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PROCEEDINGS

(8:30 a.m.)

MR. WARD: The meeting will now come to order. This
is a joint meeting of the Advisory Committee on Reactor
Safeguards Subcommittees on Containment Systems and Strictural
Engineering. 1’m David wWard, the Subcommittee Chairman for
Containment Systems.

Chet Siess, the Chairman for our Structural
Engineering Subcommittee is not able to be here today. Chet
was taken ill last week. He’s doing fine at his home and he
regrets not being able to attend. He says he will read the
transcript with great interests, however, and he’ll be with us
as we deal further with this issue in the coming months.

Other ACRS members here are Jay Carroll and Charlie
Wylie. We also have ACRS consultant, Mike Bender. Mike's
serving double duty today in that he’s also going to give a
presentation just before lunch.

The purpose of the meeting is to discuss containment
design criteria for future plants, and we’ve invited a number
of speakers from the nuclear industry and National Laboratories
ard other resources. Mr. Dean Houston, on my left, is
cognizant ACRS staff member for the meeting.

Rules for participation were announced as a part of
the notice of the meeting, previously published in the Federal

Register on September 22nd. A transcript is being kept and
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will be made available as stated in that notice.

1 request that each speaker first identify himself or
herself and speak with sufficient clarity and volume so that he
or she can be readily heard. We don’t =-- the microphones here
are just for the reporter. I’l1l call that to the attention of
the members at the table. If you make use of the microphone,
it will help the reporter to get an accurate and complete
transcript.

As far as making ourselves heard to the people here
in the room, we’ll all just have to speak up, but it’s a small
room and I don’t think there should be any prcblem. We've
received no written comments nor requests to make oral
statements from members of the public.

Before we call on our first speaker, I’d like to make
a couple of comments. I think most of us are fairly familiar
with what we’re about here, the tasks that the ACRS has
undertaken, but 1’11 just summarize it very briefly.

Over the last five to ten years, there’s been a
considerable growth in scientific information and a general
understanding of the nature of severe accidents, core damage
accidents in nuclear power plants, and particularly of the role
of containments or other mitigative systems in reducing the
possible conseqguences to che public of such accidents.

However, the ACRE and many other people have observed

that for some reason, this really almost explosion of new
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information hasn’t jelled into a new synthesis or a new
synthesis hasn’t been developed to guide designers in providing
containments or other sorts of mitigative systems or mitigative
processes to deal with what might be the realities of an actual
severe accident.

We find ourselves, even with the so-called acdvanced
reactor designs, still using the explicit criteria that were
developed a generation ago for containment designs. The large
break LOCA blowdown which was adopted as a surrogate criteria
and by some measures has served quite well. But the ACRS is
concerned that after a generation and many tens of huadreds of
millions of dollars of research, certain sorts of experience,
that we haven’t moved on.

Some months ago, we expressed our concern to the
Commission and the Commission sort of tossed it back to us and
said, well, why don’t you do something about it? Our attempt
to do something about it, at least to start, has been to ask
people who are expert and thoughtful and experienced in this
business and conversant with the issues that are important, to
come in and tell us what they think.

So, we have planned three information gathering
Subcommittee meetings, and this is the second one. The first
one was in San Francisco last month, and I think we learned a
lot, a lot of interesting ideas. After we get all of the --

obviously the ACRS is trying to serve as what I’'d call sort of
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6
a catalyst in a process here to develop =~ what might become a
new surrogate, a modern surrogate.

Maybe we’ll decide that it’s best to stick with the
old one. At any rate, we'll attempt to synthesize out of all
that we gather over these few months and develop, in the end -~

hopefully early next year -- some sort cf advice to the
Commission on what course we think the Nuclear Regulatory
Commission should be taking in the future in this area.

That’s really all I have in the way of background.
Any of the other members, or Mike; do you have anything you’'d
like to say at this point?

MR. BENDER: 1’11 save my ammunition for my turn.

MR. WARD: Okay. We’ll look forward to it. 1In that
case, we’ll call on our first speaker. Do all of you speakers
have an agenda? Do you know when you’re going to speak today?
1 thought we got them all in the mail.

MR. HOUSTON: Yes, and there are some copies back
there.

MR. WARD: Our first speaker is Bill Snyder. Bill,
just take the podium.

If you have handouts, we would appreciate getting
them as you come up to talk. Give them to Mr. Houston and
he’ll pass them out.

MR. SNYDER: I appreciate the invitation I received

from the Chairman to address this joint subcommittee on



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

7
containment systems, particularly with respect to future
generations of U.S. nuclear power plants.

I appreciate the invitation for no other reason than
it’s a matter that I’ve given some considerable thought to, one
that has concerned me, and I may, in fact =-- my views may be
somewhat provocative, but provocative thoughts are not entitled
to be endorsed as regulations, and so, you can take my thoughts
and use them as you wish, and I’'d be happy to explore any
ramifications of my thinking on the matter.

I’'d like to address some of the comments that were --
guestions that were raised in the invitation letter that came
from the Chairman.

First of all, I think it’s very timely to develop a
modern set of containment-system design criteria. 1In one
sense, it might be late, because there are a lot of candidate
designs for NSSS and associated balance of plant. They’re
already on the drawing boards and well advanced in design, and
to change criteria now obviously has an impact on those
preexisting designs.

However, it is not too late to consider revising the
criteria, because none of those designs have been ordered and
none have been rendered to concrete, and if we’re to make
changes, the changes should be made now rather than
retrofitting plants after they’ve been constructed. We’ve gone

through 30 years of that and we all know the inordinate costs
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8
of that sort of approach, so if we are to have changes in
criteria, now is the time to have them.

Developing such a modern set of containment-system
design criteria is, however, a very tall order, and I want to
address some of my comments to that, what I call the "tall
order".

Now, also, I want to put in a caveat that I’m going
to talk about only internal events and not external events with
respect to how I see the criteria might be changed.

(Slide.)

MR. SNYDER: First of all, let’s lock at the question
of what is the challenge before us, and it is a difficult
challenge, because what we have out there now is a variety of
candidate NSSS and plant coicepts.

You can count probably upwards of 10 different
variations that cut across several primary coolant
technologies, and it is difficult to imagine taking the present
set of design criteria that have guided to design the
containments for the last 30 years and even make modest
extrapolations to those alternate NSSS systems and plant
concepts and result in a level playing field of competition
among all of those sets with respect to achieving the safety
objectives.

It’s difficult to imagine us managing the design and

getting balanced safety among all of the NSSS if we attempt to
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derive explicit design criteria for each of those plant
systems.

The real question, then, is whether the criteria
should be explicit design-engineering criteria or whether they
should be guidelines or principles to which these designs
should respond.

1 want to conclude my talk by saying I believe that
there is, in fact, a way that we can define a set of criteria
that addresses all of the variants of NSSS and pl:nt concepts
and provides, at the same time, a level playing field tor the
competition among all of them, as well as, in fact, will result
in, in my estimation, a substantially-improved guality in the
containments of nuclear power plants, independent of the NSSS
system that’s used.

Now, this is a very staggering and a tall order,
because we have a bias, we have a legacy of 30 years, and that
legacy is dominated by the LWR experience. That bias is
embedded in the enormous investment which is made in making a
success of the present family of light-water reactors, and it’s
an investment that cannot, in fact, be ignored, and it, in
fact, forges attitudes and preemptive directions, preempts
other alternative directions of the future.

Nonetheless, I think there will be competition among
other NSSS vendors, other design concepts, and I think we have

an nobligation to provide a set of design criteria that does not
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force those designs into the mold that had been created by the
30 years of the LWR experience.

We also have to recognize that there’s a bias in the
legacy that'’s even embedded into the institutions that are
associated with the nuclear-power enterprise in this country.

Certainly, there is a body of regulation of the NRC,
and there’s a staff that applies that regulation in making
licensing decisions, and it is natural to cause the new
concepts to be submitted to fit into the preexisting mold, the
preexisting regulation, because, after all, it has taken us 30
years to evolve the present set of regulation, and the change
will be very difficult, but we need to look for a common
denominator that results ‘n the best designs for safety, as
well as provide the level playing field.

Speaking for my own organization, the sharply-focused
attention that has been given, in the last 10 years, to the
matter of severe accidents has created a technrnical community of
reactor-satety specialists that are really conditioned,
intellectually, kind of tc a dogma of severe accident research,
and I find it difficult, when I talk to my own staff about an
MHIGR or an LMR, the first thing I find is that they’re
countering my observations with a set of criteria and attitudes
and biagses that are totally driven by the LWR experience and
has no relevance to the discussion at hand, and I think we all

have to be susceptible or be sensitive to that possibility.
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So, again, I would say that the task before us is
difficult.

I want to now look at this legacy face to face with
what are possibilities in the future.

(Slide.)

MR. SNYDER: First of all, I want tc look at the
legacy here as Part 1 of this exercise and observe that what we
have tnday is a result of a design approach that may, in fact,
be as much institutionally driven 2s it was objective
engineering decisions.

You know, we go around and we make distinctions
between the NSSS and the balance of plant, and I argue that
that, in fact, is a separation which is, in fact, a consequence
of decisions that were made in the early 1960s, after Dresden
and Yankee and so forth, where, in fact, the NSSS vendors
became, in my vernacular, remote fourth parties to the
institutionalization of commercial nuclear power. The real
institutionalization at the top was dominated by the utilities,
the construction companies, and the AE firms. Hence, the NSSS
and the balance of plant.

The other thing that’s very important about that,
from an engineering point of view, and what I would recommend
our viewpoints in the future, is that the NSSS is predominantly
a consequence of what I call -- and not my vernacular or my

invention, but what I believe to be bottom-up engineering.
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If any of you have read Richard Feynman’s book, "What
Do You Care What Other People Think?", the last half of which
addresses the Challenger accident, he talks about bottom-up
engineering and top-down engineering. Of course, one has to
take that with a grain of salt, since Feynman was a physicist
and not an engineer, but his bottom-up approach he defines as
one in which the design evolves from a basic set of
requirements, and those requirements, in fact, evolve into
design ot components dedicated to that function and that
function only and a "‘\nique selection of materials.

The balance of plant in the same model is top-down,
in which you integrate largely preexisting com onents that have
broad generic applicability in many industries and have a
versatility of applications =-- the counter, or the opposite, if
you wish, of the dedicated applications.

The balance of plant -- the top-down == is the
classic approach to AE firms in integrating preexisting
components to perform a function, but in a nuclear-power plant,
we have the interesting mating of these two engineering
approaches.

It is the industry’s own estimates and not mine that
70 to 80 percent of those causes for the outages of the power
plant originate in the balance of the plant, the top-down.

Feynman makes the argument that if you look at many,

manv systems, the Challenger notwithstanding, that the
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unreliabilities, if I may use such a severe term, are a
consequence of the top-duwn engineering.

Another observation about the legacy is the safety
systems. They’re in light-water reactors, evolving from plants
that were nominally -- in, say, the 100~ to 150-megawatt level
to the present 1,110~ to 1,300-megawatt system. As we
escalated the power level, the safety systems became amendments
to what I call *he base plant.

I find it’s an interesting intellectual exercise to
imagine the type of power plant that we would have designed and
built if, in fact, the fission products decayed instantaneously
and we didn’t have decay heat-removal systems. We would have a
very different plant.

In a sense, simplistically, as we escalated the power
level to accommodate the decay heat removal, we added the
safety system, those systems necessary to protect the integrity
of the plant and contain the fission products or isclate it
from the biosphere, and so, we have these additions, these
auxiliaries, to the plant.

The other thing is =-- that our Chairman mentioned --
the containment building, which is the last barrier to multiple
defense in depth, is really designed to withstand a surrogate
of all plausible accidents ~- plausible at the time the
definition was provided, and of course, the essence of this

meeting, at least with respect to light-water reactors, is to
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recognize the fact that the design-basis accident, albeit that
it’s served us well, is not really all-inclusive of the sort of
threats to containment that will arise out of a severe
accident, albeit a very remote possibility.

The other thing that is important about the legacy is
that the multiple barriers that presently are in design, going
from the integrity of the clad to the integrity of the primary
pressure boundary and to the containment building, are
susceptible to commonr cause and interdependent failures. These
barriers are not independent. And we only need look at the
case history of accidents to find that they are not
independent. The TMI-2 accident, the accident began with
really the issue of the integrity of the second boundary,
namely, the primary pressure vessel boundary. And of course,
it propagated ultimately to encompass all aspects, all three
barriers, therefore, in fact, violating the containment of the
total containment system. That is sort of the legacy we have.

(Slide)

MR. SNYDER: I would like now to look at an
alternative future design approach. And I forewarned you, I
may be a bit provocative in some of my ideas here. But I think
we need to consider, and consider seriously, whether the total
nuclear power plant should be designed with increasing emphasis
on "bottom-up" design, both in the NSSS and in the Balance-of-

Plant, is it possible for us to think about the total plant
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system and to achieve balanced reliability performance across
the total plant, and drop the distinctions between the NSSS and
the Balance-of-Plant. Because I think, from a safety point of
view, and from the standpoint even of the best enginecering and
optimization for safety, the distinctions are probably causing
us more trouble than they are in fact giving us a quality
plant.

The other somewhat provocative view is that we should
not make distinction between safety, safety-related and non-
safety systems, again in keeping with the idea that you get,
that the total system has relevance to, and all aspects of the
plant have relevance to, the safety.

I would argue that a reliable plant, the base plant,
without regard to the containment system, contributes as much,
if not more, to the safety of the plant than what we define
today as the safety systems.

If you look, in fact, at the societal consequences of
reactor accidents, you will discovery that the societal costs
are totally dominated by the capital loss of the capital value
of the plant, putting any reasonable, even conservative
estimates, on the "value," in quotes, of health effects,
fatalities, et cetera, except in those cases where the accident
is extremely severe, almost to the limit of being incredible.

And so if we provide the quality reliability total

system that precludes any significant damage to the plant and
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the loss of the potential capital value of the plant, we have
in fact bought an cutstandingly safe plant. And I think we
need to approach the design in the future from that point of
view.

As our Chairman knows, I participated in a meeting in
Lyon in the third week in September of this year. And the
meeting dealt with the operability of nuclear power plants in
normal and adverse environments. Some of the discussion items
at this meeting were involved in that meeting, and it was
interesting that this question of the distinction betwcen
safety and safety-related and non-safety systems came up
repeatedly.

At the closing session of that meeting, Pierre
Tonguy, who is the head of the regulatory body in France, made
the very pointed announcement that in France, in the future,
the nuclear regulatory body would make no distinctions between
safety, safety-related and non-safety systems, that they found
from the standpoint of regulating to increase optimized safety
it was a distinction that did not serve them well nor did it
serve the French industry well, the nuclear industry well. And
they are dropping the distinction with respect to future
plants. I think it is something we need to seriously consider
when we look at how we direct future designs.

I would like to skip the next viewgraph, the so-

called three of three, because I offer for your thought a
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concept which I have toyed with for some time called "Total
Performance Management" in which I define "total" -- let me put
this up just briefly =--

(Slide)

MR. SNYDER: =~ Total Performance Management, as the
complete plant system, and over the full projected life.

The essence of this is that we need to look at the
design of the plant with full consideration, full objective
consideration of both the deterministic and the probabilistic
events throughout the total projected life of the plant,
whether that is 40 years or €0 years. And we need to look at
optimization of the performance of that plant against the
indices of safety and against the indices of economics, because
1 think there are decisions that can be made in which, by
changing the costs from operating costs to in fact capital
construction costs, and shifting costs from the probabilistic
driven component Lo the deterministic, we can minimize the
integrated costs over the plant life. I think it is a concept
that needs to be looked. And I might point out that a
conference on this subject was held under the auspices of GPU
with attendance from many industries, in Parsippany, in early
Sentember. And much of the thinking is driven in this
direction,

GPU is thinking along the line, and I think

interestingly enough, Union Carbide, as a cousequence of
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Bophal, is thinking about: concepts analogous to Total
Performance Management.

I think it might be a concept that we ought to
include in our thinking on how we direct the nuclear industry
in the future, including those aspects of containment and
protection of the public.

[Slide)

MR. SNYDER: I want to now sort of bring this to the
points that I want to make. And that is, how do all of these
observations translate into the matter which is before us, and
how do we achieve this desired situation in which we provide a
set of criteria that would guide all plants, irrespective of
NSSS and Balance-of-Plant design to get optimization from the
standpoint of both safety and economics.

Given the fundamental nature of the fission reactors,
I see no alternative but to retain the cardinal concept of
multiple barriers to attain safety in depth. I think that is
an underlying principle, irrespective of the NSSS And the
design fo the Balance-of-Plant.

Before I talk about the second two bullets, let me
describe tc you a perception that I have that is the foundation
or the common denominator that we can provide between NSSS and
Balance-of-Plant designs.

First of all, I would argue that any nuclear power

plant, regardless of the fuel, the primary coolant that is
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used, et cetera, that they can all be characterized by three
state descriptions.

Those three state descriptions are: the clean and
cold state, fueled but never operated, not previously operated;
we can define a state of the nuclear power plant, which is what
I would call the power operation; and then there is the third
state, which I will describe as the standby state: no fission
process going on, but in fact continued to generate heat from
the fission products, and operating systems in place.

Now, the standby state that I described has two
substates. One is the deterministic, hot shutdown state. It
is in a state which you have chosen by design, and according
with your normal operation.

But there is a second category within the standby
state. And that is the variable in what we call the safety
state.

The transition from the power operation state to the
standby state, you can make that transition under two broad
categories: the deterministic state irn which you say, I want
to go from the hot, from the power operation state to the
standby state; the other, in fact, in which you are pre-empted
by virtue of failure of components, or otherwise, in the
system; and the end state is a probabilistic state.

The standby state can be predicted. And we do tris

in probabilistic risk assessment, based upon the reliability of
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the components, the various accident scenarios.

But the point I wanted to make is that in all three
of these states, elements of the system, components, are shared
in common. Many of the components are common to all of these
states. And certainly the components that are involved and the
subsystems that are involved in the deterministic standby state
are the same components that are involved in the
probabilistically driven state which we call the accident
state.

The point I am getting to is that I think we should
stop making the distinctions between safety systems and non-
safety systems. We should look at total plant reliability.

And I would argue that in all of these states, we can predict
with reliability models, which are a complement to fault trees
and event trees, but have a broader coverage than the fault
trees and event trees as we have used them. And to use these
relizbility models to make the prediction of the behavior in
all three of these major states as well as the two substates of
the standby condition, we can track throughout the plant life
the adequacy, the validity, of our predictions of the
reliability of the system, because we have day in and day out
operational data.

Now fortunately, we should not have sufficient
experience with the accident state that we can really predict

the reliability or the adequacy or the validity of our
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predictions in the accident state. The fact is that the
components are common in the standby -- or the accident state
with the normal operational state.

So there is an extremely valid database on which to
continue to draw conclusions about the adaquary of the
standby/accident state. I think, given that, we can then come
about this matter of design or establishing containment design
criteria from a reliability point of view.

For each of the multiple barriers from which we
derive safety, we can define reliability criteria as indices.
One: the reliability of the barrier to withstand successfully
the credible threats from credible initiators, and the other we
can, in fact, establish reliability criteria for the collective
internal systems that credibly through failure and malfunction
could initiate a threat to the barrier.

Moreover, I think for the total system, we can define
reliability criteria as in an index of successful performance
of the composite containment function, which in many respects
that which protects the barrier is also that which is used in
the standby condition. I think by this approach of
establishing a design criteria, we can give the designer
considerable latitude against an index of performance which ie
reliability based, which provides, in fact, a level playing
field for all candidates for NSSS and balance-of-plant design

or total plant design.
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We wili not stifle by that means, innovation. We
will not force the concept .1 preexisting molds and we will
avoid what can be a Yetriment, albeit a detrime of a legacy
of 30 years, albeit that that ha: been a successful legacy.

I offer you these probubly somewhat provocative
comments this hour in the morning. It is not conventional, but
maybe it will stimulate some discussion., I thank you for your
attention,

MR. WARD: Thank you, Bill., Let’s see, one guestion
1 have is; you know, from the technological standpeoint, the
sort of artificial separation of balance-of-plant and NSSS or
safety system and non-safety system has some problems. But
from the regulatory standpoint, if we end the distinction, I
think there might be some problens.

What do we do; double the size of the Nuclear
Pagulatory Commission? Do they begin to get into more and more
things?

MF. SNYDZR: I think that’s a risk. I would think
that a posit.ve view of that is that the sugrestion that I have
nade as tuv how we approach the design and not making the
distinctivn, that case you make to the Nuclear Regulatory
Commission is the same case that you make to the Puhlic Utility
Commission ana the sarme case you make to the Board of Directors
of the utilicy.

I think you are not making these =-- you don’t have to
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make these distinctions. Now, the guestion you pose is
wvhether, in fact, in the vernacilar, the regulatory body gets
into your knickers in areas where you don’t want thenm.

I think that'’s always a hazard, but 1 have a lot of
confidence in the industry that can handle those sorts of
things. Yes, there is that risk.

MR, CARROLL: It seems to me that the points Dave
made are all very valid ones, but the one that would really
concern me -- and to answer that way, I do agree with you that
big pieces of balance-of-plant ought to be treated the same way
as the so-called safety-related systems.

T+ big problem in my mind is that somedbody’'s got to
get sensible about what guality assurance means in the United
States. I can understand the French perhaps going on the
direction they’re going, because they have a much more sensible
QA program and QA requirements than we do.

But to just say, okay, we’'re -~oing to make everything
safety-related, you might as well kiss the nuclear industry
goodbye in the United States, because you couldn’t afford to
build a plant under our present QA requirements.

MR. SNYDER: I think that while I don’t disagree with
your observations, but let me put a different spin on it in a
different direction. I won’t disagree with your observations,
but I think that your observations are predicated on all other

things being unchanged.
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I certainly agree with your conclusion. My view is
that other things ought to be changed, and while I don’t have
time to get into it here, the talk that I gave in Lyon looks at
the matter of the reliability of the total plant and what
drives or what is the determinate of the reliability.

The determinants of reliability are many. Some of
them occur on the designer’s table, but some occur in the board
room and some of them occur out on the floor by the maintenance
personnel .,

The thing that is pervasive in my thinking here and
in the talk that I reference, is the need to stress guality in
all aspects of the plant., But the best index of guality across
the board is a reliability index, without distinction of where
it resides in the plant, I include in the plant the front
office, whether it’s the board of directors or whether it’s the
janitor down on the floor. I think you have to stress guality
throughout.

So I agree with your conclusion, given that nothing
else has changed, but I think other things have to change and
at least in my view, my perception, it is that the leaders -~
let me elaborate and say the enlightened leaders of the nuclear
electric utility industry are adopting an ethic of excellence,
and I think in due course, that will change. I think that’s a
necessary condition if we are to achieve the guality and be

allowed to make the distinctions that I um suggesting.
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MR. CARROLL: That'’s fair enough.

MR, WARD: Yes, Mike?

MR. BENDER: Generally, Bill, I guess that I support
the thesis that you developed here. It really is important to
use something beside arbitrary standards for deciding what is
important to safety. Realistically, though, the people that
are developing these concepts for the most parti, do not have
enough freedom in their philosophical approach to be able to do
it that way.

My belief is that there had to be some combination of
bottoms up and top down.

MR. SNYDER: Keep in mind that I did not say "only."

MR. BENDER: I didn’t accuse you of it. As a matter
of fact, that was the sense of what you were saying. Most of
it should be bottoms up.

MR. SNYDER: Yes.

MR. BENCER: But there has to he some top down.

MR. SNYDER: Yes.

MR. BENDER: The thought that I wanted to offer was
that in developing an approach of this sort, it’s necessary to
have something near to the French view of things. You have to
be pragmatic about it,

The reliability judyment is going to be subjective
because the data is not sufficient in the environment which

ve’'re talking about to make a judgment, and so in the end, it
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will rely more on how good the thinkers are in thinking out the
scenarios and less on whether you can point to one piece of
hardvare or another or one system or the other and say it's
better for the purpose.

My thought i#, in developing these new criteria, that
a lot of study of the logic has to be displayed so that the
working level designers can understand what the logic is.

MR. SNYDER: Yes. Let me observe that -- and I don't
disagree with your observations =-- last week, I had a two ~day
meeting with one of the N$SS vendors for one of the candidate
future designs. I was very gratified by the viewpoints that
were brought to that discussion by the chief engineer, the
chief designer over that project,

Many of the thoughts that we have been discussing
here are underlying their approaches to the design, but there
is some hesitancy to embrace these concepts fully because there
is this legacy, the legacy embedded in the regulatory process,
the licensing process, the tendency to want to f{orce all
subsequent designs into the preexisting mold.

Also there is a concern about the rate at which the
change is made and the direction which we see as the desirable
end objective. So, to be pragmatic, we may continue to be in
an evolutionary mode, progressively approaching what we define
here as the more idealiscic.

1 think one point I want to leave with you is that
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from my point of view, regulation as taxation can have two
dimensions. It can have a negative connotation, but it can be
motivational and leading, depending upon how it is defined and
structured. What I am suggesting is that we have an
opportunity in the area of talking akout containment systems
which is a key element in the total safety system, that we can
define criteria that will, in fact, motivate and lead the
industry. I think that’s a role that can be played.

MR. CARROLL: I’m not sure I’m totally clear on your
notions about a level playing field for the different reactor
concepts when it comes to future containment design criteria.
Could you amplify a little bit on that?

MR. SNYDER: Level playing field:; what I am saying is
to give all concepts equal opportunity at the bar, so to speak,
and to serve the public with the best future nuclear power
plant design, both with respect to safety and economics.

MR. CARROLL: If 1 were a prcponent of high
temperature gas cooled reactors, 1’'d argue a level playing
field would be to allow me to build a plant without a
containment.

MR. SNYDER: Whether the playing field is level
depends upon where you are with respect to the £0 yard line,
but I think there are ways of defining the level playing field.
I provided you with my definition, yes.

MR. CARROLL: Okay, thank you.
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MR. WARD: Going back again to the safety grade
versus ncri-safety grade distinctions ~- not that I'm a fan of
that distinction =~ but it’s been useful as a rerource
allocation guide. Both the energies and attentions of the
regulators have been given to the NSSS system and QA has -~ [
mean, the strategy for QA has been divided the world in half
and give all the loving attention of QA to these systems and
none to this.

Now, I think what we found is that that’s been too
coarse a cut and has, in fact, =-- maybe it’s failed, I think
some of the things that you'’ve said indicate some sort of a
partial failure. Still, if we look at thcse two as some finite
resources that regulators have to do whatever their job is
suppescd to be, some finite resources that a QA process has or
some sort of auditing process has, how are you going to decide
where to put those resources?

Are you going to use PRA cr a new set of judgments or
what?

MR. SNYDER: Let me first of all challenge your
assumption that that distinction has served us well from a
resource allocation. Oh, okay.

MR. WARD: No, I don’t think that’s true,

MR. SNYDER: Okay.

MR. WARD: I in fact think that the way we have made

that distinction between safety and safety-related systens,
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insofar as that -~ the resource being defined as an investment,
If we look on the return on that investment, I don’t think that
the return has served us as well as it would have served us,
had we not made that distinction,

By reason of the fact that we have tended to focus on
safety as a separate and distinct aspect of the plant, and I
think that’s largely regulatory-driven. Whereas if 1 look at
it, as a nember of the consuming public, I think if we had in
fact put some more balanced emphasis on the reliability of the
plant overall, to minimize availability, I think we would have
had a more economic plant, but we would have had an egually if
not safer plant,

Now the cardinal, the key, the keystone of the
argument I'm making, and this is the part of the other
consideration that I’ve talked about and the other talk that I
gave in Lyon, is that if you achieve reliability in the
operating plant, you in fact have bought safety in the plant.

I would make simplistic observation that these plants do not
have accidents at power.

They h:ve accidents when they’re shut down. The
stand-by systems, failing to perform their pre-determined or
desired cperating state, or they’re shut down because of
falling outside the limiting conditions «f operation, and you
don’t transition to the desirable standby state, but you

transition to an accident state that has been determined by
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I think the point comes back to maybe the following
observation, that if I have a plant that is -~ I‘m having a
frequency of five or six unanticipated automatic trips per
year, versus a plant in which I’m having statistically an
average of a half, the fact of the matter just by those
unanticipated automatic trips, I'm challenging the safety
system ten to twelvefold more frequently than I am with the
system that only has a half per year. I think that'’s a
significant observation,

MR. CARROLL: Yes, but I wonder if it’s a correct
observation. If you look at the body of PRA results,
transients, which is what you'’re describing ==

MR. SNYDER: Yes.

MR. CARROLL: =~=-isn’t really a very siqnificaﬁt risk
contributor. 1It’s been conventiovnal wisdom that we’ve got to
avoid scrams, but == and I think it’s important to the utility
to avoid them from an economic point of view, but I just really
wonder, in light of what we know about PRA results, whether
it’s a very important risk contributor.

MR. SNYDER: I’m a little -~ 1I’ve been very close to
PRA for 15 years. Sometimes I feel uneasy with the conclusions
we draw from PRA. 1 draw better conclusions with this respect
from more conventional reliability analysis. When I look in

fact at the reliability of the desiired state of the system as
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distinct from looking at the seguence of events that occur
after the transition to the standby/accident state, 1’d like
to discuss that with you, because I'm not sure I drav the same
conclusion.

MR. BENDER: Well, I’'d have to disagree totally with
that conclusion, as a matter of fact., It seems to me that it's
hard to find an accident that didn’t initiate as a part of a
transient of some sort. The steady state things just don’t
occur.

MR. CARROLL: Well, transient as defined in PRA does
not include, for example, loss of off-site power. That's a
separate sort of event where =--

MR. SNYDER: Oh. You have a distinction between on-
site and off-site events and internal events and external
events, I’m not sure I’'m prepared to discuss that
intelligently. These are subtle distinctions here.

MR. BENDER: Well, I don’t make that distinction.

MR. SNYDER: Okay.

MR. BENDER: As a matter of fact, being a non-
proponent of PRA as a judgment tool, it’s hard for me to even
debate the issue. But from the standpoint of operational
understanding, the events that upset the systems are the ones
that get you into trouble, no matter how they occur.

MR. SNYDER: Yes. What'’s embedded in some of my

thinking here, as you know, if you look at these three states
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and in the transition from what I call the power operation
state to the standby state, the distinction I wantec to make is
that you go from the standby state -- from the power operation
state to the standby state.

You can do it on command of the operator, or it can
go from the power coperation state to the standby state
automatically when any part of the system exceeds the limiting
conditions for operation. But you can go to the
standby/accident state by a failure of any number, any of a
large number of components.

S0 the uperating state and the standby/accident state
is probabilistic and has a very large number of initial
boundary conditions. Those are the ones that we analyze with
probabilistic risk assessment. We never get around to looking,
in fact, at what the reliability of the operating state, and if
you improve the reliability of that operating state then you
reduce the number of those probabilistically-driven
standby/accident states.

1 think you can regularly simplify =-- I think you can
improve the effectiveness of the safety system, which I call a
standby/accident state.

MR. WARD: Bill, thank you very much for an
interesting and provocative set of remarks.

MR. SNYDER: Thank you.

MR. WARD: At the end of the day -- I mean I hope
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everybody’s going to stick around, so at the end of the day
perhaps we can get some comments from some of our other
speakers on what you'’ve said also. I look forward to that.
Paul North is our next speaker.

MR, NORTH: I would like to thank the Committee for
cheir invitation to attend today and to make some comments on
the containment design criteria for future nuclear plants.

[Slide.)

MR. NORTH: The form of the discussion that I shall
follow is that first I’l]l take a look at the philosophical
foundation for any approach that might be adopted and try to
establish that foundation, then look at some important
conditions or what might be considered houndary conditions in
the definition of an approach using that philosophical base
and then make a few comments about what might be some points in
an actual approach and in some related methods that might be
associated with implementing that approach.

So first then, let’s turn to the philosophical
foundation for the approach.

(Slide.)

MR. NORTH: This goes back to really something fairly
basic, I guess, and it is what is the service that we are
really trying to provide to society over all in the
consideration that we’re about today. I think obviously we're

trying to protect the health and safety of the public but we
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are trying to do it in the context of nuclear energy as a
contributing component of our energy supply system.

My point here is we could certainly protect the
health and safety c¢f the public by simply shutting down all of
the plants and then we wouldn’t need a containment criterion at
all, so the word "contribution" or how nuclear energy might
make a contribution to our energy supply is germane to our
considerations of what might be an appropriate set of
containment criteria.

Let’s take a look at what that contribution might be
for a little while in terms of then establishing the basis for
aprroach,

First of all, within the United Status itself it
appears that there is a diminution of the electric generation
reserve capacity. We are seeing that in a number of locations
around the country and it’s causing often a reassessme.t of
various gener 'ting alternatives including nuclear energy.

Certainly *here are environmental concerns and these
concerns are particularly related to the generation of
electricity with the expanded use of hydrocarbon fuels. There
is a great deul of concern with regard to the greenhouse
effect, acid rain, et cetera.

There is also the possibility of additional uses of
nuclear energy, process heat being one of them. In fact the

Japanese are well along in designing and establishing the
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experimental base for the application of nuclear energy to
process heat.

There are other forms of energy substitution which
are being discussed and in fact if we're to reduce oil
importation these are necessary, so overall, if I look at the
prospects for nuclear energy within the United States it
certainly appears that there is a potential for significantly
increased use of nuclear energy within the United States
itself.

(8lide.)

MR. NORTH: PBut what about the world energy picture?

All of the energy studies that I have read of late have
forecast relatively large growth in energy demand by the world
community through the first half of the next century. The
numbers vary from study to study but the basic conclusinon
appears to be a consensus, that there will be significant
energy use growth through the first half of the next century.

Furthermore, embedded in those studies is a statement
that the largest growth will occur in areas where the current
per capita energy consumption is much lower than is
characteristic in the United States today, probably in areas
where the ratio of use today is about one-eighth of ours. That
is an important point., If this large energy growth, which wiil
occur not only through the growth of our own economy but also

through the shifting of the base of the economy of others to be
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more like ours, occurs through expanded use of fossil fuels it
will provide a great deal of environmental concern, t> say the
least.

Suffice it to say right now the Japanese are
extremely concerned about that very prospect in terms of China
burning coal, the Japanese being down-wind from the Chinese
system,

If you take those factors into consideration and also
see that there are indications already that the United States,
European and Japanese nuclear industries will seek to serve
this global energy market, in fact there will be a move into
these energy deficient areas by the nuclear energy component.

Now if we pull all that together, what does it have
to say about the subject we are here to address? Basically, it
is this: We really must address the possibility of a much
wider use of nuclear energy than ic evident today and in a much
broader geographic and societal setting.

(Slide.)

MR. NORTH: That last point is quite important
because it implies that the plants may sometimes in the future
be located in places where there is a lack of the support
infrastructure which exists within our own society today.

There is a very important parameter to all of this.
Obviously if I am talking about nuclear energy making a very

wide contribution to our energy needs in the future and



11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

37
relatively a large number of plants being distributed
throughout the world, then in reality large numbers of people
must support the use of nuclear energy. They must support it
as individuals and through their institutions if nuclear enery,
is to make an appropriate contribution to our energy systems.

I have underline the word "support" because I think it is very
important that we address that specifically and head-on because
I am not advocating acceptance. 1 am advocating support and we
must work to get it., If we aim for acceptance and niss, we
might get rejection. 1If we aim for support and miss, then we
may end up with acceptance but it is my basic position that we
need to look for an action on our part that will generate
support for nuclear energy in a much greater context than it
has occurred in the past and so as a result we at least have a
foundation for an approach.

[Slide.)

MR. NORTH: First of all, the containment criteria
should be linked to clear protective or regulatory objectives
formulated on the basis of wide application of nuclear energy
within the United States and in the world at large. The
centainmeat criteria should also be formulatad in a way that
ailows progressive design innovation in meeting the protective
objectives. We are going to be living with nuclear energy for
a iong time, I believe, and we certainly don’t want to confine

the designers to our current thoughts or concepts if we can
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aveoid that,

I believe that an approach should be based on rising
standards of adequacy from design generation to cesign
generation. That is a modification of Hyman Rickover'’s
standard of rising standards of adeguacy and the emphasis there
is on the word "rising." As you go from one generation to the
next, we should look for improved capability.

MR. WARD: Are you going to explain why yeu think
that is important?

MR. NORTH: Yes.

MR. WARD: Okay.

MR. NORTH: As we go through, and if there are
subsequent guestions 1’11 be guite happy to discuss them with
you.

MR. NORTH: I think the approach should be one in
which the approach itself and the related methods provide a
basis for strong support of nuclear energy by large numbers of
people, as 1 indicated in the outline earlier.

(Slide.)

MR. NORTH: There is one possible short-term override
that I want to recognize and tha* is in the immediate future
there is a possibility maybe of a judgment by the Commission
that a traditional containment structure is necessary to ensure
support for the further use of nuclear energy regardless of the

reactor system design and the details of that, and I would just



10

11

12

14

15

16

17

18

19

20

21

22

23

24

25

9
like to make a few comments about it,

First off, it would be disappointing technically if
that were to occur, as you will see in my approach. Obviously
I would consider that to be disappointing technically. It
would be understancable as a judgement, primarily a social
judgment, even if I persconally was disappointed with it, but I
am going to proceed in this discussion on the basis that no
such judgment is made and that we do in fact look at the
technical aspects in the foundation for the thing.

[Slide.)

MR. NORTH: Let'’s move on then to the defining of the
approach itself. There are some related conditions that I’‘d
like to adéress. The first is in making the approach, there is
a sound engineering method or outline which 1 believe we ought
to fullow. That is that we should base our approach on best
estimate mechanistic analyses and understandings, supported by
adeqguate physical understanding, with factors of safety being
added explicitly at some point in there, rather than trying to
manipulate the phenomena themselves.

I think we’ve tried that on a number of occasions.
We’ve tried it specifically in the ECCS area, and it ends up
being rather difficult sometimes when you’re miking what are
called conservative assumptions which actually manipulate the
phenomena, to determine a priori what might be a conservative

assumption or what might not.
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80 I think it’s a much sounder approach to recognize
from the beginning that you're goiny to attempt this through
best estimate analyses, mechanistically based. You're going to
try to support it with adequate physical understanding of the
phenomena that are involved, and you'’re going to add factors of
safety explicitly later.

I think this approach can be understandarle and
convincing to people that are not inveolved in the work and
therefore it is conducive to that generation of support that 1
mentioned earlier.

[Slide.)

MR. NORTH: Obviously we’ve got to consider what you
might call "fault tolerance," if you like, and I’'ve expressed
this by saying any new systems that are aimed at containment or
providing the containment function, should be capable of a
demonstration that they have robustness in achieving that
containment function.

That can be achieved, in my mind, in several ways.

Tt nay be through the use of basic physical characteristics,
which ai"e clear and will always occur. It may be in the form
of a design, which is tolerant of faults in some way. It may
be *hrough the very careful implenentation of Defense in Depth,
with independent multiple layers involved in that, that are
effective for the entire accident spectrum.

This is a point that the previous speaker alluded to,
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and I underline, we need a careful implementation of Defense in
Depth. Just because you have multiple layers, doesn’t mean
that you've achieved it. 1In fact, in some cases you can think
of, the failure of one in the progression of an accident
automatically implies the failure of other barriers. In those
cases, then you haven’t achieved the independent multiple
layers of the Defense in Depth concept. So it needs care in
application, and it needs it for the entire accident spectrum.

Also, I want to draw out the reqguirement really of
the absence of a possibility of bypass, if possible, because a
number of containment functions can be designed, but then
additional eguipment can allow you to bypass that containmert
layer in some form.

I've read quite a bit about whether we can deal with
this topic entirely through the concept of prevention, or
whether we have to err in the direction of mitigation. I
believe that there needs to be a balance between prevention and
mitigation, and that there will always have to be a balance
between these two things because there will always be residual
uncertainty in prevention.

In making the prevention case, one is in the position
of trying to prove a negative. That is, that there is no
transient that you have not considered, and that’s very
difficult to do. Therefore, I believe that there will be .

continuing need for a balance between these two approaches.
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MR. CARROLL: On your absence of bypass, I don’t see
or I don’t understand what that means in the context of a
boiling water reactor, where normal operation you’re bypassing
the containment, cor in a pressurized water reactor, where there
is mechanisms for bypassing ccntainment. How do you eliminate
this?

MR. NORTH: 1'd leave that to the designer sir,
but ==

MR. CARROLL: Well, it is inconsistant with the
physical nature of the processes.

MR. NORTH: Well, I understand that you're tell.ng me
that today’s containment systems do have bypass mechanisms, and
1 think those bypass mechanisms are weaknesses in today'’'s
containment systems or can be. You may rely on valves to
function and close, etcetera, and while these may have an
expressed reliability, I think inherently a system that can
reduce or eliminate the possibilities or potentials for those
bypasses is an improvement and that’s all I'm pointing out.

MR. CARROLL: Okay, but you’re not saying =-- you're
not saying that that should be your sole objective. I nean
there could be =--

MR. NORTH: No.

MR. CARROLL: =--an acceptable new sort of containment
system that didn’t totally eliminate bypass?

MR. NORTH: Well, the total topic was robustness in
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achieving the containment function, and what I was locking at
in the subheadings below were a variety of ways in which you
might attempt to approach that, and demonstivate it.

MR. CARROLL: All right,

(8lide.)

MR. NORTH: There are a couple of other items that
I’d 1ike to draw out here. One is the fact that as we look
further downstream through the first half of the next century,
it’s pcssible to conceive at least of much longer plant lives
than we have today. Obviously the basic lifetimes we're
looking at right now are on the order of 40 years.

People are already studying the potential for life
extension. It may be to 50, 60, 70 years, something in that
order, and I don’t think that it’s entirely unreascnable to see
some distance in the future people being -~ talking of
lifetimes in the order of 80 to 100 years for plants.

If that’s the case or anywhere close to the case,
then there are some implications as far as society is
concerned. First off, a site which was originally remote may
become a lot less remote over the period of that length of
time, and we’ve seen it in a lot of cases, for example, with
airports that were originally built some distance away from the
city which they served, and which later then were engulfed by
the city, with all kinds of complications as a result.

I think it will not be a service to society if we're
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looking at wide use of nuclear energy over a protracted period
of our history now. If we attempt to limit the land
development possibilities by saying well, don’t develop into
these areas, it’s going to be -~ that would be very difficult
to enforce and would not be a real service to people anyway.

With an increasing nuclear fleet then, a lot larger
than we may have now, approaches that allow even a remote
possibility of farmland withdrawal or the closure of
neighborhoods, both of which occurred following Chernobyl, will
be increasingly unacceptable to the world society, and both of
these factors are going to militate for an approach that
concentrates on the characteristics of the plant itself and
does not rely on any external respcnse by the rest of society.

(Slide.)

MR. NORTH: Taking those basic thoughts, what I’'m now
going to do is go back to the elements that were in the
foundation that we generated from the philosophy, and make a
few comments about each. This is where I come back to the
topic of rising standards of adequacy.

First off, that philosophical approach is consistent
with the advanced reactor safety policy statement, within which
it’s stated that new reactor designs should have at least as
high a level of protection of the public as current designs do,
and it is the expectation of the Commission %that in fact

subsequent designs would be able to demonstrate some higher
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level.

8o it isn’t al odds with that policy statement. 1
think also if we’re looking at this growth of nuclear energy
maybe over the next 50 or 60 years, we have to reccgnize that
there are levels of advanced designs that are already in
process or in conceptual stages. These should be recognized,
and the approaches should be defined accordingly.

There are designs that are really logical
evolutionary steps from operating light water reactors. A lot
of the advanced light water reactors I would fit into that
category. They'’re not substantially different. They have
modifications to them, but they are not as different, say, as
the PIUS light water reactor concept or the HTC(R or something
like that.

There, I think that we’ve got a good foundation to
build from, sc¢ 1long as we build out from that, demonstrate
compliance with the severe accident policy, demonstrate
improved efficient product retention, as required by the
advanced reactor policy statement, and couple that with
features such as a lcnger transient response time, designing
them to tighter productive objectives. We are in fact
following that philosophy, and that so long as .e establish the
right protective objectives, this is a good approach.

Now designs that represent a greater development step

and are aimed at later deployment, I think we should use more
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perforuance-related criteria that allow more design innovation
and flexibility and that as successive steps then, we establish
tighter protective objactives in the application.

[Slide.)

MR. NORTH: Neow, let’s come to those protective
objectives.

In the near term, the type of objectives that are
being discussed in terms of the advanced light-water reactors
appear to be acceptable. The objective of having a core-damage
frequency less than 10 to the -5 per year and a site-boundary
whole~body dose less than 25 REM for accidents for cumulative
frequencies exceed 10 to the -6 per year seem reasonable
objectives to me in terms of the design of the advanced light-
water reactors.

If I was going to a much longer-term view, with
different types of reactors in mind, I think there we might go
beyond the consideration of not having off-site emergency
planning as requirement, but make this condition, in fact, a
specific design objective. That is to say bring me a soluticn
to the cortainment problem in the context of safety which
specifically does not require off-site emergency planning.

MR. WARD: Paul, would you go back to that, please?
I did not understand the first bulleted item. Core-damage

frequency less than 10 to the ~5th per year =--

MR. NORTH: Comma.
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MR. WARD: Oh, okay, comma.

MR. NORTH: It runs on there. There should be a
comma to separate those twc statements.

MR. WARD: Okay. All right. I got you. That'’s all.
Thank you.

MR. NORTH: Okay.

(Slide.)

MR. NORTH: In the way of implementing that longer-
term objective, as an intermediate objective, the statement in
SECY-88-203 of stating that we would aim for not violating the
Environmental Protection Agency protective-action guidelines -~
that’s the lower levels -- for the first 36 hours of a variety
of accidents, and then, if you take in all accidents, they
would have less than some probability, 10 to the -6 per year,
of exceeding those Environmental Protection Agency protective-
action guidelines appears a very reasonable way to proceed.

The ECI and ECII and ECIII events there are really
categorizations that distinguish between those events that are
likely to occur in the lifetime of a single plant; that might
occur in the lifetime of a whole fleet of plantu; that are,
lastly, not expected to occur but which perform a design-basis
function; and a final category, IV, which is implied in the
second bullet, which is beyond that design-basis set.

Certainly, overall, the appears a reasonable way to

go and night provide at least a first fcundation for not having
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Possibly, in the long term, we could aim at the
lower~-level EPA PAGs never being exceeded at the site boundary
by any credible accident condition that would exist within the
plant.

[Slide.)

MR. NORTH: I think there’s one further point that
you might look at then. Not only do you not want to have to
have people evacuate, you don’t want to deny them their farms
and neighborhoods when you get through, either, and so, maybe
there should be some consideration about protection of the
land, as well.

Now, that might be -- we’ve been having some
discussions at the laboratory, and that might be stated in some
residual-activity level associated with the land or some
limited cost to restore the land to a condition where people
could return to it. I don’t know. These needs some more
development and some more thought, but tne primary thought that
I want to lay on the table here is the thought of such a
criterion itself, rather than a statement of what it might be.

MR. WARD: On that aspect, there was an ANS workshop
on safety objectives out in Idaho Falls in -- I guess it was in
August. This issue was discussed, whether the NRC'’s safety
goal, for example, should include something like this or

whether the regulatory agency should have some sort of parallel
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guidelining or whether the industry should have some sort of
guideline parallel with the safety goal in this area.

MR. NORTH: Yes.

MR. WARD: And I guess your work is consistent with
the discussions that were going on there.

MR. NORTH: Yes, and in fact, it’s being discussed,
also, in terms of other facilities, various buildings and
processes that the Department of Energy has, should you have
this kind of thing. I don’t have an answer for you, but I am
putting the thought in front of you.

MR. WARD: Okay.

MR. CARROLL: I guess the comment I have on the
emergency-planning issue is it’s one of our legacies. I just
don’t really believe, given the emphasis that'’s been placed on
emergency planning, that at least the next generation of plants
is going tc succeed in being able to say we don’t need any
offsite emergency planning, because our plant is so safe. 1
just don‘t think that’s going to happen.

I think it may be a very good design objective to be
able to say that we meet these EPGs, but I think ycu're
certainly going to have to consider the structure offsite to
deal with emergencies for the foreseeable future. I speak with
some authority, having fought the battle of emergency planning
at Diablo Canyon for about 15 years.

MR. NORTH: I’m sure that in today'’s environment,
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it’s a difficult topic, and ve won’t change it overnight.

Let me move on.

(8lide.)

MR. NORTH: I want to come back to that topic of
using best-estimate analyses with explicit safecy factors,
becaus I do want to point out here that I believe wc should do
that with regard to the source terms, also.

There is a great deal of research work that has been
done over the last decade, and certainly, with well-known fuel
types, we’ve got a lot more capability now to make best-
estimate source term calculations. Obviously, as you move to
different fuel types, you’'d heve to dc some associated R&D with
that to make sure that you could do it.

In any venti, as you apply the approach, then there’s
going to have to be R&D testing to establish the physical
basis, and that may involve prototype testing. Depends on the
particular design and application. I think prototype testing
could be extremely helpful and supportive. I think it’s
necessary to validate the analysis tools over a very wide range
of conditions, so that we provide confidence in the resulting
analysis.

Now, there’s also an implication there that if you
are going to take this approach, there’s some need for rising
standards in analytical capability. That is, if you’re working

to tighter protective objectives as you go out in the years,
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then obviously, it implies the need for reduce analytical
uncertainty, and you may have to do a variety of additional
work along the way to achieve that. The intent here is to
allow design flexibility on the part of the designer, but to
ask for increasingly-capable designs and to demonstrate them
through this apprecach.

[8lide.

MR. NORTH: We should ask for an analytical and,
maybe, eiperimental demonstrotion of the multiple independent
barriers to radiation release -- it’s important to be able to
have confidence in that -- and also, a demonstration of
fission~production retention. We can do this with analysis and
R&D testing but, again, with the possibility of full-scale
prototype testing.

I'd 1like to come to that point fairly strongly,
because I come from a background where we have done a lot of
analysis, a huge amount of analysis, and built some of the
major codes which are in use around the world today, and yet,
when conditions change significantly, we still find places
where the analysis lets us down, and we have to go back and do
some more consideration. I’ve seen a lot of applications where
people would tell you we can analyze things, and yet, we should
have caution in there.

We only really began to get acceptance of some of the

conclusions with regard to the emergency core-cooling systems
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demonstrated an analytical capability that matched that testing
or, at least, that could take advantage of that testing.

I also would like to mention the shuttle and the
Challenger accident, because there’s a message in there for us,
also. The people that designed that joint in the solid-rocket
motor had available to them extensive analytical tools, and
they used them, and they used them well, and they did a lot of
design analysis.

One thing that they did not do was test that machine
in its takeoff orientation -~ they had never tested the rocket
in the vertical configuration, always horizontally =- and there
was one other thing that they were not aware of or hadn’t taken
into account. I guess they may have been aware of it.

When you start off the shuttle, you fire the liquid
engine first, which takes a few seconds -- about 6 seconds ==
to build up thrust, and it bends the structure, and then when
you fire the solid engines and you let them go, the energy
which is stored in that deflected structure comes out in the
vibration of the structure at about 3 cycles per second, and
when you look at the results from the Commission’s study, the
first evidence of failure was smoke coming out of the seal at a
frequency of about 3 cycles per second. It was never tested in
that condition, although they had excellent analytical

capability and had applied it.
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So, 1 come down, because of my background, fairly
heavily towards prototype testing, wherever it can be achieved.

Looking for, obviously, clear demonstration and
analytical validation, I think we need to demonstrate fault
tolerance, and our experience supports that approach, as I have
outlined. Furthermore, that kind of testing is consistent with
the objectives of standardization. Once you’ve gone through
such a process, you’'re likely to have very standard equipment
being built and applied.

(Slide.)

MR. NORTH: I have just a few more comments here.

The new systems =-- I think we obviously need to make sure that
they’re built, operated and maintained with appropriate safety
limits and levels, and I would look for a demonstration of
progressively reduced sensitivity to risk to the level of
excellence in operations and maintenance.

I1’d look to this because we’re thinking of maybe
applying nuclear energy over a very wide geographic area where
we may not have some of the foundations, and to believe that we
can sustain excellent operations and maintenance everywhere
over a long period might not be valid.

I1'd also look for protection from sabotage, that it
should be strong and designed in, and that is not dependent
upon stable protective forces that may be external or even

internal to the plant operating structure.
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[Slide.)

MR. MORTH: Firally, I think the basic statement that
there should be no core melt accidents within the first three
accident categories, ECI, II, and IIl, defined in SECY-88-203,
appears reasonable and a good approach.

£o in summary, if you put all these elements
together, I belizve they not only allow a progressive design
flexibility in terms of achieving the containment function, but
also provide a basis for strong societal support for nuclear
energy application, which is probably going to be desirable for
our world wociety in the first half of the next century.

MR. WARD: Th~=“ y»u. We have a few minutes. Any
guestions for Paul?

MR. WYLIE: Wall, going back c¢o your protection from
sabotage, strong design and not dependent upon stable
protective forces, do you consider the insider sabotage with
this, I mean to design against the insider?

MR. NORTH: That’s a good question. I’m not a
sabotage expert, I have to tell you. It’s not my main line of
work. Obviously, the insider is one of the real concerns in
terms of sabotage. I think the design principle hoclds that you
would try to design against it. I wouldn’t debate really how
successful you would be.

MR. WYLIE: I was curious whether that was what your

thought was when you put down protection from sabotage not
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dependent on a stable force. That would imply outsiders.

MR. NORTH: Right, it would. My thought there lay in
the fact that you might be locating some of these plants in an
area where a stable protective force might not be applicable.

MR. WYLl:: Did you have any particular design in
mind when you made that statement?

MR. NORTH: No, sir. I was hoping to leave as much
design flexibility in this discussion as possible.

MR. WYLIE: I might note also, in your earlier part
of your presentaticn, where you produced data that would imply
increased use of energy in the United 3tates nuclear energy,
that one observation of the upset on the stock market had to do
with the realization by corporations that electric ernergy costs
were higher than they thought they were going to he, and
therefore their profites were going to be less, and one of the
driving forces was that it was going to upset their economics
and had some contribution to do with their upset on the stocXk
market. And I think that’s true. I think the United States is
operating ct a decided disadvantage economically in the world
market because of this approach on energy, and something is
going to have to be addressed.

MR. WARD: Paul, I have a couple of guestions. One,
1 was interested in your comment early on about the need for
what you call a balance between prevention and mitigation, and

that there’s, I think what you’re saying, no matter what claims



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

56
are made for prevention, there’s always going to be some
residual uncertainty, and that’s what mitigation systems are
always going to be for. Are you saying something -~ did you
hear Bill Snyder say something from that, do you think?

MR, NORTH: No, I don’t think so. Let me just try to
clarify what I’m trying to say.

MR. WARD: Okay.

MR. NORTH: Let Bill speak for himself if he needs to
say something different. But if you look at risk as a product
of probability of the event and the consequences of the event,
then obviously you can drive down risk by claiming that you
have driven down the probability of a particular failure or
accident, and you might address that as prevention. What I
have done is drive that way, way, down, and therefore I've
prevented an accident from occurring.

My statement here is based on this thought: that no
matter the extent to which you have done that, if you are
trying to claim to the world that as a result of that driving
down the probability of occurrence, my plant is a.ceptakle,
you’re in the position of trying to prove a negative. That is,
there is no accident sequence thut I haven’t imagined urmewhere
out there, that I don’t have an oversight in this study, and
that’s a very difficult thing to do.

So I think it’s prudent to have some component of

mitigation in there which deals with consequences on the
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consequence side of that equation, even though you’ve gone to
great lengths, maybe, to push down the frequency.

MR. WARD: The second question relates to the rising
stand.rds of adequacy and the need for that. You pointed out
that you think this is consistent with the Commissions’ Advance
Reactor Policy statement, which maybe it is. I think that was
softened a little bit.

You’ve also talked about the issue of depending on
central estisates, and 1 see these two things 23 ~oming
together. And you’ve also tried to take the broad approach of
what’s really good for society, I mean the real societal
benefits.

I might make the case that rising standards of
adeqguacy for nuclear power does not really serve society well
because it introduces some artificial realities in what
otherwise might be a level playing field marketplace for the
ways that electric power is going to be made, for example.

It seems to me that if we could believe the central
estimates we’'re getting at any given time, like today, that
we’d be quite comfortable with making judgments based on those
which might, in fact, turn out to be very favorable toward the
development of nuclear power. But it’s really the
uncertainties associated with that, and the uncertainty in
those uncertainties that kind of keeps us extremely uneasy

about it all.
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1 At one point, you suggested that rising levels of
. 2 adeguacy are going to make necessary rising standards of
by analytical capability, and I understand what you’re saying, but
4 maybe the rising standards of analytical capability are all
5 that we need., Have you entertained that possibil ‘ty? I mean
6 is there any way that we could uniquely deal wiht uncertainty
7 without trying to improve the level of the central estimate of
8 risk, trying to lower the level of the central estimate of
9 risk?
10 MR. NORTH: Let me answer that in two pieces, break
11 it down. One is the level of the mean, and the other has to do
12 with the uncertainty associated with that mean.
‘ 13 I use the term "rising standards of adegquacy" because
14 I believe we have to get the mean to a level where a nuclear
15 plant is recognized as a good neighbor and not something which
16 may imply the potential loss of my home, or my farm, or me
17 having to get out of the house, or whatever, have to ship the
18 children out of school.
19 Once you got to the stage where the plant was a good
20 r2>ichbor in that sense, in that definition of the word, maybe
21 there is no need beyond that point to further restrict the
22 standards cr constrict the standards.
23 Now, in terms of the uncertainty around the estimates
. 24 == I think I liked your phrase, '"the uncertainty and the

25 uncertainty on the uncertainty" -- we have to develop
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analytical methods enough so that we pull down those
uncertainty bans to ranges where we can make the kind of
judgment that I just espoused, and I think that there’s some
work yet to be done down that line.

MR. CARROLL: Quite a bit, I suspect.

MR. BENDER: Just one point about the uncontained
containment. The impression I got from your presentation was
that the kinds of containments that are provided in water
cooled systems may not be the best kind. There might be some
way of doing without them. Was that your intent, or were you
only thinking about what the British did with gas cool reactors
in UK and the French in France, and the Fort St. Vrain reactor?

MR. NORTH: My intent is to state that design
evolution is not dead, ard that in framing ou:r thoughts on
containment criteria for future reactors, it’s my thought that
we should not deliberately or by accident impose current
concepts or the restrictions of current approaches on future
designers, that we should allow those designers as much freedom
as possible.

MR. BENDER: All right.

MR. NORTH: That was where I was going with that
approach.

MR. BENDER: I won’t argue that idea, certainly. Any
designer would like to have that freedom. But I wondered if

you had really given any thought to the systems that aren’t
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contained in the conventional way in which we see water cool
reactors contained, and whether that influenced your thinking.

MR. NORTH: You mean like the HTGR?

MR. BENDER: This Fort St. Vrain HTGR, or the 25 or
s0 gas cool reactors in Europe.

MR. NORTH: I haven’t done an analysis or been
involved in analysis associated with the European systems.
We’ve done a little bit in terms of the modular HTGR, and the
approach there in terms of confining the firsion products
within the coating of the fuel particles appears, on the face
of it, to have merit. I would like to see it subjected to a
great deal of review and analysis before we would reach & firal
conclusion about it. But at least it does not appear, in my
mind, to be foreclosed.

MR. WYLIE: I would also conclude that you’d like to
see prototypical testing.

MR. NORTH: VYes. I declare the bias of liking to see
prototypic testing wherever possible.

MR. WYLIE: I would assume that would apply, then, to
the HTGR and the containment within the fuel.

MR. NORTH: Yes.

MR. WARD: Paul, tirank you very much. Let's take a
break now until 10:30.

(Recess. ]

MR. WARD: Let’s get started again, please.
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Before we go to the next speaker, I want to address a
question to the other committee members that is very important:
what time shall we break for lunch?

Right now we have lunch scheduled from Noon to 1:00,
and we seem to be staying right about on schedule. The place
was so crowded for breakfast, I am concerned about that. We
could break after Bob Henry'’s talk at 11:15 and go to lunch. Or
we could have Larry Minnick’s talk come before lunch and break
at 12:45. I think either way we might avoid the peak in the
restaurant.

MR. WYLIE: The early one might be better.

MR. BENDER: Yes. I think the early one would
probably be better.

MR. WARD: Okay. We seem to be voting for the early
one.

MR. CARROLL; Since I am on West Coast time, I have
no preference.

MR. WARD: That'’s terrible.

MR. BENDER: It is not a matter of what you eat, but
when you eat.

MR. WARD: All right. Wwe will do that. We will
break for lunch after Bob’s talk, and come back with Mike
Bender after lunch.

Our next speaker is Eob Henry from Fauske Associates.

Bob?
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MR. HENRY: Thank you, David. I would like to again
thank the committee for having an opportunity to discuss this
issue with you this morning.

(Slide)

MR. FENRY: I would like to, I guess, just talk about
a slightly different aspect than the first two speakers, Paul
and Rill Snyder, and that is, taking what we know tuday, should
we really alter the criteria for design of the containment.

And I will kind of give you my own idea of how I interpret the
criteria, what they should be and what I believe they are, and
how they relate to mostly light water reactors. But I would
also like to point to how this would be potentially applied to
other types of reactor systems.

[Slide)

MR. HENRY: We nbviously have two kinds of
containments that we deal with in the Unitnd States: the large
dry containments, which are LWRs, but one could even represent
those which have been designed tor the LMFBRs as being large
dry containment; and those which deal with pressure
suppression.

(Slide)

MR. HENRY: The criteria that I would view the
regul sns, and my own way of casting it is, that the criteria
for containments under accident conditions should, first, the

containment needs to contain the fission products that get
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released from the first two barriers, the fuel and the primary
system.

Secondly, it needs to passively contain or
accommodate that energy which is stored in the primary system.
So for light water reactors, that is significant. And, a
large LOCA is merely a wa' of conceptualizing how that might
come abouv, I really see the LOCA as being a way you write
dcwn you want it to do these thinge, but in essence, this is
what you want it to do. You want it to passively contain that
energy.

Now, for a system like an "MFBR, as an example, this
has no stored enwrgy that can do work, since the coclant is
below its normal boilina point. So, in essence, this criteria
basically disappears and you really start worrying about a
building thet can keep the rain and snow off the system, et
cetera. But these two still remain.

MR. CARROLL: Does two include hydrogen? 1Is that a
source of energy?

MR. HENRY: Two, in terms of the design basis, I do
not see including hydrogen. But in terms of this is where one
then takes the extra step into probabilistic well, hydrogen,
in terms of a large break LOCA. But that is really not a
significant lcad on containment.

But the two previous speakers related to the fact

that one needs to also consider probarilistic aspects. I think
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when you get to severe accidents, you can then go beyond the
design basis, because I am talking here about includes the
codes. So you then use the alternate pressure. So it does
include it, and we will come back to that a Jittle bit later.

Lastly, I think the design basis needs to assure that
you can remove decay heat over the long term under accident
conditions.

Let me draw to your attention, and remind you how we
had, we as a country, had conceived of the containment for
Clinch River at the time as an example. I think that is a case
where this is not determined. Because the containment, the
design basis in Clinch River was that the containment would not
fail for 24 hours. And that was it. So you had the concrete
thickness, you had the sodium-concrete interactions, the
overpressure aerosol sodium fire protection in containment.

But nothing was stated about how in the long term this system
would come to a safe, stable stage.

I think ve have moved a long way past that. But I
just wanted to draw attention to that, that we certainly had
ways of dealing with this over the short term, certainly dealt
with this, because there was no significant stored energy from
the system, and lastly did not deal with this, which meant that
the first ore then was threatened nn a time frame of more than
24 hours.

(Slide)
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MR. HENRY: 1I apologize if this is a little simple.
But you have to have some slides with equations on them, or at
least some numbers.

This merely says if we focus in on light water
reactors as an example, and we look at a 1,000-megawatt PWR
system, and you need to contain the s*ored energy if it is a
large dry containment, :his is roughly the volume of the
primary system, and you can guickly calculate the amount of
energy which i1s stored in the primary system, determine what
you want the final containment pressure to ke, what you think
is acceptable. And I’ve said that the steam partial pressure,
if you were to release all this energy, should be roughly three
atmospheres in the containment, or a total pressure of about 60
PSIA. When you blow down this energy and depressurize it to a
stable, final state, you get about 40 percent of the water
comes out as steam, and this dictates then that if you are
going to have this size reactor, that you have to have a
containment which is at least 2 million cubic feet. And that
is about as sophisticated as it has to be.

Now, what evolves from the way we have used the large
break LOCA, which I think we will get to in a minute, I think
could sharpen the way people look at it I don’t think you
necessarily change the criteria. You change some of the ways
in which it is implemented. Because we don’t necessarily just

take this. We then take the large break LOCA as an accident
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and then we start addressing what that means in terrs of
pulldiown mechanisms, deflection plates, et cetera. Some of ha%
is where I think the changes need tuv come in, as well as in
perhaps the fission product, not so much fission product
inventory, but the influence of the chemical state as we know
it now. I think paul was alluding to that a little bit
earlier. We now know a little bit more about how fission
products behave, such as iodine doesn’t behave as a gas. We
will come back to that in a second. Anyway, given this, given
large dry contaiament, it has to be that big. And I don’t
think we want to change that.

(Slide)

MR. HENRY: If you look at a pressure suppression
system, the calculations are done slightly differently. But
again, if we take a 1,000-megawatt electric plant, one whose
thermal inventory is about 300 megawatts, we have roughly 300
cubic meters of water in the reactor vessel and roughly 300
cubic meters of steam. So we have a total energy content of 3
times 10 to the 1 *h joules that we have to cope with if
somehow that is lost from the primary system.

If you have a pressure suppression containment, then
you have a suppression pool whose temperature rise is dictated
by the fact that you would want to exnibit it most on
atmosphere partial pressure in the containment. So it has a

temperature rise of about 70 degrees Centigrade, and it says
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you need roughly a million kilograms of water to do that, and
that takes up this much volume.

The.: we have the other concept, that if the break
happens to be in the drywell, then all the insert gases can get
pushed to the suppression pool. So the wetwell cgas volume must
be capable of receiving all the nitrogen, if it is an inert
containment. And if it has a design basis pressure, like 60
PSIA, which we just talked about again, the wetwell needs to be
roughly one half the volume of the drywell. So you take all
those gases, you compress them, and you have the initial
pressure which was there, two atmospheres that come from the
drywell and one more from the suppression pool, which gives you
the four atmospheres.

(Slide)

MR. HENRY: So given that, and the fact that you need
to wor.. in the drywell, realistically you find that it requires
something like 200,000 cubic feet just for people to be able to
go in and maneuver a little bit. And those of you that have
walked around drywells know that that is "maneuver" in quotes,
because it ‘c pretty tight in there.

But given that, it says then the wetwell has to be
this bi¢ and your total containment volume then is in the range
of 300,000 cubic feet, closer to 400,000.

So given that you are going to build a pressure

suppression containment, then it has to be at least this big.
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(Slide)

MR, HENRY: So the criteria that you have to cope
with the stored energy in the primary system dictates that.

S0 this ies the first part of the message that I would
like to bring to the committee. And that really is that the
containments as designed to date, typically, that we are
discussing, I think are pretty well done. And I think that is
one of the things that needs to come through both in terms of
criteria that we may sharpen for future containments as against
something that is also good for the public to know, and
following on Paul North’s presentatica, to develop confidence
that things have been well done.

But anyway, you need to contain the energy. The
calculations, while approximate, show you, once you say I am
going to have that kind of containment, this is how big it has
to be. Given that pressure and size, you now know how thick
the walls are. You have to decide whether it is a steel cr
concrete type of containment. And now ycu have pretty well
dictated how big, how thick the walls are, et cetera. And now
you are only down to talking about the configuraticns of the
systems.

So other aspects definitely need to be considered.
The systems, you definitely need t» consider it, nc question
about it,

I am really not going tc talk about that this
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morning, because I was focuvsing on the containment structural
part. But the other parts you really need to concern yourself
with as normal operation. And that dictates, as Adolph can
certainly tell you, dictates a lot of what you deal with in
terms of the plant configuration, containment configuration.

My conclusion is that what we have used for the
current plants, while it has not been applied necessarily
uniformly, if you go back to the very old plants, I think that
what we have developed, with the regulation, it is enveloping,
I think it is well conceived, and I think that aspect you want
to retain for plants in the future.

(Slide.)

MR. HENRY: How about the containment of the fission
products and the liner? Well, for the two concepts that I just
nentioned, pretty well talking about light water reactors now,
tle containment could potentially pressurize for tens of
minutes of longer during an accident.

We just looked at two types of accidents in general
where we could lose the water inventory from the primary
system, therefore the containments would be pressurized to
maybe a maximum of something like three bars over pressure,
which means, in order to make sure we can contain the fission
products, we must have an integral steel liner. So, from one
follows the other,

Now, if that liner happens also to be the containment
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shell, so be it, but if it’s a concrete container, then you
need to have the liner separate, of course. I think, again,
this is a criteria that’s most effective.

[Slide.
MR. HENRY: I put this slide together, which I always

hesitate to do, to compare our experience in reactor accidents.

This gives us some idea maybe of just how sound the
containment design principles have been. If we compare our
experience at TMI versus that with Chernobyl, we look at the
three barriers of fuel encladding, the fuel matrix and the
cladding surrounding the fuel, the pressure vessel which is the
pressure tubes in the Chernobyl system, and that which leaves
the containment and we’ll call it containment/confinement here
to avoid the controversy of that system.

We have numkers from the Russian report that tell us
that what got released to the atmosphere, in their estimate --
and many other people after that have said that their numbers
should be higher than this -- but we have at least 20 of the
iodine that went to the environment, at least ten percent of
the cesium.

We don’t really know exactly what these are, but
they’re obviously at least this big, probably more in the range

of 80-90 percent here and 80-90 percent here. But we do know

from TMI that the core examinations, longer term, said that we
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lost most of the nob’e gases from the fuel matrix, and we also
lost most of them from the pressure vessel.

One of the points, that 1’d like to make with respect
to how we design containments ie the way in which those noble
gases got into the containment is through the in-core
instrument tubes which, as most of you know, I’'m sure, the
central region of those tubes is containment atmosphere and
they go all the way up through the core.

So that’s one path whereby these noble gases got into
containment and also we lJ,st some out through the PORV, which
was always discharging water. It never discharged just pure
gas. I should say that differently:

The fission product path through tnhe PORV was always
water-filled, because the pressurizer alwazys had at least 40
percent water inventory. So everything that went out through
this path through a soludle material had a chance to be
dissolved in the water. I 1iake this point abcut the in-core
instrument tukes because that’s i(ypical.

You find that at just about all plants. They have
other ways that things can get out of the reactor vessel so
that it’s wise to have a cortainment that certainly encompasses
everything. There are ways in which fission products can get
out indernendent of valves such as the pressuriced power
operator relief valve.

We also know from the work done at EG&G on the
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fission product inventory on debris which has been taken off of
the top of the damaged fuel zone and that which is in the lower
plenum, that those regions are retaining maybe, at most, 20
percent of the cesium which they should have for the fuel
inventory which they have.

So, if we assume we damage maybe 60 percent of the
core, that says maybe we have zomething like 50 percent of the
cesiun. The jiodine is somewhat more volatile than that as
cesium iodide and we likely lost most of that, both from the
first two barriers.

But what we got out was essentially zero in noble
gases and cesium. We got a little bit of iodine out because
there was a water path or maybe multiple water paths -- there
were four candidate ways in which water could have gotten into
the auxillary building, and of course, that can bring some
iodine with it and some dissolved noble gases.

They’re pretty insoluble, but if we have a little bit
of the iodine volatilized when in the auxillary building, of
course, that has much more health consequences than the noble
gases. In essence, we find that the containment did a
marvelous job, simply because we had that steel liner as well.

MR. CARROLL: If you would turn your signs around?

MR. HENRY: He’s exactly right. This should be this
way. 1 should also note down here for you, I think, =-- I said

that the releases from the containment were through water.
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These came from the USSR report in Vienna two years ago. Also,
the way in which people talked about the confinement and the
containment for the RBMK-1000 could only accept the primary
system inventory for a very specific set of accidents.

It could do it, but it had to be a very specific set
of accidents. If you had taken this system ~- this is strictly
my opinion now -- this is a little tough to analyze since you
don’t have all the details of the accident, but if you were
take this and put this in a containment which was designed in
the U.S. == I don’t address issues related to missiles or
molten material being ejected -- our containments would have
containcd this accident in terms of the criteria we’re talking
about here.

That’s why I think it’s extremely powerful in terms
of what has been done in the past.

(Slide.)

MP. HENRY: 1In essence, as far as failing che first
two barriers, TMI had the kind of releases -- not the same
timeframe, but the kind of releases that were a2t Chernobyl and
all of it was contained.

Our conclusion is, while values showr are
approximate, 1it’s clear that what’s been done with the liners
is well conceived and, again, should be retained for future
plants.

[Slide.)
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MR, HENRY: What other lessons do we get from looking
at the reactor accidents? I’'m just taking two out of the
accidents here. The first is; TMI was caused by a lack of
water. The accident was stopped because water got put back in.
So that’s something we certainly don’t want to lose s nt of.

One of the things that was not really discussed much
in the Russian report and you have to piece maybe four of five
writeups together, is that the damage at the plant was
stabilized for several hours, maybe even a day, by water,.
Remember that they always talk about the firemen putting the
fire out and leaving at 5:00 in the morning with everything
under control and they kept it under control -- the world
didn’t know what had happened yet -- all lay Saturday by water,
but they eventually stopped that because, since they didn’t
have an integral design, the water started spilling over into
the other units and contaminating them

They need those units and so they stopped putting
water on. Of course, it boiled »way, heated back up and then
the world knew more about it on Sunday, Monday and the rest of
the two weeks that followed.

MR. WARD: But the world didn’t learn more about it
because they stopped putting water on it. The world knew about
it because he stuff was already moving through the tmosphere;
isr’t that right?

MR. HENRY: Because they stopped putting water on it.
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Well, the original stuff that came through the atmosphere,
you’re gui*e right, Dave, was the initial energetic event.
They al. . had additional releases thereafter as well because
they stopped putting water on it.

They were not significant. It was roughly 50/50;
that which came out in the initial event was roughly half the
radiation release and that which came out longer term is
roughly half, but your point is that the stuff that world saw
was what came out early on, and that'’s true. The re¢st of it, I
think, stayed pretty much in the USSR.

What we get from this is that water is a very
effective media for recovery from an accident state, regardless
of the configuration, except if we have sodium coolant, of
course. We’re talking about light water reactors here.

Current plants and, I think, future plants should
focus on and maybe even improve on ways to have water in the
containment and to remove the decay heat long term, because now
you have to put water in, but you have to get rid of the
energy, so that may change the requirements of the system
somewhat from what we have now, even though we have a
significant fission product inventory, a load which i{s imposed
upon the systems to remove decay heat.

[Slide.)

MR. HENRY: One cf the lessons which came out of TMI

is that you should look at all the aspects of thuse systems to
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make sure their radiation load doesn’t impact long term, the
ability of that system to carry out its function -- the filters
which were hydrocarbon related which degraded, et cetera.

For future designs with respect to the containment or
to the liner, I think we may also want to focus on making sure
that the liner can stay cool by making sure that water gets
close to liner if, indeed, the liner is bare.

I think it’s a wise idea that where we can, when
we’'re building new containers, to embed the liner in concrete,
such that we never have strong thermal loads applied to the
liner because debris comes out of the vessel, or we could do
both.

I would recommend that we do both. For most systems,
we currently do that, but there are some which have bare steel
linings.

MR. CARROLL: There'’s a lot of attraction, though, to
a bare steel liner if you’re going to cool it with some sort of
a passive system.

MR. HENRY: There is. I thinking more of cooling it
on the inside with the sprays, in which case these two are not
mutually exclusive.

MR. CARROLL: Yes.

MR. BENDER: 1I’m not sure I understand what you mind
by debris in this case.

MR. HENRY: The debris here, considering that we have
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not stopped the accident in the primary system and core
material has come out into the containment, so we have a lot of
decay heat =-- I should say decay heat that we have stored
energy in the debris which would be fuel dominated.

MR. BENDER: So it’s a combination of whatever it is
that falls out of the core.

MR. HENRY: Right, and if it comes in direct contact
with the liner, then that ==~

MR. WARD: Did I miss a point? You said if you cool
the liner on the outside, those are not mutually exclusive?

MR. HENRY: Inside, be coocled on the inside. I was
thinking in terms of containment sprays as an example.

Usually, for operational purposes, people will find that it’s
to their benefit to emied the liner anyway, vo that things
don’t fall on it and sc on and so forth,.

But it also has a benefit in the accident sense in
that, regardless of how you can ::2 the amaterial comes out, the
line doesn’t see an immediate strony thermal transient by high
temperature liquid material which would be if the debris
liquification temperatures which may be in the range of 4000
Fahrenheit or 2500 Kelvin and higher.

This is a very strong weight of attack which comes in
direct contact.

MR. WARD: By "embed the liner," do you mean concrete

on the outside or the inside or both?
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MR. HENRY: Certainly on the inside, but usually
both. 1 mean, if liner is a steel shell, it’s a steel
containment, then the concrete s strictly on the inside. 1If
you decide you want the concrete on the outside for post
tension or reinforcement, then you can have it in both places.

1f you were to search through zll of the containments
that we have in the U.S8., we’ll Tind that the nost recent .nes
basically do both of these, but the older ones have some where
the deoris can come in direct contact with the liner, and there
are some where it’s a little difficult for water to get down in
tnem,

MR. CARROLL: The advantage, of course, of a bare
steel liner that you can pour water on exteriorally is that
that can be a1 big gravity tank that really dcesn’t require any
-= in fact, that is the approach that it appears Westinghouse
is using on the AP-600.

MR. HENRY: And some of the ALWR desiyna, th. big
designs, also have a similar kind of thing. You can just try
to make more effective use of all tiat water which is kept on
Jite,

(Slide.)

MR. HENRY: I think one of the areas -~ I apologire
for not being very explicit here -- that we need to focus on is
how the criteria actually gets implemented, because far too

often we take the LOCA, which is a way of conceptualizing the
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prersure loads which are delivered to the containment, as an
accident specifically. Of course, those which have gore
through PRA studies know that the large LOCA is always a very
non-dominant accident sequence.

I thiak that we begin to get into conflict -~ it’'s
geod to have a conservative assessment on one hand that says wn
can certainly deal with all the passive energy which is stored
in the primary system. But if start dealing with the specifics
of the LOCA accident, on how it would actually occur, we make
that pairt of the design calculation. Then things get to be a
little hard to cope with., We spend a lot of time on things
which are not essential.

As an example, we have spent a lot of time on such
things as how big is the break, you know, is it 200 percent or
ckay, we cain, make .t 200 percent because we can all live with
that. But then what'’s the break opening time? With those PRA
probability numbers, we Jere back -~ when RELAP was first being
started, there was an incredible amount of detail put into
codes to try and tigure out how cumpression =-- how the
refraction compression waves ricocheted through the primary
system, all dictate? by the break opening time.

The size of the opening and whether it’s a guillotine
or fishnouth =-- all these things begin to impact upon the jet
restraints that you have. S0 I think there is where we can

definitely start using some of the analyses on what are
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properties that we know of piping systems now, to simplify and

sharpen these, so that we actually use our talents where
they’re really required, as opposed to deflecting some of thenm
in theose areas.

Now you all remember ~-- there are such things as
suppression pool dvnamics. But when you start tying into large
break LOCA, we spent a tremendous amount of money on that., 1
mean this is -~ Forgossin (ph) certainly said to you there are
things you have to look at, but you can certainly get carried
away with it and you‘re g2ing to miss why you got this large
LOCA in the first place.

MR, BENDER: I have a comment I make as well make
here. I trhink in principle you’'re right, but remember the
suppression pool dynamics came from the way in which the BWRs
are designed for blowdown. They were there all the *ime and
they are sort of independent of this instrument.

MR. HENRY: Well -~

MR. BENDER: And that’s just an observation,

MR. HENRY: 1 ayree with you 90 percent Mike, except
when you start looking at the rate at which you have to clear
the downcomers, that'’s all dictated by the LOCA, how big you
say the LOCA is.

MR. BENDER: Fair enough.

MR. HEMNRY: But you’re talking about of course =--
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MR. BENDER: That'’s very important.

MR. HENRY: The very important part of this that I
think is your point is such things as how the SVRs discharge
into the pool, was not included and should have been, so that
the system was purged, and all of it probably would have gone
away.

MR. BENDER: 1If they designed it properly for that,
the other problem probably wouldn’t have arisen -~

MR. HENRY: Yes, that’s right., 1 agree with that.
Other things which I didn’t p t on here that I should have, and
it goes rack to again =-- so did Paul North made this. I’'’m not
sure if Bill Snyder made the same point or not, but one of the
things which gets implemented from here of course is the source
term.

We only take the large break LOCA when we specify the
source term. Source term is noble gases, 50 percent of the
volatiles and one percent of the non-velatiles., Well, the part
that’s damaging in that is the fact that the iodine is a gas,
and is modeled therefore in that manner.

If we were take best estimate analysis, which say in
essence that the iodine is much more found to be tied up with
cesium iodide, which is an aerosol as o»pposed to a gas, much
more easily stripped out by the water and of course is hiahly
soluble, and if we were to take the current design bzsis

criteria that we have for the containments in terms of the leak
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rate, which we have the integrated leak rate test, which we do
every five years to make sure that the system can indeed live
by that, we would find that the releases at the site boundary
were dramatically reduced, even by our current criterin, just
by carrying out the best estimate analysis.

I agree wholeheartedly with the comment made
previously by Emergency Planning, because I’‘ve lived through
those wars myself and I know that when you start telling people
you’‘re goiny to evacuate the beaches on a site alert, they
believe that there’s a good reason that you're going to
evacuate the beaches on site alert. You’ve already conditioned
them to that,

So you can’t go telling them we’ve changed everything
and we now do a better job. £o one of the ways of perhaps
starting to deal with that is to make the criteria best
estimate for chemical composition of the -- for the fission
products, namely cesium iodide, cesium hydroxide, and then
apply that to the current design basis we have for the leakage
rate and we’ll find what we have at the site boundary for the
design basis accident is dramatically reduced, because we will
get back to essentjiily having releases which are noble gas
oriented. Now you’ll find that it’s going to be something very
light, a TMI-kind of release, if you take the iodine away.

8o if you do that, you’ll find that indeed we have

already improved the system tremendously just by our
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understanding of the source term itself. Perhaps that’s one of
the ways of starting to address this confidence problem.
Because you certainly can’t go out and with the plant that 1
was familiar with, we were attempting to restart and the people
vere well-conditioned about WASH 1400, etcetera.

We do best estimate analyses, the exposure to site
boundary for station blackout is 1R, and we’'re down to the
lower end of the pegs. There was absolutely no reason to
evacuate anybody. In fact, you’re actually increasing the risk
of the populous to evacuate. But thare was no way you could
out and make that a public argument.,

80 I think that’s maybe one of the ways to try to
cope with that, instead of the criteria where we force the use
of best estimate source terms, in terms nf the chemical
composition.

[Slide.)

MR. HENRY: We alsc then have in the future systems,
you have address issues which are still there for current
plans. I think thi.king things ahead, you could address those
80 that they are easier to cope with in terms of the
uncertainties. 1It’s easier for the people to deal with the
uncertainties which are perceived to be there and easier to
deal with the ways in which you can make tne uncertainties less
influential to the whole argument.

Those include hydrogen combustion; liner attack we
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talked about. Any potential for debris dispersal and
containment, which is called the direct containment heating.
But 1’d rather put ic on this, just talk about this dispersal.
Then long~term coolability, because if it does come out to the
reactor vessel, we need to assure that we can extvact the heat
long term.

(8lide.)

MR. HENKY: 1In essence ~~ I guess I gL a few slides
here -- from the hydrogen point of view, I don’t think that we
need to do a whole lot more than what’'s currently %een done. 1
think the kind of design basis which has been looked for ice
condensers and Mark III'’s can be -- could and should be applied
to the -~ to future designs, which in order to protect against
it, you make sure that the volume and here’s the alternate
pressure you asked me about earlier -- can accommodate a
complete burn of hydrogen which is generated by 75 percent
active cladding.

So you take the active cladding of the core. You
react 75 percent of it and you burn that completely, and Yoo
ought to be able to take that, which is exactly what was
imposed upon the carrent designs.

Now there are ways in which you can force the
containment to live by that, and that’s -~ you can inert it
which you’ll have to do for small containments anyway:

intentional ignition, if that’s chosen to have an oxygen-
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bearing containment that’s srall enough in volume; or you can
just have a large enough volume.

We also need to then protect the liner, water ===
this is for LWRs, of course -~ or imbed it or both and I would
certainly say both out to be part of the criteria,

MR. CARROLL: You use 75 percent of the active

cladding.

MR. HENRY: Right,

MR. CARROLL: The NRC Staff today argues for 100
percent.

Mi*. HENRY: 1I think that’s the issue which is being
debated.

MR, CARROLL: Yes.

MR. HENRY: My recommendation is when you do best -~
vhen you get down to this, T think best estimate analyses is a
redundant thing to focus on. A hundred percent always gives
you a great deal of comfort in a way ==

MR. CARROLL: Well, it’s 100 percent of active fuel
cladding is not 100 percent of the zirconium available to
react. There’s a hell of a lot more zirc than just that.

MR. HENRY: That'’s right, bu: I think =-=- well, I
shouldn’t say what the NRC position, but the one that -- the
issue that I’ve heard discussed is 100 percent of active
cladding. 1If it’s 100 percent of all zirc in the core, then

the containment is so large that it’s pretty tough to even
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construct it and live by the seismic loads that you have o
reduce on. Okay.

MR. CARROLL: And your basis for saying 7% percent ig
a best estimate approach to =~

MR. HENRY: I would take the prowabilistic approach.
I would go =~ I mean I would do a sort through the dominate
axis scenarios, and then best estimate analyses of the hydrogen
loads that thoy impose on containment, and also impose recovery
from that, because recovery =-- some of this that people have
worked out in the past, for instance, has steam inerting in the
containment., W.en you recover, you can get rid of that. So
you have to include that in the assessment.

MR “ARROLL: How important do you think development
work on catalvtic igniters is power failure or is the failure
of the power s -urce to low plug ‘oniters a very important
isscue?

MR. HENRY: Well, the advantage of a catalytic
igniter is just the passive nature of them.

MR. CARROLL: Yes.

MR, HENRY: I really am not that familiar with the
kind of performance testing which is going on. I think the
first place being unfamiliar with the first guestion 1 would
ask is how do -- what do we think these things would do in the
midst of an accident, with all the other stuff that’s going on?

Would they survive?
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If so, then I think they have a lot of positive
aspects to them. The one that I had heard of previously was
one in Germany where it was a curtain like this that got
unrolled in the midst of an accident. That’s just another
active system replacing another active system. But if it’s
something which is truly passive, then there’s a lot of promise
to it,

MR. CARROLL: So what you’re saying is the loss of
power to low plug igniters seems to you to be lairly important
in looking at severe acctidents?

MR. HENRY: I think if you ==~

MR. CARROLL: If I could replace it with something
that vas really passive?

MR, HENRY: I think if you're ~-- for future plants,
they’ll have to be designed to be able to accommodate some way
in which they can address station blackout~-.ike conditions, and
if -- the way the igniters are currently set up are all AC-
driven. For future plants, I think if you have ignitars,
they’ll have to be DC-powered as well, and that certainly
complicates the control circuitry. It certainly complicates
education of the operators, which is something -- the operators
have enough to worry about now anyway.

So if there was a way that you could do it passively

for a small volume containment, and assure yourself that the

consequences of cthe accident, that there’s a low likelihood of
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impacting on that success, then I would say it would be very
premig "¢ look at. 1 have to beg off on it, because iI'm
really not that familiar vwith what's been done research-wise.

I know the Sandia people have done a lot of work on
it. They may want to talk about that later, I’'m just not
famil)iar with it myselr.

MR. CARROLL: Okay.

MR, HENRY: We have already talked a lot about the
liners.

(§lide. )

MR, HENRY: I think in general cne conceives of a
variety of accidents. It is not a good ide~ for debris to be
in various spots in the containment. Certainly if you think of
PWRs going into an accident, the operators are already trained
to depressurize for a number of reasors. They would like to
zccess the low pressure systems, whether they are accumulators
or whether :hey are the Jo. pressure injection systems that
would be available.

It is also a major way that you protect one of the
most important containment boundaries, which are the steam
generator tubes, because if you have an inverted U=-tube
generator at high pressure there is a substantial pressure and
thermal load on the steam generator tubes., It’s always wise to
depressurize because that bypasses all the containment things

we are talking abcut here.
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Lastly, depressurize because if you couldn’t recover
it in vessel and it was coming into the containment you would
like to mininize those dynamics, so depressurization is a key
part of it but I am only talking about the containment today.
If you still aseume that there is enough pressure to disperse
things I think it is a wise thing to set up the containment
configuration, +hich you can do ahead of time, to minimize the
potential for debris to be pushed around the containment. In
essence, that nimply meanes that you can design the reactor
cavity and instrument tunnel kind of configuration ahead of
time. It says debris can pretty nuch stay in the reactor
cavity.

That’s a benefit, I don’t mean it’s a benefit in
terms of actual safety. I mean it is a benefit in terms of
being able to license it and say I am oretty much independent
of the uncertainties that people put on<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>