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PROCEEDTINGS

CHAIRMAN POWERS: The meeting will now come to
order.

This is the fourth day of the meeting of the ad
hoc ACRS Subcommittee on Differing Professional Opinion
issues. The purpose of the meeting is for the subcommittee
to review technical issues contained in the differing
professional opinion on steam generator tube integrity.

The subcommittee will continue to hear from the
NRC Staff today. 1In particular, we will continue our
discussions of damage propagation, then we'll hear specific
discussions on design basis accidents, severe accidents and
integrated decision-making.

The meeting is being conducted in accordance with
the provisions of the Federal Advisory Committee Act. Mr.
Sam Duraiswamy is the Designated Federal Official for this
meeting. Ms. Undine Shoop will be around someplace to
assist us.

We have received no written comments or requests
for time to make oral statements from members of the public.

A transcript of the meeting is being kept and it
is requested that speakers use one of the microphones,
identify themselves and speak with sufficient clarity and
volume so they can be readily heard.

Do members of the panel or the consultants have
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any comments to make before we return to the general
discussion of damage propagation? They all look glassy-eyed
today. I think you did 'em in yesterday. They are not
feeling too frisky this morning, I can tell. The first
speaker is really lucky.

On my agenda I have Joe continuing.

MR. MUSCARA: Thank you and good morning.

I do not have too much to say this morning, but
we'll continue with the damage propagation with a
presentation from Dr. Shack on integrity of steam generator
tubes.

CHAIRMAN POWERS: You will have to tell us more
about his background and why he is qualified.

[Laughter.]

DR. KRESS: Is he qualified to speak to us?

MR. MUSCARA: If I were you, I wouldn't listen to
him.

CHAIRMAN POWERS: We don't in any case.

MR. MUSCARA: There is one comment I would like to
follow up from the last presentation yesterday.

I started yesterday talking about POD and the fact
that we need a robust POD test -- do not really come up to
100 percent, even for large flaws, and the reason I gave of
course was the human factor, but the human factor also

affects small flaws as well as large flaws. If the person
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is blinking, whatever --

Another reason we don't always get 100 percent POD
for eddy current inspections of course is that the voltage
can be quite low. I am not sure how rare an event this is,
but you can get a flaw that is long and deep and provide you
a very small response.

In fact, I indicated yesterday the mockup contains
on the order of hundreds of tubes. Within these hundreds of
tubes we had about four flaws that were not detected by any
of the inspectors, the reason being they were small voltage
flaws, I believe below one volt.

In fact, these flaws are large. They are on the
order of up to two inches long, 80 percent deep or deeper,
so you can miss large flaws not only because of the human
factor but unfortunately they have low voltage response.

CHAIRMAN POWERS: On the first day of our
discussions of these phenomena we had something of an
explanation of why you would get that. I mean it was a
plausibility or intuitive description that they have lots of
these cross-ligaments in a tight flaw so they remain good
conductivity paths. Is that your understanding as well?

MR. MUSCARA: Precisely. This is my understanding
and speculation at this point.

However, whenever we have a test result like this

where it's been detected and we believe there are flaws
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there and we have sized them with our own techniques we will
take the specimens out of the mockup and section them and
verify what the condition is and what might be causing the
low response, so our inspections indicated these are large
flaws.

I mean clearly we can see the length -- and by the
other methods we believe they are deep but we will section
some of those flaws to make sure that indeed they are deep
and whether there are a lot of ligaments with these.

MR. CATTON: How well does the search for flaws
perform when you look in the vicinity of the support plates,
or is this a part of this study?

MR. MUSCARA: In the mockups?

MR. CATTON: Yes.

MR. MUSCARA: Yes, the support plate is an area of
interest. There are flaws there and the techniques are
being used in the field for that kind of flaw being used in
the round-robin.

MR. CATTON: What is the POD?

MR. MUSCARA: Well, like I say, we are just in the
midst of pulling the data together and deciding what true
state for the generator is and conducting these evaluations.

At this point I really don't have the answer, but
we cannot have all this work, not all of it finished but

much of it finished so that we can have a topical report by
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the end of this calendar year and at that point we may very
well have that information.

MR. CATTON: So it will be a part of what you do?

MR. MUSCARA: Oh, vyes. In fact, we have included
with the support plate the complicating factors of the
crevices being blocked up but also denting, with assimilated
denting and superimposed flaws on the denting, so we made
the test reasonable enough that it represents the field
condition.

I think unless there are some other questions {
would like to have Dr. Shack come up and talk about the
integrity models.

DR. SHACK: Just for the record, I am Bill Shack
from Argonne National Laboratory and I qualified to speak on
this subject mostly because I have a bunch of competent
colleagues at Argonne who do the work.

Let me just hand out some toys. This is a steam
generator tube unflawed, pressurized to 2350 and taken to
840C, so this is what happens in the high dry sequence to
the unflawed tube if you get the temperature high enough.

It would be bigger except that we have a two inch
guard tube around this thing and so when it opens up and
smashes into the guard tube it kind of flattens out.

MR. CATTON: It becomes bubble gum.

DR. SHACK: I passed around a sample stress

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1025 Connecticut Avenue, NW, Suite 1014
Washington, D.C. 20036
(202) 842-0034




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

624
corrosion crack yesterday that I thought everybody -- I
assume everybody found the 360 degree circumferential crack.

You might just want to compare what that looked
like in your memory with an EDM notch so you can see how
good a simulation an EDM notch is of a stress corrosion
crack.

Let me pass this one around after I do a little
bit of talking here.

I am just going to briefly review a lot of work
that was done by the NRC and industries during the '70s and
'80s to develop verified models for failures of flawed steam
generator tubes and I am going over that because some of the
work that we did at Argonne was to extend that work to the
short deep flaws. That was one sort of shortcoming in some
of the work that was done at PNL. They didn't have enough
short deep flaws, and so we wanted to go back and to extend
the model and do a little more testing just to see how we
were doing with the short deep flaws.

Then into this sort of traditional failure of
tubes under design basis conditions we have, as you have
heard, got into an extended sort of discussion of the
potential failure of steam generator tubes under severe
accident conditions, in particular under these high dry
scenarios where we have a depressurized secondary side and

then the core melting just drives the temperatures up to 700
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or in fact if nothing else in the system fails to even
higher temperatures.

As I have noted, flawed tubes will fail at lower
temperatures but even unflawed tubes under the sort of 2350
pressure if you take them to 800 to 840C will fail rather
spectacularly.

Again as we get up to about 700C you can see the
flow strength of Alloy 600 is decreasing markedly and again
what we find of course is that in these tests, as you would
expect the failures at low strain rates are controlled by
creep and at high strain rates we expect them to be
controlled by flow stress.

We have typically found that we do better with
creep failure models, so we, whenever we can and we have
enough data, we try to work with the creep models.

For a part-through crack now let me say that
failure can mean two things. Failure can mean -- in a part
through crack means I have a crack that is, say,
three-quarters of an inch long but it is not all the way
through the wall. 1It's, say, 80 percent through wall.
Well, I can have the failure of the ligament when the crack
pops through the wall to create a leaking crack and that can
occur in two ways. That ligament can pop through but the
length of the crack doesn't change, so that is a stable

failure and what I end up with is a leak, and if I have a
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three-quarter inch crack that pops through I have a leaking
three-quarter inch crack.

Unstable failure or burst means that the crack not
only pops through but will grow in length without any
substantial increase in.pressure or burst, and what I have
here is a sample of a tube. 1It's sort of an interesting
one. It is a three-quarter inch long EDM notch, which is
sort of nice because you can make everything exactly
precise. It is 80 percent through-wall --

MR. CATTON: What kind of crack can you get with

the EDM?

DR. SHACK: 1It's about three to four mils.

MR. CATTON: And the walls are very smooth?

DR. SHACK: Yes. This is wide open. This is a
hole.

MR. CATTON: That's what I thought.

DR. SHACK: But from a structural point of view it
is a crack. That is, this is not a ceramic -- from Alloy

600 an EDM notch and a stress corrosion crack are the same
structurally. There's a difference certainly in leak rate
because the one is far tighter than the other, but as far as
the structural behavior goes, an EDM notch is a very good
gsimulation.

What you will see on this crack, you will see kind

of a bright, shiny line at the bottom. That is the
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remaining 20 percent ligament, and if you look real
carefully you will see it slides off at a 45 degree angle.
It is a sheer lip failure -- that thing popped through.

Then you will see some tearing at the ends of the
crack, again on 45 degree lines as this thing is stablely
tearing. What happened is this one popped through at 2850
so we got the 20 percent ligament to fail at 2850 but it
wasn't an unstable failure. We had to go to 3000 psi before
we got the tearing at the ends of the crack and as it began
to extend in length.

Now again, what happens exactly when you start to
get the unstable tearing is kind of unclear because in all
laboratory systems we run out of pressure, and of course
when we run out of pressure the system stops growing. 1In a
real plant, yes, you'll run out of pressure but you will rip
a big hole and again after a hole gets so big it doesn't
make a whole lot of difference.

Once this crack is about an inch and a half long,
the crack opening is about as big as the diameter of the
tube and so the flow restriction is really the tube. It is
no longer the crack, so any crack lengths over an inch and a
half are almost kind of -- you know, not terribly exciting.

This is an interesting crack in the sense that it
would not have failed, even the ligament would not have

failed under a main steam line break, if you will allow me
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just to use pressures for the moment.

MR. CATTON: The mild main steam line break.

DR. SHACK: The mild main steam line break, where
we just increase the pressure to 2500. Even the ligament
would not have failed but this is a tube that wouldn't pass
the 3 delta p criterion, so this is in that in-between
range, not good enough to pass 3 delta p, but it wouldn't
have even failed the ligament under the main steam generator
break, or shall we say the depressurized secondary loading.

MR. BALLINGER: What you are saying is this stuff
is pretty tough.

DR. SHACK: This stuff is pretty tough.

The bad news about Alloy 600 is it cracks. The
good news is it's tough as hell.

A variety of models have been used to describe the
failure, unstable failure of through-wall cracks and the
ligament failure. Most of them involve this kind of stress
multiplier factor. It is really a bulging factor and you
will notice that the axial tube here fails in a bulge way.

What I want to note is that this bulging factor
depends on the radius so curvature counts here and one of
the things that we will see, and we should keep in mind, is
that tubes are much weaker to axial cracks, because we have
this R-factor, and you can sort of see if I go to a flat

plate as R gets very large, this bulging factor goes down,
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down, down and in fact I should have brought the flat plate
solution and one of the interesting things about a
cylindrical tube is that it has got a curvature in the hoop
direction and it is a flat plate essentially in the axial
direction, so that in fact axial cracks under the same
stress will open up a lot more than circumferential
stresses.

If I have, for example, a quarter-inch flaw in the
axial direction it will open about six times wider than the
same quarter inch flaw in the circumferential direction
because again under pressure loading I have a two-to-one
pressure ratio and I have a multiplier of about three
because of the curvature effect for the dimensions of this
tube, so again even if I had the same loading in the axial
direction that I had on the hoop direction the hoop crack
would open up about three times as much as the axial crack.

DR. KRESS: Bill, what is the V in that equation
or the Greek letter?

DR. SHACK: Here?

DR. KRESS: Yes.

DR. SHACK: Pousson's Ratio, .3.

DR. KRESS: Pousson's Ration, okay.

CHAIRMAN POWERS: Okay, keep going. What is C?

DR. SHACK: C is the half crack length. R is the

radius of the tube and T is the thickness of the tube.
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CHAIRMAN POWERS: And the bulging factor is this

M --
DR. SHACK: M.
CHAIRMAN POWERS: -- which is not dimensionless?
DR. SHACK: Yes, it is dimensionless. That lambda
is a dimensionless quantity -- C over square root of RT.

DR. KRESS: Right.

CHAIRMAN POWERS: Okay.

DR. SHACK: 1In Christian units inches over square
root of inches squared.

For part through-cracks, we have a similar
formulation, but we have a different expression for the
bulging factor, and we won't worry too much about that.

There is a fairly extensive database that goes
through the burst pressure and the ligament failure
pressures to validate those correlations.

And, again, you'll notice, unlike the voltage
correlations, when you go to a more mechanistic correlation,
I can put 3/4, 7/8 and 11/16ths inch tubing all in the same
plot, if I non-dimensionalize with the square root of RT,
and I non-dimensionalize the burst pressure.

DR. CATTON: So what do you think is work with the
data that we looked at yesterday? It's just not presented
correctly?

DR. SHACK: With voltages, you can't
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non-dimensionalize. There's nothing wrong with it; it's
just that you'll need separate correlations for 3/4-inch,
11/16ths, and 7/8ths-tubing.

DR. CATTON: I don't understand that.

DR. BALLINGER: If you knew the crack length
exactly --

DR. CATTON: So that's the problem; I don't know
the crack length.

DR. SHACK: The problem is that you don't know the
crack length.

DR. CATTON: Okay. I don't know what's causing
the particular voltage reading, okay.

DR. SHACK: The way I like to look at these things
is sort of a geometry failure map here, and I'm looking at
what happens to the whole range of flaw geometries that I
could have in terms of the length of the crack and the depth
of the crack.

And everything below this curve, all cracks here,
will have no failure at normal operating pressures, so I can
have three-inch crack, 85 percent through the wall, and
under normal operating pressures, that crack is going to sit
there with no problems.

If I have a crack that's one inch long, it will
pop through when it gets to be a little over 90 percent

deep, so it will pop through. But it will pop through
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stably; it will pop through to give me a one-inch,
through-wall crack that will not grow in length, but will
git there and will leak at some rate, and we'll talk about
leakage later.

However, if I had a three-inch crack that got to
about 87 percent deep, it would pop through and it would
start to run unstably until -- but again, three-inch crack,
once it popped through and opened up, I'm dead anyway.

DR. KRESS: Are those lines pretty thick?

DR. SHACK: No, those lines -- Yes, I should
mention that. The lines here, think of them as about an
eighth of an inch fuzzy line will cover the range of stress
of material properties that I have in the tubing.

So draw them with a magic marker kind of thing.

DR. BALLINGER: Does that include the vertical
line?

DR. SHACK: Yeg, the vertical line will also
shift, depending on how things go.

Now, on some of the plots where it has mattered,
I've sort of shown the 95/95; on the plots where I haven't
shown it, just think of fuzzy lines.

Now, if I go to a main steam line break, the
geometry picture changes a little bit. Again, I need a
crack that's something over 70 percent through-wall of any

length to fail under the main steam line break conditions.
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If I have shorter cracks, again, let's take a look
at the quarter-inch crack. That has to be about 95 percent
through-wall to fail, even under a main steam line break.

So, again, if we're talking about short cracks
popping through and leaking under these conditions, we're
talking about short, very deep cracks.

Again, anything below 85, you know, I need a
fairly substantial crack if it's not going to be at least 85
percent through-wall.

DR. CATTON: When you run these tests, everything
is nice and quiet, and the tube is sitting there.

DR. SHACK: We'll talk about that.

DR. CATTON: If you shake it just a little bit?

DR. SHACK: We'll talk about that.

DR. KRESS: That's saying under one inch never has
an unstable burst?

DR. SHACK: On a main steam line break, right.

DR. BALLINGER: How is the vertical line
determined? How is the dividing line determined?

DR. SHACK: Well, I have essentially a
through-wall crack margin and a pop-through margin. When
the pop-through pressure exceeds the unstable growth
pressure, that's when I get --

DR. BALLINGER: So it's experimentally determined?

DR. SHACK: No, no. It's analytically determined,
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but it's also verified. Either the curve that you showed
there, showed the burst correlation versus the ligament
failure correlation, so this is one case when I know the
geometry, I can predict the stuff, you know, quite
accurately.

CHAIRMAN POWERS: Yesterday at some point in the
discussion we had a rule of thumb about crack depth being a
fifth of the length quoted to us for -- it was for
estimation purposes.

Is there some range of validity of those kinds of
rules of thumb?

DR. SHACK: I think that was trying to estimate
the shortest crack that would go through wall, and that
doesn't strike me as an unreasonable number. In a case like
this where there is no particular microstructure, to somehow
focus the crack growth and take it through, and that really
follows almost from fracture mechanics type arguments when
you look at the kind of growth that you could get in the
length.

Now, we can get longer cracks, you know. You can
obviously get cracks that are longer than five times the
depth, but I think that's a reasonable number for short
through-wall cracks.

But again, let's look at some of the consequences

of short through-wall cracks in a little bit, after I get a
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little further along.

DR. KRESS: Look at these curves, Bill, where does
the 40-percent through-wall in the rule come from?

DR. SHACK: Okay, we're just about to get there.

DR. KRESS: Oh, I'm sorry.

DR. SHACK: Because, again, this is normal
operating pressure, main steam line break. But we're
looking for a three delta-P margin, and, you know, you're
always asking what is the margin?

Well --

DR. KRESS: Here, you really know what it is.

DR. SHACK: Yes. The NRC has determined that
three delta-P is it. You know, we go no lower. And the
answer, of course, is that an unflawed tube has a margin
that's probably nine times delta-P.

And you've allowed that to decay, but the margin
-- you know, you've said that it will go no lower than three
delta-P.

And you will notice that three delta-P, now, we
had sort of a 60 percent based on wastage, but again, you
get about the same number for a long crack. A short crack
can obviously tolerate a much deeper kind of thing, so,
again, short, deep flaws are not a problem.

DR. KRESS: But you go ahead and assume there's

long crackg?
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DR. SHACK: Yes, but if you're going to assume
there's a long crack, then the 40-percent through, so, you
know, if you were -- if you were changing your 40 percent
rule, you might -- and if you thought you could predict the
crack depth, and you thought you could predict the crack
growth, then you might, in fact, do it based more on this
whole overall curve.

But, again, they've kind of argued that, you know,
you take a kind of an average, a worst-case kind of thing,
and you'll end up with the 40-percent through-wall.

DR. KRESS: But still this is 65 percent.

DR. SHACK: Yes.

DR. KRESS: It's not 40.

DR. SHACK: My guess is that they calculated the
60 percent based on a code minimum yield stress for Alloy
600.

DR. KRESS: I see.

DR. SHACK: I calculate -- Westinghouse did a very
nice job collecting yield and low stress data on all the
heats of Alloy 600 out there, and so I'm using sort of 95/95
and mean stress values on those kinds of yield stresses,
rather than code minimum, so, you know, a regulator may well
use a code minimum, but I'm a researcher, so I'm allowed to
be more realistic.

That's all very nice, but in many ways, we're
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leak-rate-limited. You know, if you look at those curves,
you need big mother flaws to fail unstably, so in many ways,
it's leak rates that control these things.

And so what I've shown here is a crack opening
area versus crack length. And you can sort of see that
things start to get exciting here under normal operation
conditions when you get out to about an inch, and they get
very exciting when you get out to about an inch and a
quarter.

And, again, you begin to see a significant effect
of yield strength on the crack opening area that you get
from the longer cracks. And for reference here, I've sort
of shown the crack opening that corresponds to when you just
sliced the tube off and you've got the ID area in relation
to this crack.

And this curve is just this curve on a log scale
SO0 you can really see what's happening down here in this
short crack range.

And, again, how do we calculate these? Well, we
calculate them from linear elastic fracture mechanics. We
use a particular model, due to Zahoor.

We've done essentially finite element analyses to
verify this model; we've done tests where we do essentially
room temperature leak tests so we can get a flow through a

crack and, you know, measure the area of the crack that way,
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and then compare it with what we predict from the model.

We've take pictures of these cracks, scanned them,
digitized them, taken pictures of them.

And, of course, like all fracture mechanics
models, they're better, the smaller the deformation. You
know, these are all small deformation models, so that the
smaller the opening, the better.

But it is remarkable how well it does. We had one
of these little sort of freebie jobs we did for the Swiss.
They wanted some ruptured tubes. They were going to use
them for a test.

And, of course, being the Swiss, they didn't ask
for ruptured tubes; they wanted ruptured tubes with an
aspect ration of the crack opening to the crack length, and
they specified it.

So, you know, you're sitting here with a curve
that's about to go vertical, and you're trying to hit the --

DR. KRESS: You're trying to stop on that aspect.

DR. SHACK: You're trying to stop on the dime to
match the Swiss thing, and, of course, you know it -- but
the amazing thing is, that even for these rather large
openings, we were able to do a very good job at predicting
them from our model, and so we supplied designer ruptures to
the Swiss.

DR. KRESS: Now, when you do a finite element
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around a crack like that, you have to get very small?

DR. SHACK: Yes, I can do the Zahoor analysis in
an Excel gpreadsheet, you know, and the calculation takes
one blink of an eye.

DR. KRESS: But in your finite element, doesg the
crack end up at a short vortex?

DR. SHACK: No, it will round off.

DR. KRESS: It rounds off?

DR. SHACK: Yes, especially in these.

VOICE: [Off microphone.]

DR. SHACK: To look at the flow through these
cracks, there are a couple of things of interest, so
obviously the first thing if interest is the crack opening
area. That tells you how big the hole is.

But the other thing I want to know, is what's the
L over H? And, again, a lot of work was done on this for
stress corrosion cracks in piping, but stress corrosion
cracks in steam generator tubes are a little different,
because sometimes they look like holes, and sometimes they
look like long thin tubes.

So, if I've got a short crack, I've got an L over
H, depending on whether I'm in main steam line break of
something over a thousand, or, you know, 500, so I'm looking
down a very long narrow tube.

If I've got a crack that's more like half an inch
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or three quarters of an inch, I've basically got a hole.
And so you get sort of different fluid mechanics models from
that.

The other thing that's interesting to look at --
and this is a plot that is not in your book, but it was
handed out as a separate viewgraph today -- and that's the L
over D for a leaking jet.

And, again, one of the things that's of interest
when you have a jet, of course, is the diameter of the jet
versus the distance it has to go before it impacts the
target.

And so we if we look at the L over D for a jet of
dimension .125 inches, since we had some concern about
cutting from steam jets of cracks of 1.25 inches or smaller,
we see for a 1.25 inch crack, the L over D is 2000.

DR. KRESS: What are you talking about here?

DR. SHACK: The .25 inches to the next tube
divided by the diameter of the exit jet.

DR. KRESS: Okay. That's just geometry.

DR. SHACK: Just geometry, just geometry, but it's
an important geometrical parameter to keep in mind.

DR. KRESS: Okay.

DR. SHACK: So for a .125 inch crack, it's 2000,
if I look that the L over D. Just as a point of reference,

the CFD calculations you were looking at yesterday were for
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an L over D of eight.

DR. CATTON: Was it because they picked a really
big hole?

DR. SHACK: Yes. They're fluid mechanics guys,
and they don't know how big a crack opensg up. They picked a
.5 millimeters that seemed like a good idea at the time.
Then they doubled it to 2.5.

DR. KRESS: These were rectangular holes. Is the
D there just the width of the --

DR. SHACK: We're talking slots here. Even a
quarter inch crack is an infinite slot when you look at the
crack opening here.

DR. KRESS: So when you say D, that's just the
width of?

DR. SHACK: The width of the opening, right.

Coming back to this crack opening area, let's just
talk a little bit about leak rates through these cracks.

We mentioned a model called Crack Flow that
Westinghouse uses. One of the simple-minded calculations is
just a simple pressure drop, you know, orifice model.

And the nice thing about that is, it gives you a
bounding leak rate. So if I take the full delta-P and I
divide it by rho, take the square root of two times that,
times .6, I get an orifice flow equation.

And if T apply that to .125-inch crack, I find I'm
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leaking .03 gpm. So I'm not sending a whole lot of liquid
out of this crack, and, of course, it gets smaller at a
fairly rapid rate for cracks less than .125.

Now, in fact, of course, since my L over H ratio,
which I have shown here on this plot, even under a main
steam line break for this .125 inch crack, is about three or
four hundred. There is, in fact, a significant pressure
drop.

DR. CATTON: With pressure ratios like that,
shouldn't you use compressible flow equations?

DR. SHACK: Yes, but the non-compressible flow is
a conservative estimate, so my .03 gpm is a conservative
estimate. I'm just -- there is a variety of models. We
talked about Crack Flow, and, again, a lot of work has been
done on this in connection with stress corrosion cracking.

There's a model -- you know, Westinghouse has
Crack Flow, the NRC has Squirt. Professor Schrock has a
code called Source. EPRI has a code called PICEP, and
PICEP, Squirt, and Crack Flow use the -- again, you have to
do compressible flow models here.

And as Dr. Hopenfeld mentioned, there's a
non-equilibrium thing. There's a -- you start out as
liquid, and they flash to steam, but, in fact, you can get a
metastable state where the flashing doesn't occur when you

-- and it's not a thermodynamic equilibrium at all times.
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And PICEP and Crack Flow use the Henry model for
discussing that transition from the non-equilibrium
situation to the equilibrium situation.

Professor Schrock has a different model that he
developed for the NRC. The code is called Source. There's
a NUREG on it.

He's done a fair amount of careful experimental
work, and I can leave it with the Committee, if they are
interested. But I think the important conclusion from
Schrock's experiments is that when you use the Henry model,
which is what Crack Flow uses, you're conservative.

And he says you can be conservative up to an order
of magnitude for the geometries that Schrock examined.

CHAIRMAN POWERS: Conservative with respect to?

DR. SHACK: Predicting mass flow through the
crack.

DR. KRESS: You predict more than you get?

DR. SHACK: You predict more than you would get.

So, you know, again, I haven't been through Crack
Flow to find out whether they do the sums correctly, but,
again, based on Schrock's evaluation of it, a model using
the Henry correlation for discussing the transition from
equilibrium or non-equilibrium transition, is going to give
you conservative results for the critical mass flow rate.

DR. CATTON: And Schrock is very careful.
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DR. SHACK: Schrock is very careful.

DR. KRESS: When you say equilibrium, I'm not sure
I understand what you mean. I think you're talking about
metastable state, right.

DR. SHACK: It's not really equilibrium.

DR. CATTON: They talk about there's two; you can
talk about frozen flow, which means whatever the fluid is,
it stays at the inlet side conditions.

Or you talk about equilibrium flow. There it
thermodynamically adjusts at each stage along the flow path.
Or non-equilibrium flow where you can be -- the flow can go
further down the -- it goes down the hole and is not in
equilibrium with its pressure.

And that becomes a much more difficult kind of
calculation.

DR. SHACK: Yes, and Schrock does a true
metastable thing where's got basically a time constant.

DR. CATTON: What people should normally do is,
you do frozen flow, do equilibrium flow; and if they are not
too far apart, you quit.

DR. SHACK: Okay, one of my conclusions from this
is, because of the L over D ratio and the low mass flow
through the .125 inch crack and the very large L over D for
this thing, is that you're very unlikely to get steam jet

cutting from these short cracks.
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The Argonne tests will be done for cracks that are

.4 to .5

inch crack for which the L over D ratio is much smaller, and

you get much more mass flow through the crack.

of 1007

point,

DR. CATTON: How small? Is it still on the order

DR. SHACK: What, L over D?

DR. CATTON: Yes.

DR. SHACK: Yes.

DR. CATTON: A hundred is still low.

DR. SHACK: We're going to run the tests.

DR. HOPENFELD: Will you give me one minute?

DR. SHACK: Sure.

DR. HOPENFELD: Because this is a very subtle

and I don't think I was really describing it at the

time because of the time that I had. I didn't get into the

detail, but this is an opportune time to express the point

exactly why is it important about whether it's one phase,

frozen

flow, or whatever.

If you go back to your proprietary data, you see

that there was this extrapolation or equation, using the

equation of pressure and temperature, very simple square

root type equations.

I don't want to talk about it, but it's in your

data there. And there is a question, evidently, that people
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who came up with those equations wanted to make sure that
they can justify that.

So, what they did, they went back to -- now I can
say what code it is. 1It's Crack Flow.

They went back there, and they used the voltage
data to come up with some kind of effective length, because
for the crack flow you need the length of the crack, right?
So they came up with some kind of a crack length as a
function of voltage, and then they plugged that thing back
and they got a line comparing that theoretical prediction of
crack with the database.

And they say, ah, well, that's fine; that looks
very good. Okay, and therefore we are confident in the
database that it has some theoretical justification.

And my point at the time was, wait a minute; you
can't say that, because you don't know whether you had a
two-phased flow in those tests or whether you had a
one-phased flow or what you had, because in that crack flow
you don't have the ten to the minus four metastability.

And there was the point, you know, is that
obviously can forget all the two-phase flow, and you would
be conservative, just the way you're doing it, and just
using an orifice equation.

And that probably is the way to do it, but my

point was that they are trying to justify that all that
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database --

DR. SHACK: But my point is that because Crack
Flow uses the Henry Model, Schrock's results -- and, again,
I'll be glad to donate my coffee-stained copy of Amos and
Schrock to the panel, if they'd like to look at it -- it
says that those results will be conservative.

DR. HOPENFELD: I'm not questioning the
conservatism; I'm just trying to bring the point that the
line that the drew to compare with the database doesn't
really prove anything.

It doesn't get you a better feeling that they know
how to extrapolate from the laboratory test where the
pressure was not the same, to the steam line break; that's
my point. I'm not hundred percent right, that it's more
conservative.

DR. SHACK: No, the laboratory test was run. I am
almost positive that the laboratory test was run at the
right pressure. It might well have been run at a lower
temperature, because, again, it's a lot easgier -- I can run
room temperature tests at 2500 psi without any difficulty.

Running tests at 2500 psi and 300 C is a more
expensive thing, so I suspect they were correcting for the
temperature.

DR. HOPENFELD: No. There was the delta-P wasn't

the same. The back pressure was not the same. I suggest
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you go back there and take a look at it.

If it wasn't proprietary, I probably would have
picked up those points, but I suggest you go back there and
read all of that. There is a lot of material there.

And you'll find out now that that's why they have
all these corrections. And some of them came from foreign
data, and those were at room temperature, all very low
temperature.

So you've got to go back there and that was the
whole point. Besides those laboratory tests, those u-bands
or the samples that they had at MB-2, are the tube data that
was not run under typical conditions. Maybe some of them
were, but most were not.

DR. SHACK: I guess we could have a debate on just
how well you could make those corrections, but onward.

DR. CATTON: These things are scalable from one
pressure temperature to another.

DR. SHACK: I would argue that if you did it, you
know, what you do -- the thing that's undetermined in this
test is the crack area, the effective area. You can
determine that with one test under one set of conditions,
and then use the code to essentially extrapolate to other
conditions.

L over H is just -- you know, I have assumed the

simplest crack model. It's L in this case is a 50 mil wall,
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and H is the crack opening. I should mention also if you
lock at Amos and Schrock, his hydraulic diameter is 2H and
he can't divide L over 2H correctly, but we'll assume he
gets the thermal hydraulics right.

DR. KRESS: Would you repeat that?

[Laughter.]

DR. CATTON: I want that circled in the record.

DR. SHACK: Let's talk about circumferential
cracks. Again, the presence of a crack in a pressurized
tube produces bending, and the behavior can depend strongly
on whether this bending is constrained and on the fracture
toughness of the material.

And you end up with a fairly complicated looking
plot that looks something like this. And, again, if you
take a single crack or a tube with a single crack and you
pressurize it, what will happen is, it will bend.

And so the failure for that is this so-called
free-bending solution that you see right along here.

Now, the other thing we want to note is that for a
pressurized tube, if you're less than 100 degrees, you've
got a crack or not, this thing is going to fail in the axial
way, simply because of the 2:1 pressure ratio you have in
the tube.

So, you know, circumferential cracks don't even

start to enter the picture here until you've got 100
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degrees, and then it matters whether you've got the
free-bending solution or what I have called the
fully-constrained solution that is when you constrain it
against bending.

You could do that with a teflon line or in a tube.
The easiest way to do it, experimentally, is to put two
symmetric cracks, one on each side of the tube, and then
you'll essentially have a fully-constrained solution and it
will look like this.

And so you'll be able, at any particular load --
or you can have a much bigger crack before you get failure
if you've got the symmetric loading, than you do if you have
the free-bending case.

Well, in the steam generator, we don't have free
bending, and we don't have fully constrained conditions.
We've got a tube support plate, you know, some couple of
feet above thig thing, and we've got a tube, so this tube
has some flexibility.

And this is all covered in this Parameter C that
we have here. This is sort of a stiffness measure, and it
measures how much restraint you have, that that's a function
of the stiffness of the tube and the length that you have
between the supports.

In fact, the condition, if you assume it's simply

supported at both ends, or you assume it's constrained and
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built in at both ends, if you look at steam generators, you
will find that this value of C is really somewhere between
.3 and .5. That would be a typical value.

And so that means that your curve sort of looks
like this.

DR. KRESS: What are you plotting?

DR. SHACK: I am plotting the pressure versus the
crack angle. And I want to know at what pressure will this
crack begin to extend unstably to grow? So it says under
normal operating conditions, I can have a crack that's 340
degrees through-wall, before it begins to extend.

DR. BALLINGER: We have an emaciated version of
that figure in the handout, at least mine is.

DR. SHACK: Oh, how interesting.

DR. KRESS: That's why I was asking you.

DR. SHACK: That's what happens when you send
McIntosh figures to people printing them from Word and a PC.

CHAIRMAN POWERS: I'm going to have to confess
that even in the fully-developed McIntosh version of it, I'm
a bit lost on this figure.

DR. SHACK: Okay.

CHAIRMAN POWERS: You're not plotting pressure
against something; you're plotting something normalized.

DR. SHACK: Right, the pressure over the burst

pressure of the unflawed tube. &And so think of a curve that
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comes from about here down to here, and then it goes to
here.

That's the failure curve for a steam generator
tube with a circumferential crack.

CHAIRMAN POWERS: Okay, now, on these squares and
diamonds and circles, are those datapoints or simply
indicators of some calculation?

DR. SHACK: No, that's -- I will get my staff to
get out of the bad habit of putting symbols on curves that
are purely calculations.

DR. CATTON: Those are purely calculations?

DR. SHACK: Those are purely calculations. So
those are calculated curves for a range of stiffnesses.

This would correspond to the distance of the tube support
plate, to the -- from the tube sheet, and, again, as I say,
for a real steam generator, the number is about .3 to .5.

DR. CATTON: For a given steam generator tube, you
can calculate to C?

DR. SHACK: Yes. I didn't think you -- I can give
you the formula for C, but this is a viewgraph.

DR. CATTON: I understand.

CHAIRMAN POWERS: What is the sigma, sub-Y over
sigma-super-bar?

DR. SHACK: That's essentially the ratio of the

yield stress to the flow stress in this material, and we've
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got a power exponent, so it's a power law hardening material
with a power hardening exponent of .18. We're allowing
plasticity in this solution.

DR. BALLINGER: This flow stress is done by the
yield plus ultimate over two?

DR. SHACK: Over two, right. Again, I can give
you a detailed reference for the solution for the
circumferential support.

CHAIRMAN POWERS: 1Ig ultimate over 2, so the ratio
of the yield to that obscure thing is a half, which means
ultimate and yield are the same?

DR. SHACK: No, no.

DR. KRESS: That is a material property is what
you are saying?

MR. BALLINGER: ©No, that is a rubric. Yield plus
ultimate over 2 happens to work.

DR. SHACK: I will take it back, I am not sure --

DR. KRESS: It is just the average.

DR. SHACK: This is something describing the power
law hardening curve that was used for these calculations.
This is -- we have done this three ways, with an elastic,
perfectly -- or an elastic, rigid plastic material, an
elastic tangent modulous material and a power law curve.
Exactly what this power law is, I will have to back and

check.
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MR. BALLINGER: The yield plus ultimate over 2 is
used in general in all these calculations. It just happens
to work.

DR. KRESS: It just happens to work.

MR. BALLINGER: It just happens to work.

DR. SHACK: And Westinghouse and I, we will fight
over whether it is .5, .55 or .595.

DR. KRESS: But this is because you are failing in
flow plasticity.

DR. SHACK: Plasticity.

MR. BALLINGER: Plastic, it is a fully plastic
case and so yield plus ultimate over 2 is about an average
value for the flow stress.

DR. KRESS: About an average between, yeah.

MR. BALLINGER: And it works for strain hardening
materials.

DR. KRESS: Right.

DR. SHACK: Yeah. I will have to go back and
check this.

DR. KRESS: See, you have to explain these things
to us thermal-hydraulicists.

DR. SHACK: But the important thing is that you
can have extraordinarily large circumferential cracks in
this material.

Now, let's go back to the main steamline break and
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some of the additional loads where, you know, I am only
calculating the pressure loads here. You know, these tubes
are thin wall tubes, so any axial force that I put on it
doesn't produce any hoop stress. If I have an axial crack,
without any change in hoop stress, I am not going to -- I
can change the axial stress, I am not going to do anything
to open that crack or to fail cracks in that direction. I
mean that is one of the fundamental assumptions of linear
elastic fraction mechanics is that I can have Mode 1, Mode 2
and Mode 3 cracking and they are independent.

DR. KRESS: So I don't have to worry about thermal
stresses then?

DR. SHACK: You do if you have thermal stresses
that will give you hoop stresses, but if you have thermal
stresses for axial cracks, if I have axial loads,
essentially, they have no effect on the axial crack. Now,
that is not quite true, there is kind of a second order
effect in this curvature thing, if you notice that bulge.

If I put an axial tensile load on here, I actually restrain
this tendency bulge by kind of a cable sense. And if I put
a compressive force on here, I would make it go a little bit
more. So there is a second order effect in a circular tube
under bulging because of that load, but that is a second
order effect, you know, it is pretty small.

DR. KRESS: That is when it already starts to go,
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as opposed to whether it will go at all.

DR. SHACK: Right. Well, it could even have a
small effect on whether it starts to go, but I mean you
would really have to believe your calculations out to more
significant figures than I believe these models to worry
about that.

So I would argue that for the axial cracks, the
additional loads I might get under the main steamline break
will have very little effect on the crack opening or any
potential failure of those axial cracks.

MR. BALLINGER: The only complication might be in
the U-bend.

DR. SHACK: The U-bend. Well, again, we are
talking here 95-05 considerations, where we are in a
different beast.

DR. CATTON: The vibration caused by the event,
that is going to rattle them in every way.

DR. SHACK: But it is not going to put in this
kind of mode, the bulging mode for a circular tube. I am
going to have all sorts of bending modes, but all bending in
long, thin wall tubes produces axial stresses, you know, and
that is not true if I bend it enough to make it into a
U-bend, you know, if I turned it into a pretzel. But, you
know, these have been designed for these loads, I am not

going to get that kind of plastic deformation. You know, I
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don't expect the steam generator to come apart and the thing
to bend over in a 90 degree bend. But, otherwise, I am not
-- I don't get coupling between the axial and the hoop
modes .

So the axial cracks, I don't really expect any
real major effect of the additional loads that I get from
the main steamline break.

Circumferential cracks, well, in the 95-05
context, --

DR. CATTON: When you make these arguments, what
kind of loading do you have in mind taking place inside the
generator? I can envision --

DR. SHACK: I am assuming it is not large enough
to fail the tube intention, yes. I mean if I had loads big
enough to fail the tube intention, I don't care whether I
have an axial crack or not. And, again, you know, the
blowdown loads here are not -- I don't exactly know what
they produce.

I know these things were designed for them, and I
know the way the code designs it, so I am assuming it was
designed to have perhaps a limited amount of plastic
deformation. You know, they would have somewhat relaxed
design criteria. You know, it wouldn't be pressure vessel
stresses, but it would be limited to some level.

Now, again, you can't make quite the same argument
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on the circumferential stresses because I have axial
stresses now, and they act on circumferential cracks. But
in the 95-05 context, again, you have some circumferential
cracking in the tube support plate, but it is really
predominantly axial cracking if you look at all the
metalography. Much of the circumferential cracking is this
so-called cellular cracking, which is a kind of cousin to
IGA. Much of it probably is fairly shallow, is not
throughwall.

So, again, you have got -- and, as I mentioned, if
I had the same size axial crack throughwall, and the same
size circumferential crack throughwall, it would take three
times the stress on the axial, to open up the
circumferential crack as much as it would the axial crack of
the same length.

DR. KRESS: Why is it?

DR. SHACK: Because one is in a curvature and one
is in a flat plate.

DR. KRESS: Oh, I understand that part. But why
ig it you get more axial cracks, a lot more axial cracks
that you do circumferential?

DR. SHACK: Oh, because I have got a 2 to 1
pressure ratio in the tube. You know, in the tube support
plate especially, the stresses, unless you have big dents,

which is a separate problem, is really the 2 to 1 pressure
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stress that I have.

I get most of my circumferential cracking in these
things at places like the roll transition, where I put in
residual stresses which can be just as large in the one
direction as they are in the other, but overall, I mean that
is why can tolerate these mother cracks. You know, there is
nothing, this material is non-isotropic. It is not stronger
in the axial direction than it is in the hoop direction.

You get a head start because I am only putting half as much
load on it in the one direction as I am in the other.

Now, the other thing that does come in is the fact
is that in this direction it is a flat plate, and in this
direction --

DR. KRESS: It is a curve.

DR. SHACK: It is curved.

DR. KRESS: That is what I thought you were
explaining.

DR. SHACK: Yeah, and you get both of those
working together to make a difference.

CHAIRMAN POWERS: Bill, I must be particularly
dense today, or maybe typically dense, but you come to a
conclusion down here at the bottom of this that says that,
gee, even under MSLB conditions, throughwall cracks remain
stable until greater than 300 degrees extent. Is that just

an assertion, or am I to derive this out of this figure?
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DR. SHACK: Main steamline break hits the
instability line at 312 degrees.

CHAIRMAN POWERS: Okay. Now, I didn't understand
that that was an instability line.

DR. SHACK: Yeah. The instability line, again,
comes down line so. So if I had very, very high, high axial
-- and that is the other thing now here, again, --

DR. KRESS: Below that, you get the crack may go
through.

DR. SHACK: I am assuming this crack is
throughwall already.

DR. KRESS: Already.

DR. SHACK: And all I want to know, if it is going
to get longer.

DR. KRESS: You are just trying to make it bigger.

DR. SHACK: I am just trying to make it grow.

DR. KRESS: Okay. 8o, below that, it is stable at
the size it is. And above that, it is going to run.

DR. SHACK: Right. 8So, again, if I had a 200
degree crack, I can put an awful lot of extra load on this
thing. Again, I don't know how much I get in these things,
but I can put an awful lot of extra load. And I really
don't think that Gary and Jack are going to allow people to
operate with 200 degree cracks circumferentially.

CHAIRMAN POWERS: The problem is that their
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detection ability of sort of circumferential cracks is much
lower.

DR. SHACK: But, again, in the 95-05 context, big
circumferential cracks are very, very unlikely and have
never been seen. You know, big circumferential cracks occur
at the tube support plate, I mean the tube sheet, the roll
transition.

DR. KRESS: Now, this whole discussion has to do
only with circumferential cracks, right?

DR. SHACK: Yeah, I did failure for the other
cracks back in this diagram.

DR. KRESS: That was the unstable.

DR. CATTON: We also had to put an adjunctive in
front of MSLB, "mild."

DR. KRESS: But on the other diagram, the previous
one, Bill, go back to the previous curve. I am doing it,
Dana.

CHAIRMAN POWERS: Well, that is good because I am
totally perplexed on these figures.

DR. KRESS: Where is your P for main steamline
break? Oh, you have got main steamline break calculated
separately, okay.

DR. SHACK: Right. Then I show the three curves
together here to show you the sort of different ranges of

crack geometries that are of interest if you are in the
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operating range, in the main steamline break range, or the 3
delta P. So the 3 delta P requirement essentially removes
this range of cracks.

DR. KRESS: So the conclusion we draw from this
main steamline break figure is that you have to have pretty
deep cracks, like 75 percent throughwall, before a main
steamline break increases its flow area.

DR. SHACK: Right. Well, you have to have more
than -- you have to have 75 percent throughwall before the
crack will even pop throughwall.

DR. KRESS: Oh, yeah, that is right.

DR. SHACK: And, again, so if I had a long enough
crack at 75 percent, I would go through the wall, and I
would go -- but it so long, I don't care whether it is
unstable or not. You know, a leak that big is -- I am
already dead.

DR. KRESS: You are already dead.

DR. SHACK: Here, to get a leak from smaller
cracks of interest, I have to be .8 to .995 throughwall.

DR. KRESS: Which kind of tells you you don't need
to worry about main steamline break imposed loads for either
axial or circumferential.

DR. SHACK: No, no, that is not the message. The
message is that only certain cracks fail.

DR. KRESS: Oh, I see.
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MR. BALLINGER: The fact is that you can miss a
long, 2-1/2 inch crack --

DR. KRESS: You can migg it, it might be there.

MR. BALLINGER: that is 70 percent throughwall.

DR. KRESS: And it is going to go through and
leak.

MR. BALLINGER: And then it will rupture.

DR. SHACK: Again, here is my implications from
all this again. I have left everybody confused, but here is
what I draw from this anyway. I am going to argue that,
again, talking more generally now, not in the 95-05 context,
that the primary mode of interest is this stress corrosion
crack. It is going to be associated with regions of high
residual stresses or aggressive chemistries.

The places that I am going to find that are the
tube support plate where I have crevice conditions that
promote aggressive chemistry. The roll transitions, again,
I have got high residual stresses there, I can get cracks on
the ID, I can get cracks on the OD, I can get axial and
circumferential cracks. Roll transition is a bad place.

Small radius U-bends, I get residual stresses
introduced during the fabrication process simply in bending
this thing around to make a U-bend, and as that radius gets
tighter, the stresses associated with that operation get

higher.
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DR. KRESS: Are these steam generators small
radium U-bends?

DR. SHACK: Yeah, this is -- think Row 1, Row 2.

DR. KRESS: Row 1, all the ones right in.

DR. SHACK: Yeah, right. You know, are the tight
ones, I could have said it that way. You get additional
stresses if you have got hour-glassing of the flow slots by
denting and you move the legs of those things together.

And, again, I would argue that the cracks in the
small radius U-bends have the greatest potential for gross
failure. 1In the tube support plate, your cracks are limited
by the thickness of the tube support plate and opening and
leakage is constrained by the tube support plate, except
perhaps in main steamline breaks.

The high stress transition at the roll transition
is limited in extent, it is typically less than 10
millimeters. So I am going to get axial cracks that are
fairly limited in length, although I can get big
circumferential cracks, but I have argued that I can
tolerate pretty big circumferential cracks.

So, of the three main regions here, the small
radius U-bend, as Ron said, I can have a four to five inch
long crack, I have got a high stress region that is long in
the small radius U-bend, so I can get a big crack.

Now thoroughly confusing everybody, let's move on
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to high temperatures, where I can really do it.

MR. STROSNIDER: Bill -- this is Jack Strosnider.
I was wondering if I could just interject a though before
you do move on to that.

I mentioned yesterday when we talked about the
steam line break issue that I didn't see this necessarily as
a Generic Letter 9505 issue. I thank Bill. I think he has
provided some guantitative arguments in that regard.

When I first looked at this issue, the thing that
comes to mind is exactly what Bill said. My concern would
be stress corrosion cracking at the top of the tube sheet in
the roll transition where we have had some significant
circumferential cracking.

The one thing I wanted to make you aware of is --
or a couple of things -- is inspections that licensees are
doing they are using rotating pancake coil probes at the top
of the tube sheet. If they know they have got that cracking
going on, they basically do 100 percent. In their initial
inspections by EPRI guidelines they would be doing 20
percent and if they find something they expand it to 100
percent.

The other thing I would mention with regard to the
fracture analysis here is Bill -- the analysis that is
presented here is dealing with planar cracks. Actually when

you look at these cracks that are occurring in the roll
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transition they are not really planar. They tend in that
residual stress field of about a quarter to three-eighths of
an inch to be offset as you go around the tube and actually
some of the testing of those tubes in situ and where they
have been removed show that they have very, very high
failure strengths because of the ligaments that are there,
that they will leak, all right, and quantifying that leakage
igs another question, but in terms of actually failing it
they do --

DR. SHACK: Just to expand that little bit, Joe

showed you a figure yesterday, it's in his presentation, of
a probably more realistic depiction of circumferential
cracking at a roll transition where he had four parallel
rows of cracks sort of spread out across the roll transition
and they went 360 degrees but they were segments, so -- and
as Jack said, when the guy does the normal kind of
inspection he is going to see that as a 360 degree crack.
It is going to look horrendous to him but when you see the
detailed resolution of that thing, it is really a whole
bunch of short little cracks and I suspect if we blew that
tube up we would find it probably had a pressure stress of
6,000 to 7,000 psi.

The other thing that we have seen --

CHAIRMAN POWERS: Well, let me interject here.

If you expect us to take this into account we're
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going to have to see the data and if you are arguing for
taking a stand on high pressure we are going to have to see
that.

MR. BALLINGER: The actual field experience has
been that apart from fatigue failures there has not been a
tube rupture, correct me if I am wrong, due to a
circumferential crack other than fatigue.

CHAIRMAN POWERS: We have got 11 incidences of a
tube rupture. That does not constitute a database that
seems to preclude this.

MR. BALLINGER: I said field experience, not
database.

MR. STROSNIDER: I think we can provide some data
from the Maine Yankee experience I think where they did
some, my recollection is some in situ and maybe some pulled
tube tests and they did some metallography on this. We will
have to pull that out for you.

The final comment just for you to be aware of is
that with regard to circumferential cracks at the top of the
tube sheet and for cracking in the U-bend and some of these
areas we are talking about the plugging criteria is plug on
detection and anything that is detected is removed from
service.

Then you get back to what is the threshold of

detection and we had some discussions on that yesterday, all
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right, and so anyway I just wanted to interject those
thoughts and we can provide some information on the cracking
at the top of the tube sheet.

CHAIRMAN POWERS: It seems to me that in our
discussion the probability of detection would -- I came away
with the impression that you difficulties in detection are
precisely in the areas that this slide says are our greatest
concern, the U-bend and the top of the tube sheets.

DR. SHACK: We have got the tube support plate
9505.

MR. STROSNIDER: And I would also point out that
with rotating pancake coil inspections at the top of the
tube sheet and the inspections that people are doing there,
and again recognizing the forgiving nature of those
particular defects I think we are in pretty good shape
there.

Clearly there are some issues in the U-bend. We
got Indian Point 2 in February where there was clearly a
threshold of detection problem. The crack that failed was
there in the last inspection but the quality of the data was
so noisy that they didn't pick it up, and that is something
we are dealing with.

The industry is currently working to incorporate
some noise criteria if you will into the EfRI guidelines and

we are working on a generic communication on that same
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subject.

CHAIRMAN POWERS: And one can't help but wonder
how many more of these discoveries we have to make before we
come away with the enthusiasm that we should on this
detectability issue.

MR. STROSNIDER: Well, the only point I would
make, and I think Ken Karwoski -- you can paint a very dark
picture if you want, but I would also go back and look at
the actual data on the decrease in the number of leaking
tubes, the decrease in the number of tube failures.

If you look at those failures that we are talking
about, it is a large number up through 1993 and one since
then. It may not be statistically significant but I would
suggest that the advances that we have been talking about in
the inspection methods and the programs that are being
implemented are having an effect, so I wouldn't paint too
dark a picture.

CHAIRMAN POWERS: I would be interested in looking
at the number of tube rupture accidents that we have had on
a per year basis and see if that has come down equivalently.

MR. STROSNIDER: Say that again?

CHAIRMAN POWERS: The number of tube rupture
accidents that we have had --

MR. STROSNIDER: One for five years --

CHAIRMAN POWERS: Which is about the same rate
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they have been going on before, so I mean nothing has
changed on that.

MR. STROSNIDER: It doesn't matter whether it is a
40 percent through-wall criteria or --

DR. SHACK: Well, as Jack pointed out, the
criterion here is not 40 percent through-wall. It is plug
on detection.

MR. STROSNIDER: Right, but the point I made is
that the data, I agree, may not be statistically significant
in terms of the change of the rate of tube ruptures but I
would suggest t hat if you look at the frequency of
ruptures, if you look at what happened in the '70s and '80s
and you look at what happened in the '90s and you add a
little bit of knowledge about the new inspection methods,
the use of the plus-point probe, the 100 percent
examinations, the scope of what is being done, all right, I
can't show it as statistically significant but I would not
want to discount it.

MR. CATTON: I think before you completely close
it out, we have got to find out what happens with GSI 188.
That is really where it's at.

For mild MSLBs you give a very convincing
presentation.

MR. MUSCARA: I want to go back to this issue on

the detection of circumferential cracks.
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You mentioned previously now that we know that we
expect cracks at the top of the tube sheet we can at least
do inspections in those areas, not with bobbin coils but
with pancake coils.

As I mentioned yesterday we are doing quite a bit
of work to quantify inspections in that area also and what
we find is, yes, there's difficulty detecting small
circumferential cracks but the largest circumferential
cracks PODs do not do that -- it's fairly high -- and so if
we are talking about a 340 DB crack that you need to open
up, those are not missed. The smaller ones, yes.

DR. SHACK: I didn't mention it and I can't find
the transparency at the moment -- oh, here it is -- the
other thing you want to note is that the leak rates --
again, this notion that these big cracks -- these leak rates
are still fairly small through these cracks again out to
100, 150 degrees.

You are not getting a lot of leakage out of the
circumferential cracks.

CHAIRMAN POWERS: Bill, I guess I really am dumb
today. You've got a plot of a quantity that on the
appearance of it is nondimensional.

DR. SHACK: Yes.

CHAIRMAN POWERS: Okay.

DR. SHACK: It is the area over the flow area of
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the tube.

DR. KRESS: There's sort of a leak rate.

DR. SHACK: Sort of a leak rate. Multiply by 600
gpm.

MR. BALLINGER: Is that where it is normalized to?

DR. SHACK: That is the one number that everybody
seems to be able to agree on ig that if you have the tube
cut you will get 600 gpm.

We'll figure over CRACKFLOW and Henry versus time
relaxation but 600 gpm out of the end of the tube seems to
be a number we can all agree on.

CHAIRMAN POWERS: But if I do that, then I get
some reasonable numbers, don't I?

DR. SHACK: Yes. Those are big cracks though.

CHAIRMAN POWERS: I guess I don't understand why
it is small. I mean when I do the multiplication I don't
come up with a small number.

DR. SHACK: It is a small number --

CHAIRMAN POWERS: The flow relative to 600 I'll
agree but --

DR. SHACK: It is also small for a 150 degree
crack. That is a big crack.

Let's go on to high temperatures.

We are looking at the failure steam generator

tubes during a severe accident. We have got -- we have done
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these tests. Essentially we wanted to bound the kind of
things that we're predicting -- I will learn to spell this
thermal hydraulic one of these days --

[Laughter.]

DR. SHACK: -- which sort of predict that we have
a range of something like 3 to 13 C per minute, kind of a
heatup rate. If these ramps are sufficiently rapid we could
depend only on the burst properties and they'll be history
dependent. We could use a flow stress model.

If they are sufficiently slow we have to take into
account the pressure and temperature history. We use a
creep rupture model.

The thing that we have noted, at normal operating
pressure we account for crack geometry through a stress
magnification factor, MP. We have an extensive database to
validate that at those temperatures, but we find from
analyses that if we take the kind of stress-strain curve
that we expect to get at 300 C and the kind of stress-strain
curve we expect to get at a much higher temperature, wmuch
less strain hardening, we find that it doesn't make a whole
lot of difference in the MP that we calculate, so that MP is
really a measure more of geometry than material properties,
and we can use it in high temperature and at low
temperature, so that is an assertion.

We have to sort of demonstrate then that it works.
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We are going to assume that the MP factors we
derive from low temperature tests are applicable and we are
going to determine failure by a creep time fraction model.
This is a sort of linear damage rule where we kind of scale
the rupture time according to the stress and temperature and
so 1f we run tests at one temperature and one stregg and
then we are doing a variable stress history we can
essentially integrate that fraction of the damage that
occurs at that particular stress and temperature and just
sum it up until we to get to one for failure.

The stress that is active here is the actual
stress time, this multiplier MP that we have determined
comes from the flaw geometry.

What do we do for the validation tests? We did
isothermal constant pressure tests. We did some tests with
deep cracks to test how well the MP model was doing. We did
constant ramp rate tests where we just ramped up the
temperature with either a constant pressure temperature ramp
or an isothermal pressure ramp, so we did the ramp tests.

Then we did prototypical tests under varying --
some of them were more prototypical than others but they all
varied.

Here are some results comparing the results we get
from essentially the Creep Model and the Flow Stress Model.

We're looking at two different ramps here that
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we've called the EPRI ram and the INEL ramp, and you may
remember those from the good old days, and Steve may bring
them up again, or he'd probably rather forget them all.

But they were --

DR. CATTON: This was an increase in temperature?

DR. SHACK: Yesg, this is -- you know, was
egsentially a projection of the temperature during the
station blackout accident.

And --

DR. CATTON: By EPRI and INEL?

DR. SHACK: By INEL.

DR. CATTON: They're probably both too low.

DR. SHACK: Well, the answer is, they are
different, but we managed to predict both ramps. We do the
constant pressure ramp, soO you give us the ramp and we'll
predict the failure. That's the message.

Circumferential cracks, we don't quite as well,
but we do it enough.

CHATRMAN POWERS: Let me see if I understand. The
symbols here are the datapoints and the line is the

prediction model?

DR. SHACK: ©No, the line is -- below the line,
you're --

CHAIRMAN POWERS: Okay, that's 100 percent
correlation?
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DR. SHACK: That's the 100-percent correlation
line.

Okay, one of the other quantities of interest here
is the crack opening area at high temperatures, because
we're worried about leakage at high temperatures.

So we've calculated crack opening area under 300 C
conditions. There were a couple of questions that came up
here.

Is there any creep crack growth that occurs before
this crack goes unstable? That is, if we've got a crack
that's existing and we're now heating up the tube, can the
creep crack growth just make the crack get longer, so if we
start with a quarter inch crack at 300 C, by the time we get
to 700 C, will it be longer than a quarter inch or will it
just open up.

And, again, we're petty sure the crack opening
area 1is going to vary with time, and we want to be able to
predict that.

The analytical predictions are based on a an
analogy between a power law plasticity model and creep
behavior. What we do is, we take essentially the power law
plasticity model and we replace the strain by the strain
rate in the creep solution.

And we've got power law plasticity models for

center crack plates. The difference between the axial crack
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and the circumferential crack is the fact that you get this
additional stress on the axial crack because of the bulging
factor.

So what we've -- we can't do tests on an axial
crack at high temperature without an infinite amount of
money. But we can pull on a tube pretty easily at high
temperature.

So what we've done is pulled on the tube at high
temperature, but we've said that the stress we should use is
M times the hoop stress.

So we've essentially done the axial loading with a
much higher stress to account for the fact that we haven't
got the curvature, so we've replaced the curvature with
essentially a higher stress to get an equivalent model.

DR. BALLINGER: Can I ask what COD is?

DR. SHACK: Crack opening displacement.

DR. CATTON: I should have known that one.

DR. SHACK: Okay, well, this sort of just says we
can't do these tests on the through-wall axial crack tubes,
and it's under internal pressure and it would take an
infinite gas supply system.

We thought about doing it on cracked plates, but
then we decided that the easiest thing to do was to take our
tubes and just put some symmetrical notches on both sides.

As I mentioned, that puts them -- it's like a flat
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plate, but it just happens to be a repeating flat plate with
a period of pie-D.

So, there is it. You've got symmetric cracks.
And that's basically equivalent to this flat plate solution
with two cracks.

And we're good, we can do flat plate solutions,
and we like those.

Then we did a couple of different kinds of tests.
We did these isothermal validation tests, where we just
heated the temperature up to near 700-C.

We put a load on it, and we predicted how the
crack would open as a function of time.

And so again we've got a constant load, we've got
a constant temperature, and the crack is just opening up as
time goes on. And so you can sort of see how it's going up,
and we've got the observations versus the predicted.

And we've done this at two different load levels.

CHATRMAN POWERS: For higher loads, you started
with deviation? Is there any significance to that? I mean,
if I went to 3,000 pounds, would I see a much bigger
deviation?

DR. SHACK: I don't know. We would have to run
the test.

CHAIRMAN POWERS: You don't have an explanation?

DR. SHACK: I don't have a good explanation for it
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now. Those we did with two 45-degree notches. We wanted to
go back and do some more sort of notches that we thought
would be more protatypical, which is a .25 inch kind of
thing, the kind of small notch that Steve worries about
opening up and losing flow out of in the high temperatures.

And, again, this is another one of these
isothermal validation tests, and, again, the way we do these
essentially, it's sitting in the furnace. We open the
furnace up, we peek in with the telescope, make the
measurements, close the furnace back up. We're doing the
cheap.

CHAIRMAN POWERS: The High Temperature Committee
developed better ways to do that, by the way?

DR. SHACK: You know, on our budgets --

DR. CATTON: Sometimes that's where the best work
is done.

DR. SHACK: Now, we wanted to do a non-isothermal
validation test, and in this case, we used the temperature
ram simulating six RU. This is probably the temperature
ramp that Steve will show you today. This is the one they
believe is the -- Joe will show you.

Now, of course, when we're doing the isothermal or
the transient, we can't open the furnace up. So here we
only get one datapoint.

You know, you hit it, baby, or you miss it, so
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here's the temperature, here's the predicted notch
displacement as a function of temperature, but the only
point we can validate is the one right there at the end.

And, again, we were doing pretty well on the --

DR. BALLINGER: You're going to get -- an LA-600
is going to be well behaved in that respect, because you've
got that cliff at about 650 C where the yield strength drops
off like a stone.

So you're into the creep regime and it works.

DR. SHACK: Well, the other nice thing about this
that we're always surprised about is, in the creep regime, a
lot of this heat-to-heat variation goes away.

You know, that all arises from the differences in
the working that you've done, and you heat that up, and that
all goes away and we're gort of left with the basic,
fundamental crystal structure of Alloy 600, and so you get
much less material-to-material variation in the creep
regime.

If we just look at these things, they open up into
rectangles. You know, there's no creep crack growth here.
They don't get any longer, the suckers just move apart, and
they turn into rectangles.

So they started out as narrow slots and they
opened up as wide slots.

DR. BALLINGER: 1It's tough stuff.
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DR. SHACK: Tough stuff.

Now, this crack opening area begins to, again,
increase rapidly. If you look at this crack opening area,
it sort of goes along, along, and as Ron mentioned, you
know, you kind of fall off this cliff around 650, and the
action starts to take place, so that basically there's not a
whole lot of increase in the crack opening area till you get
out to about 650, and then it starts to take off.

And so what we've done here is looked at --
suppose we had a final temperature of 700 C before something
else failed or if we had a final temperature of 750 C, you
can predict the crack opening areas, at the crack length at
those two temperatures.

You can also predict the leak rate through those
crack opening sizes, again, as a function of crack size at
the two temperatures.

CHAIRMAN POWERS: It's easy to compare these
because these are in kilograms per second, as opposed to
gallons per minute, right?

DR. SHACK: Well, I had them as gallons per minute
when I started out, but they told me that when we deal with
gases, we do it in kilograms per second.

Well, that was all I wanted to say -- well, let me
just -- we've got a couple of extra ones.

Life gets harder when you get to the real world,
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of course, because when somebody hands me a real crack, it
never looks like a rectangle, unfortunately, and so you have
to make some sort of judgement as to how you're going to
model this crack in terms of an equivalent rectangle.

And there is a discussion of how to do this, and
there are some various procedures that we're trying, that
people use, and we've --

Without going through them, we're trying to
validate those kinds of procedures by looking at, again,
controlled shapes. It's easy to triangles and trapezoids,
and you kind of compare what you get in burst pressure from
the triangular and trapezoidal notches with essentially the
equivalent area kind of models that we're working through.

Again, that's more of a detail, I think, than we
need to get into here, but it is a question that has to be
addressed. And that's where we're going.

Any questions?

[No response.]

CHAIRMAN POWERS: Any other questions for Dr.
Shack? Anyone that thoroughly understands everything that
he's told us?

Okay, that's good. Thank you, Bill.

Are we -- did we exhaust the subject of crack
unplugging yesterday?

MR. STROSNIDER: I don't think we have anything
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else to present in that area.

CHAIRMAN POWERS: Okay. It's just listed on my
agenda here, and I know we talked about it a lot.

One of the issues --

DR. SHACK: My L over H curve is sort of a crack
unplugging model. It's easy to unplug cracks of L over Hs
and too big. The bigger it gets, the harder I would suspect
it would be to unplug the crack.

CHAIRMAN POWERS: I don't pretend to understand
that.

One of the issues that falls under the general
nature of crack unplugging is probably also material coming
out of the crevice regions.

Do you have anything that you'd like to talk about
on that aspect of crack unplugging? That was an area that
we didn't explore yesterday.

MR. STROSNIDER: Are you talking about loss of
material between the tubes, the plate and the tubes?

CHAIRMAN POWERS: Right.

MR. STROSNIDER: Okay, I don't know if there is
anything for me to talk about.

MR. KARKUOSKI: Just in that area, the only thing
I would add is that when we do these leak tests, these leak
tests are performed as if that degradation is in the free

span so if there's any material that stays around the tube,
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it would only serve to restrict the leakage. The
correlations are all based on free span tests.

CHAIRMAN POWERS: Okay. That's actually very
useful.

Okay, if that exhausts that discussion, then I
think we can afford to take a break till quarter after the
hour.

[Recess.]

CHAIRMAN POWERS: Let's go back into session.

We are now going to discuss the accident framework
for a lot of these technical issues that we have been
covering. We have made a distinction, appropriately I
think, between desgign basis accidents and severe accidents,
but to my mind some of these things cloud the definitions of
the distinctions that one likes to draw between design basis
accidents and severe accidents.

In particular, the essence of my challenges here,
it seems to me is in the design basis analysis one analyzes
a main steam line break and one analyzes steam generator
tube rupture accidents, and one is supposed to have a plant
that accommodates both of these.

Now one has a situation where a main steam line
break involves a steam generator tube rupture, which up till
now has never been done as a design basis accident, and so

design-basedness becomes a little more complicated.
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One of the areas that it becomes very complicated
in thinking about actually comes back to the iodine spiking
issue, that in the past we have said okay, let's calculate a
spiking value looking at what the steady state coolant
concentration is according to the tech specs.

Now you have plants operating much lower than the
tech spec limits though they may have not changed their tech
spec limits. Even if they did change them, they are still
operating a couple more at the risk magnitude below.

Now if one hypothesizes that the spiking factor
that one has is inversely correlated with that coolant
concentration, it seems that if one follows the prescription
of design basedness, that's fine, but I still use the tech
spec limits following that, but that is a lower spiking
factor than one would have if one used the operational ones,
so things get very confused between realistic and design
basis.

Anybody that can help me understand these a little
better I would appreciate it. That is your cue, Gary.

MR. HOLAHAN: This is Gary Holahan. In fact, the
Staff will make a presentation on both design basis and
severe accident issues. Steve Long is going to start off in
fact trying to define what we mean by design basis
accidents.

I would say something a little different from the
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way you introduced it, Dr. Powers, and that is I think that
we are still preserving the concept of design basis, meaning
looking at spontaneous tube ruptures and looking at steam
line breaks, not steam line breaks with tube ruptures, but
we are looking at steam line breaks with increased leakages
that may be associated or expected to occur given the main
steam line break.

We also have severe accident analysis which looks
at main steam line breaks and a whole spectrum of other
possibilities, some of which are quite unlikely but much
more serious than steam generator tube leakage.

I think we will cover both main steam line break
with leakage and main steam line break with tube ruptures,
in fact, multiple tube ruptures will cover all those cases,
but the more extreme cases we'll discuss this afternoon.

The other issue that I would like to make sure the
committee understands is on the viewgraph it said that Dr.
Parry would be here this morning, but in fact he will be
here this afternoon to talk about operator action and human
reliability analysis in the context of the severe accident
issues and if we have design basis human reliability
questions, which I think are very limited conceptually, I'll
either try to cover them this morning or relate those to
this afternoon's discussions.

CHATIRMAN POWERS: I think the igsues of human

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1025 Connecticut Avenue, NW, Suite 1014
Washington, D.C. 20036
(202) 842-0034




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

687
actions during design basis accidents are raised by the
statement of considerations where there is a phrase in
considerations that I am sure I can't gquote accurately from
memory but it is to the effect that provided several key
operator actions are carried out, and I think that is mostly
controlling the usage of water during the accident, and what
happens it seems to me is the time available for making
those key operator actions can shrink under some of the
higher leakage assumptions associated with main steam line
break, so I think it's just a matter of understanding how
one decides that one can credit operator actions in light of
the time available.

That has been an area of some contention for some
period of time.

MR. HOLAHAN: The distinction that I would like to
make is in the design basis accident context those operator
actions are targeted to keeping the event within the dose
guidelines of Part 100 and so forth. Tube ruptures -- that
means isolating the leak. For steam line break I guess it
relates to the cooldown.

In the severe accident context the operator
actions are preventing core damage and so there are a
different set of considerations. As we go along we may pick
those out, but when they loock like core damage issues I am

going to push them off until this afternoon.
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DR. BONACA: One note however. Although the
design basis has the objectives you stated, the ERGs, which
are the emergency procedures that currently the Westinghouse
operators follow has consideration of steam line break with
consequential failures of tubes or depressurization of the
secondary side too.

I think it is important that in that context if
there is an opportunity we discuss those kinds of procedures
because clearly the operators are being trained for
scenarios which are not part of the design basis strictly or
the severe accidents. They are trained for intermediate
situations where in fact you have to bring the system down
to RHR and they are being trained to do that both looking
for a subcooled condition to enter the RHR or even in a
saturated condition, which means or implies a very large
break and opening to the secondary side.

I think at some point, and I don't know if we have
any expertise on the ERGs, but that would be valuable for us
to understand how they support the human reliability
analysis that is presented in the NUREGs.

MR. LONG: 1I'd just thank the whole group for
presenting the first slide. My name is Steve Long.

[Laughter.]

MR. LONG: We want to rearrange the order a little

bit here. Joe Donoghue would be up next to talk about the
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ability of thermal hydraulic codes and then I would be up to
talk about the equilibrium between ECCS flow and leak flow,
and then we have deferred the next issue, on operator
actions, to this afternoon, and then Joe Donoghue would be
up again.

We have decided to simply this process.

I will go through the description of the
relationship between the flow from the ECCS system and the
flow out the leaks and then we will let Joe do the rest of
the subjects this morning.

The first thing, I think it is important to
understand the intent of the review that we did in NUREG
1477.

MR. HIGGINS: Steve, before you get off into that
detail, I had just one additional clarification on design
basis versus the other things.

Yesterday we talked a little bit about whether or
not this Generic Letter 9505 with the alternate repair
criteria and the analyses associated with that really
constituted a new design basis accident, new design basis
event.

I guess I am still not clear whether you consider
that that is or not or you are just changing the analysis
method but you don't really call that a new and different

design basis accident?
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MR. HOLAHAN: I would call it the same design
basis accident with -- the only thing that is substantially
different is the main steam line break, instead of having a
1 GPM leak now has leakage based on the likelihood of a
number of cracks opening, so I would say it is the same
design basis event with a different set of assumptions -- so
it is main steam line break with leakage and a calculation
done to show that it means the Part 100 guidelines.

That analysis is part of the design basis. It is
part of the licensing basis, because, you know, a license
amendment ends up described in the FSAR just like the
original 1 GPM case.

MR. HIGGINS: Thank you.

MR. LONG: To try to draw that out a little bit
further, first of all, this was done before risk informed
regulation.

The intent is to not apply this type of permission
to leave a particular type of flaws in service to anything
other than what we expect is going to be a confined area of
the tubes within drilled hole tube support plates.

It doesn't apply to egg crates. It doesn't apply
to free span.

There's a problem with analyzing exactly how the
tube support plate would behave during a main steam line

break, so on the one hand, there is an effort to act ag if
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the tube support plate were to completely move off the
flawed portion of the tube and Generic Letter 9505 requires
that the probability of those flaw rupturing be small and
that the amount of leakage that would come out of those
flaws be such that you could still meet the Part 100 part of
the regulation.

So, as Gary said, we are not supposed to have a
steam generator tube rupture as a result of a main steam
line break, and the specification there was that the
probability not be greater than, the conditional probability
not be greater than .01.

Is that a new accident or is it a specification of
how improbable it has to be that there is a new accident?

You can, I guess, take your pick on your
interpretation of that, but I think the intent there was
really to try to keep within the guidance that we had for
having a low probability of failure under design basis
accidents and leakage that was within the guidelines for
design basis accident for dose from design basis accidents.

On the other hand, there was at the gsame time a
feeling that you would most probably have the tube support
plates actually confined to those portions of the tubesg that
were degraded, so when we looked at it from a risk
standpoint we did not see a high probability of something

that would move the plates off, so at the time we did NUREG
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1477 we really didn't have a risk assessment in 1477. The
risk assessment is counting on the plates remaining in a
position that confines the crack sufficiently.

That has been a difficulty for us in dealing with
the industry because the industry is frequently saying,
well, we analyze these cracks as if they were in the free
span; why can't we have permission to have them in the free
span? That brings up a bunch of issues that we really
didn't deal with because we were relying on them not being
in the free span, and we will get into some of those issues
this afternoon.

It gets a little difficult when we use shorthand
in terms of whether or not something is a design basis
accident or a severe accident. There's different uses of
those words and different groups of jargon and it is often
allowing you to make an erroneous leap into somethiné not
intended, and we will just have to keep reeling those in if
they get made throughout the rest of the conversations.

Are we ready to go for the next slide, next
subject?

The committee asked for a justification of the
assumption that the maximum leakage rate would reach an
equilibrium with the injection flow during the main steam
line break that induced tube leakage.

The explanation for this has to go back to the
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context in which the assumption was made. The original DPV
document indicated that there might be a problem with not
being able to detect flaws that were more than 40 percent
through-wall and therefore it requested that licensees
either abide by the 40 percent through-wall criteria or in
some way demonstrate that they could meet a main steam line
break with 80 percent of the tubes ruptured.

That was dealt with by the Office of Research for
awhile, trying to figure out how many flaws might go
undetected in the free span and how many of them might leak,
how much they might leak, and some efforts were made based
on some assumptions about flaw growth rate to determine what
amount of leakage rate could exist under these
circumstances, and the numbers were quite high. They went
up around 10,000 GPM for a large number of flaws with large
growth rates.

That was the point at which we picked this up.

We were trying to put it into a context where we
could start thinking about the risk.

The difficulty was trying to figure out how you
would get that much of a flow rate, because if you can
somehow break the flaws that much you are well down into the
LPSI injection path that is essentially a large LOCA outside
containment.

Without going into human errors or human success
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probability and dealing with large LOCAs outside
containment, I just want to go to the justification of the
assumption that you asked about.

And it basically goes to the thermal hydraulics of
a main steam line break, and I'm just going to put up a
sketch because the things that are available as graphs
didn't show very well, and I hope this shows.

Okay, if you look at what happens as a function of
time to the pressure in the RCS and the pressure in the
steam generator, when you break open the steam generator,
the fluid in the steam generator is at saturation, so it
doesn't just drop as if it's sub-cooled with a little bit of
cover gas.

It evaporates; it boils, so it holds pressure up
until it cools itself by boiling and it depletes.

And that cooling brings down the RCS pressure
along with it, so that the differential pressure in this
part really stays approximately the same until you've really
stopped the cooldown process.

At that point, you've tripped your reactor coolant
pumps, but you still have decay heat. But the major
repressurization process is that you're pumping in emergency
core cooling water, and you may be trying to turn on heaters
in the pressurizer when you get level back to where you can

heat something.
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So, at some point, you start getting a higher
delta-P. And it progresses in a reasonably quick manner,
but not an instantaneous manner, to a higher delta-P.

The question was, what would happen in the cracks
under this kind of a scenario? And neglecting the idea that
there are cracks and they might open for a minute, just
thinking about if there was a hole that suddenly appeared at
this point, it's very similar to a LOCA in the sense that
you're trying to pump water in and the leak is removing
water.

So you have a curve for the leak rate that's a
function of the pressure that's driving water out of the
leak, and you also have a function for the amount of water
that can be put in by the centrifugal ECCS pumps.

So, at low pressure, the leak is not going to be
putting out much and the pump is quite capable of pumping in
a lot of water, and as the pressure goes up, the pump is
going to be going to less and less input, and the leak is
going to have more and more driving force at the fixed area
hole.

So typically for LOCA analysis, you get to
whatever this pressure is, and it equilibrates there, at
least temporarily until you change something else in the
RCS.

So that's the kind of thought process that I want
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to go to, but then I want to add the idea that the cracks
start with a very small hole and are increasing that hole
size.

So this is now not this curve, but as you increase
the pressure, you may be doing something like this as you
make the hole larger, as well as make the pressure greater
for driving fluid through those holes.

If you're starting off at a delta-P that's very
similar to what has been experienced for a long period
during operations, you know that the holes aren't opening up
very rapidly there.

However, the tests that have been done at the
National Labs, where they have taken cracked tubes, put them
into a test apparatus and stepped up the pressure, and had
hold times in the pressure inside the tube, have shown cases
where the tube may sit at a constant pressure without
leaking, and then suddenly without increasing the pressure,
it will start to leak, something will actually let go and
the leak will occur.

Or you may find that something that is already
leaking and is being held at constant pressure, will slowly
increase leak rate or maybe it will make steps in leak rate.

Now, we've seen all of these things occur. These
are happening, though, at small leak rates, and the leak

rates are staying small for one particular crack. 1It's not
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a rupture, it's just a change in the crack opening area that
may not be a single value as a function of pressure.

And I think this is one of the major points in the
DPO.

And we tried to put that in the context of the
scenario where the delta-P in the reactor coolant system is
increasing, and we are envisioning a very large number of
cracks.

What we were envisioning was that these cracks
would not all behave in unison, so that if one of them would
pop, every one of them would pop at exactly the same moment.

And the wording is down here in the slides, but
rather than put it up and read it to you, let me just try to
talk my way through it.

The picture I was trying to come up with is
something that would tell me how far I could expect to open
the cracks before I'd really lose the driving force for
opening them any more.

And the logic was this: That if your delta-P is
going up in time from a value where essentially there
weren't any cracks open, and cracks begin to open, that the
delta-P is going up because you're putting water into the
system.

And as you open more cracks, you're removing more

water, and eventually you should reach an equilibrium
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similar to what's going on here, but not necessarily at the
original hole size. You're increasing this curve just more
rapidly.

So you'd eventually come to some equilibrium point
higher than your normal delta-P across the steam generator
tubes, where you're putting water out at the same rate that
the ECCS pumps can put water in.

Okay, still, that's a constant pressure
differential higher then they have been experiencing before.
Maybe they can continue to pop and tear open a little bit
further.

So for that process, again, if you increase the
area more, you raise the curve up, so it's now running up
here, rather than down there.

The pressure drops, more water comes in from the
ECCS system, and you can envision that perhaps reaching a
point where so many things have opened up that you've gotten
all the way back down to the normal delta-P, in other words,
you now have essentially zero pressure on the secondary
side, your reactor coolant system is now at a pressure that
was equivalent to the pressure difference between the steam
generator and the RCS previously.

At that point, we didn't see any reason to open up
the cracks any further. They were stable at that point.

Usually in the laboratory, if you've pumped a
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crack to the point where it starts to leak, and you drop the
pressure substantially, the crack pretty well stabilizes; it
doesn't continue to come apart, unless you've lowered the
peak pressure differential that it's in.

So the argument is essentially that we don't see
any mechanism for the delta-P in the system to open cracks
beyond the point that the ECCS pump could support when the
ECCS pump back pressure is equal to the original steam
generator delta-P.

CHAIRMAN POWERS: But this is a conclusion one
raises because you're looking at a very quiescent system?

MR. LONG: There's --

CHAIRMAN POWERS: When we look at a system that's

producing sonic booms and pressure pulses and things like

that, maybe those arguments aren't so strongly made.

MR. LONG: Okay, well, first of all, the sonic
booms and so on should be stopping in time, somewhere down
in here. So in terms of timing, we're not expecting that to
necessarily be concurrent with what I was just talking
about.

So the limitation on this is, if during this part
of the process here, you're talking about the new generic
issue designation that cracks that have been initiated as
stress corrosion cracks, are now being fatigued by

vibration, that's a different phenomenon.
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And the thing you've asked me to justify was not
intended to try to cover that kind of phenomenon.

Now, earlier on in the process, when we were doing
NUREG 1477, I was talking to Joe Hopenfeld about this and
some other things, and he was discussing vibration as being
one thing that would open them.

At least insofar as I was hearing it, I was
hearing it as vibration being able to shake the plugs out of
cracks that were plugged with crud or something of that
sort, as opposed to the fatiguing issue.

So to some -- let me just finish the sentence. To
some degree, 1if you're dealing with cracks that are not
being increased in size, you can go up into this section of
the curve and say, well, if I'm starting to leak here, then
what I'm going to do is drop this pressure even faster on
the RCS.

And I'll be dropping my strain again. The
difficulty we had was we didn't have a mechanism that we
could use to show us how much we could open these tubes,
other than the strain from the pressure.

We talked about things, and I think a lot of
people in this room had to put up with me asking them
questions about if we had a large number of cert cracks and
there was a displacement by the upward force, can you

essentially pull apart a large number of cert cracks?
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We were looking for things that weren't
self-limiting in some way, but we didn't find something that
we could physically credit and put a conditional probability
to and put into a risk assessment.

So, essentially, this is the description of what
we were thinking of the time, and what we think it was good
for and what we think it wasn't good for.

I'll answer questions on that and turn it over to
Joe Donoghue.

DR. HOPENFELD: I have a minor comment. In that
original document, there was a description of that droplet
eating the adjacent tubes, if you remember.

MR. LONG: That's also true, and we at that point
were not thinking about the droplets eroding the tubes under
main steam line conditions.

We were worried about it under hotter temperature
conditions. And so we weren't crediting that one, either,
for this particular analysis.

MR. STROSNIDER: Steve, this is Jack Strosnider.

For the system response that you're talking about
here, does it really matter how the leakage -- where it
comes from?

I mean, you were talking about assuming that
there's a hole and that there is some leakage, right. And

this idea of the system equilibrating at some point, does it
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matter if it comes from 9505 leaks or if it comes from
hyperation or anything else, right?

I think you were trying to address the issue more
of a system response to a leak; that's the point.

MR. LONG: Well, there is a difference. If the
only thing that's creating the additional leakage is the
additional delta-P, then what the tubes have demonstrated is
an ability to survive that for a long period of time.

If there's no other driving mechanism besides that
elevated delta-P, you can make this limitation and say if
it's your ECCS pumps that are providing that delta-P, you
can follow your pump curve and figure out how much your flow
rate is going to be at worst, that you would have to deal
with, and how fast that will deplete the RWST and so on.

If you have something that's mechanically damaging
the tubes, even though it requires a delta-P to do it, it's
a new damage mechanism, you know, some sort of additional
tension or vibration or whatever that might, along with a
delta-P, create more damage to the tubes than they have been
seeing when they were in a quiescent condition at a delta-P.

You might break them open further, and you might
get more flow rate. You might go farther, but --

DR. CATTON: But that poor flow rate is still
going to be a function only of a delta-P. That's just that

it now is the square root of delta-P, and now it's going to
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become maybe proportional to delta-P, because two things are
happening: The area is getting bigger, so it's just a more
complicated control valve; isn't it?

MR. LONG: It's more complicated than I predict a
limit on, is my point.

DR. CATTON: Still, if the pressure drops back
down, it's going to shut back down; it's going to slow down.
MR. LONG: 1If what you're doing is -- I'm

speculating here. If --

DR. CATTON: Well, I was, too.

MR. LONG: If you have fatigue cracks -- if you
have cracks that are growing by fatigue, you know, from the
vibration, and the fact that they're pressurized internally,
what's the limit on how much you can open cracks in the
system? How much delta-P do you need to keep opening the
cracks?

Just because you've gotten down to the delta-P
that they were stable at before you had the vibration,
doesn't mean that the with the vibration continuing, they
would remain stable under that condition.

DR. CATTON: So when you look at this curve,
wouldn't that just mean that you wind up staying down at the
bottom?

MR. LONG: You're saying that this winds up down

here?
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DR. CATTON: The pressure doesn't go back up.

MR. LONG: Okay, but if you found that you've
leaked and then you go back up, then what you're really
saying is -- and there's still a delta-P along here that's

DR. CATTON: You empty your IWﬁST and you're in
trouble.

MR. LONG: Well, that's part of it, but I don't
think you can say you'd stay there.

If you had the same delta-P that you started with
or just a little bit more, and you're shaking the tubes.

DR. CATTON: The more open space you've got
between the two systems, the smaller that delta-P is going
to get.

MR. LONG: Right, so what you're really saying is
not that I get here, but that this comes down here.

DR. CATTON: That's right.

MR. LONG: That's my point. I don't know how low
to say this would go.

DR. CATTON: It depends on how big the area is.
If you make it big enough it will go all the way.

MR. LONG: It depends on how much damage you get
from the vibration. So my limitation on this is that I
can't say that the flow from ECCS pumps at a particular

value, which is this delta-P, is the maximum flow I expect
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from the primary to the secondary.

I've got to take into account, the damage in some
other way, if that is the damage mechanism.

DR. BONACA: I have a question that I would like
to ask: It seems to me that we can argue about the damage
mechanism forever, because there is a position that says we
are going to have as much damage as you want and as much
leakage as you really can postulate on many tubes.

And there is a position they are presenting where
the leak is self-containing, and this must be a leak on the
order of one tube, maybe two tubes, because you're showing
pressure coming back up.

And if you had much substantial more failure
there; pressure would not come up, back again. I mean, it
would stabilize somewhere pretty low.

It seems to me that if we are trying to ask the
question, will the operator be able to deal with the
leakage, whatever leakage will come out, and what kind of
range for this kind of damage, it's such that the RWST will
not be emptied, and we will not come to a containment bypass
situation.

That's a central guestion, it seems to me, and so
the issue is have we looked at other flow rates that would
result from larger breaks or a larger number of breaks?.

I mean, I have been reading a lot of these

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1025 Connecticut Avenue, NW, Suite 1014
Washington, D.C. 20036
(202) 842-0034




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

706
reports, particularly NUREG 1477, and the INEL report, and
they seem to present a model where they have locked at up to
20 tubes failing.

So I would like to hear about that. I mean, if we
concentrate on the issue of will it happen or not happen,
we're going to be left with the dispute in place.

MR. LONG: One of the interesting things that
happens to me as I try to put all these things together into
a risk assessment is every time we run into one difficult
question, there is always the urge to bypass that question
by going to another area of study, and that turns out to
have a difficult question as well.

So if we assume that the flow rate will go to a
very large value, the other limit on that value that you can
postulate is essentially the size of a hole that is in the
main steamline as a flow restrictor, and that is a pipe
that, depending on the size of the plant, I understand is
from like nine to 16 inches in diameter, that would
basically run through the containment wall from a point that
is high up in the RCS.

We have thermal-hydraulic analyses that would
indicate how the plant system would behave under those
conditions and, essentially, it depressurizes quite rapidly.
It gets quite cool because you are doing a wonderful job of

cooling, and you are depleting the RWST very quickly.
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If you look at the conditions, you are at RHR
entry conditions when you have a very massive leak like that
rupture. The question then becomes one of human error
probability, or even feasibility, if you look at the
guidelines. Can you actually turn on RHR under those
conditions? And it doesn't become just a matter of looking
at the procedures and the time available, you have to start
asking questions at this point about, well, where did all
that water go? If you have just emptied pretty much a steam
generator and the reactor, and two-thirds of your RWST out
into the plant somewhere, can you go turn on RHR? It
usually requires you to do something outside the control
room.

MR. HIGGINS: But, Steve, if we get into these
discussions now, haven't we left design basis accident space
and entered severe accident space?

MR. LONG: Yes. So, well, that is the --

MR. HIGGINS: And I didn't know if you had
transitioned in your presentation yet.

MR. LONG: That was the point, we are going to be
talking on the hairy edge the whole time for the rest of the
day, and I don't think we can just keep saying, well, that
is a severe accident, we will talk about it later. We have
to talk about the transition.

DR. BONACA: The reason why I asked you the
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question, however, wasn't that I say that you have to
assume. We are trying to understand what are the
limitations of the combined power plant systems and operator
that will probably give us success up to a certain break
size. And then we will judge as reasonable people how
credible that size of rupture is going to be, and if it
bounds the concerns that have been expressed about damage,
or if it doesn't bound.

And, for example, one could say that if you
postulate a failure of 10 or 15 tubes, and you could make a
case where you can still give some success to the operator
in preventing the bypass, it would be more comforting than
saying that the operator cannot cope even with two tubes.
Okay. So I would like to just simply see if we can, at some
point, understand that, because I think that is an important
issue, and it tells us what we are dealing with insofar as
uncertainty.

MR. LONG: I think you are correct in wanting to
look at the human error probability part of this, and when
we get into the discussion later this afternoon, I will show
that I think that is an important aspect. I think it is a
dominant aspect for a lot of these things, not just the one
you are talking about now.

However, trying to use human error probability

calculations to narrow your focus for thermal-hydraulic
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calculations doesn't -- usually it works the other way
around because we are a little more precise with the
thermal-hydraulics than they are with the human error
probabilities.

But it is a problem of can you get information
together to bound the issue or not, and it is a struggle
here. And one of the things I think you have to go back to
is, is there a credible method for making a large hole,
rather than just assuming a large hole? In the design
basis, we have chosen to assume large holes and required
licensees to do fairly significant demonstrations that they
can cope with those large holes in those places. But one of
the ones we never did require them to cope with is a large
hole that takes the RCS fluid to somewhere where it cannot
go into the recirc path, and that is something we have known
as a concern since the reactor safety study in the '70s.

I think one of the things you have to do in trying
to bound this whole question is approach all the pieces, not
just leave one go and try to do it with a few that remain.
And I think you have to look at, what do we think we can
really expect to get in the way of a hole size? What is
credible? Because if it is really a credible hole that we
haven't considered before, maybe we need to change the
design basis to include it.

On the other hand, when you get into risk, if you
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think it is plausible, but not really high probability, you
may be able to handle, put in some of the rest of the
features and decide that the risk is low enough overall to
not have to go any further in the analysis. A risk model
does not define all things to a fine degree, a risk model
usually goes as far as you need to go to make a decision and
stops, hopefully, just a little bit beyond there, as opposed
to just short of there, to support the decision. And it is
hard enough to get to that point.

MR. HOLAHAN: Let me come back a bit. We are
talking about design basis, we are not speculating about
some, you know, future design basis. What we are talking
about is design basis, you know, as it is allowed in 95-05
or other situations, and none of these cases allow main
steamline break with tube ruptures. Okay.

We are talking about leakage rates, you know, a
few GPM may be 100 GPM. That is why these cases look like
repressurizations, okay. In the severe accident analysis, I
keep coming back to saying we will discuss it this
afternoon, we looked at single and multiple tube ruptures,
okay. We have not decided that those should be part of the
design basis. 1In fact, I think we will never probably
decide those should be part of the design basis, because we
probably don't want those to be likely enough to be

considered part of the design basis. We would like to
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preclude tube ruptures, and, certainly, multiple tube
ruptures, given a main steamline break.

The fact that we analyzed them doesn't mean that
we want them in the design basis. You know, we analyze
things beyond the design basis, that is what severe accident
risk analysis is about.

So I think you need to think of this design basis
discussion in the context of relatively small leaks. The
original design basis for a long time was like 1 GPM. Now,
we are talking about 95-05 having cracks open up and, in
fact, probably at very small leakages, but because we can't
really analyze those and assure that the leakages are very
small, you know, we look at them as though they are freespan
cracks and they are not confined and all of that. But these
are still leakages of a few GPM, 10 GPM, 30 GPM, you know,
in some of the more extreme casesg, maybe up to 100 GPM, but
none of them looks like a tube rupture.

DR. CATTON: What about tube rupture with a stuck
open relief valve? This is kind of similar, your mild
steamline break where nothing much happens. How different
is it? There you are going to have your 600 GPM and you are
going to have it open to the atmosphere.

MR. HOLAHAN: And, in fact, we analyzed those as
some of the more likely severe accident challenges, but

those are not in the design basis either.
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DR. CATTON: You mean the steam generator tube
rupture was an open relief value, was not --

MR. HOLAHAN: It was not in the design basis.

DR. CATTON: But that happened, that has happened.
Didn't it happen at Ginna?

MR. HOLAHAN: No.

SPEAKER: I think they were able to close the
relief wvalue.

MR. HOLAHAN: The main -- the safety valve on the
steam generator leaked for some continued period of time,
but it didn't stick open.

DR. CATTON: Pretty close.

MR. HOLAHAN: I spent three weeks in snowy
Rochester checking out that particular issue in 1982, and
the valve was pretty well seated but leaking.

MR. LONG: A lot of the plants have a requirement
for being able, with a single failure, to prevent overfill
of the steam generator. Now, there is a human error
associated with not succeeding in doing that. So when we
look at the severe accidents, that is included as a
scenario.

It is more a matter of how many tubes do you have
ruptured.

DR. CATTON: No, I understand that. I understand

that. I just thought maybe you were part-way there.
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DR. BONACA: Just to complete my thought, however,
since we had it, I agree that there is a design basis issue
and there is a severe accident issue. But I see two
different types of severe accident issues. One is one where
you have a severe accident like a station blackout, and then
you are questioning whether or not the surge line or the
tubes will fail first.

Now, there is nothing the operator can do about
that issue at that point.

MR. HOLAHAN: Well, in fact, --

DR. BONACA: Let me just finish.

MR. HOLAHAN: Go ahead.

DR. BONACA: The other is the scenario where I
have a steamline break, which may happen, and I may have
tubes failing that may be beyond the design basis and I
ignore that. And we are training the operators right now to
operate with ERGs with very specific directions, scenarios
where you have steamline break and tube failures, okay.
There is a full range of analysis being performed behind. I
am trying to understand how credible that is, because this
is a more significant issue in my mind.

We have operators who are now in the control room
trusting that the ERGs will lead them some success under
this kind of condition. That is why I am introducing, I

guess, a third kind of scenario in between, is the one where
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you have a design basis moving into a severe accident, but
you have a full body of license documents, I don't know how
licensed the ERGs are, but they are certainly used there,
that at least pretend to be able to cope with those
scenarios.

And that is why I am trying to understand, you
know, as part of this presentation today, how these ERGs can
or cannot be successful.

MR. HOLAHAN: And have analyzed both types of
those issues, both -- what we call the high dry sequences,
core damage leading to tube failure, and, also, what would
start out as a traditional design basis event and then
exceeding the design basis conditions and going to core
damage.

In the context of design basis versus severe
accidents, we call both of those examples severe accident
cases, okay, because you won't find either of them in FSAR.

DR. KRESS: Gary, let's pretend that we were back
in the Dark Ages where all we had was design basis and
didn't have risk and severe accidents, except we kind of had
them in the back of our mind. We defined these design bases
as in terms of probably some perceived frequency at which
they might occur.

MR. HOLAHAN: Yes.

DR. KRESS: But looking at the design basis of,
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say, a main steamline break, we had specified in that design
basis, that it leak at the tech spec leak rate.

Now, the reason that specification was in there,
though, was because we had another something in the rules
that said you will not exceed -- cracks that are more than
40 percent throughwall you will plug. Now we are talking
about changing that part of the rules, and we don't have
anything about risk and stuff in there, but we change one
part of the rule, it seems to me like we have already
changed the design basis accident. And you may have changed
it to the point where you might have to talk about changing
the leak rate. And if you change it enough, you might have
to talk about an induced steam generator tube rupture.

It seems to me like we already changed the design
basis accident, and the question is, how much are we going
to change it?

MR. HOLAHAN: Well, I agree that if, in fact, we
were to allow leak rates sufficiently large so that the
events don't look like -- it doesn't look like a main
steamline break, it looks like a much more complicated
event, it looks like a steamline break and a tube rupture,
or it looks like a small LOCA, then, in fact, we would be
having a different event.

But we are not talking about allowing such

leakages. And I don't think we want to go there.
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DR. KRESS: Okay. But what I thought was, if you
change the rules about how you deal with the steam generator
tubes, it might very well be that you have no control over
what leakage you are allowing.

MR. HOLAHAN: No, nco. I think, in effect, what we
have done is very carefully, in 95-05, looked at the
increased leakage implications associated with change.

DR. KRESS: You say there is now another part of
the rule that does give you a reason to specify a leak rate
as part of the design basis.

MR. HOLAHAN: Yeah. And I think that is part of
what you heard for the last day or so, is that the dose
calculations -- and as early as Jack Hayes' calculations
from yesterday, the dose calculations are done with
substantially higher leak rates for a plant that is using a
95-05 process. But we are not allowing those leak rates to
be sufficiently high that, in fact, they were creating

different accidents.

DR. KRESS: Not allowing them under -- at some
frequency.

MR. HOLAHAN: Not allowing them as expected
results.

DR. KRESS: Expected results.

MR. HOLAHAN: As an expected part of the design
basis.
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MR. LONG: You put your finger on one point, and
that is that, initially, there was no understanding of a
difference between the normal operational leakage from the
steam generators and the accident leakage. People weren't
thinking cracks that would open. They were thinking tubes
that could only stand about 10,000 psi, and they might have
pinholes or there would be wastage that you checked and you
patched before it got less than 4,000 psi in strength.

And when we divorced the accident leakage from the
operational leakage, the accident leakage doesn't appear in
the tech specs now, it is a value that is put into the
Chapter 15 analysis. So what is happening is people are
lowering what is in the tech specs, which is the iodine
concentration and the coolant and then through the Chapter
15 analysis, they are increasing the leak rate.

There is no real limit on how far that leak rate
can go. You know, if they are operating at 10 to the minus
4th mikes per cc, and the limit, the assumption is 1, and
the Chapter 15 analysis for 1 GPM, and they are still not at
30 rem to the thyroid in the control room, you know, you can
get the leak rate up to 10,000 GPM and still meet Part 100.

So what Gary is saying is, well, when we grant
these things, we are granting them on a case by case review
and we don't intend to grant something with that high a leak

rate. We have gotten up to 132 in Byron 1 at least, I don't
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know about Braidwood, for one cycle, or the last part of one
cycle. I was nervous when we got to 132, and I wanted to
ask, what do we think the real leak rate is if these cracks
are, you know, contained in crud-encrusted tube support
plates? Especially if you shake those tube support plates
with a main steamline break.

We know that the French have done some studies.
You asked about the crud. The French have done some studies
where they have harvested tubes with the support plates
intact, drilled a hole through the support plate, the crud
on the tube, and plugged the support plate. So what they
have is an opening into the crud. And they have
demonstrated it is pretty tight until you move the support
plate with respect to the tube some distance, and then
apparently you crack the crud and you do get some flow. It
is still nothing like the leak rate that you would get if
that hole was in the freespan.

And, in addition, it is a hole you drilled. If it
was a crack and it was essentially in a tube that was being
dented, and that is the reason you had the crack, the crack
may not be able to open and create that hole.

So we don't really have a way of calculating the
leakage as long as that crack remains within the tube
support plate. But we are counting on it being lower than

the value we calculate as if it is in the freespan. 2and
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there is not a very strong knowledge base to tell us how far
we can go in this pseudo leak rate in the Chapter 15
analysis.

CHAIRMAN POWERS: Do you have the description of
these?

MR. LONG: If Emmett Murphy was here, I'd be glad
to say yes, but I'm not sure I know of anybody else in the
audience that has them right now.

We'll try to make sure we get them for you.

MR. HIGGINS: Steve, most of the discussions we've
been having relate to the main steam line break and then
what happens with the possibly-induced leakages.

If you use the stuck-open relief valve as another
initiator, rather than the main steam line break, does the
main steam line break bound that, or do you need to
separately look at the stuck-open steam generator relief?

MR. LONG: When you say bounded, in what sense?

MR. HIGGINS: That you don't need to look at that
and analyze that separately.

MR. LONG: Well, when you get into the accident
sequences and event tree, they're different.

MR. HIGGINS: I'm talking design basis.

MR. LONG: Well, this is what I mean by in what
sense? If you're asking, do you get the same kind of

vibration in the tubes when you use blowdown to a stuck-open
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safety valve, I don't think you get that.

The repressurization is slower. We've done it a
few times already.

I would expect that to be a more benign problem
from the standpoint of the blowdown effect.

On the ohter hand, it's something where -- I've
taken the graph down now, but it's something where the
operators have had a tendency to repressurize the system and
increase the delta-P.

MR. HOLAHAN: In the context of the question, the
design basis, the question is, would it produce higher doses
in design basis?

MR. LONG: That's the reason I asked in what
context.

You're saying -- if the question is, would the
doses be higher or lower --

MR. HOLAHAN: Than a main steam line break.

MR. LONG: Probably, I think they would calculate
in as the same in a design basis. I think they'd just
assume that the secondary side is open to the environment.

They would assume that the secondary side is
voided, is depressurized, so there's no scrubbing. And I
would assume they'd get the same answer.

I don't think they have gone into the physics in

any greater detail.
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DR. HOPENFELD: Can I make one comment? Is that
okay with you, Steve?

MR. LONG: Sure.

DR. HOPENFELD: 1I'd just like to put it in
context. And what Mr. Holohan said is very true, that 9505
is limited to very small leakages.

In fact, that was really the main reason why I
converted that DPV to a DPO in July of '94, just before that
9505 went on the street.

And if I remember correctly, I had a discussion
there, and I said, well, anything below 100 or 200 gpm is
not of concern to me, because the operator will take care of
that.

The whole issue was, what we're doing is just as
you describe now, but look what happened. We were 94 and we
basically accepted htat idea that we don't have to go beyond
these small leakages.

And so we have the six years of all that time
that, you know, that we sort of accepted it, and we haven't
-- and that's really the main issue here, why -- I think
we're focusing on it, and that's why 9505 is not adequate.

But we accepted it and let it stay there, and then
we say it is adequate and we're ruling out any leakages
beyond one gpm or ten gmp, and I think you focused the

discussion as to where we should be heading with this.
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MR. HOLAHAN: Let me comment on that, because I
think what it says is, the staff's intent is consistent’with
Dr. Hopefeld's views; that is, that we both want to keep any
leakages, you know, following a steam line break, to be
small values which can be shown to be things that operators
can handle and are within the dose limits.

It seems to me that the disagreement is with
whetehr, in fact, the thigns that staff has done have
accomplished that goal.

MR. LONG: Yes.

MR. HIGGINS: Related to that, and the operator
actions, as part of the GL 95-05 reviews, were there any
reviews done to see if there were -- that the operators
could still handle the differences in the accident scenarios
between the one gpm leak and now, say, a 100 gpm leak after
the main steam line break, and verifying that the procedures
and the training and so forth were needed -- whether they
needed to be changed or not, or whether any other actions
had to be taken at the sites that are now operating under
these new tech specs?

MR. LONG: Okay, I'm not sure if Joe is going to
get into any of this. He's shaking his head, no.

MR. DONOGHUE: This is Joe Donoghue. 1I'll be
talking a little bit about this, but the short answer, I

think, is, there were no specific anlayses done fro the
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licensing actions. We were depending on the 1477 and the
other analyses that I will talk about.

The conclusoins there convinced us that we didn't
need to do more work on a site-specific basis.

MR. LONG: Were you asking site-specific or just
were there studies done?

MR. HIGGINS: No, whether or not you needed to do
anything site-specific for the plants that were getting
these tech spec amendments, in order to ensure that their
procedures and training were capable of handling these
somewhat different design basis accidents.

MR. LONG: I don't believe we did that.

MR. DONOGHUE: I think the answer, again, is that
some of the anlayses that I will talk about were based on at
least one plant, because that's all we analyzed during the
rulemaking.

We used their procedures as the basis for the
actions and the timing.

That was a very brief synopsis of what was done
but our conclusions were that overall the licensee's
approach here was conservative.

They tried to make sure they were calculating what
would happen -- they used the condition that would give them
the highest peak loads across the tube support plates. To

apply those peak loads to all the tube support plates in the
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generator when they took the next step to do the deflection
analysis and they applied a safety factor to those loads
when they did that deflection analysis.

From that we documented in the safety evaluation
that we considered what they had done for this license
amendment was reasonable. However, we made clear that this
was not a generically acceptable approach because of the
limitations MB-2 data. We didn't see this as a basis for a
qualification of this method for generic use.

About six months later I think I was one of the
people here again talking about this license amendment and I
think a subcommittee of the ACRS had some comments about it,
had some additional questions that came up on the ability to
model the flows in the generator during the main steam line
break and we have since used those kinds of questions to
supplement instances where we have addressed licensees
approaching us with this kind of request since then.

I can think of a couple of instances where we have
had very detailed discussions with licensees who have tried
to pick up the methodology that was used for Byron and
Braidwood and we have asked additional questions based on
what we got out of this June meeting and other things that
have come up since‘then and so far I don't know of any other
licensees that have been able to apply this sort of a

process, this modeling and methodology.
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MR. CATTON: One of the problems isg that it is a
nonequilibrium behavior. If you think about what happens
before any strong flow starts, the pressure drops, then you
convert to steam and you begin to build up the flow, and
this sort of starts from the bottom to the end so you can
wind up choking and unchoking.

This was the same thing that happens when people
considered the internal loads on the reactor following a
break. You get an expansion wave that travels inside. 1It's
nonequilibrium. What begins to bring it to a stable process
ig when the nonequilibrium proceés is over and you start
just converting pressure into superheat and to steam and it
is steady.

The loads are going to be quite different. I
think it is the choking and unchoking that is going to get
you, and that is a very quick process at the beginning.

Of course it depends on how many of these area
restrictions you have from one end of this device to the
other, and somehow I was a member of the committee in June
and I don't remember the meeting but I guess if there was
criticism of it, it was probably me.

MR. DONOGHUE: I definitely remember your
questions.

[Laughter.]

MR. DONOGHUE: Scars --
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MR. CATTON: It is not clear to me that you can
solve it as essentially an equilibrium process, it's not.
It's nonequilibrium and it's the nonequilibrium effectsg that
are going to lead to the difficulties.

You have to include them if you want to do it
properly and I don't remember the MB test either. I don't
know what the internals of that thing looked like.

MR. HOPENFELD: Can I just make a comment on that?
We had so many subjects the other day, but I did cover that.

The instrumentation was part of it about the peak
pressure, but that wasn't the main thing.

Remember, I showed you that the volume, the vessel
that was surrounding that slide of tubes, it was a factor of
six or seven higher than the volume occupied by the bundle,
so the whole flow phenomena was controlled but something had
to do with the flow in the tubes, and that was my point,
that you couldn't possibly benchmark RELAP against that kind
of data. It wasn't designed for it.

That was the point and I showed you in the
presentation the volume ratioc and I think it is in your
handouts.

MR. DONOGHUE: One thing I remember we did say in
the safety evaluation was that it seemed reasonable to us
that there were so many impediments to pressure waves making

it back to the tube support plates because of equipment that
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is in the steam generator that compared to the MB-2 setup we
thought, it seemed reasonable to assume that a lot of those
loads were not going to be any bigger or much bigger or some
phraseology like that than the differential pressures that
were trying to be predicted.

MR. HOPENFELD: There is actually no reason to
assume that.

MR. DONOGHUE: Well, that is assumption we made.

I am just stating what we documented.

I agree, you know, the question about the
equilibrium/nonequilibrium choice for use of RELAP was a big
issue and we --

MR. CATTON: Some of those pressure spikes might
be real. They tried a long time ago with Semiscale, one of
the Semiscale these they begin to get these big oscillations
and they tried to use all of the different codes and they
never could reproduce them.

The problem is when the pressure goes up, you are
condensing. When the pressure goes down you are
evaporating. The thing acts like this huge volume so all of
the frequencies are different. Everything changes.

MR. DONOGHUE: Let me step back for a minute to
again this discussion I tried to say was that -- I may be
able to state it more clearly now -- I am not here to try to

say that we have a basis for resolving the new GSI.
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I am just here to say that this is some work that
the Staff is aware of that is connected to the issue and
this is as far as we have gone and we stated in the safety
evaluation there were clear limitations to what we were
doing and why we had problems with this when other licensees
have come in and tried to do this.

The technical details here, the ability to model
these things is certainly an issue and that's why I think we
put all those limitations on this when we first asserted
that.

I have no other information to present on this
topic. Refer back to, I think, material you have in your
truck-load of documents you have -- your safety evaluation
references what the licensee did and the safety evaluation
has the discussion about what the Staff did there and the
things I talked about here.

MR. HOLAHAN: I would just like to remind you that
this relates to something discussed yesterday, that the case
that the Staff approved was one in which because of
uncertainties and other issues we required the licensees
effectively to stake the support plate by tube expansions
above and below it so there was an additional basis for
saying the tube sheet wouldn't move, not just the thermal
hydraulic analysis, so you get an idea of the state of our

comfort and knowledge by the fact that we, even though maybe
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your best judgment is that you wouldn't have a problem, we
didn't feel that the analysis without additional actions was
appropriate. Thank you.

MR. DONOGHUE: Yes, I tried to allude to
conservatisms and that is another one that I could have
added to the list.

If there are no other points to discuss, I will go
on to the next issue that I was asked to speak to you about,
which we have talked about to some extent already, how much
leakage can we -- do we think is tolerable during a beyond
design basis, even though I say during design basis
accident, we kind of call them beyond design basis events
here.

This is addressed in Issue 2 of the considerations
document. In there we talk about reports that have come up
repeatedly already and I will just summarize the first one,
NUREG-1477.

We have already talked about that so I won't spend
much time, except to say that there were calculations done
over a range of leak rates, primary-secondary leak rates,
and the conclusion there was that the RWST inventory could
be maintained in accordance, if the operators performed in
accordance with the emergency response guidelines.

The next report, and before I go into detail, I

will just try to put some context on this report, in 1993
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when the rulemaking activity was begun, that's when the
Staff were brought together and told to charge off in the
direction of rulemaking, we were challenged by Mr. Thadani,
who was at that time the SSA Division Director, to try to
get a handle on where the risk significance lay here.

This was at the advent. We weren't really
risk-informing as much as we are trying to do today or in as
formal a manner as we are today, but he was very concerned
about these kind of events where we are going, pushing the
envelope or going beyond the design basis line and trying to
understand where we have to focus our attention if we were
going to try to put down a rule to address steam generator
problems.

One of the first things we did was design the INEL
that I think Dr. Bonaca has talked about where we tried to
scope where we thought problems may be.

One of the first things we did was analyze main
steam line breaks with different numbers of tube ruptures.
It was based on -- I will talk about that later -- modeling
assumptions, but the approach anyway was just see if there
is a cliff somewhere that was just outside of the design
basis envelope that we needed to really worry about in terms
of risk to the plant, of risk to the public.

In the end this analysis provided support for us

to concentrate on these -- I will call them severe accident
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scenarios but the high and dry sort of things which we ended
up spending a lot of time and effort on in conjunction with
research and produced NUREG 1570.

Efforts continue in that area because of the
uncertainties that we were aware of from that 1570 work.
That was not the end of the process. It continues, but for
our purposes here I am just giving you a context for what
the INEL report represents.

It doesn't maybe go as far as these other efforts
that we call severe accidents. As I said, it summarizes the
analyses with multiple tube ruptures and combined main steam
line break events.

It used the RELAP model, RELAPS5 model of Surry and
I think Steve mentioned that as part of this process we
found that we had these same questions about what isg the
operator able to or not able to do. The licensee for Surry
was kind enough to send us their complete EOP package, which
the contractor was able to reference and use and they
answered questions for us when we got to the point that I
think Steve mentioned, that we were trying to use a
simulator to understand what operators could or couldn't do.
They answered questions about their own procedures.

In a way it is a very detailed look at one plant
and in a way it is unfortunate because we focused so much on

one plant at the exclusion of other designs but in the
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course of the rulemaking we had to concentrate our efforts
gomehow and that's what we did.

One issue that I was made aware of that I was
going to spend some time on but I might -- I will get your
sense, Dr. Powerg, on whether we wish to spend time on this,
is the assumption that ECCS flow in the event was throttled.

It seems like there's other issues here, but with
the timing I might just jump to rather than discussing the
throttling issue.

CHAIRMAN POWERS: Well, it seems to me that the
critical issue is the kind of time that is available to
recognize and respond to the event --

MR. DONOGHUE: Right.

CHAIRMAN POWERS: -- and start throttling soon
enough. I presume that the operator -- I mean it is safe to
presume that the operator once he starts throttling will
throttle appropriately.

MR. DONOGHUE: Well, that's the question. I will
just touch on it very briefly unless there's questions that

come up.

Just to jump to the conclusions of the report, we arrived at
the point where we thought that, given, given the
procedures, that the RWST inventory at Surrey was sufficient

to handle the combined [inaudible] and multiple tube
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ruptures, that dividing line at exact number of tubes is a
point of argument. But it seemed like it was, was not one
tube. It was not even maybe a handful of tubes. It was
probably something a little more than that.

Just briefly on the throttling assumptions,
there's different configurations at different plant, but for
Surrey, you can realign your high-pressure injection through
charging lines and have a throttling capability. The
emergency response guidelines with the CROPs allow -- they
have objectives of maintaining RWST inventory in the case if
you have decreasing steam generator pressure during a tube
rupture. And in order to do that, there are guidelines for
the reduction of injection flow.

Um -- I'll jump to the next-to-last bullet on the
slide. 1Is that -- the wording in this bullet maybe isn't
the best. But from the range of one to fifteen tubes,
different actions become more important. For the larger
breaks, the number larger number of tubes broke or failing,
it's less important that the operator depressurize because
it's happening already. It's happening by itself.

The other actions that are important are,
obviously, when and how to reduce injection flow and then
the big question -- the biggest question, I think -- is how
and when you get onto RHR. That's what's saving you.

There were people that were involved in this
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analysis that still had questions when we got to the point
where we made some conclusions about this. However, as you
heard already, we didn't have information that gave us
credible means for getting to these multiple tube ruptures;
they're very high primary, secondary leakages during the
main steamline break. And we took the direction during this
rule-making trying to develop a technical basis for this of
going off in the other direction that I mentioned before,
the NUREG 1570 analysis.

Talking about the timing, I did bring a couple of
plots that came from the work that was done for the INEL
report. It was also -- the INEL work was also in -- the
NUREG number escapes me. It think it's 6365, steam
generator tube failures, I think is the title. Some of this
common, some of the same analyses ended up in both reports.
The more complete set of analyses were in the INEL report.
And it was kind of a, I guess, a scoping study, a draft sort
of document. It didn't make it into the NUREG stage; it was
a contractor report.

I'1l just throw up here -- I might be going
backwards, but, all right, let me do this. If T put up the
one tube-rupture case, it's -- let me see the units. Okay.

With one tube rupture, the RWST inventory is somewhere
around that line. And if you extend, if you extend that

injection rate, that cumulative injection flow up to the
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inventory, you can see there is several hours -- I think I
wrote down -- there's several hours that the operators have
to respond.

If you throttle the flow, which is what's done at
about, at about this point, and you throttle the flow, you
get a couple more, several more hours. So the one tube case
seems like there's plenty of time for operators to respond.
If I jump to the very limiting fifteen-tube case, you can
see there where flow was throttling, or without throttling
flow, you can see there's only roughly an hour before you're
done with the RWST.

And I'll point out that for Surrey, there's an
ability to cross-connect to the other RWSTs that's not
included in this analysis. This is just the one thing.

You can see when flow is throttled, that roughly
doublesg the time that you have. And that is still of
concern. I wouldn't, I wouldn't feel confident saying to
the operators, given a fifteen-tube -- you know,
double-ended guillotine break of fifteen tubes would be able
to handle things, given that short period of time, even if
flow could be throttled.

I think I have -- here we go. I have a ten-tube
case, which is getting closer to that point that one might
think -- is that clear enough? Yeah -- that one might think

you could survive it. Again, just extrapolating these lines
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up to about where the RWST flow, RWST inventory would be,
you can see you get quite a, quite a change in the time that
you have, from about -- oops, that's probably wrong, there
we go -- from maybe a couple of hours to five or six hours,
roughly, which highlights the importance of the operator
actions to reduce flow, but made it apparent to us that it
didn't see, even with this ten-tube failure case, that there
was going to be that -- we weren't on a hairy edge. 1If
there was just a few hours, we'd still be concerned, as I
mentioned on the fifteen-tube case.

When we were doing, when the INEL was doing this
work for us, these human error probability questions came
up. Steve alluded to some of the efforts that were pursued
to address them. I'm not gonna try to address them here.
I'm not even close to an expert; I'm just aware that that
work was done. However, when we got to a point where we
thought we understood it well enough to get some
risk-informed basis for what we needed to do, the work here
was considered sufficient.

DR. KRESS: What happens to the peak [inaudible]
temperature when you throttle it?

MR. DONOGHUE: Well. I think you just keep the
core covered.

DR. KRESS: -- keep the core covered --

MR. DONOGHUE: Yeah, I mean I have one plot here
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where this is fifteen tubes and no operator action, no
throttling. You can see that -- where's that fifteen-tube
case with the throttling on it. You can see that the core
becomes uncovered and you start causing damage. But where
-- yeah, it's well after WST is emptied.

MR. WARD: Excuse me. My name is Len Ward.
There's no challenge to core uncovering.

MR. DONOGHUE: Yeah.

MR. WARD: There are two LIPSI pumps operating in
two [inaudible]. There's a tremendous amount of flow there.
Core uncovering is not a concern unless you have no
injection. And if you have no injection, you don't uncover
until seven hours. And that's because you basically have to
boil off all the fluid above the top of the core, from the
steam generator tube sheet all the way down into the wvessel.
Roughly seventy percent of the fluid in the system is above
the top of the core. It takes a long time to boil it off.

If it was flowing out critically, if the break was
in the co-leg, it would lose it a lot faster. So the saving
grace, the good thing about these kinds of events are, the
break's very high in the system and you have to boil fluid
off. And that doesn't challenge injection systems like
critical flow does. So it gives you large amounts of time
before you would start to uncover.

MR. DONOGHUE: Thank you, Dr. Ward. I will just
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MR. AOPEUFELD: One more comment. There's a
German study showing that only ten tubes, and they were
concerned about turning -- they can't throttle it, so you
have to turn pumps on and off. And they weren't designed
for it.

MR. DONOGHUE: Well, as I mentioned for Surrey,
there's an ability to realign the system to use the charging
lines to, which have the ability to throttle the flow.

In these cases, it was probably a simplifying
assumption that the throttling was done once and we stopped.
I'll just point out that for the fifteen-tube case, the RWST
runs out in a little bit more, around two hours, and that
the boiling is going on for another three to four or five
hours, before you end up having a core damage problem.’

As far as -- the throttling assumption I think is
gonna be largely a plant -- it's gonna have to be, it's
gonna have to consider plant differences, design
differences. It's clear. Again, this scoping study, you
use one plant design to see if -- which we thought was
relatively representative of a large portion of the PWRs, to
get an idea of if there was a large risk significance to
these kinds of events.

I think this afternoon, if there's other questions

about the human error probability analysis that was done,

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1025 Connecticut Avenue, NW, Suite 1014
Washington, D.C. 20036
(202) 842-0034




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

739
that's the appropriate time to talk about it. Are there any
other questions about that work? Yes?

DR. BONACA: The only reason -- okay, first of
all, I thank you for the presentation. That's the
information I wanted to have.

The reason why I asked directly before is that I
did not see it discussed into the DPR consideration in a
specific fashion, and so I was puzzled and I thought that
you would not be presented that information, which I believe
it's important to our judgments that we have to make here.
And again, I was intrigued by the fact that when we look at
the risk analysis, this information wasn't presented at all.
The DPL consideration. It is discussed under the accident
analysis portion, but it's not considered at all into that.
And that was my reason for asking for that.

MR. HOLAHAN: I would just add that a similar set
of analyses were done about a decade earlier, part of
resolving unresolved safety issues 83, 4 and 5, and had a
similar result for the one-, two- and ten-tube ruptures and
came up with similar conclusions as to the amount of time
available and the likelihood that operators could handle
those cases. And just to simplify again, in the context of
Dr. Hopenfeld's concerns, I think what we're both saying is,
is for a fairly small number of tube ruptures, the operators

have time and can probably handle these.
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And in fact, I think both the staff and Dr.
Hopenfeld would say there is a point at which the sequences
do in fact go too fast and the situation is too complicated.
And whether that's ten tubes or twenty tubes, there is in
fact some point at which that occurs. So it seems to me
that the main issue is, what's the likelihood of having
multiple tube ruptures given the steamline break. And the
staff's conclusion is that's very unlikely and we'll discuss
it some more this afternoon, but that same view is not
shared by Dr. Hopenfeld.

DR. BALLENGER: But even if you have fifteen tubes
ruptured, what I just heard was that -- so you run out of
RWST water in two hours, and the operator's completely
flustered and can't deal with it. You've got six hours more

before the core is uncovered.

MR. HOLAHAN: No.

DR. BALLENGER:
MR. DONOGHUE :
You have maybe three or
DR. BALLENGER:
@@ DR. BALLENGER:

@@ DR. BALLENGER:

No?

That's a total of about six hours.
four.

So you've got four hours.

Three or four hours.

You've got three or four hours

more grace period, if you will.

MR. DONOGHUE:

CHAIRMAN POWERS:

Yes.

The problem is, once you concede
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fifteen, you've got to concede twenty. Once you concede
twenty, you've got to concede twenty-five. I mean, one or
two is different from fifteen.

MR. HOLAHAN: And I think that as the number of
tubes would increase, in fact that amount of time available
would decrease, because it wouldn't just be boil-off. You
could actually have a system blowdown i1f the number of
failed tubes was large.

MR. DONOGHUE: If there's no further remarks about
that, I'll go to my last topic, which I won't even try to
say 1s going to be brief, even though I only have a couple
of slides.

We've touched on this I think earlier, the leakage
that could develop during a depressurization event. And
just point out that I have one other page that I want to
make sure you have. It's a list of events I'll get to in a
second.

When we talked about this in the DPOP
considerations document -- this I think is issue 2. 2And let
me see, break leakage. I think we've mentioned that there
have been depressurization events, we have not seen primary,
secondary leakage associated with those events. Those kind
of events are usually association with stuck-open relief
valves, loss of feedwater, or some combination of those,

those kind of failures. And when we look at the reports for
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those, some of those events -- which I'll show you the list
in a second that I'm talking about -- we don't see a
discussion about primary and secondary leakage.

If there was primary and secondary leakage, there
are steps in the procedures that the operators use that take
that into account. If there's contamination going to the
secondary side, there's certain things they need to do.

They need to monitor for it, but there's also steps to take
to, to try to limit the contamination. But what's
important, I think, is that for the events that we're aware
of, that when plants returned to power, there was not tube
leakage that was reported to the NRC. We didn't see tube
failures manifested in leakage from these type of events.

DR. SIEBER: Could I ask a question.

MR. DONOGHUE: Yes.

DR. SIEBER: [inaudible] had a blowdown during a
[inaudible] . Was there an inspection or do you have any
information related to the condition of that steam generator
prior to its being put in service?

MR. STROSNIDER: Yeah, this is Jack Strosnider of
the Staff. You're referring to an event that we heard about
the day before yesterday, I guess. We've asked the staff to
go look at the docket and see if we have anything reported
to NRC. I can't tell you the answer at this point, but we

are pursuing that question.
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MR. DONOGHUE: I would just add that I think in
the documents that you have, there's accounts of those
events, of that and I think and event at Robinson. And just
looking at those accounts, I didn't see any discussion about
the -- you know, going back and looking at the steam
generator. I did look at some other information I think
EPRI had on repair histories for tube. And I'm not sure if
Jack's staff has looked into that. I'm sure they are.

But, you know, it didn't seem like there were
tubes repaired at -- that's just speculation on my part.
That's just basically absent information; I think Jack's
staff will be able to answer that better. But for these
events, these are just examples of the type events that we
mentioned in the DPO considerations document, where in some
cases and in one case here, both steam generators lost
inventory.

The primary pressure changed, but the primary d4did
not depressurize during these blowdowns and there was
significant differential pressure across the tubes. I
wouldn't call these type of events are gonna produce any
kind of dynamic events that would be something, you know,
that could help address the new GSI. These are just purely
instances where you have a high differential pressure across
the tubes. But look at the LERS across these events, or in

the case of [inaudible], there's a detailed NUREG on that --
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MR. HOLAHAN: My recollection is sitting up all
night in the operations center watching the Davis-Bessy
cooldown. And I think we asked some questions about whether
there was any leakage. And I think they did not have a
problem.

MR. DONOGHUE: Thank you. So there's another
piece of information that's helping. We didn't see tube
leakage after such events. And after we -- we don't know of
this being a problem for depressurization events. Which
leads to some assurance that if there's a high differential
pressure across the tubes, even after some period of
operation, that we're not going to see leakage develop.

HOPENFELD : [OFF MIKE]

MR. DONOGHUE: Say again?

HOPENFELD: [OFF MIKE]

MR. DONOGHUE: I'm not sure --

MR. STROSNIDER: That's correct. None of those,
none of those units particularly, you know, had the generic
letter number 505 alternate repair criteria in place.

HOPENFELD : [OFF MIKE]

MR. DONOGHUE: No, but the point is that the
plants operated -- these plants did have some tube repair,
although they weren't ultimate repair criteria. And it's
just showing that we don't have information to show us that

the tubes are going to leak excessively after a high, high
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differential pressure is applied to the tubes.

CHAIRMAN POWERS: I feel, I feel absolutely
obligated to point out that after 24 launches of the
shuttle, we didn't have any evidence that we'd have a
Challenger.

MR. DONOGHUE: I understand --

CHAIRMAN POWERS: Small databases are useful for
contradicting hypotheses, not confirming them.

MR. DONOGHUE: I see. Well, we just wanted to
present the operational information that we knew about when
we wrote the DPO considerations document.

CHAIRMAN POWERS: And I think that's, that's what
the Committee asked for and it's useful.

MR. DONOGHUE: Unless there's other questions or
remarks, that's all I have for today.

CHAIRMAN POWERS: Are there other gquestions?
Speaker? Seeing none, I'd like to pose a question to Dr.
Shack. We let him get away way too easy on this, on his
presentation. So we'll take just a minute or two. Dr.
Shack, if I ask you a question, may I suggest you just sit
here in the designated Federal officials' seat.

[LAUGHTER]

CHAIRMAN POWERS: When you spoke, you spoke of
both circumferential and axial cracks and presented a

mind-numbing amount of data and analyses that suggest that
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we really understand circumferential and axial cracks in a
fair amount of detail. But I'm reminded of the cracks that
people show us that show that they are not completely
circumferential or axial in all cases. And I'm wondering
how -- do we have guidelines to tell us how to apply all
that knowledge to more realigtic cracks that have some
convolution of shape that might suggest that they have some
circumferential characteristics and some axial
characteristics.

DR. SHACK: One moment. I suspect this is more a
question of what the regulator is done when he's faced with
those questions. I think most of the time, unless one has
better information, one makes a rather conservative bounding
projection of the cracks, so that you're, you're almost
collapsing cracks that are separated by ligaments onto a
plane and using that kind of bounding analysis. There are
rules in the code, you know, if you could clearly
demonstrate the separation of these segments, but in many
cases, the resolution of the NDE isn't good enough, so you
would end up collapsing them.

We're looking in a research basis at what you do
when you have a combination of circumferential and axial
cracks together. We -- I think that one would again take
rather conservative estimates of how that would work, by

projecting everything onto a single plane.
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SPEAKER: Cosine of the angle?

DR. CATTON: You don't get an oblique crack?

SHA: There's thousands of cracks out there, you
know. Never's a long time.

[LAUGHTER]

SHA: I would say that most of the time, you get
circumferential and axial cracks. I sort of explained it to
Dana, that one of the things you seldom see -- stress
corrosion cracks don't grow under pure sheer, typically.
We've tried to grow them under torsion, which is one way to
get a pure sheer state. You seem to need normal stresses,
and so they line up along principal stress axes, which in a
tube happen to be -- it's this way.

Now again, at a roll transition, the stress state
is always a little more complicated and things might not be
so simple. But the stress patterns there are so
complicated, my guess is you end up assuming that they're
projected into some 360-degree plane and you'll, you'll find
that you don't want to live with the results.

Again, if it was a small crack at an angle, as my
results show, you know, the 300 degrees, you're not gonna
quibble over one short, small crack. But if you have an
extensive amount of cracking -- but again, it's the
regulators who actually handle that problem.

MR. STROSNIDER: Yeah. This is Jack Strosnider.
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And just to follow up on what Dr. Shack indicated,
typically, typically because of principal stresses in the
pressure, the large hoop stress and that, you're gonna see
axial cracks or circumferential cracks. That's -- in order
to get something that's, that's at some sort of angle, you
need something like the ODSCC under the tube support plates,
which is -- and even there, it, it lends itself to the
creation of something closer to intergranular attack, as we
said earlier. So you've got a network of cracks.

But as that crack develops -- and this is what's
applicable under generic letter 9505 -- is you leave, if
it's left in there long enough and as it develops, it will
develop a principally, an axially oriented, dominant crack.

You know, the one area where -- and unfortunately
I don't have any of the staff here who can go into a lot of
detail on this -- but my recollection is that down in the
crevice of the tube sheet, you know, some of these plants,
the tube are not full-depth expanded into that [inaudible]
tube sheet. It might be expanded three inches, and then
you've got this 20 or 21 inch crevice.

Down in that crevice region, where we have some
alternate repair criteria, all right, which are based on
depth into the, down into the tubesheets and the inability
to pull it out, friction loads and that sort of thing, my

recollection is that we have placed on some of those repair
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criteria, some requirements that when they do the
inspection, they verify that the cracks do not have a
significant circumferential portion, because they do
sometimes grow. In thaﬁ sort of environment, they may not
grow at perfectly along the length of the tube. So we did
establish some criteria there. That's my recollection. If
you want more specifics on that, I'll have to get it for
you. But it's something like that --

CHAIRMAN POWERS: Yes, I'd like to --

MR. STROSNIDER: -- it's that sort of unique sort
of situation down in that crevice where you might tend to
see something, you know, like you're --

CHAIRMAN POWERS: Yes, I'd like to know why you,
you asked for something particular about the circumferential
character to the cracks, because I got the distinct
impression from the explicit words that you could tolerate
circumferential cracks a lot better than you could axial
cracks.

MR. STROSNIDER: Well, I'm, I'm not sure if I
follow everything. Your question exactly is -- it was
discussed this morning, circumferential cracks are more
tolerable in the sense that you have, they have lower
stresses on them trying to pull them apart. In reality,
when you look at circumferential cracks, at least at the top

of the tubesheet, they tend to have a lot of ligaments in
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them. That may not necessarily be true of some of the
primary water cracks that, that show up. But it's largely
because of the lower stresses that are on 'em.

With regard to these criteria down in the
tubesheet, as I said, we have to get some more specifics for
you. But sort of a general concept is that the ideas, you
want to make sure the thing doesn't pull out, all right?

And if you had the potential to grow a circumferential crack
completely around the tube, then, you know, that, that, you

know, too close to the top of the tubesheet, then you might

have some concern about whether you've got enough tube down

into the tubesheet to keep it in place.

All right. The other aspect of it is that the
axial cracks that are in there, you know, you have to look
at them from some sort of leakage point of view.

So I don't know if -- does that address your
question?

CHATIRMAN POWERS: Well, I mean, the question is
enormously naive. You asked for some special NDA activities
in that region for circumferential cracks. I just wanted to
know why.

MR. STROSNIDER: Well, and I in general the
concern is that, as I indicated, you know, there's criteria
with how high are -- I don't know which way to describe it.

It's a better way to picture, you know. You don't want
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degradation too close to the top of the tube sheet because
you want enough of the tube down into the tubesheet to
provide the restraint. And also, you don't want
circumferential cracking because, because it could impact,
you lose some of the frictional load and stuff.

CHAIRMAN POWERS: T guess I could understand the
frictional load. But my, what I understood you to say was
that you asked for more NDE in this region because the tubes
weren't full expanded and you had a long crevice region,
which isn't holding the tube in except for whatever friction
there is.

.MR. STROSNIDER: And it's probably best if I get
one of the staff to come provide you some detail. But my
recollection is that what happens is that you can allow some
axial cracks, you know, getting closer to the top of the
tube sheet because they're not gonna impact at the pull-out.
All right, but if those axial cracks start showing some
circumferential orientation, all right, then you want to
limit that.

But let me make a note to get some more detail on
that for you.

CHAIRMAN POWERS: Yeah, I guess I'd like to
understand a little better because I came away distinctly
with the impression that circumferential cracks were rare,

even though you might have a limited capability to detect
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them, that they were just much more tolerable.

DR. SHACK: No. I didn't say that, I don't think.
They're not rare.

CHAIRMAN POWERS: You didn't say that. I got that
from another speaker.

MR. STROSNIDER: I would point out --

CHAIRMAN POWERS: I could be equally wrong.

[LAUGHTER]

MR. STROSNIDER: I would point out one other
thing. And we didn't get into a large discussion about
leak-before-break in steam generator tubes, all right. And
in general, we do not credit leak-before-break in steam
generator tubes because, obviously, we've had failures where
leakage either wasn't there or wasn't adequate for the
operators to head off the failure. So we, in general, we
don't credit it. However, if you look at all those leakage
events that have occurred, in a large majority of the cases,
it in fact does come into play.

For circumferential cracks, particularly at the
top of the tube sheet, as we indicated this morning, the
failure loads or stresses required on those are 7,000 to
8,000 psi. I mean, they're, they're not a like a brand-new
tube, but they're still pretty high. However, they, they
may develop a leak, and that's an area where, you know, you

could argue that leak-before-break is the most likely
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failure mode for those. All right, so -- they are somewhat
more tolerant from that regard.

MR. DONOGHUE: Nothing else for me.

CHAIRMAN POWERS: Okay. Thank you. I think we're
in a position now that we can take a recess for lunch until
1 o'clock.

[LUNCH RECESS 12:10 P.M. UNTIL 1:00 P.M.]
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AFTERNOON SESSION
[1:00 p.m.]

CHAIRMAN POWERS: So, I'll note for this portion
of the meeting Mr. Dudley is acting as our designated
federal official, guiding me with an iron hand, right?

I think at this point we are scheduled to turn to
the simple and easily tractable issue of severe accidents.
And Mr. Long has drawn the short straw here.

MR. LONG: That was a much shorter introduction
than I expected.

CHAIRMAN POWERS: Well, it didn't look 1like any of
your compatriots are here to help you either.

MR. LONG: Okay. We have a few of us on here.
I've got the first few on severe accidents. And we went
over a little bit of this earlier. Severe accidents are
pretty much the things that we were talking about earlier
that are starting from design basis accidents, but becoming
more complicated and perhaps going towards core damage.

Plus things that we've always analyzed as if they
were going toward core damage. So I've tried to put a list
of them up here.

CHAIRMAN POWERS: Let me ask you this question.
Would I be completely adrift if I argued that I can tell
operationally whether an accident is severe or an accident

is design basis by looking where the operators are working

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1025 Connecticut Avenue, NW, Suite 1014
Washington, D.C. 20036
(202) 842-0034




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

755
from the emergency procedure guidelines or working from the
severe management action plan?

MR. LONG: Well, certainly they're going to start
with EOPs before they get to the severe accident management
plan, anyway. So it's more a matter of how far does the
thing progress. Things like steam generator tube rupture
that are supposed to be design basgis accidents still have
the possibility of becoming complicated or adding errors
committed that will take them all the way to core damage.
So there's--

CHAIRMAN POWERS: But I can tell the difference
between a design basis steam generator tube rupture accident
and a severe accident involving a steam generator tube
rupture. If I wait long enough by seeing if the guy stays
and his EPGs or goes to Sam?

MR. HOLAHAN: That the procedures are written in
such a way that the event, you know, drives you through the
process.

CHAIRMAN POWERS: Yes, I understand that.

MR. LONG: I guess what I'd say to try to answer
your question is the design basis accident is one that
pretty much doesn't go beyond what chapter 15 analyzed.

MR. KRESS: I think that's a best way to do it.

MR. LONG: And a severe accident is one that has

gone somewhat past what chapter 15 analyzed that you now
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have core damage that's significant enough to make
substantial radiological release from the core. And there's
probably a substantial gap in between those two, where the
accident is probably beyond design basis, but not yet
severe.

At any rate, we try to break them down into
sequences that start along those paths, and just to sort of
get the group of things on the table that we're going to
talk about. There's the spontaneous tube rupture that start
as a design basis accident at least, and perhaps gets as far
as core damage.

There are sequences initiated by things that are
within the design basis, like secondary depressurizations
that increase tube pressure differentials and may lead to
things beyond design basis, like rupture of tubes or leakage
beyond the design basis values, that also have a potential
for getting to core damage.

There are sequences like ATWES that are not really
design basis, also increase tube differential pressure by
increasing primary system pressure rather than decreasing
secondary side and we do have in PRAs going to core damage.

And then there are the things that don't really
involved tube rupture to get you to core damage, but -- such
as station blackout or other things that usually loss of

second cooling, loss of primary inventory, that may, in the
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process of getting to core damage, also affect the steam
generator tubes and perhaps convert some of these things
from accidents where the core damage is contained within the
containment structure to accidents where the radioactive
materials bypass the containment structure.

So all of these would potentially increase risk to
the public in terms of radiation exposure and the health
consequences that are created by that.

So that's the--

CHAIRMAN POWERS: You said increase, do you really
mean contribute to?

MR. LONG: They increase the probability of is the
best way of saying it.

MR. KRESS: They contribute to, Dana, but I think
the increase would be comparing to what you would have if
you didn't have the alternate repair criteria.

MR. LONG: I'm not sure what his baseline was. In
other words, there's the--

CHAIRMAN POWERS: I wasn't either.

MR. LONG: There's the baseline LERF, which is
just taken as what people are calculating in their PRA, and
that's not necessarily a complete representation of LERF.

We think there's some pieces missing.
CHAIRMAN POWERS: Gee, I can't imagine what they'd

be.
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MR. LONG: Well, we'll talk about them. And then
there's the question of if you have a licensing amendment
request, would that change you from whatever the baseline
was. Maybe that baseline had to be augmented to begin with
to something that's substantially higher. Then we'll get to
the last topic of the day, which is the risk informed
decision process.

Anyway, to just launch into the different
sequences. The spontaneous tube rupture sequence is one
that's been in PRA's basically since the -- I guess it was
Point Beach Plant, pointed out that they needed to be in
PRAs. I don't believe it was in WASH-1400. And I wanted to
start with this one because it's the one that's been
analyzed most so far, and we can learn some things from it.

It's been treated in all the IPEs. Most of them
have a number that's very close to one times ten to the
minus two as the initiating event, frequency per year.
However, they have a wide range of results in the core
damage frequency in a per year basis that results from that.
We don't fully understand the reasons for the wide variety
in results. But we look into it -- we see that for the
results that come up on the high side, they seem to be
dominated by human error probabilities. And for the results
that come up on the low side, there seem to be more hardware

failures and less human failure represented in the dominant
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cut sets.

MR. CATTON: Are the onesg that are on the high
side from plants where they've had an event?

MR. LONG: Not necesgarily.

MR. CATTON: Not necessarily?

MR. LONG: So it looks like the human error
probability modeling process is really what creates a lot of
the difference in the results we see in the IPEs. And it's
not just a matter of what number they put on the human error
probability that appears in the model. It's also where they
put the human error probabilities in the model--which ones
are represented, which ones may not be represented.

At any rate, as modeled now, especially if it's
the batch that have the higher wvalues for a steam generator
tube rupture core damage contribution, that's usually one of
the dominant contributors to the total results in public
health consequences, not the core damage, but to things like
LERF~50 go to LERF, but more to population dose, cancer
effects, other effects from that population dose.

So that makes it pretty important to understand
how that would be affected by licensing actions.

Moving on to the next one.

MR. HIGGINS: Phil, so does the licensing action
for 9505 change the -- either accident sequence frequency

core damage frequency or LERF related to this type of severe
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accident?

MR. LONG: We don't expect anything we're doing to
increase the probability of spontaneous tube rupture --
anything we're approving. We're trying to keep things that
we approve to where they would still meet the three delta p
criterion, and you know, the intent is to not increase this
probability.

Sort of going in the order that the questions were
asked, but not quite. One of the questions was about
station blackout accidents, and really what we're talking
about is a core damage frequency, the component of core
damage frequency that has high RCS pressure and a dry
secondary side. In other words, the high dry frequency as
we call it. And when we say high, we don't mean necessarily
sitting on the safety valve set point, but down to where you
still haven't really injected your accumulators.

There are a lot of ways of getting there. 1It's
usually mostly station blackout, but some plants are
actually dominated by loss of DC bus or buses. Small LOCAs
with loss of secondary cooling. Pretty much anything that
allows the core to become uncovered and damaged and has the
secondary side dry has the potential for producing a
transport of heat to the tubes without the secondary fluid
to cool the tubes.

The concerns then for steam generator tube rupture
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affecting the progress of this event are the -- if a loss of
secondary integrity occurs to the point that the secondary
depressurizes as well as dries out, you have a delta p just
like you would for the main steam line break, you can -- if
you can rupture or cause gross leakage in tubes for the main
steam line break event, you could also for some of these
sequences.

The other aspect is if the tubes are strong enough
to withstand the delta p at normal operating temperatures,
if they become hotter, they may still fail as the, you know,
material weakens at the higher temperatures.

So these perturbations by tube degradation are
usually not included in the IPEs. The -- some of the IPEs
have picked up the one point four percent, I think it is,
that was in the NUREG 1150, 4550 plant risk models as an
expert elicitation process for what fraction of the time
they thought there would probably be a pre-existing tube
flaw that would be sufficient to cause the tubes to fail
first under these conditions. But most plants haven't
picked up a -- anything beyond just that one number that
came out of expert elicitation and looked at the sensitivity
of that number to tube integrity measures that are plant
specific.

When we did NUREG 1150, we tried to go into a

couple of PRAg, primarily the Surrey NUREG 1150 PRA, and
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search for high dry sequences and try to get some estimate
of the timing to see if the RCS would be pressurized before
the steam generator or the other way around, and asked
ourselves 1f we'd have a -- just a pressure-induced failure.
I mean, a lot of work was done to see if the failures could
be thermally induced.

The factors that we had to consider for RCS
pressure involved the reactor coolant pump seals and the
burn off rate they would have. At least early on, there
were a lot of large seal leak scenarios that were
considered. Also, if the tubes are leaking substantially,
that's another issue with -- that I'll get into a little
deeper later, but it has to do with RCS pressure at least.
Pressurizer valves may also stick partially open. Avery did
some studies to determine if you continued to pass either
water or hot -- they didn't look at very hot steam -- but
repetitive openings of valves has a tendency to cause the
valves to not fully close, and we've run some cases where we
stuck pressurizer valves partially open.

These all seem to have effects that are reasonably
important to consider, but they're complicated. So we'll
get into a little more of that later.

Other things to consider are what's happening on
the secondary side, the main steam line safety valves may

stick. That's been in a lot of the PRAs for a long time.
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There are other valves, like the turbine driven aux feed
water supply -- steam supply line. If you run out of
batteries, you may need to -- and can't control the
governor, you may need to think about closing that line.
The MSIVs may leak. We've had events where plants have been
able to, you know, lose a lot of fluid through an MSIV, and
not really notice it during their normal operation for start
up. The time they seem to discover this is when they have
to do a secondary site hydro, and they realize that they
can't pressurize the secondary site for the hydro, and then
they go find the leak.

The thermodynamics of the reactor coolant system
heat up control how the heat can be transported from the
oxidizing core, really, is the point at which this is
important, after the core has been uncovered and heated up
on decay heat, and it starts to get a chemical addition to
the heat up rate due to the oxidation of the clad is about
when these things really start to become important for over
temperature in the tubes.

And the thermal hydraulics of the process can be
important here if the -- if there's full loop convective
circulation through the tubes, especially if the tubes are
depressurized on the secondary side, it looks like even new
tubes, pristine tubes, will not be able to withstand the

heat up without being the first component to fail. They're
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thin, and the heat up process is fairly rapid.

However, there are places where this full loop
circulation can be blocked. There can be water in the
suction to the reactor coolant pump, and they call it the
loop seal. There can also be water left below the core
that's blocking the down comer such that you don't really
have a path below the down comer and up through the core.

If you get into scenarios where you are
depressurizing -- excuse me, drying out the core without
depressurizing, and then you put a fairly small leak in the
system, you have a potential for boiling away loop seals,
getting flows re-establishing loop seals. And this has
turned out to be quite complicated. So we've had -- you
asked some questions about stylized sequences, and in NUREG
1150 time period, we were looking at either the reactor
coolant system stays at the safety valve or pressurizer for
set points, or there were large.leaks in the RCS, in the
reactor coolant pump seals, and the whole thing
depressurizes; the accumulators eject.

We've more recently started to look at situations
where leakage is in one or another part of the RCS -- take
the pressure down low enough to stop cycling the pores, but
not necessarily to dump the accumulators or at least not low
enough to really remove the pressure from the tubes

completely. And this prolongs the accident. It gets into
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much more complicated phenomena.

There may be different delta p's among the
generators, and within the generators the temperature may
vary. And I have a slide I just want to throw up here real
quick. But this is from the 1/7th scale test. I don't know
if this is a slide you'll be able to read. At any rate, the
-- there's 216 tubes, and the sort have been partitiocned

along this dotted line to be the tubes that were thought to

carry flow upward and -- well, out of the inlet plenum or
the outlet plenum, and then the rest of the tubes -- the
outlet plenum being over here -- and then the rest of these

tubes were carrying flow from here back around into this
side. And the temperature distribution on here, although
the peak is right around in here, and you can it's, in this
case, 178 roughly degrees. Over here, it's maybe 143
degrees. Over here, it's a 145 degrees. So there's quite a
variation in this batch of tubes that's modeled as being the
hot bundle.

And when we get into trying to act -- ask
ourselves how big does the crack have to be to cause failure
if experiencing temperatures in the hot bundle. Right now,
we don't have a good way of describing the distribution of
temperature within that hot bundle. RELAP gives us one
number for the entire hot bundle. So that's been a problem

for us as well.
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So all of this has gone into our thought process
about how to deal with the high dry frequency. At this
point, we're going to have discussions later on how to model
that. I don't want to go into it much more deeply yet.
We'll get back to how we used it later. Are there any
questions on the high dry sequences as to what they cover or
what we're trying to include?

MR. HIGGINS: Are you going to get to results in
terms of numbers, increase in delta LERF, and that sort of
thing for 95057

MR. LONG: 95-05 we wouldn't expect to see any
delta LERF. That was part of the premise, that we weren't
going to be increasing core damage frequency or LERF.

MR. HIGGINS: But wouldn't the times at which you
get two failures change with the 95-05 criteria, so why
wouldn't you see a difference?

MR. LONG: Okay. In the -- 95-05 allows
degradation to occur where it's confined by tube support
lights. And the thinking in the time was the blow down that
you would get from the secondary side, from the things I was
discussing -- are stuck valves, other things that we've seen
blow downs before. We don't expect that to really move the
tube support plates off of those damaged portions of the
tubes. There is one issue that I don't think anybody has

really--
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MR. HIGGINS: But I didn't think you were taking
credit for the tube support plate restricting and preventing
leakage.

MR. LONG: Those are steam line break cases. In
the design basis analysis for steam line breaks, they are
not taking credit for it. In a risk assessment, we would be
taking credit for it, unless we had a reason to believe it
wouldn't be there.

MR. CATTON: There's another factor, too. You
know, even if -- although we may disagree on the mixing and
so forth, the cracks that are going to be in the vicinity of
the support plate, you got a huge heat sink. So that's
really not where you're going to heat up the tubes.

MR. LONG: On the support plate, I'm not sure how
big the heat sink turns out to be. But--

MR. CATTON: Well, but it is a heat sink.

MR. LONG: To some degree, yes.

MR. CATTON: So if you're going to heat anything
up, you're going to heat the freestanding parts of the tubes
more than you're going to heat the -- where there's a big
solid chunk of metal.

MR. LONG: You're talking about the support plate,
and not the sheet. The sheet clearly is a big solid chunk
of metal.

MR. CATTON: About two feet thick. Even when you
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have three-quarter inch thick, that's steel, and it's a heat
gink.

MR. LONG: If it's there, it will prevent.--

MR. CATTON: It will prevent it from heating up as
fast as it goes somewhere else.

MR. LONG: The one thing to think about, though,
is if you have a bundle of tubes that are hot, and these are
hotter than those, what does that do in differential
expansion? We think it will probably kind of bowed the
tubes, but we haven't really loocked at if that effect on the
tube support plates.

MR. CATTON: Are those the thermal couples that
were in the inlet of the tubes, or are they just below the--

MR. LONG: I believe, if you look up here, these
are -- the dots are one inch from the tube sheet bottom.

The closed triangles are three inches from the tube sheet
bottom. I believe that's in the tubes. And then the open
pointed down triangles are point seven five inch below the
tube sheet. So there's a variety of them in here.

MR. CATTON: Surely, you'll explain all this
later.

MR. HIGGINS: So, Steve, in this last group you've
included both ones that would induce tube rupture by both
thermal high temperatures on the primary side, due to the

core damage and ones that would be induced due to the high
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delta p-?

MR. LONG: Right.

MR. HIGGINS: And you're saying neither of those
would result in increased numbers for the 95-057?

MR. LONG: When we did 1570, we weren't really
thinking about the 95-05 degradation. We were thinking
about free spanning cracks that were in the sludge pile or
other areas that were not confined. And the -- at the time
that we did NUREG 1570, the industry had asked for
essentially a five percent conditional failure probability
in the free span for main steam line break, because they had
looked at NUREG 0844, and NUREG 0844 had concluded that
basically we wouldn't back fit them if we had five percent
conditional failure probability of tubes, given steam line
break. So the industry was sort of turning this -- well,
it's not bad enough to back fit them into a performance
criterion if they could. We were trying, in NUREG 1570, to
add to our knowledge base what would happen if we had that
level of degradation. So the numbers in 1570 are -- we
tried to peg to something that would give a five percent
conditional failure probability for steam line break, and
then ask ourselves for that, what do we expect in severe
accident conditions.

So we weren't trying to develop something we would

accept. We were trying to explore what would be the case if
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this occurred.

MR. HIGGINS: Yeah, I guess what I'm trying to
explore and see -- and I thought maybe we would get to it as
we went through this was that whether or not for the wvarious
different types of core damage sequences that are important
to steam generator tube rupture in 95-05, what do the
results look like in terms of increases in core damage
frequency or increase in LERF, and is it reasonable in
severe accident space? Is what you've done reasonable in
severe accident space? But it sounds like what you're
saying is you don't have all those numbers?

MR. LONG: What I'm saying is when we did 95-05,
actually when we did the interim plugging criteria, which
became 95-05, the intent was not to increase core damage
frequency or LERF at all. And the basis for that was the
belief that we had confinement of the damaged area, the
degraded area, by the tube support plates. There was a
concern for what was considered to be a very hypothetical
kind of main stream line break that you might move the

support plate relative to that degradation. We didn't know

how to calculate the -- actually the clamping effect of the
tubes on the support plates, given that the -- you know,
that the -- or I should say it the other way around. But

the support plates are denning the tubes. That's why we

have the degradation, and there is quite a force per tube,
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which they have to overcome to pull them.

So there was a feeling that realistically the
support plates were pretty well held in place by the tubes.
From the design basis, they were having trouble
quantitatively crediting it, so they did not. And they went
to the -- what we were considering to be a hypothetical leak
rate and a hypothetical conditional burst probability. Now
there is some stuff in 1477--

MR. HIGGINS: Are you going to represent anything
to -- or do we have anything already that provides some
justification for that?

MR. LONG: Provides justification for the tube
support plate not moving?

MR. HIGGINS: For clamping the leakage, any
leakage that might come from failures or to prevent failures
of those defects?

MR. LONG: Where's Joe?

MR. DONOGHUE: I'm sorry. Which one?

MR. LONG: The question is, are we going to
present anything about reason to believe that the tube
support plates really are held in place as far as doing a
risk assessment is concerned?

MR. DONOGHUE: I don't have any material on that
one.

MR. LONG: Yeah, I don't -- I guess that's

\
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something that we could take as an action item to try to put
together.

MR. HIGGINS: But you're saying that's the basis
for your concluding that none of these core damage sequences
show any increased in LERF?

MR. LONG: That was the basis for granting the --
you know, the 95-05 plugging criteria. Without having done
a detailed study of the leak rate in a realistic framework.
In other words, when it came to what I would put in a risk
assegsment, the risk assessment was not done until after
those were evaluated. We had not done 1570 when the interim
plugging criteria was out. We had discussed it. There was
a qualitative feeling that for a realistic blow down, the
tube support plates would be in place, and that's really
what we were basing it on. The risk -- that -- the --
that's what we were basing the lack of a formal risk
calculation on at that time.

MR. BONACA: Let me just ask a question. I know I
understand what happened at the time before 1570 and 1477,
but my main concern here is -- the thrust of my question was
because the DPO, the DPO claims that a certain scenario
which you define severe, it's possible. It is likely, and
they assign a high risk frequency to it. And that's the
DPO. When I read the DPO consideration, I found that the

very scenario that they are discussing there is not being
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quantified or addressed in the DPO consideration. The DPO
consideration only addresses the possibility of leakage
considering 1477 up to about a thousand GPM, with some
assignment of risk to that -- ten to the minus six. And
then addresses the consequential failures of tubes resulting
from station blackout, and then it says any more, you know,
tube failures from main steam line break is not considered
likely or possible. Therefore, there is not quantification
or that. So it's very hard to evaluate the DPO
consideration because there is a lack of information
regarding how -- because it's the only denial that the event
can happen. And just the point I want to make is that --
that's why, by the way, to explain it, I jumped to the INEL
report, because the INEL report does also some human
reliability analysis. Now, the reason for digging into it
for me was to understand how reliable the reliability
analysis was, and I'm beginning to get a sense of it now.

MR. LONG: Okay, let me try to tease apart two
things.

MR. BONACA: Yes.

MR. LONG: Jim has been asking about 95-05, and
you've been asking about the DPO. And they're not
identical. What we were trying to do were the NUREG 1570
work was think about things that we thought might be able to

fail in the free span. In other words, another part of the
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DPO was that there are so many cracks out there we can't
detect -- that might be in the free span, not just things
that are detected but left in service under the support
plates -- that, in fact, you might get a huge leak rate, if
not actually ruptures, in the free span. So when I was
answering Jim Higgins' question about 95-05, I wasn't trying
to say we didn't consider other reasons that there might be
failures of tubes. The -- but -- now to go to the other
reasons.

I mentioned earlier that we received from Dominion
Engineering some estimates of populations of flaws in steam
generators, in various types of degradations. 2And the ones
we concentrated on for NUREG 1570 were the ones that were in
the free span, not the ones that were under the support
plates. And we tried to pick a distribution of those which
turned out to be either average distribution that looked
like it would give a conditional failure probability under
main steam line break of five percent. And that was
basically one tube out of five percent, one or more. But
the way it works out is essentially one.

With 1570, there was some other work done in
parallel with that to ask, and I'll try to get to that at
least the beginning of that in a minute here, to ask what
are the thermohydraulics for a larger number of tubes. But

when it came to the risk calculation, I need the initiating
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event frequency, which would be something like the
non-benign -- non -- what was the word you were using
earlier this morning? It was the gentle main steam line
break or something?

CHAIRMAN POWERS: No. It was Ivan's mild steam
line break.

MR. LONG: Mild main stream line break. So the
wild and wooly main steam line break frequency times some
conditional probability given that wild and wooly break that
you would rupture a certain number of tubes. And it was
that second parameter, which was essentially treated as zero
for a large number of tubes in the risk assessment, because
if we didn't have any knowledge of a way to get a larger
number of tubes ruptured than a few.

MR. CATTON: I didn't know you -- give it a
number.

MR. LONG: You said give it a number?

MR. CATTON: Well, now you have a way to get that
large number of tubes.

MR. LONG: Well, we have a hypothesis.

MR. CATTON: I don't know if it's real, but--

MR. LONG: We have a hypothesis, but the trouble
is if you put in a conditional probability of zero, you'll
end up about where we did in 1570 for the other types of

degradation. And if you put in a number - a conditional
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probability of one, you'll end up where they prioritization
for the GS-123.

MR. CATTON: EDA. I thought we were doing zero
one.

MR. LONG: Which is -- well, what gets you up to
something like, you know, 3.4 times ten to the minus four
was it? And that becomes a matter of opinion, where you are
in that range if you believe that you can damage a very
large number of tubes, without some way of quantifying the
probability of how many tubes you would damage, you can't
see anything more than you're in that range. But first,
you'd like to know that it's really possible to, with, I
guess fatigue, grow these cracks and damage the tubes.

MR. SIEBER: But none of that has anything to do
with 95-05, right? Nothing in the free span?

MR. LONG: Assuming the support plates stay in
place, then that shouldn't--

MR. SIEBER: Right.

MR. LONG: 95-05 should not be affected by that
phenomenon.

MR. BONACA: But, you know, typically, I mean,
when you don't know, it's not really zero or certainty. You
tend to do sensitivity analysis to make -- get an
understanding of what it could be. Again, I thought I had

read them in the INEL report. They're right there. And so
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I was trying to myself personally calculate what they could
be -- to see what -- how reasonable this could be. 2and a
big dependency actually was operator action.

MR. LONG: Right.

MR. BONACA: Because ultimately you come back with
pretty low with pretty low numbers anyway, if you believe
that the operator can handle it, even if you assume
conditional probability of tube failure to be one. 2nd so,
I mean, I don't think it was that speculative. I just -- I
wanted to explain how -- I mean, I was looking for an
evaluation that would answer the DPO, and I just couldn't
see -- there was a window there that I -- didn't seem to be
covered.

MR. LONG: Okay. Well, I don't think it is
covered if you say that there may be a very high conditional
probability of failing 10, 15, 20 tubes, because the human
error probability in that case pretty much becomes one. So
you really don't have the ability to--

MR. BONACA: No, no, no. We just heard this
morning that there is significant probability of success
after about ten tubes.

MR. LONG: Well, that's what I said. 1If you go
10, 15, 20 tubes, if you believe that that's possible, with
a significant probability, conditional probability, you'd

have to get that conditional probability down to where it
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and the initiating frequency for the wild and wooly steam
line break, just those two together, were low enough to not
matter to your conclusions.

MR. BONACA: I agree in the range. Yes, I agree
with you. If you go above the 10, 15, you really -- it
depends very much on the conditional probability. I agree.

MR. LONG: So the conditional probability of
rupturing, let's say, between 10 and 20 tubes, if it's below
ten to the minus four, you're fine. You don't need the
humans to do anything to keep the net contribution of risk
low.

We're sort of getting over into my next slides.
Trying to put the question you asked about other things that
might be initiated by something other than tube rupture, I
believe you mean, and lead to tube rupture. There are the
secondary depressurizations we've been talking about.
There's also the primary overpressurization events, and just
-- I think maybe I should try to go through these slides
fairly quickly, because we've kind of talked about them.

The potential initiators for secondary
depressurizations are things like stuck main steam safety
valves. We've had a steam dump control problem in the one
plant that doesn't have MSIVs. That was a coning that
resulted in blowing down the generators. Spontaneous breaks

in the main steam line safety valve headers. We've seen
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those occur during hot functional testing, pretty
operational. It turned out to be a design problem that they
really weren't designed for reactive loads. So that sort of
brings up the question if they're not designed with reactive
loads with steam, but that's been fixed, now if we talk
about overfill events, and you start putting the weight of
water and the reactive loads of discharging saturated
fluids, now do you have a problem with the breaking the
header, as opposed to just sticking a valve. We have right
now a licensing action from Catawba requesting that they not
have to deal with certain single failures on overfill, and
we've asked them, are you confident that if you overfill
and, you know, discharge saturated water that you are
structurally capable of withstanding the loads. And they
don't know. So they have a conditional failure probability
of point one for those events, and they're -- it's a
risked-informed application. So we're pursuing that. So
there's a variety of ways you could get into having - not
only an open secondary, but maybe an open secondary you
can't recover.

CHAIRMAN POWERS: They put point one on the
conditional probability of an overfill event?

MR. LONG: Sticking a safety. 1In other words,
they were calculating conditional probability of overfill,

and they were looking for what would take them to core
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damage. And their conditional probability of sticking a
safety valve, given that they're discharging saturated fluid
through it was point one. And we were, and, of course, they
have a potential for somehow recovering it if it sticks. So
there's questions of realism, of, you know, maybe you break
the header and you wouldn't have a chance to recover, and
there's also the question, can they really gag a safety
valve while something's passing through it.

The conditional probability of the tube rupture
depends on the probability that there's a susceptible flaw
in the free span and the generator that's affected by the
blow down. And that's something that's part of the DPO.
There's the question of how well can you detect the flaws
there. We've heard some of the POD discussions, but most of
the detection is done with a bobbin coil.

CHAIRMAN POWERS: Maybe you've just been simple
here, but it be in the free span or in the U.

MR. LONG: That's true. And in the U, I don't
think -- Jack, in the U they need to test with something
other than a bobbin coil -- to be--

MR. SIEBER: RPC.

MR. LONG: So it has to be an RPC up there. The
-- I'm losing my train of thought. I guess Calvert Cliffs
had a problem with detecting things in the free span and

actually did a rotating pancake coil, actually a plus point
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inspection of a large quantity of the free span, and they
found a lot of things, they didn't find with the bobbin.
They then had to go back and find -- do the same thing again
after a short period to show that those things had been
there for quite a while, as opposed to they were suddenly
growing in rapidly after initiation. But it looks as though
the bobbin coil has the kind of PODs that we were describing
to you yesterday. So there is a potential for missing some
things. It's just a matter for probability.

MR. HIGGINS: And the reason here, again, that you
limit it to the free span is because you're assuming that
the TSP will restrain any cracks that are there?

MR. LONG: For this case, we were assuming that
the type of degradation allowed by 95-05 would not
participate in the ruptures, yeah.

Human error probabilities are real important here.
We've already discussed that; that depending on how much you
rupture it, it may be possible or not possible for the
humans to really respond in a timely way. But even when you
have something that's well within their capabilities, just
like with the spontaneous rupture initiating the event,
there is opportunity for errors of omission or commission to
take you to core damage if you've ruptured the tube. And
the difficulty here is you really have to get to cold

shutdown to terminate this event. Whereas, if the rupture
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is spontaneous, you have the option -- the opportunity at
least of getting down to below the main steam safety valve
set points, and if they've closed, you basically have
terminated your LOCA. So this -- it's a little more
difficult.

We were assuming that mitigation of about ten full
ruptures is possible, but we didn't try to -- we didn't have
a frequency for that many ruptures, and we didn't really
push hard on the human error probability there. These
numbers are the things you've already dug out of the INEL
report. But they didn't -- at ten tubes, they really didn't
bear in the risk assessment results at all.

And as we've discussed before, we're kind of
sensitive to the idea that we're looking for mechanisms that
could fail a lot of tubes, and if you bring me one, I'll
certainly put it in the risk assessment. But at this point,
it's hard to put something in that you can't really credit
physically.

CHAIRMAN POWERS: How about blow down forces?

MR. LONG: Well, that's why I'm saying. If that
turns out to be something that looks like it has the
potential, we'll definitely put it in the risk assessment.

To try to be complete, let's talk a little about
actions initiated by overpressure events. The initiator is

really ATLAS.
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MR. CATTON: Before you leave?

MR. LONG: Sure.

MR. CATTON: For tubes without flaws, what
probability of failure do you assume to the overheating by
the hot gases?

MR. LONG: Right now, the way the calculations
have been done since NUREG 1150, they're calculated on the
temperature of the surge line and the creep carrier damage
accumulation in the surge line.

MR. CATTON: So you're assuming.

MR. LONG: Versus the one number for the inlet
temperature of the hot tube bundle from RELAP. If you do
that, you get about 20 minutes, if I believe, time period
between- -

MR. CATTON: Well, that's not the question.

MR. LONG: So I would get zero on that basis.

MR. CATTON: Zero?

MR. LONG: Zero. Now, when I put flaw in--

MR. CATTON: Well, that's nonsense.

MR. HOLAHAN: Be clear. You're not assuming zero.
You're doing the calculation and in the model, you're
calculating the clean tube temperature and its likelihood of
failure. And there is a model for likelihood of failure of
tubes with no cracks, which I think is what the question

was.
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MR. CATTON: That was the question and the answer
is that the probability of failure of the intact, undamaged
tube is =zero.

MR. HOLAHAN: No.

MR. LONG: The way NUREG 1150, 4550 did it--

MR. CATTON: I'm not going to -- well, what did
you do in 1570. I know what they did in 1150.

MR. LONG: Okay, I was going to tell you what we
did at that point was essentially the same thing. At that
point in time, we were basically trying to extrapolate from
1150.

MR. CATTON: Oh, okay. Okay.

MR. LONG: 1150 had brought up.

MR. CATTON: ©No, I understand. I understand.

MR. LONG: Okay, since that time, when I try to do
Farley, I try to take into account something about the
distribution of temperature in the tubes, and I guess, we'll
get into this later, because Charlie is going to talk about
how we do the modeling of the tube temperatures. But the
distribution of the temperature -- RELAP does not really
attempt to calculate the average temperature in the bundle
and the hottest temperature in the bundle. MAP does make an
attempt at that. But they do it with an average temperature
and then they make a guess in plume assumption.

MR. CATTON: In either case, either MAP or RELAP,

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1025 Connecticut Avenue, NW, Suite 1014
Washington, D.C. 20036
(202) 842-0034




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

785
they're based on inadequate information. So, I'm just
curious as to what you do about that, when you go into your
world of risk.

MR. LONG: Okay. It probably would be better to
ask me this when we get to talking about what I do for
Farley, because I did try to capture that when I did Farley,
and it would help if Charlie had a chance to do his
presentation first.

MR. CATTON: I don't want to bore everybody else
here, so I can wait.

MR. LONG: I recognize the problem. I was
afflicted with this problem a year ago, when I was really
hard put to figure out what to do with it. So I'd be glad
to explore it as soon as we get everything on the table.

ATLAS, fairly quickly, the ATLAS is a fairly gross
model. It assumes that if you exceed the level C service
pressure for the reactor coolant system that something
terrible will happen and you will damage the core. We
looked at ATLAS events in the Surrey model to try to figure
out if they were part of the high dry. It loocked like most
of them weren't, although if you had a failure of all aux
feed, they could be. We had some thermohydraulic cases run.
Len Ward ran some for us where we actually sequentially
ruptured tubes when we reached certain pressures. And lo

and behold, it lowers the peak pressure in the ATLAS. They
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would have to be fairly weak, tubes, because in the ATLAS
situation, you probably have the main steam system up near
the safety valve set points so it's a thousand plus PSI.

The primary system is, if it only goes to 3,200 PSI, you're
maybe at 2,200 pressure differential across the tubes.
That's not the full main steam line break pressure
differential. Now, the ATLAS pressures aren't limited to
3,200 PSI. They may go higher. What we assumed was the
potential for getting core damage if you went above 3,200,
and the potential for rupturing the tubes. And if you get
up -- in the way we did it in 1570, you'd add five percent
bypass -- five percent of your ATLAS core damage frequency
to the bypass if you were just blowing the tubes from
pressure effect alone. Since you, 3,200 PSI is a little bit
below what was giving us five percent conditional rupture
probability. We weren't quite sure where we were in the
average rupture probability for all ATLAS sequences. But it
looked like, given the frequency of the ATLAS sequence being
low enough it wasn't really contributing much to our answer.

CHAIRMAN POWERS: I'm thinking about overpressure
events -- you looked at accidents that initiated
overpressure events. I wonder have you thought at all about
an event that involved the relocation of fuel in the water
producing a shock wave?

MR. LONG: I've thought about it. We haven't
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tried to calculate one yet. The -- that's one of the things
that gets you way out in the accident, so that if -- what
you'd have to do to get to where you're talking about is to
somehow have gotten the RCS out to where you have major
relocation into a pool of water on the lower head, and not
have a very large hole in the RCS that would, you know,
pretty much allow that wave to--

CHAIRMAN POWERS: As an ardent baysian, of course,
you see this as an extraordinarily likely sequence?

MR. LONG: I'm sorry. Say this again?

CHAIRMAN POWERS: As an ardent baysian, you see
this as a fairly likely sequence, right?

MR. LONG: I'm not a baysian. I hate to tell you.

CHATIRMAN POWERS: Just PRA, and he's not a
baysian.

MR. LONG: No, I get nervous when I see people say
we haven't had a steam generator tube rupture yet. So our
probability is lower than those other guys. We see those in
our submittals.

CHAIRMAN POWERS: Well, you have had a core melt
accident in which you relocated fuel and or water fuel, or
plenum with no -- with the system pressurized?

MR. LONG: With the system pressurized?

CHAIRMAN POWERS: With no effect on the steam

generator tubes?
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MR. LONG: I guess the point is--

CHAIRMAN POWERS: ©No exploding, either.

MR. HOLAHAN: And when the system is at pressure
it's probably less likely to have such a--

MR. LONG: So people claim.

CHAIRMAN POWERS: It's a -- one to push that
database very hard.

MR. LONG: Let me tell you how far we've gotten in
the thought process on this. Frankly, we don't think our
models are very reliable out that far. But to try to keep
the RCS at high pressure, you know, up around the 2,200 or
whatever safety valve set points that far into the accident,
you're really saying that you haven't creep failed anything
first. And it looks to us like you probably would. So we--

CHAIRMAN POWERS: I mean, I've got a -- I've got
one accident, which I melted fuel and PWR, and it didn't
creep rupture anything. Well, it did a couple of spiders up
in above the fuel.

MR. LONG: Okay, it also didn't heat up the steam
generator tubes.

CHAIRMAN POWERS: That's also true.

MR. LONG: Right. Anyway, it apparently relocated
some fuel into water. I understand TMI has had a hard time
being simulated, and it wasn't very cooperative in being

able to be simulated by RELAP. But to try to tell you as
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far as--

CHAIRMAN POWERS: But we could put out a generic
letter -- one must only have severe accidents that are
easily simulated by RELAP then.

MR. LONG: But seriously, we did -- we have had
what probably amounts to more or less to a bull session
about this. We've tried to think about it. And this is as
far as we got; that we thought that if we really had the RCS
at fairly high pressures that what would happen would be we
would creep fail something before we, you know, relocated a
lot into a, you know, a pool of water in the lower head. We
thought if we had depressurized substantially, hopefully
there would be some hole. If you pressurize, I understand
the probability of getting a steam explosion is higher,
right.

CHAIRMAN POWERS: Yeah, there is -- I mean, what
-- the conventional wisdom is that triggering steam
explosions becomes increasingly difficult with increasing
pressure to the point that the trigger is equivalent to the
yield, so--

MR. LONG: Right.

MR. HOLAHAN: Some say.

MR. LONG: If the majority voted to that extent,
yeah.

CHAIRMAN POWERS: The -- I mean, the database is
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based on some droplet tests, triggering tests. And there --
and people smile about those and say, okay, I think I
understand this, why it might be. Except there's this
obnoxious Winthrop experiment where they pressurized and it
damaged -- the resulting explosion damaged their facility
and they had to quit doing things. So it's a mixed bag, and
I understand that some of the experiments that they had done
in recent past in, I guess, Germany or Europe anyway, that
they too began to question this pressure inhibits triggering
concept. It's not -- the problem is that we just don't do a
lot of steel and aluminum tests in high pressure systems,
where the vast majority of our database on steam explosions
come from. So--

MR. CATTON: That's the history of the steam
explosion, isn't it?

CHAIRMAN POWERS: ©Oh, yeah.

MR. CATTON: You develop convention wisdom, then
you blow it up.

CHAIRMAN POWERS: That's right. Yeah, I mean,
that's -- I mean, that's certainly the history of the copper
industry and the aluminum industry that they get some idea
of what prevents these things. They pursue that idea until
the next explosion and then they host another conference and
sponsor more research.

MR. LONG: Well, to try to tell you where we got
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to -- we were thinking about what would happen if you had
deck tubes and a big enough hole in the RCS to have
successfully depressurized it, and then you drop the
relocation into the pool and created some sort of pressure
pulse. It's not clear to us exactly what the temperature of
the tubes would be at that point, because when you've lost
the density in the RCS, even if you've heated the tubes up,
they probably cool down some just from transfer of heat to
the rest of the structure. But as long as the secondary
side was somewhat intact, it doesn't look like you would
rupture the tubes and raise the pressure in the steam
generator high enough to open safeties. So, the other part
of it is you should then go back to something that looks
like containment pressure. So even if you fail the tubes,
it's not clear you create a very substantial release to the
environment from that failure of the tubes at that time.

Now, it's really -- we haven't thought about it
beyond there. I -- we're having enough trouble with the
things we are trying to think about very hard is the best
thing I can tell you.

Let's see.

CHATRMAN POWERS: Well, I'm encouraged that you're
thinking about this thing before you gain a great deal of
solace in saying that I want to creep rupture myself out of

this -- out of this problem is to do remember that TMI
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didn't creep rupture anything. And we didn't heat up the
steam generator tubes, either. But is there something in
between those two?

MR. LONG: We have tried to ask oursgelves some of
those questions. TMI was sort of an intermediate pressure
LOCA. It wasn't sitting on the safety valve set point,
because it was stuck open. Yet, it wasn't down to where the
accunmulators would come in, either. And in the license
application that Arkansas submitted last March, they tried
to simulate this by just lowering the safety valve set point
to 1,400 PSI and running that for a bunch of cases. Well,
the difficulty is they did that earlier in the, you know,
the transient, so they created all their loop seals,
saturated at 1,400 PSI, and they kept it there.

When we, instead, put -- started sticking safety
valves open later in the transient and depressurizing
continuously until something evaporated and created more
pressure, it got to be quite more interesting, and I guess
we can show you some slides, if not if you need to. But it
turned out when you opened the hole and how big the hole
was, even though we just restricted ourselves to holes in
the top of the pressurizer, it would still give you some
forced flow past the surge line. It still gave you a
protracted accident, and some clearing and reforming of loop

seals so you were getting -- as some of that water was
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evaporating and getting to hot metal, you would get pressure
pulses and things did not look real well behaved. The best
thing I can is that there's a whole very poorly charted
territory there that we don't think we can really give you
the answers for yet.

You asked a question about risk metrics, and I was
assuming this was -- should we use delta LERF or go to human
health effects from the releases. So I wanted to give you a
few thoughts on that. If that was not the question, you
should correct me soon.

We -- we're not really sure what the definition of
LERF is because it seems to change. But -- so it's not
really clear if steam generator tube failures leading to
core damage by various paths do exactly or do not exactly
meet the definition. In doing the licensing work, we've
tried to say, well, if it doesn't quite meet the definition,
but it's close to it, it's sure a lot closer than continuing
to accident source term. We're going to treat it as LERF.
So pretty much anything that looks like the secondary site
is open when the core is being damaged and the tubes are
pretty much from primary to secondary, we're going to treat
as LERF, for licensing purposes.

If we try to go to the full level three
consequence calculations, we still have some problems

getting there from what we know today. We really haven't
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fully evaluated the effects of the RCS blow down through the
fault at steam generator, and the -- right now, the tube
temperatures are calculated as if there's no net flow out of
the generator to the secondary, so we have a mixing that's
assumed from the 1/7th scale test that's in the inlet
plenum, and that keeps the temperature down to the tubes;
that we talked about this, I think, on Wednesday a little
bit that if you have some substantial flow out of the tubes,
you are no longer forcing fluid back into the inner plenum
from the cold side. You're sucking it out of both sides,
and the mixing will probably go away. The tube temperatures
will probably go up gquite a bit, and it's not really clear
what you're doing to additional failures of the tubes.

We've talked a lot about jet cutting, aﬁd we think if it's a
little leak, probably we're not in a jet cutting regime.
It's still not quite clear what happens if the tube that
you're -- is about to melt that you're squirting fluid on
across the way.

So, we really haven't defined the size of the hole
between the primary and the secondary as you progress
through an accident where you're really depressurizing the
RCS into the secondary. So that makes it very difficult to
find the flow rates in the secondary side--what the
velocities are going to be, what the temperatures will

become, what the deposition rates would be for the nuclides
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that are transported through there. So it's very hard to
define a source term that is really applicable to these
accidents once you've decided that the secondary is really
becoming opened in a gross way to the primary. And for that
reason, we don't think wé’re really ready to try to go to a
level three until we can get to some of these, you know,
physical phenomena better at hand, if we ever do. The other
part of it is, if we did go to level three, it's not really
clear what the acceptance criteria are for the consequences.
Do we have a safety goal policy statement that has numerical
objectives for close-in populations, for one-mile for prompt
fatalities, and ten miles for, you know, latent effects like
cancer. But the bulk of the health effects may occur beyond
ten miles, especially if these things are late enough to
allow for evacuation, and many of them would be. So,
there's an issue of comparing what to what.

CHAIRMAN POWERS: I guess the reason -- real
question that we were asking here is there anything about a
basis coming out of the steam generator, secondary side,
especially large releases with bigger things -- a
substantial amount of material out there. It would change
our general view that LERF is a good surrogate for the
safety goal policy statement.

MR. LONG: You say is there anything unique about

them? I mean, they're different from what you would have
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from a crack in the containment or openings around
containment penetration bellows or something of that sort in
the sense that you have smaller volumes with more structure
to be transited. I'm not an expert in that area, and I
don't see the person that I would ask that ask that question
here. I don't know what to say about the difference in
terms of the transported radiocactive material. In terms of
timing, you can calculate when you think the releases would
start to occur, and depending on the size of the leak from
the primary to the secondary, it may be quite late in the
process, so there may be something like a not early large
release that would be a better comparison. And I know for
the boilers, there's an issue of late failure of containment
that is also sort of in this category.

CHAIRMAN POWERS: They -- I mean they have a
long-term station blackout. It's kind of funny beast to
deal with. It seems to me that the real concern is that
they could be very early in the accident sequence.

MR. LONG: These releasesg?

CHAIRMAN POWERS: Yes.

MR. LONG: Certainly a fast station blackout, you
know, could be pretty early. And if you could get to a very
large -- you know, LOCA outside containment due to something
like the wild and wooly main steam line break with the

massive tube ruptures or leaks that could be fairly early,
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too, especially if you had any failures in ejection
processes. Right now, we model them as if everything works,
and you've got a -- you know, flow out the RWST. So,
there's a wide range. I know a lot of the IPEs originally
came in with core damage sequences not counted because they
resulted in core damage after 24 hours for spontaneous leaks
-- spontaneous ruptures, I mean. So, in that regard, it's
late from evacuation standpoint, but it may still be early
from the standpoint of time for settling radionuclides in
the system. So in that regard--

MR. HIGGINS: Steve, this is a -- maybe you
haven't done this, but maybe get your opinion. If you took
the end of site -- a typical end of cycle leakage estimate
from 9505.

MR. LONG: Okay.

MR. HIGGINS: And you ran a one of these risk
metrics on it. A delta LERF. Which region of break I.1.174
would you fall into in evaluating that change?

MR. LONG: Okay, let me answer part of that first,
because you said region, that brings me into a couple of
different parameters at the same time. Research did run a
case where they assumed a 100 GPM leak from primary to
secondary at the time that essentially has started. And
they ran it all the way through with melt core, including

the containment. And they allowed the failure in the
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containment by the surge line failure to, you know, occur on
the model as opposed to keeping it from occurring and seeing
how it long the tubes to fail. So what you really do is
once you breach the RCS pressure boundary in the
containment, you drop the driving force of the -- you know,
pushing the radioactivity out the hole in the steam
generator tubes. And that drops the dose to the public
quite a bit. So Charlie's going to have to see if his
memory is better than mine maybe if he gets up here, but it
seemed to me for 100 GPM, primary to secondary leak rate
size hole, assuming that hole does not become any larger
during the accident, and the secondary was open, Charlie, we
ended up with something like a factor over what was assumed
to be a contained accident. Is that right? We can -- and
this was assuming more than the -- 1150 assumed more than
tech spec value of leakage from the containment to the
environment. So that's also a little bit of a shaky
baseline.

But it did not look like it got you into the LERF
range, if that was the size hole, and you knew that having
that size hole did not alter the accident so that the
failure was still into the containment, and the reason is
that you're not very far into the core damage phase of the
accident before you relieve the pressure on the -- you know,

the tube and stop driving so much through the tube wall.
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Now, when you're asking where does that put me in
-- Reg Guide 1.174 regions--

MR. HIGGINS: Yeah, whether or not you cross over
into above a ten to the minus sixth change in LERF or--

MR. LONG: What I'm saying is it wouldn't be a
LERF, so you'd be doing it on core damage frequency.

So I wouldn't think that you would, and I'd have
to first ask what am I starting with from core damage
frequency.

MR. HIGGINS: Okay, that's good enough.

MR. LONG: Okay.

MR. STROSNIDER: This is Jack Strosnider. I would
like to add one observation there, and I think you know --
you did -- it's probably a reasonable question to say what
region would you be in in Reg Guide 1.174 to talk about the
delta. That means you have to understand what the
probability of tube rupture was before the generic letter
was implemented. We don't have a good handle on that, but I
think, you know, it's -- it wasn't assessed specifically,
but as I indicated yesterday, if you look at what people
were doing before generic letter 95.05, before the voltage
based criteria, they were attempting to size these defects.
And we talked yesterday about, you know, the ability of NDE
to size defects. And, of course, this was back before some

of the methods that are available today were available. So
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I would just suggest, and this is just my opinion that the
probability of leakage from one of those tubes prior to
95.05 wasn't zero. Alright. So, that's the delta you'd
have to assess. And we don't have a, you know, gquantitative
answer to that, but I think you need to consider where we
started and where we went to.

MR. LONG: If it's not zero, it's pretty close.

MR. KRESS: Yeah, but the real delta I think to
not be interested in is the thermally induced failure of the
steam generator tubes so that it becomes a large leak and
what's the probability of that compared to the probability
of pulling the search lights.

MR. LONG: I agree, and I think that 95.05 has no
effect on those cases, because they're not the vulnerable
parts.

MR. KRESS: I think I agree with you. It doesn't
matter whether you had bad tubes or good tubes, it will go
about the same time, I think.

MR. LONG: Well, I'm not prepared to say that.
What I am prepared to say if something goes in the steam
generator, I don't think it's the very short cracks
underneath the tube support plates that were allowed to stay
from 95.05.

MR. KRESS: I hear you. That's why -- that's why

I say it doesn't matter whether it's good tubes or bad
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tubes. They both go about the same time.

MR. STROSNIDER: In the for what it's worth
department, when I presented, when we had the discussion
with CRGR on generic letter 95.05, I suggested that, in
fact, 95.05 could be improving the situation versus what
people were doing in the past. And I still -- I still think
that. It got a little bit of debate, but nonetheless I
think that sort of puts it in perspective.

MR. LONG: Well, it certainly initiated things
like, you know, condition monitoring and -- you know,
operational assessment processes, that I think have been a
big help.

I'm a little bit ahead of the agenda here by going
into the risk metrics before some of the other subjects I
have on, so at this point, I think probably I want to put up
the thermal hydraulic calculational part, if Charlie's
ready.

MR. TINKLER: I'm Charles Tinker, from the Office
of Research. The objective of my presentation is to briefly
review the severe accident analysis of--

CHAIRMAN POWERS: Turn things, the red light comes
on. Dead battery, again?

Sam, check the switch on the bottom.

MR. TINKLER: Oh, there we go. That was it.

Gentlemen, I'm going to have to bring my reading glasses to
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the -- again, I'm Charles Tinkler from the Office of
Research. The objective of my presentation this afternoon
is to briefly review the severe accident analyses, and its
underlying bases that was used to evaluate the
thermohydraulic boundary conditions that might be seen by
steam generator tubes during a severe accident. And the
focus is on thermally induced failures of steam generator
tubes.

MR. KRESS: With what purpose in mind, Charlie?

MR. TINKLER: Well, the reason we e did these
calculations was in support of NUREG 1570 to look at things
like conditional failure probability of tubes during some of
these kinds of accidents. And actually, I kind of
remembered our numbers of condition tube failure
probabilities, but they were in the context of flaw
distributions, typical average severe flaw distributions in
plants.

MR. KRESS: Yeah, the reason I asked the question
though is are you looking to see if there's a significant
risk associated with this that we have forgotten to analyze
before so that it might be worthy of looking at a back fit
or something like that?

MR. TINKLER: Well, I think the idea was to look
at incremental risk from changes in the steam generator tube

criteria.
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MR. KRESS: These are 95.05 incremental risks?

MR. TINKLER: No, I don't think it was -- I don't
think it was in connection with 95.05, but we looked at it,
for example, on electrosleeves.

MR. KRESS: Electrosleeves. Yeah, I remember
that.

MR. TINKLER: Whether was there -- was there any
incremental risk by adopting the electrosleeve repair
process. Did we increase the probability of a thermally
induced tube rupture, and my own sense was that in the NUREG
1150, there wasn't as much focus on the sequences that
involved the secondary side depressurization, which is yet
another failure and makes the overall sequence probability
smaller, but there wasn't quite as much attention as we're
devoting now to those sequences that involve the additional
failure of the secondary site to remain intact and at
pressure. Because that has a two-fold effect, and I'll talk
about this more. It obviously increases the delta p across
the tube, but it also increases the thermal load on the
tubes, because the reduced pressure on the secondary side
provides a smaller heat sink in terms of the steam on the
secondary side, so you -- in our calculations, we can
increase the temperature of the steam generator tubes by on
the order of 100 degrees K -- between the pressurized

secondary side and a depressurized secondary side. And that
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makes a fair amount of difference in terms of the thermal
loading on the tubes.

Along the way, I hope to address a number of
issues that have been -- that have been raised for a number
of years now, and some of which are repeated in the DPO.

I don't -- I'm going to skip -- I have lots of
viewgraphs, so I'm going to skip through some of them. You
can see the outline. We've talked -- we know what the issue
is. To point, too, that natural circulation and transfer of
heat through the loops of an RCS was identified some number
of years ago--generally, it was thought to be a good thing.
Gets heat away from the core. Distributes it through the
system. It allows for the fortuitous depressurization of
the system to prevent bad things like high pressure melt
ejection and DCH and things like that.

But if you depressurize the secondary side, by
having a secondary side safety stick open, then you do
produce a challenge to the steam generator tubes.

And this is the cartoon that we normally show to
represent the natural circulation paths. I'm going to
deviate a little bit just because has been raised a number
of times. But the question often comes up, we produce all
these calculations that show counter current natural
circulation and creep rupture. How come it didn't happen to

TMI? Briefly, there are a few key factors that influence
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natural circulation. First and foremost is the pressure in
the system. Higher pressure systems produce greater natural
circulation. Higher density flow to convect heat away from
the core. It also produces greater density differences, so
it's two-fold effect.

The RCS configuration. The U-tube configuration
steam generators are, by their nature, more likely to draw
flow than the once-through steam generators. It is very
difficult to get steam to go down through a once-through
stream generator and back up after it's dried out. It
doesn't happen. The tests at the University of Maryland
show that you can't get natural circulation so that big heat
sink out there, isn't there. So you have nothing to draw
flow away from the core. So you produce a weaker natural
circulation pattern. They do see natural circulation in the
hot lake, but it's a reduced effect compared to this.

Core blockage. If you form blockages in the core
region with crossed around them, there's no way to get from
inside that material out into the loops. And if you can
intermittently inject water at various times during the
transient, and float up over the core, like turning on the
2-B pump at TMI, you shut off natural circulation. Goes --
there's no hot core. You've covered it with water.

MR. KRESS: So, it's not surprising TMI.

MR. TINKLER: Well, TMI, if you look, they had
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only a few periods when they could have gotten natural
circulation. And this shows -- this initial -- this is the
initial core heat up. This is turning on the 2-B pump, and
you can see the water level is rising back up during those--

MR. CATTON: They never did serve the loop seal,
did they?

MR. TINKLER: Well, when they turned it on -- they
might have cleared it briefly, but it refilled quickly.
Because if you got a loop seal, you can't get it. You have
to -- well, you can still get counter current, but counter
current- -

MR. CATTON: Where's it going to go, to the top of
the candy cane and back?

MR. TINKLER: Yeah, that's all it's going to do.

MR. CATTON: That's all it's going to do.

MR. TINKLER: And also, at TMI, the pressure's
low. They had a PRV that was leaking.

MR. CATTON: The U over tube is too small to get
any recirculation within it. So--

MR. KRESS: With the candy cane, I'd be very.

MR. CATTON: You're just dead in the water.

MR. TINKLER: You can get a little bit in the
candy cane. But it's not a vigorous natural circulation,
and during that first large period where natural circulation

could have occurred, the pressure in the system is low. No,
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this is a RELAP calculated pressure, but I do -- I -- we're
pretty good on -- you know, everybody's pretty good on
pressure. But RELAP, it made a loop. We've had a long
time. But we do this calculation pretty good.

And if you look at TMI during this initial period
here, this initial period, the pressure in the system is
quite low, and it's generally acknowledged that once you get
below about eight MPA, it's hard to get a lot of natural
circulation and convect heat away. So I know I was asked
that question quite some time ago, and I generally refer to
deviations from the typical severe accident, okay. And
there were deviations from the typical severe accident, like
reflooding, but I might have neglected to mention that there
-- that the fundamental design doesn't lend itself as much
to that.

But it causes me to think that maybe we ought to
look at some of those typical TMI calculations to try to
focus on how much natural circulation we could have gotten
and see if we can match some temperatures a little better in
parts of the system.

Also, there's an A&O calculation -- some A&O
calculations that were recently done, and these show the
effect of system pressure. One's sitting at relatively high
pressure safe -- at the safety. And one's with a leaking

PRRV. And this shows just the hot leg temperature. So over
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this -- in this initial period here, the effect of pressure
makes a pretty big difference.

It's not meant to be an exhaustive treatment of
it, but it at least provide a little more clarification,
because I would agree that if you've only had one accident
to look at, and it didn't produce the thing you say happens
all the time, it could cause you to wonder.

MR. KRESS: Well, Tim, I probably run the risk
dominant sequence.

MR. TINKLER: I don't want to address that.

CHAIRMAN POWERS: Before you go to this
inter-circulation through the steam generator, I'd like to
understand a little better about the free loop circulation.

MR. TINKLER: Okay.

CHAIRMAN POWERS: When Steve was talking earlier,
I got the impression of an increased interest in this and
that it introduced an enormous amount of complexity into
this situation.

MR. TINKLER: Well, the loop seal clearing is --
it's a -- you know, first you -- you got to do more than
clear the loop seal. You also got to get the water level
below here. Okay, the down comer skirt. Because if all you
do is clear this, but you don't clear this path.

MR. KRESS: That's another loop seal.

MR. TINKLER: That's another loop seal. Right
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here. So, but now we're able to clear both of them in a
number of calculations as a result of boil off and just
general water dropping in the core. And when that happens
you produce full loop circulation. And the key is what's
going on in here, because when you produce full loop
circulation, you don't get any cold flow returning through
the steam generator to dilute what goes into the tubes.
Another way to look at that is turning to page 17. This
shows temperatures around the loop at the time that we
normally predict surge line failure for Surrey. BAnd if you
look at the temperature coming in from the hot leg, the
1,500 degrees K, the reason we don't instantaneously fail a
lot of tubes real quickly is because it's being mixed with
cold flow returning back through the steam generator tube
bundle. Okay, it's being mixed and diluted. 2And the reason
it's being mixed and diluted is because we have a loop seal.
If we didn't have a loop seal, it wouldn't be quite this
high, because there would be other things going on. But
we'd have a whole lot higher temperature passing through the
steam generator.

So when we do calculations where we produce loop
seal clearing, the issue is whether or not the pressure in
the RCS has dropped low enough at the time a loop seal
clearing occurs, because if it hasn't dropped a lot, we

predict failure of pristine, intact unflow tubes.
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MR. KRESS: How good are you at predicting when
the loop seal clears?

MR. TINKLER: Well, we think we can predict loop
seal clearing reasonably well. 1It's a question--

MR. KRESS: When you have three loops?

MR. TINKLER: Well, it's the question of whether
or not we can predict which loop seal clears.

MR. KRESS: Yeah, that's the question I was really
asking.

MR. TINKLER: And we don't believe that we have
enough confidence in our prediction of which loop seal
clears, so when we approach this probabilistically in 1570,
we assumed an equal probability among the loops. We didn't
-- because we calculated loop seal clearing in some cases,
and we typically calculated in the loop where the safeties
haven't stuck open on the secondary side.

MR. KRESS: And if you're in a loop that doesn't
have the surge line?

MR. TINKLER: Right, it was a loop that didn't
have the surge line, and it was loop where the secondaries
didn't stick open.

MR. KRESS: Yeah.

MR. TINKLER: And if you're looking at a loop
where the secondaries didn't stick open, these sequences

where loop seal clearing typically involve some
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depressurization of the RCS, because you're boiling water
out of the loop. That's what clears it, and in those
sequences we actually had a higher pressure on the secondary
side than on the primary side. Okay. So we wouldn't have
predicted failure. But for 1570, we ignored that. We
assigned an equal probability to clearing these loops, even
though we always predicted it to occur in a loop that --
where the secondary side was not depressurized. So--

MR. KRESS: But if the secondary side is
depressurized, and even if you were in the leg where the
surge line was, it -- I was under the impression that you
were -- your calculations would almost there at times show
that you failed the steam generator before the surge line
under those conditions.

MR. TINKLER: If it's a loop where the secondary
side is not depressurized, no.

MR. KRESS: That's not true if it's not
depressurized.

MR. TINKLER: That's not true, because typically
these sequences with loop seal clearing involve some
depressurization of the RCS, of the primary side, so you're
-- those will be loops where the secondary side will be at
1,000 and the primary side will be at 600 or 800. So we
can't buckle these tubes, you know. We predict they're hot,

but they won't fail.
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MR. KRESS: A different failure mechanism in that
direction.

MR. TINKLER: Because the pressure is the other way
now on those cases. But when we did it, when we looked at
for assessing conditional tube failure probabilities, we
ignored the fact that we were actually predicting it in the
other loops and assigned a uniform probability to its
occurrence, because there is considerable uncertainty as to
when you predict loop seal clearing and in what loop you
predict it to occur.

MR. KRESS: That's what I thought.

MR. TINKLER: That is true. 2and it was a dominant
-- it was a dominant contributor to -- I believe -- tube
failure probability. It was the big deal.

MR. KRESS: That's what I was -- I was under the
impression of, too.

MR. TINKLER: That is correct.

CHAIRMAN POWERS: When you say the pressure is --
gets with the secondary sides still pressurized, and the
pressure in the primary is now below the pressure in the
secondary, when does accumulator dump occur? 2And when it
does, do you then Jack the pressure back up?

MR. TINKLER: Well, in some sequences where we had
-- where we were modeling reactor coolant pump seal leakage,

you would see some cases where, when we got down to
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accumulator set point, for example, we'd get some flow being
driven into the steam generators, and that would cause them
to, in some cases, cause those tubes to heat up fairly
substantially. But typically speaking, reactor coolant pump
seal leakage and leakage in general or the RCS, unless it
produced loop seal clearing generally didn't cause a
problem. If it produced loop seal clearing, then it did,
because we gave it equal probability. But there is a nuance
associated with depressurization, where you get accumulator
injection and then you force steam flow into the steam
generator, okay, without the benefit of a lot of mixing,
because then you're -- then you have almost -- you know, in
those cases, you force it through both paths of the hot leg.
So those cases did produce some more, but it's a relatively
short-lived transient where that occurs.

CHAIRMAN POWERS: I was just wondering if your
tubes were hot, and you got a dump so that it jacked the
pressure so that you had the delta p across, you'd just get
a rupture, even though it was a short transient. Well, you
know typically we don't show radical pressurizations on
accumulator injection. We get a little pressurization and
then accumulator injection stops. We had an issue where we
looked at this where we were condensing additional water in
the cold leg, and that was causing us to eject more from the

accumulators. And that's an issue we've had some
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discussions with the industry folks, because they contend
that we inject a little too much water as a result of that.
Because they show a very smooth accumulator pressure
injection transients. Those are a little more spiky, a
little more ragged. So, but -- that is a nuance that has
come up in some of the calculations.

MR. CATTON: I don't quite understand your figure.
The 1504, 982, and 775, what are they?

MR. TINKLER: Well, these are -- these are
calculations of intermediate volumes in the inlet plenum,
okay. These -- this is, in effect, a mixture temperature. .

MR. CATTON: So do you feed some of the tubes 1504s
and some tubes 9--

MR. TINKLER: No. No, these two streams--

MR. CATTON: Are mixed?

MR. TINKLER: Are mixed according to the mixing
fraction.

MR. CATTON: Which is?

MR. TINKLER: Point nine. So 90 percent of the flow
is at this temperature, and twice as much of it is at this
temperature.

MR. CATTON: How do you get the 982? Where does it
come from?

MR. TINKLER: The 9827

MR. CATTON: That's again a mixture.
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MR. TINKLER: That's the result of 90 percent of
this flow being mixed with this 775, okay. See, this cold
flow returning through the steam generator bundle.

MR. CATTON: Sounds really complicated. Where did
you get the information to base that on?

MR. TINKLER: Well, this is -- these values were
deduced from the 1/7th scale, in effect, deduced from the
1/7th scale test data.

MR. KRESS: Yeah, I'm interested in how you
actually made that deduction. Did you have temperatures in
the -- certain tubes of the steam generator?

MR. TINKLER: Well, they had rotating rake thermal
couples in the inlet plenum.

MR. KRESS: Okay.

MR. TINKLER: And they have temperatures in the --
about an inch or two in the tubes, up in the tubes, in the
tube sheet.

MR. CATTON: In some of the tubes.

MR. TINKLER: In some of the tubes.

MR. KRESS: Did you have a temperature in the hot
leg?

MR. TINKLER: Oh, yes. There's temperatures
throughout the system. You know, in the hot leg -- in the
top and bottom of the hot leg.

MR. KRESS: And did you have a way to deduce the
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flow rates in--

MR. TINKLER: Yes.

MR. KRESS: In the two counter current directions?

MR. TINKLER: Yes.

MR. CATTON: The flow rate was deduced by an energy
balance. It was not pressure.

MR. TINKLER: But they can do a little better job
up in the tube volume.

MR. KRESS: I was going to use the flow rate at an
energy balance to get the mixing fraction is what I wanted
to do.

MR. CATTON: You can't do that.

MR. KRESS: You can't do that that way.

MR. CATTON: Because it was the energy balance that
gave the flow rate.

MR. TINKLER: And, in part, the mixing fractions.
But there's also the observation of mixing from the thermal
couple data itself.

MR. CATTON: Well, yeah, but you see two people can
disagree, and we disagree. There was a meeting held at
Argonne, which I attended, where we discussed all these
things, and the people who were there was Viscanta, myself,
Ishi -- was Griffith there? You were there.

MR. TINKLER: Yes.

MR. CATTON: Peter Griffith.
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MR. TINKLER: Peter Griffith.

MR. CATTON: And the way -- the conclusion by
Viscanta and myself, Griffith was kind of neutral, was that
you couldn't really scale this data. There were just too
many unknown factors. You couldn't scale it to the full
size. This was the conclusion of those people. Ishi felt
you could scale it, but his background is two-phase flow.
It's not natural convection, and this is the buoyancy driven
problem. And in the inlet plenum, it's a highly complex,
multi-dimensional flow. When I looked at the temperatures,
I could find a tube or two where the temperature was very
high, much higher than in any of the other temperatures. It
was almost as if it fingered through directly into the tube.
So these kinds of things never became a part of this
problem.

Well, what does all this mean? First, if there's
zero mixing, the tubes will surely fail. If you have high
mixing, the surge line will surely fail.

MR. KRESS: Not surely because the time and
temperature were still pretty close together.

MR. CATTON: Even then, they're relatively close
together, and there are a lot of things that I can talk
about the other side, too. The way the surge line is
treated, the heat transfer is probably not high enough.

Because unless you guys have done something different in
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RELAP-5, you still used it as filter. And the heat transfer
coefficient to the surge line should be augmented. On the
other hand, there is some surge lines that come in on the
side. And if that's the case, then the surge line is not
going to be heated as fast. The more you move the surge
line down, the more buoyancy and its effect on the heat
transfer changes. When it's up, you get -- it's probably
helpful. 1If it's down, it's on the other side.

MR. TINKLER: Well, actually having a horizontal--
of this horizontal leg on the surge line does -- can be a
help, too, because it also helps establish natural
circulation.

MR. CATTON: Well, there are a lot of factors.
There's even the interaction between the two flows and here,
the divided into two pipes. What do you do with something
like this. I think you almost have to give it a -- unless
you want to do the kind of basic research that's needed to
address this complicated problem, you're going to have to
give some credibility to the fact that the mixing isn't
going to be what you think it is. ©Now, I suspect that, you
know, if you had to make a guess, you guess 50-50 chance.
Who knows where it's at? It's somewhere between zero and
one. And it's certainly not either.

CHAIRMAN POWERS: I come back to my baysian

instincts, even if Steve isn't an ardent baysian, I am. And
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they got a test here that has some flaws to it. But comes
back indicating relatively high mixing. I don't no whether
it's 90 percent or 87 percent.

MR. CATTON: I didn't come to that conclusion when
I looked at the data. When I looked at the temperatures, I
came to the conclusion that there were some tubes that were
going to be fed almost directly the high temperature gas.

MR. TINKLER: I guess, we -- I'd have to say, we do
not come to that conclusion. And, you know, this Committee
has, T think, been provided with the results of that peer
review, so, you know, you can take a look to see what --
there were a number of discussions. I think it was nearly
unanimous that the tests were well designed and well
executed and that they indicated mixing. Now, we can argue
about whether or not it's 90 percent mixing fraction or 60
percent mixing fraction or things like that, okay, but we
did -- we have done sensitivity studies on these parameters.
I'1ll talk about them a little more. And you can see the
effect of them. Whether or not a fluid stream line can go
unmixed from the hot leg up into the tube sheet, I guess is
a, you know, is a concern that has been expressed. We don't
deny that at all. The general indication, though, as far as
we're concerned is that the data does not indicate unmixed
flow. Does that mean it couldn't occur under a range of

conditions, including tube leakage. Well, that's something
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that needs a little more consideration. But, you know,
that's the general -- that's the general view we have at
this point.

My first--

CHAIRMAN POWERS: Before you proceed, now, this
peer review that you're speaking of was the same meeting as
Ivan was speaking of?

MR. CATTON: That's right.

MR. TINKLER: Yes. Yes.

MR. CATTON: We each, I guess we read the letters
written by the people who attended the meeting differently.

CHAIRMAN POWERS: Yeah, apparently so. I guess you
have to read them yourself to come to that conclusion.

MR. TINKLER: Well, you know, there is some
questions. For example, we can't scale, in a 1/7th scale
test, the exact flow conditions for a tube, because we can't
make the tubes 1/7th diameter. They'd be too doggone small,
and the hydraulic diameter would be too big, and the
resistance through the tube bundle would be huge. So you
got to have the right flow area through the -- this 1/7th
scale tube bundle relative to the flow area in the hot leg.
And you have to have the right mass. Because it's the mass
of steel that's actually the source of natural circulation.
So it's hard for us to claim that we're simulating each and

every tube.
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Now, are we producing the same kind of bulk mixing
pattern in the inlet plenum? We think we are. The ACRS
what used to be the severe accident and thermohydraulic
subcommittee -- I'm not sure what it is now -- but we made
presentations where we compared frood numbers in the test to
the frood numbers in our code calculations, showing that we
were doing a pretty good job of predicting them, between the
plant and the experimental facility. But there are
undoubtedly distortions in that facility that cannot fully
accommodate, you know, the exact nature of mixing in the
tubes. But the other point I make from time to time, with
varying degrees of success, 1s that the fluid stream lines
are not fixed. Fluid that comes from the hot leg in a
single stream line, and you saw the CFD code calculations.
We can calculate stream lines very accurately if we want to,
but that doesn't mean they say; that what comes out of here
always goes to this one tube out of 3,000. It moves around
a little bit, this plume. Actually, they saw evidence in
the test that the tubes carrying hot flow and cold flow
occasionally change a lot. So--

MR. KRESS: But particularly if you're in a
transient.

MR. TINKLER: So if you got a stream line that's a
little hotter than the average, there's no reason to think

it stays in this tube for a particularly long period of
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time. That plume does -- there is some oscillation to it.
Now if -- you know, as I say, I make that argument with
varying degrees of success, so--

But it -- the first summary is that we've used the
SCDAP/RELAP code to analyze this for potentially risk
significant scenarios. And typically, we predict the
failure of the hot leg or surge line before unflawed tubes.
We've done a number of sensitivities on thermohydraulic
modeling. It didn't alter the conclusion, but the margins
are pretty small.

I can skip through this example calculation if
we're--

MR. CATTON: What might be -- do you have one that
shows the time?

MR. TINKLER: Well, I can show as part of this --
I'm sorry, Dana, did you?

CHAIRMAN POWERS: Well, go ahead and answer Ivan's
question. But the question I'm going to ask at some point
in the discussion is that suppose we don't fail the surge
line, is there anything about -- if we do not fail the surge
line, you will predict a steam generator tube failure
someplace, at some time.

MR. TINKLER: Well, typically, if we don't fail the
surge line, the next thing that fails is the hot leg.

CHAIRMAN POWERS: Okay, leave them both out.
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MR. TINKLER: Leave them both out?

CHAIRMAN POWERS: Yeah, let's just--

MR. TINKLER: Yeah, we'll fail a tube. Yeah.

CHAIRMAN POWERS: Okay, is there anything about
that tube failure that would be worsened or improved by the
peculiarities introduced by generic letter 9505, or is it
such a robust failure that it's like you're full loop seal.
You had failed a pristine tube just as likely or just about
the same time as you would fail one that's got a few cracks
in it?

MR. TINKLER: I will turn to people much more
qualified to comment on the nature of the failure than
myself. Someone in the front row back there, preferably Joe
or Bill, if they could comment on the nature of that
failure.

CHAIRMAN POWERS: Now, we do have.

MR. TINKLER: Typically, what we assume is that
it's a cross section of a tube for the calculation. We have
done some--

MR. CATTON: Can I help you out?

MR. TINKLER: Calculations of fission product
inventory released off site, okay. Not level three per se,
but fractions of our inventory.

MR. CATTON: Isn't 9505 restricted to that big

thick plate on the bottom?
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MR. HIGGINS: No.

MR. CATTON: Or even the tube support plate? The
heat transfer to the plate is going to be enough that that's
going to be a cool spot along the tube.

CHAIRMAN POWERS: Okay. I mean, clearly we do have
this peculiarity of the leakage flow that can change this
whole picture here. But I'm going to leave that out, just
like I'm going to leave out all these surge line and nozzle
failures, and ask if there's anything -- what I'm asking is
how much time to devote to thinking about and reviewing all
of these things. 1If, in fact, there's -- leaving aside the
leakage question, right now, there's nothing, I mean, it
would fail if I had a brand new steam generator in there
with alloy 690 and no cracks, it would fail just as much as
it would with one that was filled with lots of non-through
wall, non leaking cracks.

MR. KRESS: I certainly believe within the
uncertainties of this thermohydraulic analysis, you can't
tell the difference.

MR. SHACK: There's no uncertainties. He's just
killed the hot leg failure and the surge line failures, and
the only thing that's left is whether the core will rupture
or that will happen.

MR. KRESS: No, what he's asking if there were

uncertainties in these things is such that maybe you do at
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some probability fail the steam generator tubes first at
some probability because of the uncertainties in everything.
Would you have gotten the same answer whether you had your
tubes or not.

CHAIRMAN POWERS: What I know is that people that
do these calculations--

MR. MUSCARA: For that temperature that -- you
know, on the transient reaches 840 degrees. So a much--

MR. KRESS: And it doesn't matter whether they're
cracks or not.

MR. BALLENGER: I read 1,200. I mean, 1,500K,
1,200C.

CHAIRMAN POWERS: That's the gas temperature.

MR. BALLENGER: That's the gas temperature.

CHAIRMAN POWERS: It's hot stuff.

MR. BALLENGER: It's hot stuff.

CHAIRMAN POWERS: What I know is that people have
tried to develop codes other than the one that was used for
this calculation, and when they tried to model the counter
current flow, they have to do it the same way RELAP does by
putting in these figures, and things like this.

MR. CATTON: It depends on how much money you want
to spend.

CHAIRMAN POWERS: Well, these guys didn't spend--

MR. CATTON: A really good example of that was the
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