. KERR: Now, in planning your source term work,
have you sat down and asked yourself what sort of information
do I need if I'm going tc make a significant change in
emergency planning zones, for example? What are the
sequences, or what are the isotopes about which I need
most information, and what sort of information do I need?

MR. BERNERO: Well, yes, we have. This was done

quite some time ago, in fact. We have the isotopes broken
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into the categories of relative significance, like the
radioisotopes, which are very important, for the early
fatality or early radiation injury and thyroid doses.
The iodines, iodine and antimony have to be treated
separately. Tellurium is one that is quite significant
in docse and quite spooky in its physical behavior,

difficult to predict. That was identified a long time ago.

And we have reestablished those identifications and called
for the physical research that would illuminate just what
those nuclides in particular do.

Then, of course, there is the basic need. Nuclides
like cesium, cesium 137, dominates latent cancer risk. i

MR. KERR: What sort of changes in source terms
would lead to changes in emergency planning?

MR. BERNERO: What we have done and have reported,
the best source, if you want to see some of this, is in the
siting study. We took in the siting study -- there is a whole |
chapter dedicated to this. What reductions in source term :
will produce what changes in risk. There is a parametric
treatment, a factor of 2, factor of 5.

MR. KERR: But given that, you have to decide how

much of a risk reduction is going to lead to a change in

emergency planning? If you get a change in risk of 10 ,
|
percent, you probably won't do anything. ]

MR. BERNERO: Thac is the reason for the sensitivityJ
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study. In a nutshell, whut it shows is that if you can
get even a factor of 2 or 3 reduction, well-established for
nuclides like iodine, you have a dramatic effect on the
immersion pathway fatalities, early facility doses, a
dramatic effect. If you look at the sensitivity studies
that have been done --

MR. KERR: Doces that mean you reduce the planning
radius from 10 miles to 5 miles, or 2 miles?

MR. BERNERO: There is often a great deal of
argument about why you have emergency planning. The
emergency response planning 1is basically to handle radiation
doses with predictable effects. If you get doses above 50 R,
you get clinically detectable radiation effects.

Your hair falls out, you vomit, you start
suffering radiation injury, and of course if you get over
about 2 or 300 R, you start getting early fatality,
prompt fatality, and radiation planning has two objectives.
One is to avoid exposure to minimize the probability of
exposure to damaging effects, to known radiation effects,
and it has a secondary consideration that is influenced
somewhat by stoichpastic effects like latent cancer, and
that is to minimize the probability of people suffering

doses in excess of the protective action guides.
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If you reduce the source term overall and you put
a rheostat on everything and turned it down, the effect on
early fatalities would be coming down something like a square
log. That is, for a two-fold reduction of source term, you
would get about a four-fold reduction of early fatalities.

At the other end of the spectrum, latent cancer
exposures, cesium=-137 is only going to come down roughly
linear.

You are going to have a new perspective when vou
look at that ten miles. Your emphasis or use of emergency
planning up to ten miles is going to be much more toward the
protective action guide exposures than toc the life-threatening
doses.

MR. KERR: I thought you told me that reduction of
a factor of 2 would have a dramatic effect, and I was trying
to understand what dramatic effect implied in terms of
emergency planning. Does it imply that you would do something
dramatically different in emergency planning?

HR. BERNERO: A factor of 2 could drop the fatality
radius quite a bit. A factor of 5 or 10 could bring it in
very, very close to the reactor. You are dealing
probabilistically.

MR. KERR: What I am trying to get at -

MR. BERNERO: You could possibly get to the point

where prompt evaluation would be a method of choice, an

!
|

|
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emergency response method of choice only within one or two
months. You coulé get there. Anything beyond that would

be -~

MR. KERR: How much reduction in the source term
is likely to lead to that conclusion?

MR. BERNERO: Five to ten, I would say. Somethina
in the range of a factor of 5 to 10 overall would lead to
that.

MR. KERR: Thank you.

MR. BERNERO: As I was saying, NUREG-0772 two years
ago gave us a nice snapshot. We would like to wait until
1985 for the next srapshot, but that would not be timely; so
we have scheduled an interim snapshot and given it an interim
number, NUREG-0956, that would come out in 1985 or at the
end of 1983, and we will say we are not finished with the
work yet but here is a reassessment of the technical basis
for estimating fission pnroduct behavior in severe accidents,

Now, while we are doing that -- in other words,
wnile the physical chemists are doing the best thevy can to
give us this information, we have in narallel closely been
observing a reevaluation of the various relationships of
risk, sensitivity analyses, siagnificance analyses, and a
reevaluation of the emergency response experience.

You know, we have had a lot of drills, a lot of

practice exercise, a lot of requlatory experience, both our
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agency and the Federal Emergencv Management Agency, and all
the state and local parties involved.

So, with these two things going in parallel, then
essentially at the end of 1983 they come together in the
first step --

MR. KERR: Excuse me. I don't understand how the
current assessment and the emergency response experience is
related to the source term. Cive me some information on that.

MR. BERNERO: Well again, I would recommend that
you read NUREG CR-2239, the so-called Sandia Siting Study,
because what we did is we took all the sites in the country
with WASH-1400 source terms, simplified and re-baselined, still
WASH-1400, no new reduced iodine stuff in it, and we
simplified them to three core melt accident tvpes: a very
bad core melt, a midile kind of core melt, and if you could
call it one, a nice core melt. You know, different grades
of emergency safety feature availability, one, two and three.
And what you will see is there is a systematic analysis of
the risk relationships associated with each of them: how far
out are people at early death risk, how far out are the
latenit cancers and so forth, what is the distribution of
doses and what is the sensitivity of each of those things to
changes in source term, and other parameters like ponulation
and so forth.

So the purpose of that study -- that is reallv not
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merely siting.

MR. KERR: 1I'm trying to get to the relationship
to assessment of emergency response experience. To me that
means you take the -- I thought i1t meant you took these
practices in =--

MR. BERNERO: Practices and evaluations in any
model here. Bill -~

MR. KERR: I'm not disagreeing with you. I don't
understand what it is you are comparing w’th what.

MP. BERNERO: For vears we have modeled the risk
by making assumptions about evacua*:on.

MR. KERR: So you used the experience to refine your
predictions of evacuation behavior.

MR. BERNERO: The decision times, how soon can
decisions be made, how effectively can people evacuate. If
you look at NUREG-2239, there are sensitivity studies already
available with WASH-1400 source terms which say what if it
is a mixed bag instead of everybody goes nromptly? What if
you've got a 30 percent probability they are going to start
leaving in an hour and a 40 percent probability that they

will leave in three hours?
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I
|

MR. KERR: You can use these new data with existing

source terms and have perhaps reached different conclusions?

MR. BERNERO: You could do this all by itself and
reach different conclusions.

MR. KERR: I understand.

MR. SHEWMON: You talk about them leaving at
different times. Have we given up completely on them going
into the basement and staving there?

MR. BERNERO: No. These are mixes of sheltering
evacuation; no protective action at all. Mixes of protective
actions.

MR. SHEWMON: Thank vou.

MR. BERNERO: 1t is that evaluation with existing
source terms in light of five years' experience.

MR. KERR: Have you practiced having people going
into their basements?

MR. BERNERO: WNot that I know of.

MR. KERR: I'm not being facetious here. Have
there been certa:n exercises in which you told people, "Go to
your basement"?

MR. BERNERO: To my knowledge, there has never been
an exercise that involved the public response other than the
public agencies -- police, emergency response.

MR. SHEW!MOMN: The instruction is to stay home, stay

inside?

[
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MR. BEPNERO: Close your windows. A la TMI.

MR. SHEWMON: This is part of what the local authori-
ties considered?

MR. BERNERO: Yes. As I say, you could do the evaiua-
tion with the existing source terms and try to reach a conclusio$
on it alone. Pctually, with the two together, vou know, it

makes more sense to do the two in parallel, and then incorvorate

source term reassessment as available and appropriate and do tha*.

Now, we have in this work two types of peer review. i
I mentioned earlier there is the specialist review, and, in ;
fact, the second one 1is scheduled for May 24th and 25th in |

this room. The Surry report was done in this room. There is a

two-day session where the specialists get together, they read |

the detailed modeling and analysis and chop it all to nieces,

and we have a very nice time. That is necessary. We have to

do that to get the best state-of-the-art. But then we have
arrangements for a broad, scientific review.

Right now, we're negotiating with the American ;
Physicians Society to see if they might conduct one of their
studies. You know, they have a history of doing technical
studies of important scientific work, and they did an
excellent study of the Reactor Safety Study. You know, the
original Reactor Risk Analysis. It's not really the original; |
the 1973-74 one. And we're negotiating with them to see if ;

they can provide specific, well-founded substantial effort to
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' of events -- and I'll show you in a schedule -- it would be nice
if you could produce whoever they are to give you prompt feed-

. back, to do good work and do it promptly. |

| 1f they set their mind to it, whereas,the good chemist may

| not gquite have that conviction.

conduct a broad, scientific peer review.

MR. KERR: 1Is this because the American Physicists

Societ does a better study, or because you think there's more

physics or chemistry involved here?

MR. BERNERO: No. It's the former. It's heavily

chemical. There's an awful lot of chemical work in here.

MR. KERR: The last I looked,

there was the American

Chemical Society.

MR. BERNERO:

There's also the history that the

American Physicists Society goes to the other technical socie-

ties and draws in expertise, and quite frankly, they have a

history of finding study objectives and dcing them promptly.

The National Academy of Sciences and other expert

bodies are certainly expert, but when you look at the sequence

MR. SHEWMON: Professor Kerr, there is also, in

effect,a good physicist firmly convinced they can do anything

I don't know. |
MR. BERNERO: Chemical engineers are usually humble;

physicists are not. There are a lot of other agencies

involved. The ACRS, of course. There will be a good deal

of reaction with you as time goes on, mostly in the arena of

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA




4
T/AR2/s8y 243

' severe accident research and results,but because of the complex
. 2 nature of emergency planning, we have a lot of contact with

3 EPA, with FEMA, with the many state radiation authorities.

e You know, the radiation control program in each state is

s deeply involved in emergency planning. The various governors'

6 offices and the like.

T/AR3 7 MR. KERR: I think it is appropriate that ACRS should

® | come right after "etc."

e MR. BERNERO: I didn't get you. I didn't know

0 whether to call you an agency or not.

" Now, the elements of this work may be set in four.

12 One is what is the data base we have for these predictions.
. 13 Element 2, is the set of estimates of accident ;

14 source term, accidents for some selected plants, and accident

'S | seguences.

16 Now, notice I have said here selected plants and ,

sequences rather than a summary risk appraisal, and I say

18 that for administrative reasons. I put that in Element 2. I'll
19 talke about Element 4 later to explain that. |
20 5 Then a strong peer review of the preceding =-- the |
|
2) [ scientific basis for reassessment. Some rather complex chemistéy;

|

y |

22 | heat transfer, mass transport, physical phenomena involved, ‘
|

|
23 : and we have to have a reasonable degree of confidence, whateveq
!
|
. 24 | the criticism we heard in the first one. The specialists' peer |
| .
25 review of the Surry work in this room was replete with
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scientists saying your calculations are getting ahead of your
science. You've got models; where's your validation? You've

got great big tissue papers of analytical models and very little
evidence that you have scientific data to evaluate those models.
So we have a very strong check on that, that these two are

matched.

And then, of course,we do have to appraise the risk
and the regulatory significance of the reassessed source terms.
It is in here that we come in with the real insight on the
containment failure. This is where we have to come to grips
with what are the dominant sequences, what is the probability
distribution for this sequence against that sequence, for !
this containment failure mode per sequence against that contain-
ment failure mode. This 1s where we have to get the risk

perspective,and given that we've got NUREG-0956 =--

MR. KERR: Remind me again, when you talk about

a source term here, you're talking about not what is available
for release but what is released?
MR. BERNERO: The source term is the characterization

of the release of radiocactive material from containment, a:

result of a given accident sequence.

MR. SIESS: Bob, in Element 4 I think I know what ;
risk means, but I'm not sure I know what regulatory significancé
means. Now, if you explained that when I was out of the room,

forget about it.
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MR. BERNERO: No, I didn't. How could I put it?

We were talking earlier about how much of a source
term change is there. 1If,after agonizing reappraisal we came
up with the WASH-1400 source term should be corrected by the

following factors to give us the new NUREG-0956 source term and

the following factors turn out to be on individual columns
multiplied by .98, .82, .91, you know, why gild the 1lily?
You are niggling with 10 percent changes or less. It's not a
significant source term.

On the other hand, if you have 5 to 10 factor type

changes, then the regulatory significance might be a commentary

that says life-threatening doses now cannot reach -- with any

cre2dible probability,they cannot reach very far beyond, say,
a mile, two miles, something like that. And the regulatory
significance of that is potentially, a dramatic changye in the

piant.

MR. KERR: Chet, I would like to take that to Main.
Can we get those guys in NXR to brief this PRA stuff?

MR. BERNERO: They believed it the first time. 1It's
the basis of existing emergency planning.

So these four elements, having been performed,will
constitute the NUREG-0956 effort. Now, I have a schedule here
that we are working to,and you'll be seeing these things as a

series of reports.

Element 1, which is the technical data base -- it i
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does exist and will exist in many, many reports, but there is
one particular report being pulled together by the Oak Ridge
National Laboratory to summarize thie technical data base,
specifically directed towa. . validacing these predictive models,
these source term mcdels.

Do we have a number ior that report yet? I don't
think so. It will be an Oak Ridge Nhc¢tional Lab report, and
that will state the technical data base with particular
emphasis on validating these codes.

Now,at the same time, the Battelle-Col_mbus Lab =--

MR. KERR: Excuse me. Is the Oak Ridge report
Element 1?

MR. BERNERO: Yes, it is Element 1. And insofar as it
ambraces this vast interest in the data base and states it in
a way understandable and directly pointed toward validating
Element 2, which is what it is supposed to do.

Element 2 is Battelle-Columbus report, and we have
a number but I didn't put it on the slide here. The master
Battelle-Columbus report will have separate sections or volumes
for each plant, and we started out to do four plants and are
actually going to dofive plants. And the plants are Surry,
Peach Bottom, Grand Gulf, Sequoyah and Zion. We added Zion at
the suggestion of a good number of the reviewers.

Now, these reports document the detailed fission

product release and transport analysis. What they do is they
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use the MARCH 2 point on code, started out with MARCH 1.1, and

it was widely criticized. They are now using the MARCH code,

and the new code, MERGE, for the heat transfer analysis for
the thermal analysis for the heatup of the core, the melting of
the core and the attendant heat behavior, thermal behavior, of
surrounding metal. You know, like the upper plenum and nozzles
and so forth.

The MARCH-MERGE codes batcically calculate the rate i
of heat-up and core melt.

The CORSOR code is used to calculate the emissions
of radionuclides, aerosols and whatever gases from the core
during its degradation and melting. '

MR. CORRADINI: Excuse me. The difference between
MARCH and MERGE? I have it somewhere here.

MR. BERNERO: MERGE is the radiant heat transfer, i
and convective heat transfer in the reactor coolant system.

MR.CORRADINI: Okay.

MR. BERNERO: The CORSOR code describes the behavior |
of the radionuclides getting out of the core,sort of the
emission from the core.

And then the TRAP-MELT code models the fission }
product transport, and deposition within the reactor coolant
system boundary.

Then once the MARCH code has brought the corium

outside of the coolant system, the CORECON code is used to model

|
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' core-concrete interaction.
. 2 MR. CORRADINI: I'll ask a question inbetween where
3 it came out and where it made it to the floor. What is used
4 is the hot drop sub-routine to do the spikes?
s MR. BERNERO: Yes.
6 MR. CORRADINI: Since that is important. i
7 MR. BERNERO: Very. Once the core-concrete interactiﬁn
8 is treated -- and mind you,there are aerosols. The NAUA-4 codeﬂ

1
9 that is the West German code, that is used for the containment |

10 behavior. That is,aerosol behavior in containment.

" Now, the emphasis in all these calculations is on |

12 the sequence of events leading to the release and transport of
. 13 radionuclides and their behavior, their plateout, their

14 deposition.

|
L The emphasis in these reports is not on the last }
word of when containment fails. It some respects, you could
|
17 i say the results of these analyses give you source terms as a
: function of time where you reach in and tell it when the con-

19 | tainment fails. They are not the final answer.

20
2 |
22

23

|
o

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



ft/ar4joyl MR. SIESS: How did you pick those?

. 2 MR. BERNERO: Those plants?

MR. SIESS: Are they all PWRs of Westinghouse?

MR. BERNERO: Surry, Seguovah and Zion. They are
Westinghouse.

MR. SIESS: They are a large dry to subatmospheric
and a big --

MR. BERNERO: A Mark-1l and a Mark-3. They were
picked for historical reasons as much as technical reasons.
As you know, WASH-1400 looked at these. RSSMAP looked at
Grand Gulf and Sequoyah, and everybody and his grandmother
has looked at Zion. The data is available.

MR. SIESS: You said earlier the difference to the

1a | bottom head is not something that goes into the codes !
s anyway; you just tell MARCH what it is you want.

e MR. BERNERO: VYou tell MARCH what came down. You i
17| tell the hot drop routine, I think it is. Here is the é
18 answer, %

MR. CORRADINI: These, except for Surry, are the 1

1 e ?
20 in=-core plant?

P MR. BERNERO: Yes. They picked them for pretty

- much the same reasons we did, and we had a strong interest

23 because, see, they are using the MAAP/RETAIN code series, ;

and it was importint to us to have those cross-section

24 |
|
. capabilities. '

2s ,
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MR. KERR: 1Is there somebody that is writing a code
that will make certain that those two somehow agree on the
results?

MR. BERNERO: No. There are efforts under way to
cross-check the results, you know, to see whether the
analysis of a given plant for a given accident sequence using
MAAP/RETAIN would give you the same results as using all
this, and if not, whv not.

MR. KERR: I just assumed that that could be done
with the code. It can't?

MR. CORRADINI: Could I ask one more acuestion?

The interesting thing is your output here is not failure,
you said, but essentially the aerosol density in the atmos~-
phere and its chemical composition as a function of time.

MR. BERNERO: Yes, in essence that is it. You
still have to face the question of early containment failure
as against late containment failure. VYou can almost read off
what the late containment failure source term is, and the
early containment failure you can also read off.

MR. CORRADINI: Now, if I can strip away the code
and just ask some of the physics, in vour CORSOR or whatlever
it is, is it essentially thermodynamics? VYou are monitoring
the temperature in a local region and seeing what is going
to volatilize and come off?

MR. BERNERO: Mel Silverberg.
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MR. SILVERBERG: Given a time history in a
structure in MARCH, what CORSOR does is now take that
temperature and provide a release of more or less fission
products as well as structural materials., That would come

from empirical data from the SASHA work in Germany as well

as the Oak Ridge work.
MR. CORRADINI: I'm trying to relate this to in-core

because of what we heard yesterday. In terms of what the

IDCOR people said, it would essentially parallel the calcu-
lations they are doing in one of their technical reports in
terms of core fission nroducts in their plant.

MR. BERNERO: Yes.

MR. CORRADINI: It gets into the lower plenum and E
it gets out of the vessel, and bDefore it makes it to the 3
concrete. What are you looking at in terms of -- what is
the physics of how aerosols or fission products are released

in that transition period between in the core and on the

floor? ' |

MR. SILVERBERG: That is omitted. There was some
discussion in the Surry repcort about possible ways of
aerosolization, if you will, during that step, but that step ;
was not included guantitatively. The next step after it hits
the floor -- we had that routine =-- it's called the VANESSA
routine -- which Sandia put together.

MR. CORRADINI: This is taking the superficial

)
|
a
]
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gas velocities from CORECON and getting in the lower area.

MR. BERNERO: Given that we have now =--

MR. KERR: Aerous2ls are not generated until the

stuff hits the floor?

MR. CORRADINI: The movement from core to floor,

there are no aerosois riuvht now being released.

? MR. SILVERBERG: It is generated in the core while

the core is heating up, as it should, but not during movement

to the floor.

10 MR. KERR: Thank you.

1" MR. SHEWMON: They are c+r*tainly generated inside

12 the pressure vessel when it melts, and we are mostly inter-

|
. 13 ested when they come out, and they don't certainly come ou* ;
with these basketball-sized blobs that Bernero was shooting i

out through the bottom. They are coming out someplace else ‘

that we are interested in. f
MR. SILVERBEP.: The aerosol r¢l:ase is continuous |
19 based on that data throughout the core heatup process. It

20 is during the time vhe:u the MARCH code then allows it to =-

|
|
|
|
|
18 l according to the temperature, and the release rate is
l
|
|
|
|
|

21 assumes that it drops tou the floor. During that short time

22 step thzie is no, if you will, 2eé-osol release.

23 i MR. SHEWMON: But the aerosols then will have }

24 | been streaming up out throuagh %v whatever is involved.

I 25 } MR. SILVERBERG: That is right. The aerosols will
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have been following the steam flow and gas flow and be
deposited according to whatever the physical properties are.

MR. CORRADINI: The question by Dr. Shewmon raises

another one in my mind. If one wanted to do that, not saving

that we should, heaven forbid, but if one wanted to do that
in terms of the movement from the core to the floor, in
terms of source term, is it important in terms of timing
that one consider that, or is it irrelevant because the time
integral of what would be released would be released anvway
if it ended up on the floor?

MR. BERNERO: I think the latter is true, a short
time.

MR. CORRADINI: Unless it would be a positiog by
some that you bypass the floor completely, that vou don't
get into a core-concrete arrangement.,

MR. BERNERGC: Right.

MR. CORRADINI: Okay.

MR. BERNERO: With element one, the Oak Ridge
report summarizing the data base for these predictions,
element two, a set of five-plant predictions reasonably
spanning the types of plants out there, the existing plants.
Then we need the peer reviews, and I have here a date that
needs an explanation. I put down December 15th.

By that time, we believe that we would have

completed the specialist reviews of each one of these

|
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reports. We believe we would have had the advantage of the
IDCOKR studies. They are scheduled to be published in the
summer, and we will see the reports and see the analyses

and have a chance to go to our contractors and really analyze
that, and we hope we can at least have a prognosis, I might
call it a prospect, a qualitative indication out of whoever
it is, the American Physical Society or others, that would
say just in the broadest-brush treatment, vour scientific
work is generally sound or it's terrible or whatever, enough
to know whether we could continue and complete -- it would be
an opportunity for a signal not to complete the risk and
regulatory significance work which is going on all this vyear.

This is for containment failure accident sequence
probability and the like. Come to a head to say what do we
know about risk today.

NUREG-0596 would be a reassessment of the technical
hasis for accident source terms using these five plants as
surrogates for the class.

This information would then be put together in
NUREG-0956, and in all likelihood this would be published as
a draft for comment. You know, this is a classic example of
the sort of thing where we have a fairly comprehensive body
of phys.cal information and analysis that really warrants

putting it out for a public comment period.
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So approximately in February of 1984 we would be
in a position to go to the Commission and say, here is a draft
NUREG for comment that has got this great array of technical
work in it, and here for now is what we think ought to be done
by the Commission with respect to policy or plans or whatever,
in emergency response or any other immediate conclusion that
might be worthwhile.

MR. LEE: Where would I see the comparison of the
results you get with the code with the evperimental data base
that you have documented in Element !?

MR. BERNERO: Where would you see the comparison?
I'm not sure what you mean.

MR. LEE: There would be some integral test as well
as components of data base.

MR. SILVERBERG: It will be in Element 1.

MR. BERNERO: These are plant analyses. The valida-

tion of those codes and subelements of the code would be
in Element 1 in the Oak Ridge report.

MR. SIESS: Bob, where do I see int raction with
IDCOR?

MR. BERNERO: Well, it's going to appear down here.
These things are produced on or about the same time that the
IDCOR is produced.

If there's a substantial different between IDCOR

results and the results we have, it has to be addressed in
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Element 4. This is the sensitivity analysis. There is an ]
uncertainty sensitivity analysis in there, too. !

We can only rest on what they say. At this point, |
their schedule is to produce their reports on the same time- ?
frame as we are producing these; in parallel, in other words.

At first, we exchanged a lot of information, but !
we are at a point now where we have to go in our separate rooms,
and they are very close to the investigation with their work,
and as a result of what is going to happen, these reports will
hit the street roughly at the same time, and then the whole

world can sit there and compare. And as part of our uncertainty

and sensitivity analysis,we have to look at that large data

dump from the IDCOR program and see what it tells us about the
validity and quality of what we have done, or what our
contractors have done.

Our expectation is that we will publish a draft
MUREG-0956 approximately in February 1984 and that thatwuld
be really two things. It would be an opportunity for immediate
action in the frame of emergency response if warranted, and

secondly, it would be the documentation and a direct basis for

severe accident decisionmaking that is available -- so-called
084 decision. Because it is this very work that extended to
other plants as well, not merely the spectrum of five, but

extended to other plants as well and would be the basis for a ;

1984 decision about severe accident mitigation or prevention in |
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, with the Group Permanente.

the population of existing plants.

So that is where we stand on the source term. 1I'd
like to turr over the floor now for the discussion about flooding
that Charlie Kelber will discuss. Is that okay with you?

MR. KERR: Are there anymore cuestions of Mr. BerneroPR

We thank you for a very succinct presentation. E

MR. BERNERO: I've never been succinct in my life. |

MR. KERR: Charles, if you don't object, I'm going
to suggest about a l0-minute break before your presentation.

(A short recess was taken.) [

MR. KERR: Mr. Kelber, are you set?

Mr. Shewmon, I don't want ycu to miss a word of this.

MR. KELBER: 1I'll be as brief as I can. I have three
photographs,and I think I can go through them fairly fast.

The paper called "Improvements of "WR Plant Responses

to Severe Hypothetical Accidents" is the French national

position on this topic and gives a detailed exposition of

limited material handed to you last month during your meeting

I would like to summarize the approach that they

take to severe accidents in general and address directly

precisely what they mean by flooding and what we mean by _
flooding.

In the first place, the CEA and EDF place a maximum E
|

of reliance on prevention with the stated criterion of a
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. prescribed to the operator. In developing these procedures

likelihood of 10'6 ner year for a severe accident. They have,

in their 900 megawatt and 1300 megawatt plants -- and I believe,
also, in the N-4 plants which will not start construction until,
I believe,next year -- installed instruments at several points
in theprimary and secondary coolant systems to measure the
temperatures, pressures and flow. These are over and above

the ordinary instruments needed for either the traditional

safety or control measures.

Those data are analyzed to produce an indication of
one or more of 36 states of varying seriousness for the system.
Six for the primary and six for the secondary. This combination
is actually physically reflected in a matrix, six by six matrix,
of lights that is in an indicator panel on tne wall of the
control room at the N-3 plart. The first of which I saw was

at Palwell.

Corresponding to those indications, procedures are

and doing the analyses of the data, no significant number of
multiple failures was assumed.
There is a very high reliance on the concept of a

standardized plant, so there would be simply one analysis done

for all plants of a given type. There will be one form of

1
training; in fact, a simulator will, I believe, be physically
located in Paris but remotely accessible.

We are negotiating for details of these procedures.

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTEFS
NORFOLK, VIRGINIA



T/ARS,sy5

10
1"
12

14

15

8
19

20
21

22

23

. 24

25

259

We've had many conversations with the staff, but we have,in fact]
received no reports, though I believe that some may be fcrth-
coming.

Now, in the discussion of what do you du if these
procedures are not sufficient, EDF did, in fact, consider
f£looding the basemat drains. I should explain that this is
applicable to a 1300 megawatt plant, and in correspondence to
a containment configuration we do not have.

MR. SHEWMON: I had the impression that they were

interested in getting water into the pressure vessel or the

sump or several things before and had worried about that in

addition to the drains.

MR. KELBER: They may have,but it's not within the
context of natinnal position, and I'll address some of the
concerns that would arise out of that because we, too, have
thought of that.

But let me say in the paper handed out to you, there

is this diagram and I have included an enlarged version. |
|

This is the configuration of the N-3 plant contain-

ment, which is a double concrete sheil type of containment with
no stainless steel liner on the internal containment. Because of
that, it is expected that water will diffuse through the shell

and drains have been installed leading to an access gallery,

the gallery for inspection and possibly replacement of pre-

stressed cables,and thence to be removed via the normal waste
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' removal system.

‘ 2 Now, the failure mode anticipated by the French for
3 | both their 900 megawatt and N-3 plants in the case of severe
4 accidents is the slow over-pressure and failure by basemat

s melt~-thrcough.
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ft/ar6joyl The failure in the N-3 plants arises when the
. 2 molten material reaches the level of the drains. The

3 proposal was put forward by EDF, and I haven't seen any
4 analysis that these drains then be flooded through this
s access hole and the gallery in order to retard the penetra-
P tion into this much thinner basemat shell below.
7 Without knowing the details of the configuration, |
8 I would not want to comment on the feasibility of the scheme. g
9 I believe that one would be concerned about vapor blocking, ‘
10 depending, as I say, on the details of the geometry, and as L

' we learn more, we will, of course,pass that on to you.

12 This is the only discussion of flooding that is in
. P the French national position. However, I think that a number

14 of groups have discussed flooding -- certainly we have -- and

5 i let me summarize my presentation by relating to our

16 considerations, which I believe are no different than those

19 that anybody else would make.

™ First, there was an internal study, a very simple

‘0 one, done in 1977 to determine if the vessel might crack, |

20 and the answer was no. In the original Zion-Indian Point

21 study done some years ago, this flooding was identified as

- an attractive option for mitigating the results of a core

melt accident.

MR. SHEWMON: When you say flooding, you are talkingi

. 24

25 about flooding the containment?

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA




6?joy?2

10

1

15

16

17

8

19

20

21

22

23

24

262

MR. KELBER: Yes. We do not have the basemat
configuration as in the French plants, but there are some
pitfalls. First, the molten fuel will continue to enter
the basemat even after the water covers the fuel. We have
observed this experimentally just from the analysis of the
thermal conduction and the heat transfer modes. There is
no reason to expect that it would be anything otherwise.

On the other hand, the water, if deep enough =- and

I'm not sure just how deep is deep enough, but I would imagine
of the order of several feet -- will be sufficient to scrub
some fission products that will be released by the interaction

and certainly it will remove some heat.

T R S RSN P S ——

In other words, it will tend to act as any suppres-
sion pool would tend to act.
One of the pitfalls is that if the pressure does

build up high encugh from the steam, the hydrogen and the

other noncondensable gases released into the ._ontainment, the
water, which is highly contaminated by fission products, may
be forced backwards through the connection to the outside,
and you would then open up a direct pathway to the outside, f
and not only that, you would release a large number of
water-soluble fission products into basically an uncontrolled |
area.

Also, you will have --

MR. SHEWMON: Let's taix about why the pressure
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would build up.

Let me talk for a minute, will you?

Are you postulating here, for example, that the
containment spray is not operating, or are you thinking of
a very high speed buildup which would come only with some
particular local catastrophe?

MR. KELBER: I am assuminag that the containment
spray is not operating. When the containment spray is
operating, most scenarios we see, it is very, very long
periods of time before the pressure is built up high.

I would assume, then, where the containment spray
is not operating somewheres within 100 -- well, somewhere
within 6 to 10 hours, the pressure should get reallv quite
high.

MR. SHEWMON: If the containment sprays aren't
operating, is it because we don't have a pump around that is
working, or --

MR. KELBER: The favorite scenario is then TMLB
scenario, which is the loss of power.

MR. SHEWMON: That means you cannot drive the
fire engine up and put it in because we haven't designed an
outside stand pipe or because the plant is inaccessible or
we just haven't worried about it.

MR. KFLBER: We haven't gotten to that detail.

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



T/AR7/syl

20

21

22

23

24

5

264

I think there would be significant virtue in
consideration of this problem to consider that. However, 1
think I should point out that the sprays themselves will still
have to operate against a fairly high backpressure, and this
means you have to have a pump capable of overcoming that
backpressure.

MR.SHEWMON: Overcoming a one atmosphere backprecsure

MR. KELBER: Overcoming the several backpressures
that might accumulate in the containment.

MR. SHEWMON: Several atmospheres, you've got other
problems with the containment.

It seems to me the main thrust of what interested me
was that as I understood the French, they were looking into
operations of getting water into the containment at that time,
and that's why I'm hoping that maybe we might be, too.

MR. KELBER: We are, and I'm pointing out all the
considerations that have to be made. Every one of ihese schemes
has its pluses and minuses.

Excuse me. Now I would like to finish. What I
pointed out is that the timing of introduction is a substantial
gquestion here, because if you introduce the water at too late
a stage, you have to guarantee that you have sufficient head
in the pump to overcome the pressure that exists within the
containment, if I understand my hydrostatic analyses correctly.

Now, that is simply a design problem that has to be
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|

- problems that have to be faced. It's not a simple-minded matter.

resolved and it brings with it certain penalties and certain 1

But we have considered it and we are considering it.

MR.SHEWMON: Staying with that consideration --

MR. KERR: It's my time. The low pressure injection
system, in a sense, has its problems. It has to inject =--

MR. KELBER: Yes, of course.

MR. KERR: That doesn't seem to be an insurmountable
design problem.

MR. KELBER: In the analysis of the TMLB' accident,
for example, one finds that one draft pressure in the system --
that it is high for a very long time. Finally, after vessel
melt-through the pressure which has been contained within the
primary system is suddenly detained within the containment. |
I believe this is nominally €00 psi.

Now, that causes the accumulators to dump, and they i
dump out to the mclten core, creating all sorts of problems.

The steam thus generated plus the hydrogen tends to i
build up the pressure, and depending upon the model you choose,
within a few minutes to a few hours, the pressure is now back
up to several atmospheres, depending on the size of the con-
tainment. And at that point, you now have to ask, what are
you going to use to pump the water in with. ]

Well, you're going to have to pump it in with the

pressure exceeding the pressure in the containment which may
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1 be close to 100 psi. It's a simple problem but it brings with

‘ 2 it certain consideration that says you have tc have now in

3 isolation two sets of isolation valves that have to be onened |
4 against this pressure and allow you to net water at a somewhat
L] higher pressure. How reliable are such valves? I don't know. l

|
6 MR. KERR: I think the low pressure injection system

|
7 that is used has precisely these requirements. You have to ;

l
8 have isolation valves against normal system pressure,and you g

9 have to operate -- these pumps typically are capable cf supplyinb

|
|

10 water against a head of 200 or 300 psi.

1 MR. KELBER: I don't believe they're double isolatiﬁn?

12 valves. If they are, you may want to use the same system.

. 13 MR. KERR: There are two check valves, in series. {
14 MR. KELBER: Those who want to put a lot of reliance
15 cn check vilves are free to do so.

|
i
|
|
i
16 MR. KERR: I'ms simply saying that is now done. I
i |
|
7 MR. KELBER: You wouldn't use the check valves in i

18 this system because they would normally be opened to the outsidef

9 | MR. KERR: I don't see -- well, let's not design it

|

|

20 | at this point. It isn't clear to me that it's an insoluble }

i

21 | problem. ?

|

22 MR. KELBER: No one said it's an insoluble problem.
23 | It raises problems of reliability and mode of operation.

24 Finally, you've opened up another possibility for

25 loss of isolation, and you have pretty much committed to having
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a wet sump, and I think that question is still open as to
whether a wet or a dry sump is preferable. If you're committed
tc operation with a wet sump, then you're pretty much committed
to the occurrence of steam explosion of some size. What size is
yet to be assessed.

But the problem then arises of the possible endanger-
ment of the engineered safety features within the containment.
Again, it is not insoluble. It simply means that you do have
to review how the materials are placed and protect them.

When it comes to backfitting, it simply is another
cos* to be addressed.

In other words, we're looking at this and it has all
the earmarks of many of the other systems such as filtered
venting, that have been looked at. It has its pluses and its
minuses. We have considered it all along. I'm not aware that
the French are considering it actively in their research
program. It may be that EDF has looked more into it,but
certainly, in the CEA research program, there is no indication
of any work directed toward this type of device.

MR. SHEWMON: Well, there were several devices in
the discussion, so I'm bothered some by it being talked about
as a unique one.

To stay with that slide for a minute, Ivan Catton
submitted to NRR a study about a year agoc in which there was

some talk about a rubble bed which was then floodable. Do you
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know whether that has ever been studied any further?

. s MR. KELBER: We're spending on the order of, I think
it's a million and a half or two million dollars a year developipg
the dryout criteria and models for the mechanism of flooding
of these beds. The work is being done at Brookhaven and at

o Sandia, primarily. We have supported -- g

7 MR. SHEWMON: These are sort of two-inch diameter

® | balls? ‘
® MR. KELBER: No. We're looking at a range of diameters%
0 Correlation has been established.

" By the way, we also have cooperaticn with the

'8 Germans on this, who are doing out-of-pile studies. The

‘ '3 correlation extends, so far as I know, on experimen .al data
i from very small pa:iticles of a millimeter or sub-millimeter
LI size, through the fairly large particles that you mentioned.

16 MR. SHEWMON: Let me come back to what I think was

¥? Ivan't suggestion. That was that you take an inter-rubble,

|
|
|

'8 | which would certainly not be put in that small a size, and that |
19 you then have the option of flooding so that you would have

20 } something to keep the molten fuel from coming in contact with
21 the water immediately, but would also keep from closing off to

22 get an insulating layer.

23 What it sounds like they were talking about is the |
. 24 coolability of rubble beds that are generating heat. i
|
2% MR. KELBER: What he was talking about was simply a
p—
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a

porous insulator.

MR.SHEWMON: But you would always have water under-

neath it,so you protect vour ccre mat, your base mat, that way.

MR. KELBER: I don't kncw the extent to which this
type of core catcher is being evaluated in any detail.

Essentially, this is a core catcher of an active
type in which the porous insulator is used to protect the
heat removal system. Those have been considered at various
times, and I don't know the extent to which it's being
considered now.

MR. CORRADINI: I don't know very much about it,
just in conversation with Jim Fish at Sandia. I know thev're
doing large spheres with water saturation, which sounds very
similar to what you're discussing. I don't know how far along
those have gone, but I know some experiments have been done.

They're not heat generated.

|

MR. SHEWMON: If we ever end up getting core catchers

I think that variety is much more desirable than what ended up

in the flooded nuclear plant.

MR. DAVIS: This was looked at by EG&G with a
mitigating circumstance with the Sequoyah plant. It looked like a
reasonable approach. This study was sponsored by the NRC and

came out about a year and & half ago.
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MP. KELBER: All of these concepts have their good
and bad features. I think it is the type of study that the
Risk Analysis Branch has carried out that has to be made to
rank them. I think all of them have attractiveness, and I
doubt very much that one can afford to make snap judgments.

MR, SHEWMON: How they are getting ranked is part
of why we asked you here, I think.

MR. KELBER: I came here just to answer this
question.

MR. CORRADINI: I'm trying to understand --

MR. KERR: The answer to the guestion is that we
ire studying methods for flooding containments?

MR. KELBER: Yes. The direct answer is that with
regard to the French plans in this area, the only element of
flooding or the only ccnsideration of flooding in their
national position is the flooding of basemat drains in three
plants, not the 900 megawatt plants. What they will do for
the larger plants, the N-4 plants, I do not know.

MR. CORRADINI: Just for understanding, is it

only floocding that we are interested in or is it flooding

and an adequate heat sink? You are automatically going to get

flooding in a lot of cases just by having partial accumula-

tion of ECCS.

MR. KERR: The person who raised this guestion is

present.
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8joy2 ' MR. SHEWMON: I am certainly in favor of heat
. 2 sinks. What concerns me is the idea that once we have a
3 severely damaged core, I have the impression that the safeiy
4 studies sort of act as if everybody is sent home to have
s lunch to come back three days later to see whether it is |
e melted through the core mat or blown the containmer., and
5 there are probably things that we could do and they would
5 probably be easier if we would think about them ahead of
° time.
o MR. CORRADINI: Let me suggest, in expansion of '
1 your guestion, to not only ask flooding but also mavybe heat
12 removal, auxiliary heat removal. As I was looking through
. b here, I was just thinking, like TMLB', you are in a position
e where you are going to get some water in the cavity, and then
- when you have the failing, you have more water.
e MR. KERR: I am going to suggest that if we are
'y going to design this heat sink, we will let Charley sit down.
'8 MR. KELBER: Let me answer this last one and then
2 T hope I'm finished.
20 We are, of course, doing precisely the type of
" study that has been mentioned. Under the severe accident
s analysis program, or what is called SASA, we are producing
. a manual of guidelines for containment pressurization. I i
& doubt that we can establish, for situations that will arise i
. 28 as rarely as this, operator guidelines of the sort that you !
J
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have for the operational transients, but this manual will
attempt to guide the operator into what systems and what
procedures he can use and how long he has to effect repairs
in order to deplov these systems to keep the containment
intact, and at the present time we are not including the
question of other engineered safety features which may or may
not be required. We are addressing ourselves to the systems
which are available.

Now, it may be that from these systems it will
become apparent that there are additional systems which are
available, but that may also come from other studies, and if
other systems are very valuable in this regard, of course
that will be just -- that was the type of information we
are looking for. But this manual addresses itself to the
question you have raised.

MR. SHEWMON: TI'm not sure where the IDCOR people
are going to come down, and I'm sure they would like to be
able to convince people that the consecuences and orobability
of the risk of this is so small that we need not worry about

it or, on the other hand, do anything about it. If they

cannot convince people of that, though, and they are concerned

about station blackout sort of forcing them into multi-billion

dollar backfitting arrangements, I would think they might
look hard at what they could do to decrease the probability

of station blackout. But that, then, was yesterday's
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discussion, and they probahly aren’t down to facing that one
yet, from what I heard yesterday.

MR. KERR: Any other questions? Thank you, sir.

Did you and Mr. Shewmon have any further comments
on the heat removal?

MR. CORRADINI: No.

MR. BASSETT: 1 see no reason why this particular
segment could not be quite succinct, and depending on the
extent of interest in the --

MR. KERR: You know, there are 32 ways that you
can put a transparency on.

MR. BASSETT: I have already checked three of them.

All you have to do is use your common sense.

To summarize the purpose of this program, this
is substantial, as you know. I have had occasion to discuss
the length and breadth of it. Part of the start of it was
three or four years ago when CORRAL was successfully attacked,
MARCH-CORRAL was attacked by this same group, and at that
~ime it became appareat that --

MR. KERR: Ms. Bassett, would you be willing to
substitute constructive comment for attack?

MR. BASSETT: I think since the attack was well-
founded and successful --

MR. BERNERO: Ruthless assault.

MR. BASSETT: At that point it became apparent that
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substantially better codes could be available and would be
available as we got along with our experimental program.

I don't propose to read this slide to you or
blab the results. I guess the important thing is that a lot
of this work is pioneering. It takes time and it is quite
expensive. We hope that it will come to a conclusion and
afford us good and immediate results.

The technical issues which it addresses go to what
happens if fission product reliease from the core, both in
time and in chemical forms, and th2 mechanics involved in the
aerosol formation and the attenuation mechanisms in the
vessel and in the primary system, and the hydrogen release
from the core -- the physical and chemical state of the
zcore, including the progression of the melt, and what we can
find out about coolability with reflood.

The program itself is -- this is a fairly busy
slide but it is a summary of everything of major importance
that we are doing.

We have integral in-pile tests at PBF and NRU.
These are life reactor, real neutron tests and they give us
actual rod bundle information. It is divided into two series
at PBF: Phase one, which will be completed by Anril of '84,
and phase two, which is now :two tests, to be completed by
June of '85, followed by the shutdown, as far as the NRC is

concerned, of the PBF facility.

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFOLK, VIRGINIA



8joy6

END of
ft/ar8

10

1

12

13

14

20

21

22

23

24

275

We are currently contemplating two more tests to
check the full-length test since it is the only place that
we can get full-length fuel loads.

The separate effects program is in the ACRR and in
Germanv. Here we have an opportunity to watch a melt while
it is in progress by optics, and the German are deing severe
damage studies of fuel in the way of studies of the eutectics
and various other phenomena that occur.

Also we are studying debris coolability in the ACRR
reactor also.

This work is to generate a data base to support
the development of SCDAP/MELPROG, and we believe it will be
tied to TRAC.

Finally, the program consists of examination from
selected samples of the TMI-2 core examination in cooperation
with the DOE effort. It is not contemplated to be as arand
as the DOE effort, but we are contemplating $2 million a

year.

et ————————

TAYLOE ASSOCIATES
REGISTERED PROFESSIONAL REPORTERS
NORFCLK, VIRGINIA



T/AR9 ,syl

10

12

18

19

20

21

22

23

24

25

276

MR. CORRADINI: The TRAC-MINUS program is new to
me. Where does it fit in between SCDAP and MELPROG?

MR. MARINO: The TRAC code was developed by DOE,
and it looks at TMI-type accidents. The early SCDAP code also
does the same thing.

We're interested in linking feedback between the

two and we compare it with a SCDAP and RELAP,
MR. KERR: M-i-l-a-s, that stands for million dollars

or something or other?

MR. KELBER: Milas is actually one of the minor
Greek gods and was the name chosen at Los Alamos when this
work was originally started. It has no acrocnym to it.

MR. BASSETT: We had substantial foreign participa-
tion in the severe fuel damage program. We have U.K., the
Netherlands, Italy,Belgium and the FRG. We are expecting
cooperation with the British and we're looking forward to
discussions with them in the next month or two. We have
concluded our discussions with Japan. They're now on board with
the program. They contemplate being with us for four years.
We're still talking to Canada, Korea and Taiwan.

The total cost of the program is subsidized by
the foreigners to the extent of about 15 percent in the years
1983 and 84,and we're also getting substantial in kind contri-
butions in the metal area from the Germans, Netherlands and

Belgium. So we estimate that the total foreign contribution to
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this program is about 25 percent of the total do!llars.
We have had recently a significant successful test,
the first scoping test, at PBF, and this is to indicate the sort

of results that we are getting from these tests. The data is

preliminary and is not verified, computer calculated and verified,

in all ways. However, we can say that there was about 50

times greater rate of fission product release while liquefactioni

was underway than there was during the diffusion phase. |
1

MR. KERR: Was that a surprise, or what was expected
to be the case? }

MR. BASSETT: We expected it to be the case gqualita-
tively,but gquantitatively it was somewhat of a surprise.

During quench there was, again, ten times larger
release than what was happening during the earlier phase of
liquefaction.

Iodine and telerium went in the liquid pathway and
was recovered by that means. Iodine and cesium from this

particular test =--

MR. KERR: What is the ligquid pathway from point

to point?
MR. BASSETT: The point being that it was soluble,
it came out in soluble form.

MR. MARINO: It goes through a separater tc separate

1
the liquid phase from the solid phase.
!
MR. BASSETT: The iodine and cesium were recovered
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|

in the blowdown tank. The telerium was in the filter.

We didn't see any particular low volatility fission
products at temperatures below 2400k. That is just about the
point where the experiment is.

We found that SCDAP accurately predicted the thermal
history and liquefaction of bundles during the test.

MARCH 1.1 did not do a good job. MARCH 2.0 got
better results,about 200 to 400°k.

The mass balance of the source term -- we won't
really have a gond handle on that until we finish the PIA,
which is coming up in a few months.

MR. SHEWMON: There was some talk and, I think,
definite plans to put silver cadmium alloys in here to simulate
the control rods in most reactors or many. Did those get in
this test, or is that a later version?

MR. BASSETT: 1Is a later version.

MR. SHEWMON: And this was test 1 or 2?

MR. BASSETT: This is what we call a scoping test
to see how the systems work. We got guite a big batch of
results.

MR. KERR: At the temperature to which you refer,
at the 3800 and something Fahrenheit, that is below fuel
melting temperature,you're getting some fuel dissolution and
liquid zirconium. What fraction of the fuel entered into that

reaction?

|

R L R LR v
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MR. BASSETT: I don't know. Do you know, George?
MR. MARINO: We haven't determined that exactly vyet.

The estimates are like 10 percent,something like that.

MR. BASSETT: In the pictures we can see some pellets,

and we can also see some eutectic product.
The PIA will give a better indication,but you are
doing neutron tomography,with some results which we haven't

released publicly. We're still studying them.

The second study was due to go last week. We're still

studying what we can do to fix some lezsk problems or run the
test under existing conditions. As you know, these test trains
are expensive,and we're anxious to proceed with a good bit of
caution. We expect to have a decision as to our course of
action within the next few days.

We have another test train in the pipeline. We'll

probably get a test with the existing train,but I can't say

that with certainty. We may have to go to the next test train.

The test which is now hanging fire and which we
would like to get off as soon &as we can will not quench; it
will be in a steam atmosphere, and we hope to get the fission
product release situation there.

The hydrogen evolution under these conditions =--
these TMI -- so-called TMI heatup conditions we expect will
increase the fuel liquefaction effect,and we will gben go back

again to look at SCDAP and MARCH and the MELPROG.

R ———————————
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| tests to two. We'd like to improve that. We think if we get

Just to indicacte a littl :tail >n the
system -- and this is for the first 3 (t PBF =-- this ia
the general system to separate gaseot s 1'quid samples aand

get the analysis that we 7ave You the prelimifary results of

earlier.

¥Firnally, I would propose to indicate to you the

changes that we¢ have ™ade in the program as a resust of our

determination ©of the fiunding available to us, whicn can be

counted on over the years to ¢ome.

—y .

We're cuicing down the deg:aléd core woolability
experiments at ACPR. We wil'@ be lrinning thiee of tizw ins.e€ad

of the six that we Wad oridlnaiiy postulated. Thess experiments

are very expensive and we thini® that three is a mA2 cost-
effective basis. It aliows us %9 save some miilions of dollars.

The NRC test matrix has heen reduced from eight

foreign interest in this particular area, we can perhaps do a

few more.
Finally, we're presenting culling the 