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PROCEEDINGS

MR. BERNERO: Ladies and gentlemen, I would like to
get started please.

Good morning. My name is Bob Bernero.

About two weeks after the last meeting of this
august group, I was appointed to direct the Accident Source
Term Program Program Office, so that's why I'm here.

I hope to be seeing more of you now. AsS you
undoubtedly know already, the NRC and its contractors is
embarked on a perilous path, trying to look at the physical
chemistry of coremelt and fission product transport in order
to predict in a much more realistic way what actually can get

out in a nuclear reactor coremelt accident. 1In order to have

| both a technically sound and a usable estimate of such source

terms, we do need -- in fact, absolutely have to have -- peer
review, sound peer review to test the scientific basis on
which these predictions would be made.

You demonstrated in the first review of the PWR,
when all the long knives came out, that this is a functioning
peer review. I read those comments from the last cycle. And
I said you know when a peer review is working, when the
people who read the comments turn red in the ears. And I am

pleased to say that the process is working. I hope that our

recycle through the contractor of your comments is reasonable,

proper, and satisfactory. And I look forward to the further
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comments you provide.

Now I'll turn the meeting over to Dr. Silberberg,
who will chair it for the balance of the twc days. !

MR. SILBERBERG: Thank you, Bob.

As you can tell, a lot has happened since we last
met. I know there was a period of silence, where you didn't
hear from us, and that was because everyone was going back to
their respective cubbyholes and drawing boards, trying to ‘

bring together and bring to bear the comments -- our response

to your comments from the first meeting.

By way of introduction, before bringing you up to
date, where we have been in the last four months, what I would%
like to do is just note 2 few regrets from people who were

not able to be here today.

First, from the United Kingdom, Mr. Abby and
Mr. Potter were not able to be here today. |

Mr. Thorguson, from Canada.

Bob Hilyer, from the United States.

And Saul Levey sends his regrets -- personal
problem, he was not able to be here.

But nevertheless, as ever, he was productive and he
sent in his comments ahead of time. And he asks that they be
read into the minutes, and we will do that sometime =-- probably
tomorrow.

Carl Johnson was nice enough to tell me that he was

4
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going to be an hour late, so we can expect Carl here pretty
soon.

In the meantime, we have with us our colleagues from
overseas.

We have Mr. Petrangeli, who was here at the first
meeting, from ENEA, Italy.

I don't see Mr. DeMunk yet, from the Netherlands
Licensing Authority. I assume he will arrive shortly.

And Dr. Soda, from GERI, from Japan.

Now, there will be, throughout the course of today,
a variety of backup materials that will be provided that
Battelle's staff has been working on diligently that we will
be passing out in the due course of the meeting today, things
like a separate appendix on a description of the TRAP melt
code.

I must say, in addition to Battelle, Oak Ridge Labs
have put together and brought with them, I hope, their report
on the tellurium chemistry and the basis for how tellurium is
being treated in this report.

And we will also provide a summary of peer review
comments that I will say a little bit more about before
Jim Giesecki makes his presentation.

(Slide.)

As Bob Bernero noted, we have taken your comments

quite seriously and digested them. And within the first month
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1 after our -- after the meeting, there were a number of thinqs;

5-{ 2 that became quite evident to us as a result of your focdback,z
3 as well as our own impression from the first review. i

4 I've listed here four items -- there were many morel

5 -- and I want to assure you that they have been correlated i

6 and summarized. But there were four comments in particular :

7 that actually had an impact on how ASTPO did its planning and |

8 how we revised our approach to the program that has unfolded ,
9 since the last meeting. é
10 For example, many of the commenters -- there was ;
1 a consensus that said the data base for the supporting =-- the;
12 data base which supports the codes and that might be used for |
(;} 13 code validation is not visible in the work that we presented :
: 4 | and that this needs to have its own emphasis.
i 15 Second comment had to do with the fact that this
g 16 work has large uncertainties to it and in it, obviously, at
g 17 this stage. And some parameters are more sensitive than |
; 8 | others.
¢ 19 And so a need for an uncertainty and sensitivity
g 20 analysis was presented, Along with some of the other support- |
; 21 ing activities, we have now added these as supporting
! 2 activities to the Staff work, as well as to the contractor
z work.,
: u Alsc, as you recall, there was much debate on the
. »

question of just what the containment loads are and the
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challenge to the containment in terms of containment response,
particularly with respect to the early failure mode question.
And you will see later that we have addressed this

in a supporting activity.

Finally, the question of new technology in dealing
with reactor cooling system upper plenum, in terms of thermal
hydraulics modeling, was clearly an area that was noted by
consensus of the reviewers, in terms of working with =-- start-
ing with the MERGE code, which Battelle and everyone else
admits is a first start to the problem. And we have had to
address that in our supporting activities.

Now, putting this altogether, basically we now have

four elements to what we call the reassessment of the technical
bases for source terms.

(Slide.)

Element One is a preparation of a summary report on

the data base for validating codes to predict releases for the

codes that we used in the Battelle reports. This will br

put together by various NRC contractors making contributions

to it, and the Oak Ridge National Laboratory has the lead and

will publish the report as an Oak Ridge document, with due

credits to all of the contributors. '
Element Two is basically the same element. 1It's the

Battelle analyses for what has now been enlarged to five

plants., And I'll discuss that when I go into the scope in a
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little more detail. r
We have now identified Element Three, as Bob Bernctof

]

noted, as a very separate and distinct activity that is

deserving of a status all by itself, namely the thorough peer '
review of the scientific basis for the work -- first, what we |
i

call the technical experts' peer review, which is what is

going on now and what we had in January and will continue,
and then a broad-based review by an independent scientific

crganization.

And we have been working on this for some time, and
we expect, shortly, to receive a proposal from the American |
Physical Society, to hopefully participate and conduct this

review,

Finally, Element Four, which always existed, but now
is a lot clearer in our minds, is basically the element which
picks up all of the supporting staff activities that you will
see in a moment that evolve from the first peer review, as

well as a way of pulling together all of the contractor

products, together with the Staff-supporting activities lead-
ing to an appraisal of the significance of the reassessed

source terms, when we are all done.

I will say a little something about schedule before

I close, so you can see how they all fit together.
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MR. SILBERBERG: The scope for Element 2 has been
enlarged to include now the Zion large high-pressure
containment PWR right here today. We now refer to the
Battelle reports as the BNI-2104 series, and they are
Battelle Reports vVolumes 1 through 5, 1 through 4. And
they, if you will, stand alone. And for that reason, we
refer to the contractor designation and not to a NUREG
designation.

(slide)

Elenent 4 has expanded as a result of the peer
commnents., Starting with an appraisal of the products from
Elements 1 and 2, we are now adding in parallel studies
that will largely done by the staff with some support from
NRC contractors on tne state of the art of the loads which
one == if you will, best-estimate loads -- wnich one might
expect to be needed in order to determine the response of
containment for, if you will, steam spikes first, nydrogen
oburns, and other items that are challenged.

Containment response in terms of early
containment failure. If there is anythding we learned trom
the Surry study ~-- and really, it shouldn't nave been a
surprise -- was tnat early containment failure is really
the thing that really challenges risk based on the current
technology available now, whereas in late containment

tailure we have a lot of other retention mechanisms in the

TAYLOE ASSOCIATES
1625 I Street, N. ¥, « Suite 1004
washingtan, 0.C., 20006
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containment that are acting to reduce source term,

The uncertainty and sensitivity analysis, we
have been reviewing with several laporatories,
possibilities tor now this might be conducted. And early in
June we w’'.l make a decision as to how we will organize
this and what the scope will be.

1f you will, this is a rather challenging task,
and since we want to get the first study done in 6 months,
it will, of course, pve limited in many respects, but
nopefully will form the basis for an ongoing follow=on on
uncertainty and sensitivity analysis that will be more
comprenensive, that we can ultimately use at the ena of the
program to pull these tnings together. S0 you will hear
more apout this in Jdue course.

Inis element also picks up what we call the
review and appraisal of work going on outside of this
pregram, if you will, in the industry; namely, tne IDCOR
study and the ANS source term study. This will be reviewed
by NKC contractors as well as tne staff and will allow us
CC maxke a comparison of what -- now others have calculated
similar events and similar sequences, And we will, of
course, tactor those results into our appraisal,

Finally, we have decided to ask the Los Alamos
people to use TRAC initially to explore and improve the

analysis of the upper plenum in the reactor cooclant system

TAYLOE ASSOCIATES
1625 | Street, N, W, « Suite 1004
W ashington, 0,.C. 20008
(202) 293-39%
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in the vessel to, if you will, support or extend the MERGE

analysis. And this is now underway.

In Element 4, we will, of course, appraise the
comments from the peer review, first this group and then
finally the indepennent group that will do the appraisal,

NOw, when we are all done in this time frame, we
will nave wnat we call NUREG-0956, the real NUREG-0956,
wnich will pe the sequel to 0772, and will, in effect, be a
reassessment of where we stand at this point in time, 1f
you will, at the end of this year ana into the spring.

we will not release the draft of 0956 for
comment until after all of the peer reviews are done. And
you will see this on my next slide,

(Sliae)

We should have the code validation report
complete by August and reviewed. The five plant reports,
still draft but issued as draft, complete in September of
'd43. The peer review, last peer review, which will be the
one that I referred to, the indepenaent peer review., The
broad-based peer review, will pe we hope around May of '®4
and would then lead us to U956, publication of araft for
comment and then -- [ mean broad public comment. Then
December '84 would be a tinal report,

Now, what 1s the schedule for the peer reviews

of this group.

TAYLOE ASSOCIATES
1625 | Street, N, W, « Suite 1006
W ashington, D.C. 20004
(202) 293-3950
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(slide)

Let me give you some of tnese dates and what
our current plans are so that hopefully you can make your
plans for tne summer accordingly.

We are here today. we hope that in early July,
maybe seconda weex in July, what we would do 1s complete the
Peach Bottom analysis and review and Grand Gulf and bring
on Sequoyah, Sequoyah review.

Now, we recognize at this meeting today =-- ana
we peg your indulgence -- that we did not have all the
materials available to you on both Peach Bottom and 3rand
Gulf.

But we feel that with the materials that you
nave, plus the oral presentations and the handouts, that
there are enough new issues -~ some ola ones, too =-- but
there are enough new issues in dealing with the BmR designs
tnat the next 2 days will be well spent and will pbe an
excellent, if you will, precursor to the July meeting,
which would then allow us to bring into tinal focus the
Peacn pottom and Grand Gulf plan and Sequoyah. If possible,
we would add an extra day to the meeting if we needa to.

Hopefully, around tne middle of August, second
weex Of August, we would review the Surry plant, revised to
Bring into account aaditional analyses that Battelle is

currently planning and currently working on that Jim

TAYLOE ASSOCIATES
1625 | Street, N, W, « Suite 1004
washingtan, D.C. 200J6
(202) 293.395%0
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Gieseke will report on as the next speaker.

We will have the Zion plant reviewed in August,
and it's not clear at this time how many of the sequences
we will go into in Zion. It could very well be that we may
Just pick out one or two that would allow one to get a
reasonable comparison with a Surry-type plant, And that is
still to be evaluated., 1It's really a tunction of time and
resources,

Then rinally, we would ask this group to review
the coue validation report from Element 1. Hhopefully, you
woula have the code validation report to review sometime in
early July or mia-July,

NOow, because we have brought on two additional
areas of work whicn in themselves require we think separate
consideration, we have two possible additional meetings
that we will schedule, One, of course, would be dealing
with containment loads and response, and we think this
would be the appropriate meeting for specialists that deal
in these particular problems. 50 [ suspect we may narrow
down tne review here possibly.

Then on the uncertainty analysis, since that is
SC i1mportant and has such impact on judging tne results of
the entire program, I believe we will nave an extra meeting
on that, but it's not clear what tne composition of that

review will be.

TAYLOE ASSOCIATES
1625 | Street, N, W, « Suite 10U
W ashington, D,.C. 20006
(202) 2933954
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fhat's really all I had to say. If tnere are
some cogent comments or what have you, I would be happy to
answer them now tor clarification,

Doug Cooper.

MR. COCPER: Do we still nave under consideration
the simulation of the IMI incident and the comparison
between what was predictea ana what was found?

MR. SILBERBERG: Yes., That's sort of an ongoing
activity in the oftice, and wWalt Pasadack of our staft is
following that as well as Mike Jankowski.

Wwe have some ongoing work at several of the
laboratories that have been looking at this problem. At
some point, 1 am not sure when, but at some point it will
find its way into the program, mayce as part of Element 1
Oor maybe as part of Element 4.

But we think that the TMI-2 accident and its
value here ana its relationship and its role nere will have
to be placed in perspective. 850 you can expect that that
will pe done, ana we will certainly invite your comments on
it,

But we also, in dealing with TMI-2, part of the
problem is it is not guite the same sequence as the
sequences we're talking about here, 30 it needs to be
looked at very carefully and dealt with in its own special

way. But nevertheless, that is certainly a useful thing to

TAYLOE ASSUOCIATES
1625 | Street, N w, « Suite 1004
W ashington, 0.C, 20006
(292) 293-39%0
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MR. KASTENBERG: Could you tell us a little bit
about wny you chose Zion as the fiftn plant instead of
something like the MARK~II containment?

MR. SILBERBERG: Certainly. we could have also
additionally chosen MARK-II.

MR. CASTELMAN: Wwhat made you chcose Zion-2?

MR. SILBERBERG: Zion represents kind of another
class of high-pressure containments, really different than,
let's say, the Surry class or the Oconee class. And also,
it allows us another comparison witn a companion study
that's going on in IDCOR, which has included Zion=2. S0 it
kind of gives us -~ it spreads the high-pressure
containments, and it also allows us to comnunicate with the
IDCOR results. Those, i think, are the main points,

As far as the MARK-II, what we will try to do in
Element 4 of the staff appraisal of risk and regulatory
significance, we will try to place the MARK-II in
perspective relative to the results we have on MARK-1 and
MARK-IIL, and to the extent that we find perhaps that it's
worth an extra calcuation or two, we may indeed have to do
tnat,

MR. BERNERO: I think it's worth adding, the
licensing staff 1s deeply involved in the review of the

Limerick PRA, which 1S a MARK~-II containment. And we have

TAYLOE ASSOCIATES
162% 1 Street, N.W. - Suite 1004
W ashington, 0.C, 20006
(2072) 293-39%0
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MR. SILBERBERG: 1T would now like to introduce

Dr. Jim Gieseke from Battelle, who will tell you about what
Battelle =~ how Battelle is addressing and has addressed
the January Peer Review Comments; and in concert with Jim's
presentation, later on we will be passing around a summary

of the comments that we received from various reviewers and

observers from the January meeting. .

A rather concise summary has been put together i
by Chris Ryder over here in back of me from our staff, and
sometime throughout the two days if you have any comments

on how we have interpreted your comment or how we summarized

it, or abridged it or what have you or you think some clarifi-
cation is needed, please make a note of it on your copy,
and sometime during the meeting if you can see Chris Ryder,
why he will be happy to take your notes and make appropriate
corrections. Chris is over here., Jim Gieseke.

MR. GIESEKE:. [hank you, Mel. I'm happy to be
back in spite of what you might think.

(Laughter.)

We rather enjoyed all the discussions the last
time; we certainly thought we'd enjoy doing it again.

(Laughter.)

(Slide.)

There are really three topics todav. This is the

first of three that have to do with this. BMI 2104, Volume 1,

is the topic of our last discussion, the Surrvy plant and
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its calculations. We want talk first about what we are doing

in response to the review comments, but before we get into
that too deeply, just to restate the situation and make it

clear where we are going with all of this--

(Slide.)

==1 would like to read for you the objectives of
the study, which are to develop updated from release plant
fission product. source terms for five types of nuclear
power plants and for accident seguences giving a range of
conditions.

I think that's important: to realize that we're
Wlookinq for ranges of conditions to see the effects of, as you
will note down here, the effects of different conditions and
different assumptions. The estimated source terms that we
derive are to "~ based on analyses of fission product released
from the fuel, transport and deposition ~f those fission pro-
ducts usina improved computational tools in a consistent step~-
by-step manner.

Our second objective is to determine the effects
on fission product release associated with the differences

in input which are associated with differences in plant design

and accident sequences primarily. We've also done some sen-
sitivity calculations as we've gone along, just to ‘see some
major impacts of different consumptions.

And the last objective, then, which is a result, is
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to provide in-plant time and location-dependent distributions
of fission product baths.

(Slide.)

Now to give you an overview, I'm not sure at this
time whether this Zion will be a separate report from the

Surry Revisited. But to go through Volume I--is the Surry

plant== not "slurry plant." You don't know how many slides I

corrected that on, I must have missed one~-

(Laughter.) ‘

== which we talked about before, which was done
using the MARCH 1.1 code.

Volume II is a Mark I, BWR, Peachbottom plant.

One of the topics of diseussion today--sequence is AE, TC and
TW.

Volume III of this is Mark III design, BWR,

Grand Gulf is the selected plant. We're looking at seguences
TC, TQUV, TPI. This is also to be discussed later, calcu-
lations that we have to date.

The next volume ig Sequoyvah ice condenser contain-
ment. We're not entirely fixed on these, but we think we'll
probably-~it looks like we'll be using the S2H, S2D, TMLB,

TML sequences.

Then we come to Surry Revisited, which is revisited

in the sense that we'll be using MARCH 2 code rather than

MARCH 1.1 code.
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You'll hear about the major differences that have
to do with, of course, slumping, the same sequences as before
for Surry, and finish up with Zion's.

We now mention the sequences -- and I totally defin-

|
|
|
|
|
|
|
|

ed on that -- to clear up a little bit the differences -- well,
before I go on and talk now about we have done with regard to |

the Surry plant, I do want to acknowledge input that we have

been receiving.

(Slide.) :

Westinghouse has provided us with information on {
the upper plenum design; Stone & Webster on the containment
geometry and the compartmentalization. !

EPRI -~ Dick Vogel has chased down information on i
the concrete composition for us. 2

And Sandia, of course, as you are aware, provided us!
with release from the core concrete interaction. ;

And Oak Ridge has provided input in terms of rcloase'
from the fuel.

MR. JANKOWSKI: What about B&N? ;

MR. GIESEKE: On the Battelle, Northwest has pro-
vided this information, the spark code for the boilers. But
we'll acknowledge them when we get to the boilers.

(8lide.)

We had a number of peer review comments. As Mel

mentioned, these are being handed out. This is a summary that
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Mel alluded to by Chris Ryder that will be pr-vided to you.
But the general topics in there, I'd like, for your informa-
tion, to quickly rwn through have to do with == the cEnments
were categorized under the torics of acrident sequence and

system behavior, fission product release from fuel thermal

,

——————————

hydrauli.s chemistry, primary system transpoi:t deoposition and

reentrainment, transport deposition and reentrainms't ir
containment, code validity sensitivity, and also repo:t
structure and organization report in general.

These topics and the coﬁmcnts we have read and’
considered. And the r:sult of these considerationt have led
to some modificaticm: or additional calculations that wy 're
doing from the Surry analyses.

(Slide.)

I have tried to use this slide to show you where
the material is goiur, te appear.

Volume &, vhi:h is th; first'Sutry analysis, using

the MARCH 1.1, is probably /joing to be published in a matter

| of a few weeks, pretty much as is, with some modifications

noted on here or some considerations. And these will be
discussed today in these additional calculations or modifica-
tions. :

Tanere are other .ssues that w. are addressing,

and we will run through th&?e just to clarify what we are

doing to the Surry analysis as a result of our last peer

o —
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review meeting.
First of all, we will be using MARCH 2 code for all

the sequences. That will not appear in Volume 1, but it is a

basis for a volume which I identified on the previous slide

as being Volume 5.

As far as the upper plenum geometry in the MERGE
calculations, we obtained information, as I mentioned, from
Westinghouse -- as I mentioned -- with some details. We'll
be going through and using a better definition of the upper

plenum geometry.

Improved release rates from fuel -- this is basical-
|

ly the work done by Oak Ridge in considering two types of
release, one being the control rod -- release of control rod |
materials, and the second item being tellurium release. And
!

I think you may hear some of that today or tomorrow, of what |

they have done.

The fourth item is an issue that came up as a

gquestion: What is the effect of the inventory distribution

in the core?

We had assumed that it was a flat profile. We
thought it might be good to do a little bit of sensitivity
analysis. We had done a little bit on this to see what the
difference might be on release rates.

We brought up the issue of decay heatining of

deposits as possibly having an impact on subsequent deposition
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of the fission products in the primary system. We have some i
calculations, preliminary sorts of calculations that we can
talk about today. And that issue will be addressed also in
Volume 5.

There were comments dealing with the nodalization
of the primary system. And when we redo it, we will look at
the nodalization, expecting that we use a finer nodalization.

There was a gquestion that we had in our minds about 1
the Surry geometry cof the containment., This all has to do
with the core concrete release. I think we may have used the |
wrong diameter a little bit., We don't know what the impact

|

of that is -- wrong diameter of the cavity. But we correct
!

that, and we get melt temperatures for MARCH now, and we would;
lock at the possible impact of water in the cavity on core
concrete release. |

Another item is the effect of water condensation on=-
to the wall and what that does to deposition in the con-
tainment -- or as referred to, as diffusiophoresis. We've ;
done some calculations we'll report today to show the impact
of that -- plus, that will be -~ it's been added to the NAUA
code, so that will be automatically be included in the next
volume.

(Slide.)

We keep going down our list. I think there was

some guestion about flow rates that we used before -- spray |
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~ 1 removal efficiency in our calculations for the containment, f
: 2 removal from the containment. We've gone back, checked those.; 1
s We have some calculations to show today, and we'll be using
¢ the same sort of procedure for the next issue. ’ ‘
: We looked, just very briefly, at sensitivity to
¢ drop size. That will be mentioned today in a talk.
? We mentioned, when we had our last review meeting,
s that we had not included the deposition from the flow back
9 through the primary system, after melt-through =-- the reactor
10 vessel. We had not taken into consideration any deposition,
1 | and that will be included when we redo it.
n The questions of compartmentalized containment is |
(" 13 | to be evaluated, and we expect to use a better compartmentali-i
W | zation in the calculations. I
g B | Now that we have obtained information -- better i
: 1 information, definition of the containment geometry -- and :
; " we had not prepared this appendix before, and we are handing ,‘
§ 1 out an appendix today for you to look at. It will go in ;
% 9 Volume 1. There was a place for it in Volume 1. It just 5
E ® | yasn't completed before. So, that will be included in
; a Volume 1 and referred tc by appearing in Volume 1.
§ = Then, there was some analyses that were done on |
L pressure spike sensitivity, or hot-drop model sensitivity that ‘
u we will discuss briefly today, relating to the containment
» failure analysis. This is not a part of either of these, but |
|
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is input to NRC's containment failure analyses task that was
mentioned. We thought it would warrant a brief go-through on
that, because it was a major question that came up in the
peer review meeting in January.

(Slide.)

Okay. So, I have now a list of the topics we will
be covering in this part, the additional results with the
additional calculations that go intc Volume .

(Slide.) :

TRAP melt 2 description, as I mentioned, will be
available and handed out.

Pressure spike sensitivity, relating to containment
failure, is a topic. ;

Transport and deposition in the containment, with !
diffusiophoresis. And there's questions regarding spray. |

One more item I forgot to put on here, which is the

effect of decay heating, and we won't forget it just because
it's not on the list, but we will talk about that.

So, these are the items, ard we'll take them in

order, starting with the TRAP melt description, which is just
a handout.

So, we'll go through -- Pete Czybulskis will talk
about containment, questions relating to pressure spikes.

Ken Lee will talk about transport and deposition in |

|
the containment, as revised. And Rich Denning will talk about|
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decay heat on the primary surfaces and the effect on deposi-
tion.

So, with that, we'll move on to those talks on some
of those topics, starting with Peter Czybulskis.

MR. VOGEL: Mel, I've been assuming we'll get copies

of the slides?

MR. SILBERBERG: Yes, we'll cycle them through after |

each speaker.
MR. GIESEKE: Do you want to have the viewgraphs
in one big pile or individuals for each of the issues?
MR. SILBERBERG: One =--
MR. WALKER:: Are you going to do any more on the
secondary structures?
MR. SILBERBER®: For the a. :liary building?
MR. GIESEKE: You're talking about the auxiliary
building?
MR. WALKER: vyes,
MR. GIESEKE: We're getting all the geometfY infor-
mation and checking that out as we go back through.
MR. CZYBULSKIS: Good morning.
As a result of the discussions at the last peer
review meeting, there are a number of questions raised about
the pressure spikes that let to the potential early containment

failure in Surry.

Just let me make a point of clarification. I
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believe, in the draft of BMI 2104, we made no statement about ,
the likelihood of containment, early contaimment failure. I

think all the release calculations were predicated on the fact |
that the containment's failure does take place. It said noth- E
ing about the probability, and I trink there is some misunder- ;
standing as to what the intent of it was, Whether the probabil-j

ity is low or high is still an open question and one that will

be addressed further.
What I will describe to you today is a series of

sensitivity studies that we have performed since the last peer f

|
review meeting to try to get some insight on how the peak

|
pressure associated with an early pressure spike might vary as

|
!

a function of modeling and input assumptions.

I might also note that these calculations were done I
with MARCH 2; as opposed to MARCH 1, which was used in the
other study. There were rather substantial revisions in the t
input in the physical description of the plant in these studiesj
from the one we used earlier.

|
In particular, we had the benefit of some detailed %
|
5

discussions with Westinghouse on what the internals of the

reactor look like. There are still some outstanding guestions,
and I'm expecting some further input from Westhinghouse as to, ?
in particular, the lower support structures. But these calcu-
lations were done with the best information we had available.

!
)
|
|
|
1
!

i
|

So, let me talk about these.
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(Slide.)

The objective of these studies was to investigate
the containment pressure loading as a function of modeling and
input assumptions, very simply.

(Slide.)

The way we went about this exercise is illustrated
here.

As I said, we calculated the series of MARCH 2
cases, varying the heat transfer assumptions and the heat
transfer models that we are utilizing included what I call

inrthaﬂateheat transfer, which is basically a very simple

the water is in the cavity, the particles will find the
water, until you either run out of water or until the particles
jare quenched. A

That's a point of departure, basically very similar
to what we have been doing for MARCH 1.1 for some period of
:time.
We did this for a series of particle sizes.
The next set of calculations was particulate heat
transfer, up to the point that the core debris form a debris
bed. And the time for forming a debris bed was determined on
Fhe basis of levitation calculation. Basically, the more rapid

the heat transfer, the more steam you generate, the harder it

is for the bed to form.

|
!

!

quencher . model tbat assumes, for a givenparticle size,as long as

|
|
|
|
|
|
!
|
|




MM:jl

(ﬂx

end 3

O

FORM SEC 700 REPORTERS PAPEN 8 MFG CO 800 626 6313

3:10

11

13

14

16

17

8 8 8B B

I

29

Again, these were done as a function of several
particle sizes.

The third set of calculations were, again, initiated
with the particulate heat transfer. But instead of using the
levitation calculation, we just assumed that the debris would
form as soon as the particles solidified.

Then, there was a series of calculations done in
which I varied a number of assumptions about the in-vessel
behavior, about how the vessel fails, to see what difference

it makes on the predicted contrainment response.
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(Slide.)

Just to provide some perspective, let me point out
the base case here. This was Surry TLMB prime, using the
assumptions on the code as it is. This is kind of the
reference time scale, with steam generator dryout 68 minutes,
core uncovering at 99, start of melt at 120, start of core
slump 149.

I might point out here I use what I call a gradual

core slump model, as opposed to letting the core slump all at |

once. Though it turns out that for these calculations once
the core slumping starts, it proceeds very rapidly to com=-
pletion. Of course, as I said, the core started the slump
at 149 minutes and collapsed at 151 minutes. Bottom head
failed about a minute later, so most of the calculations that |
I will be talking about take place following head failure and
treat the debries failure in the cavity.

(Slide.)

Let me throw up a review, pressure and curves.

Just a few examples, and then I will summarize what f

This is a tvpical pressure-time history. Thas
happens to be for debris particle size of one inch. And this
is for the particulate points mcdel. The core uncovers in
this area, then melts. The head falis at this point, and

this is where you get the interaction in the bottom head.
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|
In this particular case, the peak pressure is about 80 psi. ?
That's for one-inch particle size.

MR. REYNOLDS: I have a question. 1Is this for
water coming down on top of the debris from the accumulators?

MR. CZYBULSKIS: This is the water coming down on
top of the debris due to the accumulated discharge at the time.
of head failure.

(Slide.)

Same sequence, same modeling assumptions, just a j
smaller particle size. You get essentially the same behavior,i
but instead of 78 or 79 psi, I think this one goes up to 84. |

(Slide.)

And if we go to the other extreme and take a very |
small particle size -- and there's nothing scientific about
the particle size choice =-- I start out with a 2/10ths-inch
diameter particle, went up a factor of 5, to 1 inch, and down
a factor of 5 the other way.

We go to a very small particle size. You get a

higher pressure spread. This is for the guench model.

MR. REYNOLDS: What are the other contributions,
besid2s s*eum and hydrogen? The total seems to be higher than|
the sum nf the two.

|
l
|
X |
MR. CZYBULSKIS: That's air in the containment. }
MR. CASTLEMAN: What governs the amount of hydrogen !

!

there? 1Is it governed by the surface area?
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MR. CZYBULSKIS: Let me come back to the hydrogen
for a moment since you asked the question.

MR. SILBERBERG: Excuse me. I would like the
speakers to identify themselves -- name and affiliation,
please.

MR. CZYBULSKIS: This is -~

(Slide.)

-=- the hydrogen, quantity of hydrogen in the
containment, in one of the particulate cases.

Basically, what we see is a very rapid increase in

hydrogen, essentially at the time of head failure. Essential~ |

ly all of this hydrogen comes from the metal water reaction

during the in-vessel pharfse, and there's relatively little

| hydrogen produced during this quencing phase, «ccause the

debris is at temperature for so short a time it doesn't have
time to react. So, you get a rapid release of hydrogen when

the vessel fails, very little additional hydrogen until you

I'm trying to keep this short. Let me depart from
the figures and just give you a summary of a number of the
cases that we ran.

(Slide.)

I apologize -- this is a very busy slide. Let me
just try to pnint out some of the things on here.

The first three cases that I showed you, the

: get into the concrete. And then you see the hydrogen come up.:
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particulate quench for a one-inch particle, we had a peak

pressure of 76. For a 2/10ths-inch particle, we had 84. And
for a .04-inch particle, we had a pressure of 94 psi at this
particular assumption. This is for the simple gquenching mode
If we now go to the levitation model -- which are
the next two cases -- and in this case, instead of the parti-
cle gquenching completely down as far as it can go, it forms
a debris bed when the steam generation rate drops, so you
don't get guite as much gquenching as you do in the first case.
And instead of a 76 psi, we had 74. Instead of 84 psi, we
had an 82 psi. It doesn't make an awful lot of difference
whether you use a quenching or the levitation model.
Now, if we go to a series of calcula:ions where we

ignore the levitation assumptions and just switch to the

|
|
L
|
|

'
|
a
|
|
|

|

debris bed on solidificaticn, you get some interesting results.

That's not necessarily more true than anything else. If you
take the small particle and switch to debris bed on particle
size, you get 76 psi; but a very interesting thing happens
here, that debris bed is not very coolable and you get -- for
that particulate size, you get this kind of pressure-time
history.

(€lide.)

Instead of the real rapid spike, you can see some
slope on this curve. The reason you see the slope on that

curve is this.

|
|
|

!
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1 (Slide.) g
P v
B You get a tremendous amount of hydrogen generation
3 |l if you' have an uncoolable debris bed, recollect the base |
‘4 cases down, and here you have twice the hydrogen. i‘
5 If you try to hold the debris bed and it doesn't '
6 quench, basically you get rapid hydrogen generation. I
7 (Slide.)
8 MR. CINSBERG: Ted Ginsberg, from Brookhaven. l
’ Is it true, in all these cases, the interaction is |
10 water-limited? In other words, you're dealing only with :
n accumulator water, and you basically evaporate all the water? [
12 MR. CZYBULSKIS: Right. 1In this particular case, '
("k 3 there's a finite amount of water available to interact with :
4 | the debris; that's correct.
g 15 | Soing back to some of these cases, let me just
H 16 point out one case, the lowest pressure case that we predicted
|
g 17 was basically one where we tried to form a debris bed on |
' lsclidification. The debris bed didn't quench. So, I said if {
% 9 it quenches, let's not do the debris bed calculation. Let's
é 2 go straight to the concrete attack, and this is the one that
i n leads to the lowest pressure, far and away, because basically
§ 2 it didn't evaporate very much water, quenched the debris a
s little bit, formed the bed, and then went on to the concrete
- attack.
» Then, I went through a series of calculations where
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where I tried to look at what difference to the in-bed
assumptions make and what happens later on.

I look at the tensile strength of the bottom head
as it might affect the timing of the failure, saw very little
effect on the containment pressure. I looked at the amount
of structure that came down with the debris bed and basically
multiplied the core support structure by a factor of two,
saw minimal effect.

I changed the cors-slumping assumptions as, again,
there wasn't much of an effect; changed the effect of core-
melting temperature, instead of using 4130 nominal inches, I
used the U0, melting point -- again, minimal effect; changed
the core meltdown model, and it seemed to decrease the
pressure a little bit.

And the last case shown on this slide is -- I tried
to combine a number of things that I thought might contribute
to increasing the amount of energy that's contained in the
core debris and therefore might increase the containment peak
pressure. And lo and behold, for the same particle size, of
.2, I went up to 85 psi from the 82 I had with the reference
case.

So, basically, what we are seeing in this set of
calculations is a relative insensitivity of the peak contain-
ment pressure to the modeling assumptions. And what it comes

down to is as long as youhave a finite amount of core debris
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36 |
interacting with a finite amount of water -- which is the point
that Ted made a moment ago -- and you mix them together, the ;
precise assumptions of how you mix them together are not all
that important. You tend to transfer the energy, generate the f
steam and get more or less the same pressure response. |

Now, what this means, in terms of containment
failure, I think that's something that the Task Force will
address. It's an ongoing activity.

In terms of the things though, the 82 psi is not a
very strong challenge for the contaiment. But just to put
things in some kind of perspeetive, I would also like to
present some results for a different containment design at |
Surry.

(Slide.)

Surry is a calculation =-- it's actually on a B&W
containment, o. B&W reactor in a containment that is almost

|
|
|
|
l
|
|
|
|

the same volume as Surry is. And there's some key differences
here. If I do the March 1.1 calculation in this design, I get!
110 psi pressure. If I do the more or less identical calcula-i
tion with March 2, I get about the same answer. |
Then, if I make some assumptions about the debris
beds, if I don't let the stee) react, I get a lower pressure;
if I let the steel react in one of these forced-degris bed

situations, I get a higher pressure. And it's largely due to

additional hydrogen generation.
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If I don't let the corium react, of course I get the |

lowest pressure around.

So, I will stop at that point and entertain any
questions there are.

MR. COOPER: Ted Cooper, Harvard.

What was the primary difference between the two
containments that you studied there?

MR. CZYBULSKIS: I guess I gave you the comparison
and didn't really give you the contrast. I'm glad you asked
the question.

The key reasons for the difference in the peak

containment pressure ~-- there are two or three. One, you

| will recall, is that Surry is subatmospheric containment, so

it starts out at 10 psi, absolute, as opposed to 15. So,
there's 5 psi. And if you take that difference and raise the
temperature, it's bigger than that.

The second difference that's fairly important to
the peak pressure that you reach is the water inventory in

the primary system.

It turns out that Surry has a relatively small water
inventory. The water inventory affects the containment
pressure at the time of the head failure. Obviously, the
higher the pressure at the time of head failure, the higher
the maximu:. So, there is that difference between the Surry

calculation and the B&W reactor.
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|
|
The third difference -- and that was the point that |

Ted Ginsberg made during my presentation =-- in the case of

the B&W design, you are not limited to the accumulator water.i
There's additional water available from overflow in the sump.f
MR. COOPER: Would that suggest, then, we might be |
able to mitigate certain kinds of sequences by getting rid
of some of the primary water, rather than trying to put as
much in there as possible?
MR. CZYBULSKIS: I wouldn't jump to that conclusion.
MR. KASTENBERG: Bill Kastenberg, from UCLA. The é

hydrogen acts as an uncondensable in all of these calcula-

!
1

tions; right?
MR. CZYBULSKIS: That is correct. ;
MR. KASTENBERG: So, explain why, in a case where i
you had all that hydrogen generation, it tended to spread the
peak pressure, rather than just raising the peak. Why did it%
spread it out over time?
MR. CZYBULSKIS: 1It's a question of how fast you
;

are reacting. In the case of the simple quenching model,

everything that happens happens very rapidly. In the case of i
the debris-bed model, which is the one that led to the rapid !
hydrogen production, how fast you generate the steam is limit-s
ed by the debris-bed heat flux, and you require the steam to |

have the reaction with the water. And that's the debris bed

|
f
{
~=- lower heat flux tends to spread the process out in time. ‘
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So you see some of that slope that you do not in a simple
quenching.

Incidentally, the point you made about hydrog:n
acting strictly as a noncondensable, in all of these cases
your steam inerted, so I did not talk about possible effects.

Any other guestions?

(No response.)

MR. CXYBULSKIS: Thank you.

MR. SILBERBERG: Thanks, Pete.
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MR. LEE: My name is Ken Lee from Battelle
Columbus. This morning we are going to talk about
modification or improvement of the model for remecving also
particle by spraying, especially in the case of 32D, as we
did the last time.

I am going to talk about the possible
modification of this model. And one of the gquestions which
came up last time was the effect of water droplet size on
removal weight., S0 we are going to address that.

(Slice)

AS you can see, we have been using this model
for modeling the aerosol behavior in the containment. The
reason we do not -- we do not have any water spraying
mechanism in the core. 350 what we did was to incorporate
this simple first order aerosol removal rate. Wwhere you
have the aerosol concentration with decay in this fashion
where N 1s tne number of spray drop concentration and this
is the velocity of the water drop. Small g is the settling
velocity of aeroscl particles.

Because of the hydrodynamic interaction between
the aerscl particle ana water drop, there is a collision
cailed [ission. And at that time we have the two
mechanisms. The first i5 inertial impaction effect, and the
second being the intersection mechanism. And of course,

Stokes number in the inertial impaction. It is written like

TAYLOCE ASSOCIATES
1625 [ Street, N.W. - Suite 1004
W ashington, D.C. 20006
(202) 293-3950
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this (indicating).

One of the problems we found at that time was
really this measured impaction effect is not all tnat
great, simply because particle s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>