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PUBLIC NOTICE BY TEE

UNITED STATES NUCLEAR REGULATORY COMMISSION'S

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

Thursday, 13 September 1979

The contents of this stenog:;phic transcript of the
proceedings_oflthe United States Nuclear Regulatory
Commission's Advisory Committee on Reactor Safeguards (ACRS),
as reported herein, is an uncorrected reccrd cf the discussions
recorded at the meeting held en «he above date.

No member of the ACRS Staff and no pa:ticipant at this
mee;ing accepts any responsibility for errors or inaccuracies

of statement or data contained in this transcript.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSICN

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

SUBCOMMITTEE MEETING
on
FLUID DYNAMICS
Century IV Room
Airpert Quality Inn
Los Angeles, California
Thursday, 13 September 1979
The ACRS Subcommittee on Fluid Dynamics met, pursuant to
notice, at 8:40 a.m., Dr. Milton Plesset, chairman of the
subrsommittee, presiding.
PRESENT:
DR. MILTON PIZSSET, Chairman of the Subcommittee
DR. J. CARSON MARK, Member

MR. WILLIAM MATHIS, Member
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PROCEEDINGS
DR. PLESSETs The meeting will now come to order.

4 This is a meeting of the Advisory Commi ttee on
Reactor Safeguards Subcommi ttee on Fluid Dynamics. I am
Milton Plesset, Subcommittee ciairﬂe*. Other ACRS members
present are William Mathis and Carson Marks and our
consultants. [ will go around in this ordert Dr. Catton,
Dr. Wu, who has just stepped out for a momznt, Dr. Yao,

Dr. Zuwdans, Frank Z:loudex, Spence Bush. Have [ left

anybody out?

The purpose of this meeting is to discuss the NRC
staff progress ir the review of Mar¥ [ and Mark II boiling
water reactor containment load definitions and acceptance
criteria.

The meeting is conducted in accordance with the
provisions of the Federal Advisory Committee Act and the
Government in the Sunshine Act. Dr. Andrew Sates, on my
left, is the designated federal employee for the meeting.
The rules for participaticon in today’s meeting have been
announced as part of the notice of this meeting previously
published in the Federal Register oh August 2%, 1977. A
transcript of the meeting is being kept and will be made
availatcle, as stated in the Federal Register notice., It is
requested = and this is underlined, sc I am now using

italics == that each speaker first identify himself and
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speak with sufficient clarity and volume that he can be
r-adily heard.

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

We will proceed with the meeting, and I will now
call on Mr. Cliff Anderson, of the NRC staff.

DR. HANAUER: Let the record show, Mr. Chairman,
that Ace-Federal Reporters has saved the day.

(Court reporter provides electric extension cord
to subcommi ttee.)

" MR. ANDERSONt I am Cliff Anderson, task manager
of the NRC’s containment review program for Mark II cynamic
loads. This is a task A-8.

I want to make one request later on in the day.
We are requesting a closed session to nave some discussion
on some of the foreign testing when that comes up. It is on
the agenda. It is the item = it is one of the last items
on the agenda. This information is considered proprietary
at this point. This is proprietary to NRC.

DR. PLESSETs It will be abocut a half heur,
Carsor..

MR. ANDERSON: That is the only time tnat we have

requested a closec session.

DR. PLESSETs We should start by saving that our
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session today is all concerned with the Mark II
containment.

MR. ANDERSON: Yes. The purpose of this meeting,
the way we see it today, is to give you an update, status
report on where we stand and where *!~ Mark II owners stand
in the Mark II program. You might recall that our criteria
dealing with loads that the staff finds acceptable were
{ ssued for the lead plants in September of 1978, last year.
We then documer.»d this in NUREG-0487, where we provided the
basis for those loads that we found acceptable. That was
issued in October of 1978.

Ne then met with this subcommittee in November of
#73, about the middle of November. We had another meeting
where we dealt with the implementation of the generic
criteria on the first of the Mark [l plants, the Zimmer
plant, anc this was done in February, [ believe, of this
year. So, this, then, is our first meeting with you since
that time.

The purpose of the meeting, we see in four méjor
areas, anad we will be addressing each one of these areas
today., The first item, as we have indicated, we had found
certain loads acceptable for the lead-cff, for that matter,
any of the Mark [l plantsi and those were documented in
NUREG=(0487. There were certain of tnese loads wnere the

lead plants and the other plants had asked f.. sume

-

1030 .J
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consideration by the staff of a revised load specification.

Over the past year, we have worked with the Mark
I1 owners to revie« these other load specifications, and we
now have come to a point wherg we find certain other loads
than those currently found acceptable in the NUREG. These
other ones, also acceptable. These are just a few in the
SRV, and the submerged structure load area, that will be cur
first areas and the staff will be doing most of the ta.iking
here.

Anad then there will be some discussion in this
area, lead plant dowocomer support. Since the time that we
had last talked with you, some concerns have come up with
regard to consideration of redesign of the supports for some
of the unbraced duwocomers. 1Ihis is primarily in the Zimmer
and LaSalle facility. Zimmer and the LaSalle people will be
giving an update on that to tell you where they stand.

The third major area is 2 long=-term program. A
lot of work has peen done on this in the last couple of
years. A lot of progress has been made in this last year.
For the major generic tasks and a couple of the plant-unique
areas will be discussed, primarily by the Mark Il owners.

And then the proprietary section that we had
requested woula be this last major area, and the staff will
make a presentétion here.

(Slide.)
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This is a summary agenda, and | notice some
changes from the detailed agenda that you have seen before.

First of all, with regard to some of the lead
plant load areas, you would recall that we had something
listed for discussion of the ring vortex model. We now
understand, from the Mark Il owners, that the lead plants,
all of the lead plants, will use the original load
specification that we had found acceptable in the NUREG.
And this was the one that we discussed last year. In other
words, none of the lead plants intend using the ring vortex
model at this points so this has been moved to the long=term
program.

There had been some discussion about having a
presentation of this in the long-term program discussions
here. However, the Mark II owners”’” consultant is not
avaj lables and, therefore, we =— there is no plan for a
formal presentation to deal with this topic. Should the
subcommittee wish to express some concerns of have some
informal kind of discussion along this line, we might want
to leave that to this point here. Again, | emphasize it is
not incluced as an evaluation methoaclogy for any of the
lead plants.

DR. PLESSETs We might have some brief informal
discussion. | think some of our consultants may be able %o

make a comment that might be of interest, but we will see
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how it goes.

MR. ANDERSONt Another thing I might point out is
that ;here are quite a few items here, and we could go for
quite a while. We have tried to pare it down %0 some
extent., But what I am going to try to do in this
introduction is to give you an overview cf each one of these
four major areas and in the process of doing that perhaps we
can make a determination of which one of the major areas you
want to concentrate on.

I think that is pretty much it. There was one
other item that was dropped, and this is the item with
regard to load combinations, the update on SRSS. As we
undersiand, this nas been moved to a different subcommittee,
ana that other subcommittee had taken up this topic in
August. So, there are no plans to make any presentations on
the loaa combination methodology for today.

Let me move on.

(Slide.)

This is our latest update on NRC’s view of the
facilities schedulea for some of the Mark Il plants, &
couple of things you might want to note on this. First of
all, as you are aware, the safety evaluation report was
issued for Zimmer. A supplement is planned. [ am not sure
on the gate of that.

Another point that you might want to note is that,

1050 ..
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{f’j?NH | as a result of Three Mile Island-related concerns, most of
‘\/ 2 the fuel load dates have been moved something like five, six
3 months, on the average. We know one thing, as we look at
4 this slide, that there Appears‘to be kind of a grouping of a
5 whole bunch of them coming in about the middle to the end of
6 80 and the early part of “8l. So, there is going to be
7 quite a bit of licensing activity.
8 One other point:t We do intend to address some of
¥ these concerns that have been rajised with regard to the
10 pctential redesign of the downcomer supports for Zimmer, in
1 a supplement, snould ACRS want to discuss that after we have
i2 had a cnhance to look at that.
13 (Slide.,)
(f) 14 Just a few background slides, and I am not going
15 to go into it in any real detail. [ included this for
16 reference sak., more than anything else. A picture of a
17 Mark [l facility showing the major structures, the drywell,
18 wetwell, pipes, the pool.
1y (Slide.)
20 And just to give us sort of a road map today,
21l there will be some similar scenario of loads discussed in
22 the Mark I discussions tomorrow. [ c¢o present here the
23 chronology of the primary LOCA-related loads. Anc it might
24 be of some value to just touch on these again. [ don’t want
25 to agonize on this too much,
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Following a posulated LOCA, you have steam, you
have steam enter the drywell. That mixture of steam and air
pressurizes the drywell, and this results in expulsion of
the water that is originally in the downcomer or in the
vent. And that results in loads in the basemat. The air
from the dry well is carried through the downcomers, forming
a bubble at the end of the downcomers. Formation of that
bubble also results in <ome submerged drag load on
components.

The bubbles coalesce. As the bubbles coalesce
into a pancake shape under the pool, the pool moves under
the action of that compressed air bubble, expanding
compression of the air space above the pool, and then also
undern the action of gravity. Anc we get these types of
loads. The air bubble drag loads and impact loads, delta T
across the diaphragm — we have discussed @ lot of these
things in previous meetings = and once it reaches the
maximum height, as tne pocol settles back down, we get drag
loads associated with the fallback process. .

And then, following tne air clearing process,

where you have taken all of the air from the drywell to the

ot

wetwell, which occurs within a8 period of maybe just 2
relatively few seconds, we then get the steam loads. The
steam loads occur on the pool boundary, submerged

structures, and also locally on the vents.

N

] C.Ju

~
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We have these loads categorized into areas. One
of the high-mass flux loads, that we commonly call
"condensation oscillation,"” and this is a more harmonic type
of phenomena, and then as we go through that period and go
into a lower mass flux and lower air content, we have the
more stochastic phenomena, what was commonly referred to as
the “chugging loads* on the pool boundary, and also on the

downcomer.

C O o9 0 v s LN

Just for reference sake, one thing we will be
10 talking about for alternate loads would be the load on the

1 basemat. And during this vent clearing process, a little

12 L.t about some of the drag loads. And we’ll be doing

13 evaluation of some additional consideration of the maximum
(:) 14 wetwell pressure and maximum height of the pool.

15 There will also be some discussions in some other

16 areas here, as we talk about the long-term program, Or

1% rather as the Mark Il owners talk about that. Again, just

18 for reterence, I am not really going to go into this, this
|y sequence of events, the time that these various phenomena
2C occur, what the phenomena is and the resulting lcading

21 condition.

22 (Slide.)

23 The first of the major topic areas, the alternate
24 lead plant loads, we have alternate loads. We will be

25 talking about alternate loads of three areast LOCA, SR]Y,
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S submerged drag.

We have been having discussions with the Mark II
owners since the NUREG was issued. The LOCA area, there are
three poocl swell-related phenomena that we-e addressed here.

The first one is, as [ mentioned before, when we
clear the vent of the water during the early process of the
LOCA, one gets an induced load on the basemat and the pool
boundary. Ihe original specification was 33 psi. The new
specification that we will be talking about is 24 psi.

In this area, pool swell elevation and wetwell air
compression methodology that we had in our criteria was to
use the pool swell analytical model. There was some
addit onal looking at the 4T data and some other data to put
some other restraints on the use of that pool swell model,
so that under certain conditions you would use the pool
swell model up to a certain point based on this 4T data.

And then the last one is the air bubble-related
asymmetric pool swell. What we are talking about here is
the potential air bubole pressure variations that <an occur
on the pool containment boundary resulting from potential
maldistrioutions of the steam as it goes into the drywell.

In the SRV area, there is only one area we will be
talking about, and that is, &s you recall, there are five
load cases that we asked the Mark Il people to evaluate

their plants to. These include a single SRV valve release,,
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two for an asymmetric case to relief valves, ADS and several
1l valve Qequontial and all oubbles in phase.

One of these cases appeared tc be excessively
conservative and this one — and was giving some difficulty
in evaluation of piping and things along this line — and
this was the load case five, all bubbles in phase, each of
the same frequency, covering a range of frequency of four to
Il hertz. And we recall at the time we put this, our NUREG,
together, the only real data t.hat we had at that time was
Ramshead data, so we put together a very ccnservative
specification based on Ramshead load magnitude, recognizing
there would be — there was good indication of substantial
redur cion.

What we have effectively done now is that now that
the KWU-T quencher data is available and the CAORSO gata is
available, we have hacked off on the magnitucde. We think it
is appropriate to reduce the magnitude of the load
specification. And the submerged structure drag loac, there
wer2 A number of small criteria here. And & couple of these
arszas we have done some refinement = like in the standard
NUREG, how does one account for interference effect and
separate unsteady and oscillating flow = by looking at some
specific Mark Il considerations and some additional gata.
Here with th2 vortex shedaing, these are the transverse

1 < -y - =114 — - ' . b - i 4 <
loads cn structures, e3julpmenct, &ncd unaer what conditions

1030
VJu
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should this be considered.
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2 And then finally, structural nodalization. What

3 kind of nodalizations should targets be subjected to in

4 order to get accurate calculations of submerged structures.

- (Slide.)

é The next significant area that will be discussed

7 by the lead plants — Zimmer, Shoreham, LaSalle =-— relates

8 to support of the downcomer. And a few werds on this.

" There are !l Mark II plants. Of those 1l Mark II plants,

10 there is a variation in the support arrangement for those

11 downcomers. 1Ihey have — some of them have different types

12 of bracing arrangements. Iwo of them did not have = were

13 not going to use bracing. Those were Zimmer and LaSalle.
(:) 14 Since the time that our criteria had been issued, these

- crite-ia nave now been folded intc the uesign evaluation of

16 those two facilities, and the determination was u . e that

17 there was erosion of some of the margins and it wcila be

18 prudent tc consider putting bracing into those plants. That

1y was one of the options. There are several other options

2C that they ar2 investigating, to the best that we understand,

2 with regarc to this concern.

22 The concern relates to primarily submerged

23 structure crag loads resulting f.om condensation oscillation

24 ohenomena ard SRV air bubcles. In particular, the

25 condensation oscillation load is occurring right about the

N
UJud
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natural frequency of the downcomers, and you are having some
pretty high dynamic load factors associated with that.

Their startegy is to consider some — installing
some bracing in those plants, .and also considering
refinement in the submerged structure drag load, ang other
considerations tu change the natural frequency of the
downcomer. They may have some other options.

This is something that we only have been involved
with in the last couple of months, and we are not currently
doing any evaluation of any reports or anything there. They
are still doing some work in this.

DR. PLESSET:t Will the Mark II owners people give
us some kind of an informal brief presentation of some of
their ideas tod§y?

DR. BRINKMAN: Yes, sir. Dr. Crawford is here
from Sargent & Lundy, and he will be discussing this.

DR. PLESSETs That’s good.

MR. ANDERSON: There are some complications when
one considers putting braces into a plant that was
originally designed to not have braces. These are: The
plants were originally designec to take tnose downcomer
lcads anc transmit them up to the diaphragms the other
plants were considering transmitting those loads to the
containment, not just up to the diaphragm, but also to the

containment walls througn the bracing system.
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(’j>BwH | Now, the concern here is that with our current
‘ 2 very conservative load specifications for lateral loads,

3 when one comes up with a multiple vent load specification,
< you can get some pretty significant loads that have to be
S transmi tted to the containment walls. That is one of the
6 things there.
7 (Slide.)
8 A couple of slides here, just to provide a status
> report on the total generic program.
10 This slide shows that portion of the generic
11 program still to be completed in three areass generic SRV,
12 LOCA, and some of the miscellaneous items.
13 One of the major things [ want to point out here

(:) 14 is that with the completion of documentation of Phase 2 and
15 CAORSO test =-— that is about the last generic category,
16 relatec tc SRV — we should be getting that at the end of
17 #79. For the LOCA area, one of the last tasks here in
15 mid=’3C is the aocumentation associated with the 40
Iy condensation osciliation tests,
piv Another point that might be made here is that our
2! surrent schedule for these two programs =— the lead plant
22 and tne long=term — the lead piert is essentially complete
23 witn the exception of our documenting these new alternative
c4 criteria anc the pases for tnese criteria. We have founc
2% these alternate criteria accectable., However, we will
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‘ currently scheduled for November of this year.
For the long-term program, we have moved a lot of

our review efforts from the lead plant to the long=term

u s N

program efforts, such that we are spending over half of our

C

time now on the review of those other efforts. Our current

schedule calls for completion of our review efforts in

@ 9~

Octoper 1980. I think you can see here that there could be
5 some difficulties here in our completing all of this,

10 assuming we would only be getting the reports at these

11 stages.
12 One other point one might note is that this looks
13 at the generic programs. [t does not loock at programs
(?) 14 falling outside of the Mark I generic program. There are a
/
15 number of these, and [ will talk about that in a second.
16 (Slide.)
17 The next slide shows you some information with
s regard to plant-unique programs that the Mark II owners
I non-lead czlant, Mark I owners = in other words, not
20 Zimmar, LaSalle, and Shorehamn =—— have identifiec. Note
21 that there are also lead plant glant=-unique programs such as
22 Zimmer, in=-plant tests for safety relief valve loads, the
23 LaSalle in=plant test, and also the XKWUT gquenchers test,
o= that are not incluced in this.
25 Just for illustrative purposes, one that we are
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talking about here, the WPPSS-2 program, we are going to be
talking today, or the Mark II owners, will be talking about
a generic program with regard to an improved chug load
specification. There is also a plant-unique program unique
to WPPSS-2. We will be talking today about the generic 4T
condensation oscillation tests. There is a plant-unique
counterpart to that to get prototypical data that is
specific to Susquehanna. That is the GKN-2 condensation
oscillation test that will be discussed briefly today.

Many of these plant-unique programs are not that
well defined at this point. We are in the process of
sending letters to each one of the Mark Il plants. The
purpose of this letter is, one, to request that they give us
a clearer definition, on a plant-unique basis, of all of
their programs sc that we can plan our necessary resources
and see what impact this may have on some of the generic
works and, two, we are also trying to encourage them to do
as much grouping as possitle to come up with generic or
semigeneric approaches.

OR. ZULANSt Are these tests, are these scale
testis, or are these to ce done in=plant?

MR. ANDERSOit These are not all tests. These are
a comsination of tests, analytical programs, and things like
that. we don’t know all of what some of these things are,

nis is a full=scale test of one vent.

1030 75
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There are some other tests that are included in here. I

wouldn’t try and identify them.

DR. ZUDANS: When you say “*full scale,” you do not

mean in-plant tests?
MR. ANDERSONt That’s right.
DR. CATTON: Full=-scale plant simulation.
DR. ZUDANS:t And it is all simulation, whetner

analytical or theoretical.

DR. PLESSET: We will hear more later about the
details.

DR. ZUDANS: He says he doesn’t know.

MR. ANDERSONt Some areas [ know.

DR. PLESSETs Some he does.

DR. 7' "ANSt Fine.

MR. ANDERSONt (Other »reas, we are just not sure.

Ne reccognize that in some areas there is a need,
but we are trying to encourage the Mark I owners, where
possible, to go some grouping.

(Slide.)

The thirc major area is status report that is to
e presented by the Mark II owners on some of the primary
long=term program tasks, and they nave made some significant
Sfogress in these tasks. e have had a number of meetings

with them, anc in just about each one of these generic and

plant-unique programs.
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Looking at this list of programs, there are
essentially, I think it is 3 out of the 6 programs are related
to improved specifications of the pool boundary load or
steam-related load on the containment.

One of them is giviné you an update on the CAORSO
safety relief valve test.

Just a word or two on these. You will hear a bit
more about this.

dith regard to the 4T CO test, the purpose of
these tests is to address the non-prototypical nature of the
4T with regard to vent length. The original 4T plant had a
90=-foot vent. The typical Mark Il plant has a vent length
of 40 feet.

So this is to look at vent acoustic effects and
their effect on CO, the CREARE multivent test. Recall that
tne lead plant approach was to develop loéds based on a
single zell test. These ars the 4T tests, the full-scale
test.

a2 felt that thera was ne2d to confirm the dounding
nature of tnat and also to jive us & better handle on the
marjin assoziated with using single vent as opposed to

the purpose of these vzrious multivent

s
()]
ot
=
w

25 t!
tests. 1hey have completed the first phase of these tests,

including ta2sts at 10 scale and 6 sczle., They are now in tne
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process of doing their second phase of tests where they will
do some more multiple vent tests and some single vent tests
at larger size, including quarter scale and 5/12ths scale.

Improved chug load. The purpose of this program
is to recall — you recall in the lead plant program the
approach was to take the loads measured on the 4T wall, take
some of the worst loads there and then apply them directly
to the plant at the individual plants.

We were concerned about identifying some of the FSI
related aspacts of the 4T facility and how that might affect
transmittingy those loads to an individual plant.

In the process of their looking at that, they
tried to come up with a source specification that was free
of 4T effects. And they have done a lot of work here
(indicating).

And last of all, you’ve 3ot some information on tne
CAORS0O tests at our last me2ting. Those tests wer2 in
orogress at that time. §in;e that time, the tests nave Deen
completed, .le do have documentation on the first phase of
those tests.

The second phaese, the multivent tests, tne report

Ll

thera is du2 in at the end of this year. And then as
indizated, in addition to the generic programs, there ar: some

similiar plant unigue programs very similar to the 4T CO

T
N7

uJudJ
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_—:) 1 These are, again, much closer to the Susguehanna

EL 2 conditions, since it is sponsored by them.
3 In the APPSS=2 improved chug load, again, there are
4 some similarities to the generic improved chug load, a little

3 different way of handling some of the library of test data,

) statistical treatment of that to come up with a source and

7 som2 somewhat different analytical models with a lot of

3 similarities in them.

7 (Slide.)

19 The last area related foreign tests. roreign tests

11 that are being conducted in Japan and in Germany that are

12 related to the Mark II design are in progress now. They have

13 been in progress for some months. There will be a discussicn
(:) 14 first about these JASRI tests, which are prototypical of the

15 warc II. They are full scale, they are steam tests with

15 testing programs started in 277 and scheduled to dDe completad

17 in 1982,

13 The tests represent a 1/15th sector of a full Mark

I Il slant, including 7 vents. Four of the shakedown tests have

22 peeq completed. They have also comoletad some of ths earlier

21 tests, the ragjularly scheduled tests. Anc w2 nave nad 2

2 chance to loav at data from one of these tests, one of tne

23 sna<adown tasts.

nave looked at it witn re

W

o " ard to these areas,

Q

oool swell, 3and some of the steam mdes. «#ith regard to pool

o
i
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swell, again, this is just looking at one test under some
nominal conditions. Our observations are that with regard
to tool swell, there are no particular surprises. They do
estaplish the nature of the loads that were used for the lead
plant.

Aith regard to condensation oscillation, thaere has
been some attention to condansation oscillation loads on the
pool boundary. Ae have not observed any sijnificant CO loads
in that particular test.

And then with regard to chug load, our primary
empnasis here is to look at some of the detailed data with
regard to how it might be used as part of the confirmatory
process for some of these improved chugging load specifications
where they are taking credit for raducing the lead plant
load.

A couple of observations aoout this.

In general, we would say that the average load that
was observed on that facility, even though it has its own

it has about tne
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There are a couple of hign localized loads. One
of tne major thin3s that we are looc<ing at is we are conierned
with the potential “sr a numoer of large chugs occurring at
the same time. The current plans for the improved chug loag

\ gen2rally assumes that you can use the liorary of
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'/j> | chugs as taken from a single vent test. It assumes that
EW 2 these loads are somewhat random in magnitude. And you can
3 apply any load’s magnitude for any vents interchangeapoly.
- Some of our preliminary ooservations indicate to
3 us that thare is a potential for having some large Chugs
5 occurring at the same time.
i DR. CATTON: Are you saying that the chug is —
3 random in time and random in amplitude?
7 JR. ANDERSONt The current — the lead plant —
12 axcuse me. The plans for the long=term program are to assume
11 that the loads are random in magnitude but occur at the same
12 time.
13 Now, again, we will get into some of this later on.
(:) 14 We do see gross pool chugs occurring together. But as far
1> as exact phasing is concernad, we have to look at the data 2
19 little more carefully with regard to that.
17 Tne question that we are looking at here to confirm
13 what the Mark [l owners want to do in the long=term is can
> wa confirm that they are random in magnitude?
29 And we have some reason to believe that it is
21 possicle you can get some large chugs occurring at the same
2L tima, but w2 have to look at this data very carefully.
23 J2. CATTO4s Aill we hear more about the JAZRI tests?
24 JR. ANDZRSONt Yes, #e will make a presentation
23 in 3 closed sessinon. e are g:ttingy reports in at this point.
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f’j) | We have a report on one of the tests. This

A 2 information, again, at this point, both the JAERI and the
3 GXSS propristary to NRC. Then we will make sure that the
4 ACRS does 32t copies of these reports.
3 A2 are just getting them now.
5 With regard to GKSS tests, these also are related
/ to dark II. They ars steam tests. They have three large

3 vents. They are not exactly prototypical. Vent length is
7 a2 little off. The drywell volume is a oit too small. But
19 the test facility was available and we do feel that we can

11 get some good gualitative information out of this.

12 Where they stand is they were going to do four

13 shakadown tests. They have done three of those. They are now
<:) 14 in the process of embarking on their regularly scheduled

15 tests. They have something like 12 tests scheduled over the

13 seriod of the next year and a half. The first of tnose

1 tests should nave been done last week, as far as [ understand.

13 And we havz some observations on that, tocc.

1y Agzain, on the average, even tnhougn it has its own
29 231, we se2 an the average the same chujz load, average cnhug
21 lo3d on the pool ooundary, as we saw on the 47T,

J
4

-

o

w
Y

completes my discussion related to tais

23 intraduction. And [ would like to move now into some of th: —
o4 J3. PLES3SETs Cliff, I think with your concurrence,
22 N8 will hava a br2ax so that we can jet some more chairs in
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her=.

So = and we will come back to this. So let’s have
a faw minutas break and try to arrange to have a few more
chairs in here.

So w2 will have about a five=-minute break.

(Recess.)

DR. PLESSET: Let’s reconvane. We have some more
chairs, and if we sit down, we will see how many people still
have to stand. Hopefully, nobody. [ will give them a moment,
Cliff, to 7ot settled.

MR. ANDERSONs We are moving now into some of the
lead plant load areas and some of the work that has Deen
done in these areas.

The first topic we will be taking up is the
alternate LOCA loads. following my oresentation, Dr.
Economus, our consultant from Brookhaven, will talk &dcut the

alternat

]

safety relief valve load specification. And tnen
following tnat, Professor Bienkowski from Princeton, also

our sonsultant, will talk aoout some of our alternate
specifications thare.

I night make one point oefore I jet into this. The

original loads that were praoposed for tnhe Mark Il plants w

w

re
documented in the Mark [l owners dynamic force 2and function

report. We reviewed that, and &s a result of our review,

ve came out with a NUREG=0437, loads for tne lead plants.
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As I indicated before, we have been working with
them tO refine some of those loads to come up with alternate
loads.

What we mean bty "alternate loads® is that we would
find either these loads or the original loads ronservative
and acceptacle. ne have documentad these alternate loads in
various letter reports that have been issued over the last
year, and you should have those letter reports.

I’m not going to try to identify them one Dy one
during this meeting, but if you’re interested in the specific
ores, let m2 know and I will mention them.

Adith one exception == there is one area, the
submerged strrcture drag load area, where there is not a
puolic == a report out yet. We have a draft of that report
and we will oe telling the Mark Il owners to get that report
suomi tted and documented as a formal report defore too long.

As [ indicated before, we are going to de dealing
three pool swell relatad loadst tha low load on the
poundarys tne maximum pocl swell elevationi and the

ymmetric o000l swell resulting from asymmetric bubodle

v
n
e

sressure on the pool Soundary.

saveral First, to 3Jive you the

load, the original specification and the

end our Désis

— - ———— o —————— ———————— - —
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spezification.

I might point out again that we have concluded that
all of thes2 loads we will be talking about are acceptaople.

(5lide.)

The first of these deals with the event clearing
load. The origin of this, again, is when you expel the water
that is origzinally in the downcomer and induce pressure on
the pool boundary, the original specification included a

33 psi overpressure statically applied to the containment on

the pasemat.

Tais was in their DFFR. The basis for that was the
assumption that one had formation of a jet which could
penetrate to the oasemat and then doing a cZonservative
cal:ulation with a.very conservative vent clearing velocitly,
onr. came up with 33 psi.

N2 looked at the test data and based on the test
data, we felt that this definitely was a conservative
specification. de did feel, however, that it should not De
linited to the pasemat. Tha2re shou!d be a specification
associated #ith this induced pressure also on the containment

" +
'-'3&150

vl

> we extended th2 specification to pbe applisd to
the containment walls.
(3lide,)

[ owners agreed with us regarding the
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appropriateness of the specification of a vent clearing
induced pressure on the walls. But they felt that the 33 psi,
after looking at the 4T data a little harder, was 2 bit on

the conservative side, and a significantly lower load could

be justified.

It was Justified primarily in light of test data
instead of doing these consarvative calculations. There was
good indication that you would not have jet penetration pasad
on looking at these like EPRI data. More like three vent
diameters as opposed to a total v nt clearance to the Dasemat
of something like 10 feet.

So as a result of looking at th~ ‘T data, they
came up with a 24 psi gressure to be applied over the
nydrostatic prassure o- the basemat and on the walls up to
the 2xit of the downcomer and then a linear tenuation of zero
to surface of the peel.

They formed this load specification on the vasis
of the highast pasemat pressure observed during this time
perind during the 4T test. The highest value they had
oosarved was 20 osi.

I should note that on tne average, they ocCserved
somathing in the order of magnituce of aoout 12 osi, 12=1/2
2si. However, they did do 3 little oit or modification of
tnis to reflact tne fact that while 4T is a factility tnat

is prototypical of ¥arx Il slants and has been desijned so that
d
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it would be bounding its parameters pool area to vent ar:a
ratio, things like that. It was conservative but there was
sne area where there was potential non=-conservatism for
certain plants.

This non-conservatism is that the total test matrix
did not necessarily go to the maximum drywell pressurization
that one would calculate using conservative models for the —
some of the Mark II plants.

[f one looks at the Mark II plants and picks out
for the limiting one the waximum drywell pressure at the
20int of vent clearing, one sees that that can be as high
as 4 PSI higher than the maximum value seen in the 4T tests.

So they added the 4 psi to the 20 psi. Ne feel that
thers is some basis for that methodology coming up with a
pool boundary load. But we felt that we might take a little
hardar lock into it.

And what we did was our consultants did a least
square fit of both the 41 points and also some Marviken data,
wher2 our consultants did a least sguare fit of the
overiressur:, induced overpressure with these paramaters, the
one we thought would be important, ones related to
orassurization.

In other words, tne enerjy flux sudbmergence, and
then indirectly to the pool=-area=to-vent-ar=za ratio.

ation was

O

N3 concluded the 24 psi s-ecifd

1030 )
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times vent submergence critaria.

And in addition, we had some concern with regard
to the method they used for calculating or packing out tne
elevation. They backed it out kind of indirectly based on
the observed we well pressures in the test.

S» as a result of that, we had specified last year,
discus:ed with you in the NUREG specification for velecity
and pool elavation, maximum elevation based strictly on the
pool swell model with a little bit of fooling around with
the model.

We did opasically two things. To account for some
uncertaintisas in the velocity measurements, we increased the
velocity by 10 percent., But that is not a problem really here

Thae othar thing w2 had done is we felt they should
nse the axponent of 1.2, and when our consultants had taken
the 200l swell model and used it, and used it in predicting
4T tasts, tney concluded that the pool swell model ooundad
all velocity measurements and in addition, provided a
k-foat marjin on all measurements of pool swell elevation,
including froth.

J3. BUSHt That figjure isn’t in your presentation,
incidentally.

DR, YARXs We had a different version earlier.

J3. ANDZRSONt I have three of these and [ will ¢h

W

CcK

n3

[N

with you later on and see wnich jnes. I[f there is sometnh
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Qi;) I missing, I will try to get i% to you after the meeting.

2 I just might mention what has happened in the

3 intarim. Most of the Mark Il owners have been able to

R accommodate this load specification without any real problem.
3 A feaw had some little areas up at the higher elevations and

5 they have agreed with the use of the pool swell model, out with

i a couple of constraints based on the 4T data.

3 This is the last slide.

P Azain, they would use the pool swell model up ©O

19 the soint that, opased on 4-T data, you could get some maximum

1l wetwe ll pressurization. And that maximum wetwell
12 oressurization would determine, based on the maximum upload

13 on the diapnram, this is the differential between the wet-

(:) |4 well space and the drywell and we have a criterion for tnat
12 and tne assaciated drywell srassure. And ynu combine those
15 tWo and com2 up with a maximum wetwell pressure.

17 So you run the pool swell model until you 3Jet

13 that maximum wetwall pressure and ysu would not run it

| 4 hignar tnan that.

22 Tazre would bDe on2 other constraint that they put

21 on tais. That is tnat you would not use a lower ftarmination
22 h2ight than I=i/2 times the vent suomerjence.

23 (Slide.)

24 42 reguested that they check that methodology

23 against s2lacted Phase | and 2 4T tests. We picked out the

1030
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ones where we thought that *ney would have the most difficulty
in calculating using that methodology and we concluded after
they did that comparison that the methodology was, in fact,
conssrv;tive.

We should point out éﬁo thingt That in one case
for saturatad vapor run no. 35, the measurement did excesd
the calculation, methodology calculation by about 5 inches.

However, in light of other conservatisms, we still
felt that the pool swell that revised alternate criteria
was accegtaole. Those other conservatisms included
consarvatisms in the 4T tests, conservatisms in the methodology
for calculating the drywell pressurization when you use the
mod2]l according to this NEDM=10320 prescription, when you
use that on an individual plant.

In addition, one should point out that the
measurements do oound also the froth measurements, not just
when the pool is as a solid ligament. And you do not really
get any substantial loads at that point. And that froth
rezion is tne order of magnitude of naybe adout a foot.

One other point is that, typically, design Dreaks
are saturatad liquid breaks where ysu have nucnh more
consarvatism in the methodology.

un no. 35 hagpen2d to be a saturated vapar run.
One limitation on the whole thing is that there is some

frasdom that the darx [l owners have in now they would do tneir

—

=

(~d

P
|
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(/i;) l drywa 11 pressurization calculation as an input to the pool
‘b 2 swell model.
3 We had checked this methodology by checking the
+ two together with the Conservatisms of NEDM=10320. Should
- something else be used, that doas not have these types
5 of conservatisms in it. Than they should take that
‘ combined drywell pressurization models with the pool swell
3 modal anu do the same type of check.
7 But if they use this methodology, we find it
12 acceptable.
M (5lide.)
12 Just for background purposes, this is the test data
13 that was usad for that comparison of the methodology,
<:> 14 comparing tnat methodeclogy, the measured height against the
15 calculatec -~eight for Phase I 4T test. And you know that
13 tnis shows twc points that are aoove the specification.
1 However, one should recall that they have resizZed

13 the model to say that you will not oe less than I=1/2 times
| » submergence. Ihis is li=foot submergjence. You go Oover nere

25 and it does oound all of this one point, which is Jjust a

ha

i littls oit eoove. And one sees that for the Phase [I test,

22 again, that the methodology is conservative.

23 (3lide.)

24 And than the last of the 200l swell relatsed aresa is
2o the asvametric pool ooundary load. This is the oubole pressure
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related pool boundary load that could potentially result in
cirzumferential variations and steam as it joes in the
drywe ll and then into the vents.

| There was not originally any spacification in the
OFFR. We falt that it should be addressed. We came up witn
an excessively conservatively specification dased on some
of the earlier proposals for the Mark IIIl.

And what we had ended up specifying was t' 3t all of
the air would be vented on one-half of the containmsnt, all
of the steam on the other. And that would result in
maximum oubole pressure from all of the air on one side as
calculated oy the pool swell model] at the time of vent
clearing on one side, and then assuming complete condensation
of steam on the other, 2Zero pressure on the other side.

Ae recognize that this was a very conservative
specification,

(5lide.)

A revisad specification was proposed, and as a
re:ult of osur review of that, we concluded that 20 percent
that maximum calculated cudble pressure vent clearing woul
oe acceptaole.

T~at is 20 percent of tnhe dubole cressure on one
side and nothing on the other. And the dasis for tnat are
some calculations that were done, and also some gualitative

-

arsumants,. Ine calculations were Dased on 2 simple two—=vent
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model where one assumed a break that occurred close to one

of those vents.

The steam exiting from that break would undergo
homogenous mixing with the ai . That homoganous mixturse
would go =— would enter the first of the air, initially
air-filled vents.

Immediately, it would move at a speed such that in
4/10ths of a second, the second vent would be supplied with
that homogenous steam—air mixture and be supplying compressed
air to the far vent up to the 4/10ths of a second.

At 4/10ths of a sacond, it was inferred from a
couple of tnings. The maximum distance petween two vents for
a Mark II facility and the velocity of propogation of the
steam front was inferred from some PWR 1/64r scale tests
where they nad simi.ar shock velocities. And they estimatea
the velonity of the ==

DR. YAO: How do y2u datermine the 4 seconds?

JR. ANDERSON: That came from two areas. [t came
from looking at tne Battell tests, the 64th scale Battell
tests. (One can infer what the steam front velocCity was.

And then yo2u can 2ick out what the worst distance is oetween
two vents.

And they came up with 4/13ths of a second,
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‘/j;PwH } You mean two tenths?

2 DR. ANDERSONt That gave us a good idea of what

3 the steam front velocity would be, the Battelle test.

- DR. YAOs What is the scale?

5 DR. ANDERSON: 1/64th.

6 DR. YAO: You are talking about a time constant,
7 actually, uniform for all of the scales, scaled down test.
] DR. ANDERSONt What they did was they looked at

y the shock wave velocity for the two facilities, for a

10 prototypical Mark II and also for that facility.

I DR. ZUDANSs But the .4 would be significantly

12 long time for this process anyway, so it probably wouldn’t
13 matter row much longer.
<:> 14 DR. ANDERSONs This‘model had a number of other
15 conservatisms in it. It is kind of a difficult thing to get
16 a handle on. Ana we felt we should make some attempt to
17 upper bound this thing, so that Is what they did.
e DR. YAGS t is a conservative estimate.
| ¥ DR. ANDERSON: Yes.
20 DR. YAUs Thank you.
2! DR. ANDERSONs Actually, in their calculatiors
22 they came up with no more than 10 percent of the maximum air
23 bUpole pressure as this asymretry. We triec to reprocduce
24 that using the pcol swell analytical mogel anc our

consuitants weren’t aole to come up with exactly th2 same

no
wm
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number. They came up @ little bit higher. And rather than
spend a lot of time on this the Mark Il owners did agree to
the use of the 20 percent because they could accommodate
this without any major problem, That was the basis for
that,

There are some other qualitative arguments, as [
indicated, for our not having substantial maldistribution of
the steam air “hat would give this bounding, instead of the
specification we had before including if we had a break it
woulc be turbulent flow and some good mixing. In acdition
there are enough structures so that you would — that would
aid in the mixing process. And they toock a look at the
Marciken data. It is hard to infer much from this but they
did not see any major pressure variations within the
Marviken multivent test.

That concludes my presentation on the alternate
LOCA loacs. Now I will turn it over to Dr. Economus from
2rookhavenr.,

DR. ZUDANS: Could I ask a question?

CR. PLESSET:s BSefore we let sou 70, let’s see if
there are 2any questions.

OR. ZUDANSs All of this reasoning, really, in
beunding the asymmetric bouncdary loads was based on
non=uniform =—— let’s say time lag in feeding one of these

two vents. Yhat about tne aspects thaet would be subsequent

1030
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‘t>PWH I to this type of deal, where you have variable submergence at
the same time?
DR. ANDERSON® Recognize that we did talk about

potentials for variable submergence. If you want to talk

2
3
4
5 about that scme more [ guess we could. There are various
o) things that can result in asymmetries. There is an

7 asymmetric chugging load. There is an asymmetric safety

8 relief valve load. This one, we believe that that was taken
¥ care of. All of the other ones were taken care of. This

10 one just deals with an asymmetric bubble load because of

11 different steam content in different parts of the

12 containment.

13 DR. ZUDANSt Because of time lag, but let’s say if
(:> 14 you reduced the asymmetric oool swell itself. That

15 situation would reinforce the asymmetry because you woula

16 not == you would have the vents at a different level,

17 DR. ANDER3ON: But you can get into a2 number of

18 different arguments that if you have low submergence and you

I are going to nave a guicker clearing time. And this is the

20 one that we concern ourselves with. We did not impose —

2l what is the mechanism for the var:able submergence?

22 DR. ZUCANS: Thank you.

23 DR. MARK: Just a matter of semantics. You take

o4 the pressure going back to your first item here, at the

wm

downcomer level at 24 pounds and extrapclate it to zero at

1030
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":)BNH | the pool service. Is that the original pool service or the
pe service that the pool might get to after you empty the

downcomers? What is the basis fc- saying the original is an

acequate fixed number there?

2
3
4 -
5 DR. KUCRICK: When you are talking about this you
é are talking about very early, at the time of vent clearing.
7 You don”’t have much motion at that time.

8 DR. MARKs This is a phenonena that you are

s worried about before there has been any actual fluid

10 displacement.

B DR. KUDRICK: That’s correct.

12 DR. ANDERSON® Any other questions?

13 DR. PLESSET: Any other questions? Thank you.
<:> 14 DR. ECONOMUS: [ am from Srookhaven national

15 laboratories. !n the area of alternate load for SRV the

16 only open issue is the so-called load case five. And I

17 would like to give a little bit of background on what that

(-] is.

|y In NUREG=0487, each of the apglicants was required

20 to do cesign evaluation for a series of loac cases. There

el was the single valve and so on, and loac case five required

22 that the evaluation be done for an all-valve case where all

23 of the bubbles are assumed to enter simultaneously and

2« oscillate in-phase. In addition, pressure loads would Dde

25 computed using the Ramshead model. The amplitudes would be
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(’:)pwﬂ ! combined from the various valves using absolute sum and a
- 2 range of bubble frequency would be considered.

3 Now, as Cliff indicated earlier, this NUREG

4 specification was developed prior to any information

5 regarding the actual perforuwance of the T quer:her, which

6 would be utilized by the lead plants. And so the use of

7 Ramshead model for estimating the bubble pressure, bubble

8 amplitude. We recognized that was conservative but in the

v absence of any definite information as to the performance of

10 the actual device that would be used, this was the only

11 alternative we nad.

12 (Slicge.)

13 The lead plant had done evaluation for all valve
(:> 14 load cases. However, phasing was -— there was phasing

15 permitted in these all=-valve lcad cases that came from

9 mechanistic consicderations taking into account different set

17 pcints, line volumes and so forth. The results of those

18 design evaluations showed that the containment was

1 ¥ acayuate.

20 The lead plant applicants felt that the use cf the

21 Ramsheed loads combined witnh this simultaneous in-phase

22 oscilletion we_ excessively conservative anc they proposec

23 an alternative which consistec essentially cf satisfying the

<4 criteria of JUREG=0437 for load case five in terms of the

wn

simulteneocusness of the bubbl

Y

and the in=phase o:tcillation,

m 2

UJ L
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that replacing the pressure loads with something that more
realistically represents the performance of the T quencher.

(Slide.)

I think you all know-tha: the lead plants have
commi tted to the use of this so-called KWU T quencher, and
our evaluation of this alternative is that it does comply
with all aspects of the criteria with the exception of the
use of the pressure amplitude basemat and the T quencher
load, T quencher results which were obtained experimentally,
and again, the frequency range which bounded all of the
frequencies that had peen observed. And 32% more correctly
represents wnat was observed with the T quencher.

DR. CATTONs What about plants other than the lead
plants?

DR. ECONOMUSs Yes.

DR. KUDRICKs WPPSS=2 has the GE X=-quencher, wh.:ch
is supported by the CAORSO test program.

OR. PLESSETs [Is that the only one?

CR.

>~

UCRICK: That we are aware cf.

DR. ZUDANS: t is not Ramshead. It is quencher.
The question was with respect to Ramshead.

OR. ECONOMUSs Anyway, if the alternative proposal
is acceptable the pressure amplitudes that are utilized,
that they propose to use in the design evaluation, are

supported by the results of the KWU tests and similarly the
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/QanH I frequency range which is proposed to be used for design
evaluation is also supported by the results observed at KWU.
(Slide.)

The current status as far as the design evaluation

2
3
4
- is concerned, the lead plant applicants have taken this new
é T oie~~her loac specification and h ve done design

7 evaluation for piping, particularly for critical piping

8 systems, those in the fregquency range of the particular T

- quencher cevice, and have found that the design is

10 acequate., Shoreham has documented the evaluation formally.

M The LaSalle and Zimmer plants made a presentation at a July

12 meeting and we expect that documentation for the piping
13 systems evaluation will come in by the tilrd quarter.

(:) 14 All of the lead plants are currently making their
15 evaluation of the = of their equipment. They indicate to
16 us that the design ‘s adequate and we are not too certain at
17 this point when *hat evaluation will be in a2 document, but
16 it should be in the not-toco=distant future.
| » DR. ZUDANSt Just one question. In terms of this
20 frequency from three to nine cycles, that has been now
2l observedg bassd on WU tests, are there any structures

ro
ro

sitting in that pool that would have natural frequencies in

nN
L

that range?

24 DR. ECONOMUSs There may be, but they indicate

r
wu

tnhat their structures are capable of taking these ==
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DR. ZUDANS:t That is not the question. The
question is, are there any structures where there is reason
to believe that —

DR. ANDERSON: The ¢civacomers currently are
somewhere below the 7 hertz.

DR. ZUDANSt They are in that range.

DR. ANDERSON: Yes, ~ believe so. [ am not
familiar with other ones. There may be some other ones.

DR. ZUDANS: There is not much else there,
anyway.

DR. ANDERSONs Right.

DR. ZUDANSs Thank you.

DR. ECONOMUS: I!f there are no other guestions, I
will turn it over to Professor Bienkowski of Princeton, who
is going to update you on alternate submerged structure drag
loads.

DR. PLESSET: We may want to hear from the owners
groups about this natural frequency question.

CR. ZUDANS: Anc a;sociated questions.

DR. PLESSETs Later.

CR. ANLZRSONs [ believe in the discussions of the
downcomer design, we will be hearing some discussion wit
rejard tc the natural freguency.
¢ That’s good.

CR. BIENKOWSKIs I guess | wasn’t informed that |

1030 1
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\ L WH was supposed to have copies of the slides for everybody, so

-~

I am afraid [ didn’t bring any. Maybe we can try to get
some later today and give them to the committee later.
DR. BATESt If you get them to me [ will
distribute them to people.
DR. BIENKOWSKIt [ am sorry about that.
(Slide.)

I would like to talk about an update on the

©C O N O w & WL N

submerged structure loads. The first slide just sort of

(@]

gives an outline of the format that [ would like to use.
11 The first thing [ would just bring you up to = to remind
12 you of what the origin of the loads is. I will go over them

13 rather quickly because we presented that in November. I
(:> 14 have a slide showing the history of the load specification,

15 which essentially corresponds to the next four iiems, which

16 is the initial owners” methodology, what the NRC acceptance

17 criteria were, what the owners’ response on some of those

18 issues were where they did not wish to accept the criteria

[ directly, and finally as to what the supplement to

20 acceptance criteria will show.

3 I nave additional slides in more detailed

e technical basis for these various things and I will only

23 show those if there are specific questions on those issues

24 where somebody has a spec fic question as to the basis.

25 (Slide.)
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This one, I would like to go over very quickly.
This 's a slide [ had in November and you have already seen
the origin of the loaas for other LOCA earlier on
SRV-related loads. These are really the same. There is a
vent clearing phase where a jet comes out of the vent.
There is an air bubble formation phase where LOCA, where
pubbles of entry coalesce and pool swell for SRV, where
bubbles which separate and oscillate and rise up, and all of
these can induce submerged structure loads.

And finally, there is a steam condensation
oscillation chugging loads. These were left in the
acceptance criteria to be plant-unique, and [ believe they
still ares however, the owners have indicated more or less
the direction in which they are going from these loads, so
when the occasion arises, I will just indicate a little bit
about that ailthough we have nothing informal that we have
oeen acle o evaluate on that.

(Slide.)

This slice is mainly tc show you where the
information is that indicates the history of the load
specification submerged structures. The initial proposed
methodclogy was essentially based initially on the DFFR and
at least at the time of the writing of the NUREG-0487 an
apolications memo which give specific ways of calculating

suomerced structure loads, [ believe was later incorporated

1050 ..
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L_ e X in supplement three to DFFR.

2 The NRC acceptance criteria essentially accepted

3 the mijor procedures of the owners’” proposed methodology but
4 had a fair number of small exceptions and changes to

5 guarantee ccnservatism in application of these. These

9 essentially involved jet loads, the computation of the

7 induced pressure arising at the jet front and acceleration

8 drags that could be produced from this in front of the jet,
- The second issue which was a fairly major one had
10 to do with what are the appropriate standard drag

11 coefficients and the issue there was essentially one of not
12 wishing the owners to use only data from steady flow, but

13 rather using drag coefficients from flows which were more

<:) 14 like the flows induced by LOCA or SRV, either oscillating or

15 accelerating flows, the result of the issue of interference
16 effects betwesen structuras which were sufficiently close to
17 each other.

18 And finally, there was an issue =— the owners

Iy propose to use the velocity calculated, the geometric center
20 of the structure, as an eguivalent uniform flow for
21 computing drag on structures., 1nhe NUREG criteria said, it
22 is not always conservative, certainly if the structure is
a3 very lerge, and it has some flow which is substantially
24 higner over portions of it in the geometric center ancd the

r
i

proposal was to use tne highest velocCity rather than the
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geometric center. This produced, apparently, quite a lot of
difficulty in terms of the implementation for the owners
because there are many sources and it is sometimes difficult
to find exactly where the highest velocity would exist in a
structure. And so “hey wanted to — they proposed an
alternative way of showing how small a segment they had to
divide the structures to still be able to use the geometric
centers. So that is why we are calling this nodalization
now.

All of the acceptance criteria, of course, are in
NUREG=0487. Now, the owners’ response has been more or less
in a direction of some of the issues that we have raised in
the acceptance criteria. They have just accepted directly.
Otnhers, they have addressed the concerns but have chosen to
do it in a somewhat different way than the way that was done
in the acceptance criteria.

And the main information for this is in a draft
report thet Cliff Anderson mentioned. That is not yet, [
believe, in formal form. We have a draft report on submerged
structure methodology.

OR. CATIONs Are you going to tell us what areas
they héve an alternativ. formulation for?

DR. BIENKOWSKIt Yes, I will discuss tnat.

(Slige,)

Whnat  think [ will go is [ had some more sliges

1030
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2 acceptance criteria were, but [ think what [ will do instead
3 now 15 go through the water jet loads, bubble loads,
4 condensation loads one by one Bnd highlight only those areas
5 where there has been some difference, where there is some
6 alternative methodology that the owners are proposing.
7 (Slide.)
8 In this particular case, things have been changing
¥ rapidly, so since I made this slide there has already been
10 - some of what [ am saying is not quite accurate.
11 The original NRC acceptance criteria for LOCA
12 water jet loads was, as [ mentioned, primarily to modify the
13 strictly one-dimensional model which was in the owners”
<:> 14 methodology to include induced flow at the jet front. It
15 was a pressure induced by the accelerating water out in
16 front of the jet. And to include the acceleration drag as
17 well as the steady drag for SRV jet loads — we felt that
18 these were not going to be a very important point and we
|y proposed a sphere of influence around the guencher arm where
20 if no structure was in the sphere of influence, or dig not
21 nave to consider jet loads = the owners”’ response, [
22 understand, now for all lead plants is for the LOCA jet
23 loaas they will essentially follow the NRC acceptance
2« criteria.
25 So there is == there was at one time talk of one

1050 25
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plant following a plant=-unique path of using the ring vortex
model. This, I believe is in the long-term program. The
owners did propose in the SRV quencher jet load to modify
the sphere of influence, rather a cylinder of influence
around the quenchers to a five-foot cylinder.

We have examined this, based on test data, and
found this acceptable.

(Slide.)

DR. PLESSET: Has the staff looked at this vortex
analysis?

DR. ANDERSONt We have done some preliminary
review of it. We have not received any reports dealing with
now the methodology would be applied to plants, but just a
basic description of it. Perhaps Professor Bienkowski might
want to say something about preliminary observations. Would
you want to hear that?

DR. PLESSET: Sure.

CR. BIENKOWSKI®s [ think =

DR. PLESSET: [ think the owners group may talk
atout this, too.

UR. ANDERSONt They have no formal presentation.
Only in response, I think, to your questions.

DR. PLESSET: Fine.

DR. BIENKOWSKIs I have examined some formal

reports on the ring vortex model ancd on the basis of that,



584)+Q3 15 52
i::jguﬂ not the issue of how it vould be applied to actual plants,
the phenomenclcgical inriuence of what is going on, it
appears that the compariscn to EPRI data seems good,
including things like prcssur‘ time histories on the floor.
The difficulty, as [ saw {t, with that and how it
would bte applied to plants that the methodology is
essentially formerly rigorously valid only up to the time of
vent clearing. And therefore it cannot say much more to -

it leaves sort of a space between when do you go from the

O v @ 9 o0 v & w N

-—

jet mocel to the air bubble model and the time of vent

-
-—

clearing is not the time of maximum pressures necessarily,

o

maximum accelerations in the pools.

w

So the issue there was, how would it be applied to

O

plants in a conservative way to take care of the transition

15 from the jet model to the air bubble model. As I said, this
16 is all based on a relatively brief informal report &t this
17 stage.

18 DR. CATTONs [ noticed in looking through, in

¥ Chu’s model and all of his predictions, they were never

20 carriec to the peak pressure that was measured.

21 DR. BIENKOWSKIs Because that occurs after vent

2& clearing in his model, he is not capable of directly in the
23 model of taking = when all of the water has come out of the
24 vent and air is now entering into the jet and mixing with

¥ - tre jet, he is not capable of carrying that calculation

1030 3
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within his model. He cannot have two-phase flow.

2 DR. CATTONt Then the model doesn/t really help

3 you a whole lot, if you are interested in the peak load.

B DR. BIENKOWSKI: That is the issue [ was referring

5 to about the transition. [f you really ask yourself, what

6 is the transition, when do you go from a jet to the air

7 pubble, there is always a problem in any one of these

8 models.

- DR. CATTON: [ guess [ would have to say that [ am

10 not covinced that the peak load occurs after the air bubble

1l cegins to grow.

12 DR. BIENKOWSKI: In all of the data analysis with

13 EPRI the peak lcad occurred after vent clearing, and indeed
(:) | 4 all of the comparisons of Chu’s models carried only as far

15 as air clearing. He has some — that part [ have not

16 heard. he has some ways of trying to take account after

17 vent clearing and predict what the pressure is, and I have

1& seen some slides which | would hate to stake my reputation

| » on, because [ have just seen some slices showing the

20 continuaticon beyond the up=to=-peak pressure and so bounding

2l the peak pressure as well, but that (s something that I have

22 not seen the details.

23 Up to vent clearing, all of his pressures have

24 oeen not only bounced the EPRI tests, but nave actually

25 fcllowed the trends very well,

.
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\A? WH 1 DR. PLESSETt Peak loads where? Which peak loads

are you talking about?

-~ O v

o

47 10

12
13
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16
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DR. BIENKOWSKI:t Ta e lcads off the pressure on
the bottom, the basemat.

DR. PLESSETs (Other comments?

DR. WUt [s there any preliminary =—— any follow up
work after the — my question is, has there been any follow
up work right after the vent clearance, followed by the
bubble expansion into the lower plenum?

DR. BIENKOWSKIs: Maybe the Mark [l owners can
responc to that better than [ can.

DR. PLESSETs That is a good point. We will let
them talk about that when they make their presentation. We
don’t need to =

MR. KUDRICK: They have no presentation on the
point.

DR. PLESSETs B8ut they are willing teo talk, I
guess, when they get their turn.

DR. CATTON® I have one more comment., The report
by GE, "Analytical Model for Liquid Jet Properties for
Predicting Forces on Rigid Submerged Structures," discusses
the particular process of transient fcrmation of a jet.

OR. BIENKOWSKIs That is the one dimensional
model.

DR. CATIONs They refer to data or observations
which indicate a physical process that is somewhat unlike

what is modeled in Chu’s paper., [ am wondering if there are
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any attempts to bring the two closer together. 0One is on
one extreme, and [ think the other i{s on the other extireme.

DR. BIENKOWSKIs The NRC acceptance criteria
attempted to do that. The NRC acceptance criteria, we have
said you can use the model toé the jet within the major
portion of the jet, but the front in this one dimensicnal
model has an infinite extent and i{s infinitely thin, because
when you do the conservation momentum, you get a shock front
at the front of the model where the particles catch up. So
you have said they must somehow model the front differently
Ly saying that you take whatever was in the mass at front
and create something like a hemispherical or spherical cap,
which propogates with a shock front and induces the flow in
front of it.

The idea was to allow for objects which are not
directly impinged by the jet, but still in front of the jet,
to feel some pressure, because this one cimensional model
would show no forces on an object until the jet had actually
impinged.

DR, PLESSETt But you are using the words “shock
front."

DR. BIENKOWSKIs It is used in there.

DR. PLESSETs That’s good. I[’m glad. But I would

think that some calculation like Chu’s might be Juite a bit

petter than tha=- until the vent is clear. What co my
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b 2 DR. CATTON: [ would agree that this is at one
3 extreme.
“ (Laughter.)
5 DR. PLESSETs You don“t disagree with it?
6 DR. BIENKOWSKI: I think in most instances this is
7 more conservative than Chu’s model. [ would say that the
8 physical phenomena after vent clearing is certainly better
¥ represented by Chu’s model.
10 DR. PLESSETt I think that is a good place to
11 leave it, until the owners group might want to make a few
12 comments.
13 DR. CATTONs I am not sure that Chu’s work was on

(:> 14 the conservative side. [f I had to make & guess, [ would
15 say that it precoably falls on the other side, and I am not
16 sure why. [ am sure there is a great deal of numerical
17 confusion, so he is essentially looking at a = and his
18 model, even thougn he is attempting to model with this —
Iy DR. BIENKOWSKIt The comparisons [ have s2en of
20 the propogation of the ring vortex, both forward and to the
2! side, comparisons with EfRl tests have locked quite good.
22 CR. CATTONs The EPRI tests are small diameter.
23 DR. BIENKOWSKIs [ don’t thing the Reynolds’
24 numoer = [ think it is high enough. [ don’t think real
23 viscosity == numerical viscosity is a separate jissue. I
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'”t?NH 1 don’t think real viscosity plays a very significant role.
L DR. CATTON: The issue was not real viscosity but
numori;al.
DR. BIENKOWSKIt The EPRI test did not have
numerical viscosity.
DR. WUs 1Is it proper to say that the Chu model is

almost on the best estimate, intended in that direction, and

o N o0 v  w wN

the other is more conservative.

¥ DR. BIENKOWSKIs That is what [ was implying. I
10 think it represents the physical phenomena much more

11 closely, and the issue of how to guarantee that It is

12 conservative is what [ was leaving to the issue of if and

i3 when the Mark II owners want to use the model, and they want

14 to say how do you provide conservatisms into that to make
O 15 sure that all of the data is bounded. That is the issue of

16 what kind of a source terms =—— how you can provide

17 conservatism with a faster velocity with water-air

18 interface, and I think there clearly would be questicons

|y answerea as to Jjust what numbers do you put in to provide '

20 conservatism.

21 All I was really referring to is I think the basic

22 phenomena, in terms of what is going on, in terms of the

éj shape of the cloud, the time at which it happens inclucing

24 the pressures on the floor, the phenomena seem 0o very well

25 model experiments up to that clearing.

] n2n
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DR. PLESSETt The analysis seems to be much better
in the sense that people call mechenistic. In other words,
it uses a real physical description, but there are these
points that Professor Bienkowski mentions.

DR. CATTON: I would agree with that, and the Mark
II owners, if they don’t use it, it is academic.

DR. PLESSET:t Yes, in a way it is.

DR. CATTON: An interesting academic problem.

DR. YAO: [ have one comment. We generally know
the vortex type calculc“ions, that it is unstable,
numerically unstable. But I think it has been demonstrated,
if you introduced a small numerical viscosity, you can gecd a
stable result and a result quite accurate.

DR. BIENKOWSKI: I think I will accept the comment
without additional comment.

(Laugnter.)

DR. PLESSETs v hy don’t you go on?

(Slide.)

DR. BIEHNKOWSKI: [ spent all of that time on what
| was not prepared to talk apbout.

(Laugnter.)

On the LOCA air bubble which presumably occurs
sometime after vent clearing and is based on 2ssentially a

spnerical tubble, the original == there wer:< 1 numder of
v

[\l

issues that we were = adcressec in the

~~ - -
b-epbcu
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and a couple of them were found acceptable by the owners,
and [ will not discuss them again because [ already
mentioned them in November.

We wanted to provide additional conservatisms
associated with the bubble asymmetry, since the model is
based on a symmetric bubble, and the data indicates they are
not that symmetric. Another was the blockage effects in the
pool swell portion. These are sort of typical wind tunnels
which you have for drag due to the fact that the flow is
constrained to flow between == in tighter quarters.

These they found acceptable. [ will not discuss
more actout that.

The main three issues which not only refer to LOCA
but also SRV quencher air bubbles and condensation loads, I
will discuss all trgether instead of separating, because
they are essentially the same issue. What is the use of the
stangard crag coefficient?

The Mark Il owners proposed use of a steady flow
drag ccefficient for the standard drag was not acceptable
because of data that indicated there are unsteacy conditions
in certain situations. These drag coefficients could be
substantially higher than the steady flow coefficients. The
owner”’s response essentially hes been = anc so we
propose =-- | step back. Ve proposed essentially, dbased on

the data that we had available, that the owners either could
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do more detailed study of this and produce, justify the drag

2 coefficients, or they could use what we considered

3 conservative upper bounds on these coefficients, which were

< esscntially like three, three times the standard drag

5 coefficient, which was boundiné all of the data we had

6 available at the time.

7 The owners have essentially proposed to do this

8 differently for LOCA and for SRV. The reason is actually

9 quite sound. A LOCA situation is essentially a unifo=m

10 accelerating flow where the flow direction and the

N acceleration are in the same direction, and , in ceed in

12 both of those instances, the drag coefficient, if anything,

! is slightly lower than higher for such an accelerating

14 flow. So they want to use tihe data for such a uniform and
<:> - impulsive flows for the standard drag coefficient, and that

16 brings them back to using the steady flow drag coefficient.

17 However, for SRV bubbles and for condensation

X-] oscillation loads where the flow actually oscillates back

¥ and fortn, there is a flow reversal. The appropriate data

20 is date from oscillating flows. And in those situations,

21 that is where the upper bound factor of the three came

22 from. 1They #ill, indeed, use the relevant cata so thatl they

23 will use the drag coefficient appropriate for the particular

24 period parameter. This is a function of the period

22 parameter, wnich is nothing else but the velocity times the
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o And, indeed, it makes sense to do that, because
for many of the larger structures, this parameter is quite

low, and the drag coefficient of three times the steady flow

2
3
4
5 coefficient would have been ultraconservative in those
6 situations. [t turns out that to some extent for many

7 structures it is a non-issue, because for large structures
8 it is acceleration drag that is important, not the standard
y drag.

10 So you are talking about worrying about a factoer

11 of three on something that is only ten percent of the total

12 loaa.
13 The other issue that was raised in the NRC

(:> 14 acceptance criteria were interference effects. And, again,
1S we provided a rather — the possibility of a conservative
16 bound, saying that the structures were closer — if the
17 structures were further apart than three diameters of the
18 largest structure, they did not have to worry 2dbout
| ¥ interference effects.
20 But for structures closer than that together, they
21 could either go a detailec analysis or have a conservative
22 multiplier which is essentially & factor of four on the
23 draggage, which came for structures which clearly were very
24 close togetner. They chese, again, not to use the
25 conservative multiplier, and, indeed, the draft report, as I
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mentioned — about two thirds of the report is based on a
fairly detailed literature study of the information
interference effects and categorizing of different
conditions.

So they have answered by saying they will use
appropriate data and analysis for those four structures
which are closer than three diameters.

DR. BUSHt For clarification of the statement
regarading the LOCA being different, is that equally
applicable to a small LOCA. I would think you could get
fluctuation effects.

DR. ANDERSONt You get the same kind of strain
phenomena for the condensation oscillation over range.

DR. BIENKOWSKI®* I think the question was about
the air bubble.

DR. ANDERSONs We don’t think we ¢:t any
substantial air bubble.

DR. BIENKOWSKIt Those loads, the air oubble
loaas, would be bounded by the DBA loads. Even if they were
there, [ woula assume =

DR. PLESSET: I think Or. Bush’s point was, have
you really thought carefully about any problems that mign®
arise from something smaller than the D5A? Isn’t tnat what
ycu were thinking, Spence?

DR. BIENKOWSKI®t In connecticon with suomerged

1030
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structures?

DR. PLESSET: Or any other part of the -=ontainment
problem.

DR. BIENKOWSKI® Cer;ainly. I think chugging
loads. Everybody agrees that it is not the DBA that is the
bounding consideration. [ think I am going outside of my
expertise to answer other parts of the submerged structure .

MR. KUDRICK: Relative to chugging, - really does
not matter whether it is a small break, medium break, or DBA
break. You have basically the same phenomenon when you get
into that flow regime. CO is more pronounced at the higher
mass fluxes, so it is more conservative locking at it from
the DBA standpoint. So we have looked over these loads over
the spectra to ensure that we have selected conservative
breaks.

DR. PLESSET: I think that is the answer that we
want to hear == that you have thought about it.

DR. BIENKOWSKIt In connection =—— as a matter of
fact, | was somewhat deficient in explaining all of the
details, because [ didn’t want to get into all of the
them, ctually on the LOCA air tubble, whe they getl to the
poocl swell porticn where the pool rises and comes back Jown,
they ¢o, ind2ed, consider that to be half a cycle of an

oscillatory flow and use the drag coefficients frcm the

v
-

oscillatory flow, evan for a regular LOCA.
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;::fNH | expanding bubble portion they consider to be a uniform

2 accelerating flow.
3 (Slide.)
“ [ did not mention the issue that we addressed in
.9 the acceptance criteria with the equivalent uniform flow
6 assumption. That is to be applied at a geometric center. I
7 think the issue there was really a question of geometric
8 center of what, and we tried to cover that and be
Y conservative by saying for any particular segment of the
10 structure, Jjust take the maximum flow velocity and use that

11 position. That turned out to be not easily implemented, so

12 what the Marx Il owners have done = and it is also included

13 in the draft report — they have dcie a sensitivity analysis
i:) 4 of segmenting structures intc smaller and smaller segments,

15 basically a numerical study tc find out at what point the

16 load, tne total loads, in a structure no longer change.

17 They included structures -—— the ones that were

1o geing to be closest to the sources. [t turned out as long

|y as you kept within one to two diameters of the structures,

the loads were changed by only a fraction of

o
o

w

percent or so

o

for geing to any tighter segmentation. And [ will talk

22 apout this when we talk actout the supplement. We will find
23 that procedure essentially acceptable.
24 DR. ZULANSs When you say about segmentation,

-
<

u

meaning then you would 11se some geometric center for each of
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the segments, rather than look for maximum velocity for

2 something that is non-describable.

3 DR. BIENKOWSKI® They are going to use the

4 geometric center. 1he dirricu}ty with the maximum velocity
5 was not so much that most of the structures are long

6 cylinders, oipes, downcomers, so it wouldn”’t be too hard to
7 find where the gecmetric center or the maximum velocity was,
8 if I had only a single source and a single structure.

9 The difficulty is that in their numeric model, you
10 may have a structure, but you have many sources. And sO now
B if you take literally what you mean by the maximum velocity
12 point, you sort of have to hunt where that maximum velocity
13 peint is. It turns out that if you segment the structures
4 in segments of about one diameter to one and a half

<:) 15 diameters, the effect = there are theoretic studies to show

16 that if you have a nonuniform flow and you have a cylinder,
17 just a nonuniform flow, that taking the geometric — the

¥} velocity of the geometric center is conservative or &t least
[ for theoretic calculations, is actually = it i{s correct ©o
20 pick the velccity at the geometric center for the
21 acczleration crag at least.

22 DR. ZUCANSt The segmentation is longitudinal?

o3 DR. BIENKOWSKI: Yes.,

24 DR. ZULANS: You pick a piece anc then the

29 geometric cenzer and so forth, rather than taking the entire
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structure and picking a single geometric center?

DR. BIENKOWSKI® Clearly, if there was a pipe and
the source was here and you picked the geometric center, you
would not necessarily be conservative. That was clearly the
concern that we were trying to address in the acceptance
criteria by placing restrictions on the segmentation of
about one to one and a half diameters. We feel that concern
nas been met.

DR. ZUDANSt There is no segmentation within each
of the segments?

DR. BIENKOWSKIt No, they are treated as
cylinders.

DR. ZUDANS:t Since this is on velocity, there was
a discussion of fallback velocity. Are you going to talk
about thet, or it doesn’t represent part of your
presentaticn?

DR. BIENKOWSKI®+ The issue of the fallback
velocity is not part of my presentation. The treatment of
the subtmerged structures during that portion, they treat
essentially as = by the same procedure, the drag
coefficient chosen for oscillating flow.

DR. ZUUANSt [ would have one gquestion, but maybte
there is some other gquestion for it. The question is, the
drart report says that velocity will be basec on the free

flow velocity throughout the upper surface shown directly

-
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above the subject structure. [ am thinking in terms of —
that sc.nds to me okay.

DR. PLESSET: Hold that until tomorrow. That is
Mark I.

DR. BATES: That is Mark I acceptance criteria.

DR. PLESSET: We will get to that for sure.

DR. ZUDANS: I would say that Mark [I has the same
questicn. [ have just used the words out of that section.
There is presumably a similar situation for fallback
velocity in Mark II, and if it is calculated from what
point. It is from a point that the water reaches and it
starts falling back or what happens if it impacts some
structure? It is under some angle? [s that impact velocity
then taken into consideration? And you can impact laterally
structures with higher velocities than you expect the
fallback velocity would be.

DR. ANDERSONs [ don’t understand the full
question, but as I recall the point for calculating the
velocity was the point of maximum elevation. OJid I miss
some of the other points?

OR. ZUDANSt Maybe it does not nave application to
Mark II as clearly as it cgoes in Mark I.

DR. PLESSET: That’s right. The gquestion is not

y for

»—

without meaning, but I think it is significant real

Mark I. So I think we will get some =
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””:?NH | DR. ZUDANS: Tomorrow.

t

N 2 DR. PLESSETs Right.
3 DR. BIENKOWSKI®+ [ am almost dore.
- (Slide.)
5 This is a copy of a slide that was presented to us
o by Mark Il i~ terms of how the concerns in connection with
7 the drag coefficients interference effects, and nodalization
8 has been addressed.
e I am putting it up for those of you who may want
10 to know where the data and references are. Fror the unsteady
11 flow, we basically have two sets of referencest
12 accelerating flow and oscillatory flow. This is actual a

13 number of papers of Sarpkaya. [ would actually myself add

<:> 14 also a paper by Keulegan and Carperiter, because that happens
15 to be the only paper that [ know of that has sharp
10 structures rather than just cylinders. So it is important
17 for one of the issues.
18 Interference effects, they divided for stanaara
| ¥ dray and accslerating drag. Some bf these are theoretical.
20 This on is an experimental review paper. For accelerating
2l dray, it is mostly experimental, although there is aiso ==
22 mostly theoreticl, although there is some experimental work
23 by Sargkaya.
24 These interafence a2ffects are basically of two
25 typest ona, for structures close togethers another for

1030
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structures close to walls. We — the NRC acceptance
criteria, we had included the transverse forces, lift
forces, as part of the conservative coefficient on the
drag. In other words, taking ;he maximum total force on
this subject, Mark II owners have chosen to separate these,
so indeed they are including the lift due to vortex she wding
and unsteady flow which can produce significant transverse
forces, at least for the oscillating type flow.

For most of these situations, the Mark II, for the
LOCA air bubble where the flow is just accelerating, most of
the phenomena are uver before you have had enough time for
the vortices to separate, so there is no lift force.

3ut for the SRV and condensation oscillation, one
has to consider these.

I already discussed structural nodalization, and
essentially the cwners have done & study showing that if the
length of a segment is on the order of one to one and half
diamsters, the numerical values are not changed.

(Slide.)

To summarize, then, the supplement to the !
criteria reguires no changes now in the net loads, since the

owners havs effectively accepted them as they are for the

o

lead nlants. On the LOCA ana SRV air bubble loads, we find

O
o

the data ancd theoretical calculations for both the dra

L |
18

anc interferance effects that the owners have

O
O
W
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(r‘:fWH 1 proposed for cylindrical structures are acceptable. They

are based on data relevant to those structures. For

e

w N

neon-:vlindiical structures, the owners propose to just use a

»

circumscribed cylinder for computing correction factors

Ui

between, let’s say, unsteady flow and steady flow or
correction multipliers for interference effects, and then

using those zorrection factors of the actual drag

o 9 O

coefficients for the particular structure it had.
) We found this to be somewhat worrisome in the
1C sense that the little bit of data that is availaole for

11 sharp edged structures was clearly - the vortex separation

12 is different for unsteady oscillating flow, which is the

13 Keuleagan and Carpenter paper for a fiat plate =-- indicates

12 much higher drag coefficients compared to steady flow than
C:) 15 you would get from just the circumscribed cylinder,

10 So we have said we are accepting the draft report

17 for cylindrical structures. ror structures with sharp

15 eages, we feel that drag coefficients or standard drag

| ¥ should be taken from relevant ,data which, if they can find

2C other then Keulegan and Carpenter, we would be hapoy O

21 see, °Fut if not, at least for something like flat plates

2l #hich &t least nas th: effect of sharp edges in {t, no lift

23 coefficient == the oth2r thing is clearly that if you have a

24 circumscribed cylinder, the only lift you can get (s from

25 vortex shedaing But if | have a, let’s say, an [=beam or a

1030
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fi;jNH i rectangular structure on which the flow impinges at some

~ 2 - angle other than an angle of symmetry, [ can get lift on
3 that s;ructure even without worrying about the unsteady
- effects.

So clearly doing the circumscribed cylinder does

ul

6 not account for that effect. So in the supplement we would
7 include criteria that will require it to either get such a
8 lift coefficient from data or some approximate theory, or we
¥ felt that a bound of something like 1.6 Jrom all of the data
10 [ have peen able to see would clearly be a conservative
1 bound. And you would have the coefficient on a reasonably
12 non-streamline structure.
13
A
qﬁf 14
i 15
16
17
&
Iy
20
2!
22
23
24
25
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(P*:ftn ] On the quencher, the only issue there is what the
L source strength — how the source strength for the guencher
is chosen. And that requires some evaluation. But it

appears that the procedure is essentially acceptable.

2

3

4

5 For condensation levels, we have only been given a
6 glimpse of the — as I said, these are tc be plant-unique,

7 so they are not part of the MRC acceptance criteria at this

& stage. We have been given only a glimpse of what direction

- the Mark II owners are going. It appears that the approach

10 appears reasonable to us now.

1 The issue will certainly again revolve around what

12 is = &ll of the other issues are still there. The main
13 i ssue will be, what is the source strength.
14 DR. wUs [s it easy to define the
O 15 Keulegan=Carpenter number for this kind of problem,
16 involving bubble ==
17 DR. BIENKOWSKI®: The period parameter?
15 DR. Wut Yes.
| > DR. BIENKOWSKIt It is not for LOCA. They are not
20 using that data. [t is clear it is going to be very hard to
21 say what you are going to do about sharp-edged structures in
22 uniformly accelerating flow. But it appears that

oscillating flow bounds things for uniformly accelerating

ro
(N

rno
i N

flow, and the only parameter that would be comparable in

ro
18}

accerating flow would be the time times the maximum

1031
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velocity, divided by parameter.

DR. WJs [ thought in the original paper they used
the —— they used the velocity farther away from the object
as relatively easy.

DR. BIENKOWSKI*t You are talking about the
experimental issue.

DR. WUt 1Is it really significant? That’s one.
And if it can be fairly well defined, then what is the range
of the Keulegan-Carpenter number ¢ ver for this type of
calculation. And thirdly, is it still following a similar
approach, namely, the linear position of the proportion of
the acceleration? And the othe~ is to the absolute velocity
times the velocity type of drag coefficient.

DR. BIENKOWSKI® You can argue that the — in
dimensional analysis, you can argue it is invalid if you use
drag coefficient and acceleration coefficient as functions
of all other nondimensional parameters. So in a sense -— sO
the issue is, can [ pick one drag and one acceleration
coefficient.

In the Keulegan=Carpenter and Sarpkaya’s work, the
hydrodynamic coefficients vary with parameters. So you can
say it is not a totally linear superpositicon. You‘re asking
essentially a pnilosoghical question. [ don’t know the
answar to vour gquestion. [ wish there was more Zata, anc

indeed, I don’t know why there has not been more data, why
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rather than sharp edged structures.

It seems to me there is a very significant issue
of thq vortex shipper separation with sharp edges that will
be quite different. [ was referring to the only paper I’m
aware o1, is the Keulegan-Caréenter paper. It is the best
data I know of. And it is true that it is probably subject
to some questions.

DR. PLESSET: Any other guestions?

(No response.)

Thank you. And [ think this would be an
appropriate time to have a ten-minute break. So we will
reconvene in ten minutes.

(Recess.)

DR. PLESSET: Let’s reconvene.

I would like to say that Dr. Bates would
appreciate it if those who haven’t signed this attendance
sheet before would do it as soon as possible and give it
back to him.

I think that we will go on with the rest of our
agenca, and we are going to go to presentations Dy the Mark
Il owners group. And [ think that Mr. Crawford is going to
start orf. [s that correct?

DR. CRAWFORJOs Yes.

DkR. PLESSETs Before you begin, Mr. Crawford,
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Professor Bienkowski, you were going to give Dr. Bates your
slides, or somebody, so we can have them?

DR. BIENKOWSKI®t We are getting copies.

DR. PLESSETs Fine.

Proceed, Dr. Crawford.

DR. BIENKOWSKI®+ My name is Ray Crawford. [ am
from Sargent & Lundy, and [ would like to speak with you now
and tell you what the status of our analysis and assessment
for the effects of the submerged structure loads on the
downcomer, main downcomer vents is.

I would like to follow what Mr. Anderson
introduced earlier, and I would like to briefly review the
type of cesign that is employed in LaSalle and Zimmer for
the downcomer bracing. We have a pre-stressed concrete
structure with an integral diaphragm floor. The downcomers
themselves are anchored into the diaphragm floor, anc that
orovided the main support for those downcomers against any
lateral loads acting on the downcomers, any dynamic lateral
loaas.

In the case of LaSalle, there was a restraint or
bracing systam just underneath tnhe diaphram flocr aoove pool
swell, maxiaum pool swell height, and that equally
distributed the load on the flocr for the lateral loads that

existec.

103
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That system of design for the downcomers was
analyzed for the submerged structure drag loads of LOCA and
SRV according to the initial load specification, as
Mr. Bienkowski pointed out, contained in the DFFR. That
assessment included the erfecés of inertial drag, and it
also included the localization of the local flow field
effects.

The assessment of the structures to this load

C OO~ O v A W N

definition was contained in the design assessment report
10 submi tted approximately in the first quarter of 1976. More

11 recently, in 1978, to update the design assessment report,
12 there was a closure report prepared which accountea for any

13 changes in the load definition that was contained in

14 revisicn two of the DFFR, and it does provide additional
(:> 15 justification for the methods of predicting the submerged
16 structure loads.
17 We have not completed our assessment for providing
1 the results and assessment for all of the loads, and that
1y was to be contained in a design assessment report
2C amendment. At that time, all of our assessment work
2! indicated that the criteria was satisfied on all of the
22 structures.

There have been some recent changes, however, and

rno
Lo

24 I woulc like to briefly review what those changes are and
235 what we are doing acout them. There nas been three rather

103 )
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;’j;Pte I significant developments since that time. One is the NRC
\

-

acceptance criteria. Secondly is the adoption of the KWU
T-Quencher for SRV discharge. And thirdly is the steam

condensation drag loads.

2

3

4

5 Mr. Bienkowski has summarized very well how we

é have addressed the criteria for unsteady flow effects on

7 drag and lift for the interference effects and how we have

8 addressed the non-uniform flow field. In LaSalle and Zimmer
4 we do not have any sharp edged structures where we are

10 concerned about the vortex shed. We use round cylinders.

1 In the case of LaSalle and Zimmer, adcption of the

12 KWU T-Quencher for SRV discharges has required relocation of

13 all of the SRV lines, and so it is immediateiy obvious that
(:) 14 we would ncve to take into account the local effects caused

15 by the relocation cf these lines,

16 It is true that the KWU T-Quencher produces lower

17 bubble pressures, and it is also true that the bubble

18 freguency or the oscillation of the bubble tends to go

1y toward lower freguency. And [ want to come back to that in

20 just @ moment. BSut let me finish h. » pointing out that,

21 for the LOCA steam concensation drag and the LOCA events, we

22 do consiger the water jet and vent clearing as well as steam

condensation events of cnugging and condensation

o
w

oscilletion.

ra
4

wn

And in the case of condensation oscillation, the

rno
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] mte I magnitucde of that pressure oscillation is a low magni tude,
:T:} 2 and it is also — the bubble oscillation is of low
3 trcquepcy.
4 Now, the downcomer system that we assess to does
S have some natural frequencies that are in the lower range,
o] and so these shifts of frequencies by the SRV discharge, as
7 well as the steam condensation flows, was of concern to us.
8 The natural frequency of the downcomer was, [ believe,
v around twe or three hertz. And we felt that these loads,
10 with these lower freguencies, were something that we needed
11 to examine as to the impact on these structures.
12 And our approach to that was to consider the then
13 avajilable criteria and apply it in a very conservative way.
14 (Slide.)
<:) 15 The load definition criteria that we used has been
16 explained in the closure report, and we have included the
17 acceptance criteria. And because of the freguency shift,
15 even though the magnitudes are low, we felt uncomfortable
¥ without examining that further. And so we have been
20 considering a restraint system design for that downcomer.
2! The design of the restraint system that we are
22 looking at now =—— we have convinced ourselves that it can
23 accommodate the NRC recommendation for the lateral loads,
24 and so our concern at this point is simply to finalize what

wn

that design will be.
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DR. PLESSETt What are your preliminary ideas
about that, about this restraint system? What kind of
restrqint system will that be? Any idea?

DR. CRAWFORDs Yes. [ can Jjust briefly describe
it, and if you want more dotails, [ can call on one of our
other people. But basically, we are thinking of a restraint
system design that is located near the pool surface. It
consists of eight-inch extra—-strong pipe, tying the
downcomers together.

DR. PLESSET: I saw an arrangement in Japan where
they are tied together near the bottom of the downcomer.
Have you looked at that?

DR. CRAWFORDs We did look at that, and that is
what led us to examine a reevaluation of the lateral load
criteria, because the acceptance criteria for the lateral
load is a function of the frequency of the system, and
putting restraint down near the tip stiffens the system and
increases the lateral loac. And we felt that we would be
better cff to have a more flexible system by putting in the
restraint system near to the pool surface.

DR. PLESSET:s Have you looked at that possibility
of where these restraints might be near the bottom or higher
up?

DR. ANLDERSONS® No.

DR. PLESSET: You are nct concerned?

1030



5841 05 09 81
‘Bj}mtc DR. ANDERSON®* We just haven’t received any
\\

-

2 substantial information.

3 DR. ZUDANSt On this ques’ion of natural

4 frequencies for your downcomer system, are these natural

5 frequencies computed considorinq the fact that these

6 downcomers are submerged?

7 DR. CRAWFORD®: We have considered both the

8 submerged and the non-submerged, full of water and empty.

9 DR. ZUDANS: Do you have any concerns relative to

10 the effects of the interaction and therefore your load

11 definition? Your current load definition is based on rigid

12 boundaries?

i3 DR. CRAWFORDs Yes.

14 DR. ZUDANS: Once you have a situation in range
(:> 15 wvhere your resulting frequencies of load forcing function

16 and natural frequencies of structure which was assumed

17 originally, do you have any concerns about the validity of

18 such forcing functions?

|y DR. CRAWFORD: We have considered the coupled

20 system of the fluid and the structure and the net effect

21 that we have found from our analysis thus far would indicate

22 that the load would not be as severe as the way we are

23 currently doing it. And [ was trying to stress that we have

a4 taken, at this point in time, @ very conservative approach

25 in the method of the load apalication. And it is our

PN
UJou






IMAGE EVALUATION
TEST TARGET (MT-3)

)l

A Sl = <of
== = N i
S EEFEPTIT —
olll =l v




v,

9 0V &
Vo ¥ &) &
\ IMAGE EVALUATION Y
TEST TARGET (MT-3)

g, i
o S
= |8
k22 jiis g

\
4 4
o N A
P “%\// £ N \
9?7 e’ea?:';”’” /\/\\/ / ///{\\\ \ ’ ///0\\
e A



5841 05 IC
Rumte

\J

L8]

@ N o v »

n N ro N n
I3 w ro - (&)

n

(9]

82
intention to pursue this further, to see if we can convince
oi'rselves as well as the NRC that perhaps there is not a
need for a very substantial restraint system on the
dcwnco."erse.

DR. BUSHt How do yoh handle vertical motion?

DR. CRAWFORD: On the restraint system?

DR. BUSH: On the downcomer. As [ understand
your system, what you are doing is you are coming out with a
web, essentially, of piping, which I presume is welded to
the down.omers or is it? I hope not, but I suszpect it is.

DR. CRAWNFORDs [ don’t believe it is.

DR. ZULUANS: [ am not finished with my question.

DR. PLESSET: Identify yourself.

DR. SRINIVASAN From Sargent & Lundy.

(Slide.)

DOR. SRINIVASAN:t This is one of the schemes we are
currently examining. This is a system where the downcomers
would te tied together, as Dr. Kudrick explained, by
eignt=-inch pipes. But you see here, they are tiecd to the
containment on one side and on the other side.

Now, we will include in the design of this systenm
any drag locads that you weuld have in eitner vertical motion
or lateral loads on the bracing members themselves. Those
will be incorporated intc our aesign.

m——

SSETt Or. Bush is interested in the

~Ne
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m
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attachment method. Weren’t you, Spence?

DR. BUSHt Yes, I am concerned with the growth of
the downcomer. And then [ have a situation where there are
a series of welds. So [ get this kind of an accident with
the possibility of a tear-out;

DR. SRINIVASAN:t we do consider that. The
connection to the containment is not rigid. [t can transfer
shear forces. But it has a pin, so there is a rotational
capapility of the system about the containment. So any
thermal growth is accounted for.

DR. BUSH: That would help on your seismic loads,
too?

DR. SRINIVASANs Yes.

DR. ZUCANSs [ would like to come back to the same
questicn. Then you say —

DR. PLESSETt This relates —

DR. ZUDANS: To the freguencies. This structure
is an interesting cartoon to look at.

(Laugnter.)

DR. ZUDANSs A starship. I am concerned about at
least apparent lack of concern about the possibility of
resonances anc feeding the energy into that vibration moce.
Now, maybe you have some test results where the cowncomer
natural frequencies were in the range of condensation

oscillation freguencies, and maybe you can get some

1031 4:
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R4 mte | observations from that. And when you have a range of
~“/) 2 frequencies of a structure in the range of frequencies, the
3 only thing that can save you is damping. Otherwise, you can
< feed regardless of how small your excitation course is. But
5 there is lots of damping. '
o But the question is raised, are there any tests
7 where you would have any such confirming answers, any tests
8 where you have structures that really had the actual
Y frequency in the range of exciting forces.
10 DR. CRAWFORD: I would like to try to answer your
11 questicon with two points 1 tried to make clear earlier. The
12 reason for us to consider the restraint design was to
13 stiffen up the downcomers, to get out of the frequencies of
14 the forcing functions. That was our first approach. And I
<:> 15 certainly concur with you that dampi..g is a very important
16 part, and we are looking into that further.
17 But with the restraint system design that we see
18 here, that clearly moves up the natural frequencies of the
19 system above where the primary forcing functions are.
20 CR. ZUDANSt | would agree with that, there is no
21 question.
22 DR. CRAWFORD: The other comment that [ wanted to
23 mention was that in the 4T test, where there was some
c4 condensation oscillation cbserved, the natural iJreguencies
25 of that downcomer, [ believe, was of the orager of

1031 53¢
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7 to 10 hertz, something in that range, which is apparently
-— apparently was close to the forcing functions observed in
that test. But it appeared — at this level of going into
the ~etail of that, it doesn’t seem that that answers all of
our Questions yet, that we cag totally eliminate that. So
we are locking for additional cnalysis.

DR+ ZUDANS: One ccmment more than a guestiont
Since this is not precisely quantified phenomenon as yet,
what effect it has, maybe you could think of some tests
where you could vary the frequency of the downcomer Dy
simply stiffening for the purposes of a test, and mayoe you
will find out that all of your loads disappear laterally.

DR. CRAWFORD: I think that is a good :uggestion.

DR. PLESSETs Spence, did you have other comment?

DR. BUSH: [ was concerned with the pinning
effect, the rigid aspect. That answered my question.

DR. SRINIVASAN:t Anotrer scheme we are looking at
wo' .. involve not attaching it to the containment or to the
pedestal, a system which woulc primarily tie éll of the
downcomers together. This is the current bracing at the
upper elevation at LaSalle that Dr. Crawford pointed out,
whicn is a8 segmentea system.

This is — we would envision a system at the pool
surface. We may want to have a continuous ring. So you

would end up with twe concentric rings and some

1031 .0
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cross-members. This has the advantags of not inducing
addi tional loads on the containment.

DR. ZUDANS:t However, you would probably, in this
arrangement, find a sympathetic mode >f motion which would
have the same low fregquency.

DR. SRINIVASAN: But that would be the overall
mode, and we do not anticipate for the structural loads to
be acting in that direction. This is more likely to be an
excitation where you would see that mode coming into the
picture. The submerged structure modes will be
directional. We believe the higher modes would be what is
more important and not the fundamental sway node of the
system.

DR. CATTONs [ thought = [ am hearing two
stories. [ thought one nhypothesis was that the submergea
loads were random in direction. And yet you are indicating
that you are assuming they are directed.

DR. SRINIVASAN: [ want to clarify. What [ meant
was these loads are directional, meaning that they are not
in the same direction but multi-dire:tional innovators,
random.

DR. CATTONs That is a —andom excitation?

OR. SRINIVASAN:G Yes. All of the downcomers going
in tne same direction. That particular moge would not be

excitec by the submerged structure loads. That is what |
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P mte 1 meant.
~:> 2 DR. CRAWFORD:t Could I add something to that?
3 rnemember, we are considgering both the chugging loads,
< condensation oscillation loads, and the SRV loads. So I
5 think the mcre correct expresélon is to say that the loads
é are directed, like an SRV load exists at a position near the
7 quencher. And we know the kinds of directions that it would
8 be facing. They woulan’t all be in the same direction and
y they wou.ldn’t be random, either.
10 We are trying to treat it mechanistically, having
1 direct —
12 DR. CATTONs [ understand what you are doing. I
13 have not seen any clear demonstration that it is one way or
14 the other.
(:) 15 DR. CRAWFORD: For the SRV load?
16 DR. CATION: For the LOCA load.
17 DR. BUSH: What occurs to these systems if only
18 part of the SRVs open? You assume you get a8 homogeneous
15 mixing of the pool, so essentially — otherwise, you would
20 get a cdifferential expansion aspect.
21 DR. CRAWFORD® You are speaking of the terminal
22 effec:.s due to SRV dischérje. This restraint system we are
23 considering would pe up near the pool surface and for =— I
24 think we would anticipate that we woulc have sufficient
25 mixing, even for an extended blowdown, that we woulan’t run

1031 70
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" mte 1 into any severe —
\“/) 2 DR. BUSHt You would have a series of cold legs
3 and hot legs, and you would almost have to depend on some
4 degree of homogeneous mixing qt the pool, I would think,
5 which you probably would get. I am not arguingj.
] PR. CRAWFORD: We are anticipating ihere will be
7 thermal mixing with the quencher. It discharges deep into
the pool. We th.-% the thermal plume will spread out and
¥ provide mixing.
10 We do not assume homogeneuus mixing, but we assume
i1 a reasonable amount of mixing will occur.
12 DR. ZUDANSt These restraints would be in a single
13 plane?
14 DR. CRAWFORDt Yes, sir, they would.
(:) 15 DR. ZUCANS: And therefore you would have
16 considerable links of downcomer left between this plane and
17 the floor. So you actually could possibly accommodate
18 significant delta T’s in each of the restraint places, and
'y still not be critical, because there is lots of free length,
20 DR. BUSH: . am worried about some of them not
21 changing the length and others changing the length. So it
22 takes your horizontil members and it begins to do this to
23 them (Indicating).
24 DR. ZUCANS: The downcomers themselves are

wm

changing?

ro

1031 50/



5841 05 17

-

«C O N4 o o w o LN

o

89

DR. BUSHs Yes, because if the SRVs don“’t open,
some of the downcomars —

DR. ZUDANS: Then you have local ' ‘nding.

DR. BJUSHs Yes.

DR. SRINIVASAN: In‘a situation where this is not
continuous and segmented, it would sclve that problem.
Where ycu could have these segments would be located such
that they would be centered at about a quencher, so you
could accommudate the situation where you cnly have some of
the valves going off. So you have a localized temperature
here and it does not affect the other ones that are cold.

We are looking at several options.

DR. CATTON: But it affects the one that is in the
same grouping. Your region of influence of the relief valve
is not going to extend through 30 degrees.

DR. SRINIVASANt This is something we would
address in our designe.

DR. CATTON: Wwhat is the reasonable assumption on
the size of the piume rising abtove the SRV?

DR. CRAWFORDS We tried to consider the = well,
ti.e gquencher is ceeply discharged and dischargecd in the
horizontal plane out, and [ den’t remember the exact
numbers. But I would anticipate that that plume rises up,
and [ would anticipata it woulu cover at least 20 to 30

degrees,
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DR. CATIONs How far — it is & highly bullient

jet ana your steam coming through the quencher is going
through a lot of little noles, so it is going to lose most
of its momentum. If [ had to guess, I would guess it is
only going to go a small distarce beyond the end of the
guencher. That steam jet is not going to extend very far
into the water.

The steam jet itself will not

DR. CRAWFORDs

extend into the water very far. But [ am anticipating that
the thermal plume will go several feet away.
CATTONS

CRAWFORDs

DR.
CR.

What is going to drive it?
It is not going to go saveral feet

in the norizontal. It will be going upward, obviously. But

the anticipation =
PLESSET:

CR. I thir © we have a comment here.

DR. KUDRICKes I think one comment auld be made,

and that is that Zimmer and LaSalle have committed to an 3RV
testing, and one of the -cjectives of the test wnich we will
be locking for will be a demonstration of the pcol mixing
potential for an SkY aischarge.

In addition, they nave tes.ed in Germany
quencher-type devices thet is somewhat analogeous to the Mark
IlI, anc they have found fairly good mixing

T

pool. I den’t know if that answers all of

but at least we will pe jetting some preli

1031 707
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DR. PLESSET: Have Zimmer and LaSalle chosen a

particular restraint system?

DR. CRAWFORD: For the downcomers?

DR. PLESSET: No. _

DR. CHAWFORD: No, it has not been shelled yet.

DR. ZUDANS: Have they committed to doing the SRV
testing in=-plez t?

DR. KUDRICK: Yes.

DR. ZUDANS: You would possibly be able to
instrument, to take care of questions like Dr. Bush asked?

DR. PLESSET: They promised to do thati isn’t that
right, Mr. Brinkman?

DR. BRINKMAN:t Yes, sir, that is right. We have
promised to measure temperature gradients. And may.e [
could volunteer something about your concern of one safely
valve going off and the next one not going cff. I can’t
give you any numbers, but to give you some more feeling, the
tests were done in the CAORSO plant in Italy. They did have
~savy bracing systems cver there that yor may oe familiar
witn, and the ocracing system survived the test, and that is
not to say the problem gces away, Jul some tests were done
already.

Another thing I think that might be worth
considering is that as I lock at this existing test gata

that | nave seen from Mark [s anc other in-plant tests, the

1031 510
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maximum temperature gradients I saw were maybe in the order
of from right at the quencher to the water some distance
away, might be 20. Fahrenheit degrees, 2nd that tells you
relatively, it seems to me, how important or how severe of a
temperature gradient you woul& get from one quencher, from
one downcomer pipe to the next downcomer pipe

Wwhat [ am trying to get at is there is some
existing basis for design. Sargent & Lundy lays out this
final quencher arrangement. There is existing data that
gives them, I think, some fairly good guidelines as to how
much would be the maximum temperature gradient for downcomer
No. |, downcomer No. 2.

I am volunteering that the water temperature
differences aren’t tremendouss and, therefore, the
difference in thermal expansion [ wouldn’t anticipate to be
tremencous, either.

DR. CATTON: I think the .enperature differences
you are going to find will depend s rongly cn where you put
your thermocouples, and unless they are properly located you
are 1.0t going to find the maximum temperature differences.
And Dr. Bush’s question, I think, is important.

ODR. CRAWFORD: W2 have extensive temperature
sensors in tne pool for the in-plant tests for LaSalle and
Zimmer. We have planned extended blowdown, and we héave

submi tted, in the case of Zimmer, the proposed in-plant

1031 51
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test.

DR. CATIONs

concerns are valid?

gradients

the next.

up around

apbout the

restraint

that held

DR. CRAWFORDs If what? The severe temperature

exist?
DR. CATTON®

DR. CRAWFORDs
the quencher?
DR. CATTON: Yes.
DR. CRAWFORDs
apility to condense
system, if that was
DR. ZUDANS: If you
out, you den”’t have
DR. CRAWFORO:®

DR. ZUDANS:

That’s right.

93

the steam than with the

the case.

What are you going to do if the

From one downcomer to

You have all of the hot water going

I think our ccncern would be more

don’t have restraint systems

condensing systerms.

You mean

if =

[f you have a structure that does not

survive the discharge, you do not have a condensing system.

So, your concern really should also be, quite ser.ously, on

the whcle system and downcomers, not so far as to how

tively you have condenss

-an take it.

OR. CRAWFORJs

UDR. ZUDANS?

< steam

3

We are concerned

about

whether nr not

-

L

he

temperature
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directions right?

(Laughter.)

DR. PLESSETt Did you have another comment?

DR. SRINIVASAN: [ was only going to make one
comments that we are not necéssarily tied to using a design
where these braces are going to be ridigly tied to the
downcomers we could have the option of having a capability
so that the rigidity is not a problem.

DR. ZUDANS: | would suspect that would be a jood
idea. What about cthe Shoreham type of design? They have
already designed that. We saw it.

DR. CRAWSORD: Yes. Jshoreham does have a
restraint design.

DR. ZUDANS: Have you looked at that design?

DR. CRAWFORD: Yes, we have looked at it, but not
in detail.

DR. BUSH: [ didn“t <o a very gooa ‘ob of
explain.ng my concern. Your last soluticn, I think, would
solve it. And that is, if I got a very long pipe that is
tied at the top and nct at the bottom anc the water level is
halfway up that cipe, if [ don’t run any water down the
pipe, I don’t get any expansion in that first 10 feet or so
of pipe, or whatever it is. And as a result, if the next
pipe is hot anc that one is cold, I certainly am going to

nave a aifference. 3ut if you can, as you suggest =— all of
b
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my concerns disappear.

DR. SRINIVASAN: We will address that question in
our design.

DR. PLESSET:t I hope, Steve, you don’t mird our
getting into this now. [t might be helpful for us to have
heard early.

DR. HANAUER® No problem.

DR. CRANFORD: To just conclude, [ wanted to
indicate that we are also considering the possibility that
more realistic load definitions resulting in lower pressure
and better definition of the freguency ranges and accounting
for the energy dissipation and attenuation could result. It
may not even require a oracing system, although this is what
we are continuing on. .

We are looking very carefully at the load
definiticn to convince ourselves that we need to install a
restraint system design. These concerns about the natural
resonance.

CR. PLESSET: Thank ;ou.

We have an item here for staff comments. L0 you
have any more comments you want to maxe?

MR. ANDERSONt Not now.

DR. PLESSETt Then we will go to the naxt jtem
from the Mark Il owners group, which is, as [ have {t, on

the ring vortex model., [ gather there was no organizec
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presentation.

MR. ANDERSON: Yes, there is no formal
presentation, as I understand, from the Mark II owners on
this. It has been moved to the long-term program. There
consultant is not available. Maybe now would be a good time
to address some comments to them regarding this.

DR. PLESSZTt [ was going to suggest that maybe we
have some comments from the consultants and have a chance to
talk to some of the people who have worked on this to have
the floor for a bit. Maybe I will call en Prof. Wu and then
Prof. Catton for different viewpoints.

(Laughter.)

DR. WUs I don’t know if the problem treated by
Dr. Chu and Lee — are you familiar with this, with this
analysis?

MR. ANDERSON: Yes.

DR. PLESSETt The staff is aware, rignt.

DR. WUt In this paper, though not expressly
stated, {t is intendeé to simulate the flow of the downcomer
out of the suppression flue of a pool of a Mark I[I pe of
reactor. [ think, to speak of it very briefly, it {s based
on an =- on any ¢f the viscous vortex sheets, frozen without
a viscous attenuation and fusicn.

However, it does include a vortex sheet

generation. The viscosity is generated within the Jowncomer

1031 J1
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/:;?NH i pipe and transported into the lower plenum and the — it is
. 2 a numerical calculation, and based on the equation that the
3 transport of the viscosity is a material property and that
4 retains this property all the way through. So, the vortex
5 sheet would be generated and then rolled up into a vortex
o] core, and this would in turn be wrapped in a — in a
7 mushroom head.
3 The numerical procedure take a four-ccrner
- weighting function which has been fairly stancardized and
10 well developed in numerical schemes, but otherwise there is

11 no further numerical diffusion, as [ understand it. So, the

12 procedure is a fairly well known cne in the profession, and :
13 based on this I believe the problem is well formulated.

<:> 14 There are a few things, perhaps, [ could comment
15 on. (ne is the boundary calculation. It is taken as a2 unit
16 cell and axially symmetric with the downcomer pipe central
17 axis symmetry, and it is cy'indrically symmetric and bounded
18 by a cylindrical surface. [ believe it is like eight feet
I ¥ or so in radius. And the downcomer pipe is extended.
20 Relatec tc the Mark Il atypical case, nine reet from the
el downcomer exit plane and upper to “he upper plenum, with
22 nine feet Selow to the basemat. It is an unsteady flow
23 calculation with a switch on, starting from time T.
24 Now, the velocity condition is as followsts There

25 is no normal component of the velocity at all of these
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bounding walls, and the initial velocity comes — is
prescribed at the exit plane of the downcomer pipe. And the
vertical velocity is assumed or prescribed to be uniform.
And at the same time, the free surface in the suppression
pool is also assumed .o move uniformly upward. These are
the two assumptions.

DR. PLESSET: What was the first vertical
velocity?

DR. WUt It is prescribed, instead of at the free
surface within the downco. :r pipe, it is prescribed at the
zxit plane, and that is prescribed to be uniform in the
radial direction. So, from then on =

DR. PLESSET: Then the problem is defined.

DR. WUt Yes. And then the problem is deiined.

In the report, I think the velocity distribution
along the axis has been given. And then, also, the
pesitions of the stream lines, the stream surfaces, are
given in a time sequence.

Very recently, there has been 2 further new

numerical result, prooably not included in the criginal

“h

raport. Ana that inveclves scme of the lransverse velocity

at a few vertical clanes. Ana as [ have it here, it is one

(8]

or two feet below the exit plane of the cowncomer pi

wu

another one is at 2.6, and that is given at a point of 3

seconds, and in that time the mushroom head occupies the

1031 317
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position 2.66. So, there is a radial recirculating flow.

And also, with a velocity distribution along the
axis — and Or. Catton and [ have looked at this — there is
certain rate of velocity decay. This is verticel, the
velocity gradient in the vertical directinns and, of course,
that should be a reascnabl: physical result. That probably
would require a further investigation into it.

But on the whole, it looks like the problem has a
few new fezturest One is it is highly unsteadys the other
is the unsteady — the three-dimensional figure around the
mushroom head is very conspicuous, it is preooably quits
importants and the third one is the boundary condition due
to the lateral wall in the proximity of the basemat would
change some of the — our earlier concept of that to the
generation of a jet that would come from the dcwncomer pipe
tc be established within a short distance.

So, those are some of the new physical aspects
that might not follow with our earlier conventional

experience. And aside from these feuding aspe

O
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require further invest
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igation or thinking
problem, it appears the numerical work is done with high
confidence., (therwise, the -esults are guite reasonable.

summary of my reacing of that,
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\/T:SHH 1 Dr. Wu. After having gone through tho paper, [ have an

A uncomfortabcle teélinq about some of the results, and, in

3 particular, the fact that the predictions of the pressure

4 don’t extend te¢ the region where the peak pressures occur =
S as a matter of fact, they cut off quite 2 bit earlier.

6 There was some comment earlier about

7 Dr. Bienkowski, that this rnad to do with when the vent

8 clearing occurred, but [ am not sure there {s a laot of

Y agreement in that, either.

10 The main point I would like to mention is that

I certain asmects of the solution don/t appear to bDe correct.

12 I think =

13 DR. PLESSETt You mean physicall?

Q 14 DR. CATTON: Physically.
15 DR. PLESSETs Not as far as the numericse.
16 DR. CAITON: [ think the way the problem is set up
17 is a step in the right direction, but somewhere between
e catting the protlem up anc getting the solutions, things
|y don’t look quite right. And the axial velocity, as
20 measurec from the exit plane to the bottom of the mocel or
21 the floor, seems to dropg off much too fast. And in
22 particular, the results that Dr. Wu recently got and that
23 vere transcribed over the phone =—— it may be the telephone
24 was part of the problems [ am not sure.
25 (Laugnter,)
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DR. CATTONs That shows that the derivative in the
axial velocity is non=-zero at the exit plane, ard that is
Just incorrect.

So, one has to kind of wonder why this could be
so. [ will appeal to Dr. Yao’s comment that this kind of
problem is very difficult to solve numerically. It is
innerently unstable. So, you have a tenae...,, When you look
at these kinds of problems, to build in a lot of numerical
vamping or even though it starts out to be inviscid, if you
start checking, it is a very viscous fluid.

I don’t know whoere all of this leads, but as long
as it is not being | guess used on a particular plant at
this time, it is somewhat academic.

The non-zero derivative looks to me as if there is
an error somewhere. 1Ihe imposed boundary condition is not
reflected in the soclution.

UR. PLESSETs [ think, since there has been an
effort, it has been worth our looking at it so that we would
think that both of

nhave scme basis for an opinion. I you,

we are grateful to you for your looking at this. Anc whe

Kknows, they may want to use it again. [ don’t Znow,
Presumacly not.

As far as the staff
invokecs is that correct?

-~ M= SNl . %
MR. ANDERSON: Not for the

10351 CJ
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DR. PLESSET: Not for the lead plants.

MR. HEDGECOCK: Hedgecock, chairman of the Mark II
owners, from Washington Public Power Supply System.

In response to comments [ heard earlier, our
position at the moment is that this is not an academic
question. There is at this time some intention of the
non-leac plants to use this model. We would prefer to leave
it at this stage at this time.

DR. PLESSET: So, then, this was a useful
discussion. And [ think that the points that Professors
Catton and Wu have made are perhaps helpful in further
consideration by you and your consultants.

MR. HEDGECOCK: We certainly appreciate it.

DR. PLESSET: Fine. Any other comments on this
point?

(No response.)

DR. PLESSET:t We are in an awkward situation. We

Ll

can go to lunch earlier or break a little less logically.
amn open to suggestions.

Carson, ¢c you want to have lunch now? [t seems
to be agreed by my weighty colleagues that we are going t¢
adjourn for one hour for lunch.

(thereupon, at 11340 a.m., the meeting was

rece ssed, to reconvene at 12:¢45 p.m., this same dJday.)

1031 2
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( A/‘swu ! AFTERNOON SESSION
N/
2 (12845 p.m.)
3 DR. PLESSET: We will reconvene.
B There is one item that Dr. Crawford wishes to make
S a brief comment on for the record. So, I will ask
<} Dr. Crawford to do that.
7 DR. CRAWFORDs [ would like to clarify the
8 discussion of the downccaer =2straint system that we had
- earlier. I would like to point out that the safety rellief
10 valve lines are entirely separate than the main vent LOCA
11 downcomer vents. BSecause of the separateness of the two and
12 pecause the main vent downcomer vents are all used = the
13 same time in the event of some kind of hypothetical 'OCA, we
(:) 14 woulc not anticipate any thermal gradients.
15 And furthermore, the restraint system design is up
16 near the surface of the water, and the only portion of the
17 downcomer vents is about a 10-foot length of pine extending
15 down into the gool, and we don’t anticipate any large
1 temperature gracients from one cowncomer vent to another.
20 I think that would clarify the discussion we had
21! earlier.
22 LR, PLESSET: [ think that clarifies the record.
23 DR. CRAWFORDs Thank you.
24 UR. PLESSETs We are glad to have that.
23 So, we can gc on now to our next agenda {tem,
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‘/ﬁjpwH 1 which relates to the long-term program.
- 2 MR. HEDGECOCKt I would like to introduce the
3 long-term program this afternoon, and [ can list the
B speakers for you to aid in the transcription. The overview
5 will be presented by Mr. Alan Smith, General Electric, our
é program manager. And the 40 CO test program will be
7 presented by Mr. Ray Muzzy, General Electric Company. We
8 then go on to the CREARE multi-vent test, an update on those
B from our consulant, Dr. Hottel, from CREARE. 7This will be
10 followea by the generic improved chugging lcad program,
11 oresented by Dr. Jim Fitch, of General Electric. And then
12 we will apprise you of the progress in the reduction of the
13 CAORS( test data, tests themselves having been completed,
\:) 14 and Mr. Mac Davis, of General Electric, will present that,
15 Since we had covered the ring vortex model tefore lunch, we
_e- é‘ 16 don’t intend to say anything further about that.
17 DR. PLESSETs Not at this time, but later.
16 MR. HEDGECOCK: Later. And then we will 30 on to
| ¥ the plant-unique programs, and ¥r. Dale Roth, of
20 Pennsylvania Power & Light will talk about the GKM=2 CO
21 tests, followed by Or. Bearosian, our architect engineer,
22 Burns & Roe, to talk about the WPFPSS=2 chug improvement
23 program. And then comments.
24 I woulc like to introduce Mr. Alan Smith.
25




5841 Q7 0l

P e

©C 0 N O W + w N

105

MR. SMITH: OQur Mark II containment program has
been explained to you by the NRC and others, and I would
like to give you a bird“’s eye view of where are we in terms
of the number of tasks that we have been werking on and the
different areas. The total number of tasks that we have
been working on in this program —— and bear with me, there
is subjective judgment in that, but t.ere are over 400 tasks
and if we can break those down by categories, pessibly eight
percent of those lie in the lead plant SER area, perhaps 32
percent in the non-lead plant area, 34 percent lie in a
combination of the two, and we have about |2 percent of our
program in the confirmatery area, and perhaps 14 or 15
percent in the so-called informational category, the point
being that the informational category is really nore for the
owners anc it does not necessarily constitute a necessary
part of the progran.

Overal' where we are right now, a8s you can see on
the chart, we feel that we are about, as of July of this
year, 70 percent complete. And we are probably a few
percent oeyondg that as ol togay.

(Slide.)

Tne next chart, [ believe you have seen tnis
carlier this morning. [ would like to comment on it. The
area beyond the fi-al LOCA information to the staff really

resresents basically licensing support kinds of activities,
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that is, basically the program in terms of the analytical
and the testing work is done and comp.eted and submi tted.
And this is additional time probably necessary tc be spent
working with the staff, answering questions and so forth and
we expect that to Le complete& by the middle of 198l.

(Slide.,)

I would like to show you now in 2 bit more detail
where we are with respect to our specific tasks in the LOCA
area. | have listed for you the percent, which means I
won’t waste time going through each one of those. Each
triangle represents a discrete or tangible output of the
program, whether that be a report cor a model, some discrete
tangible output to the NRC. And obviously, the triangles
that are filled in represent those things that have been
completed as of July and the white triangles represent those
things yet to be completed.

As you can see from this chart, our final output
from the CO test program, task A-17, is abc''t *the end of the

which with much of our earlier actual test

ot
b}
o
3
Q.
0
=
W
i
ot
o
%
-
z

information being avajlable socner than that. That is the

longest program task item that we presently have in the Mark

(Slide.)
I have a few other charts but you don’t have

nem, mainly cecause there is 2 problem in the

O
O
L
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o
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repruduction of coleor, but I thought it might be of value
Just to quickly show you wrere are we in living color, if
you will. And bear w'th me.

The green obviously means it is done or
completed. And what appears to be gray here has come = are
the areas we are still working on. This is just to give you
a bird’s eye view of what does the prc¢jram look like, what
are those areas that are still requiring some work. In the
steam cnugging and main vent loads it is well completed in
many areas. Ilhe seal program is underway and of course we
are not yet complete with that. The chug load definition
program is in task A=16. You will hear more about that
lzier. t is well beyond the midway point.

Dr. Patel from CREARE will discuss our subscale
multivent program and it is also well past the miaway
point. There is one confirmatory program that we are
werking at.

(Slide.)

This is the safety relief valve program, genzric
safety relief valve program, [ should say, that was
originally conceived oy the dark II owners group. It coes
net incluce tne T gquencher program because that came along
later. It nas oeen adopted by most of the Mark Il owners
ut tnis represents rather the Ramshead program and the

X=-guencner program ana as you car .2e the Ramshead program

1031 720



5841 Q7 04 108
—=BWH | is completed. The safety relief valve quencher program s

/

—

very nearly ccmpleted. There are some plant-unique aspects
of the X-quencher program that Washington Public Power is

working on and then [ show where the T quencher program that

2

3

4

5 is beina used by the other seven utilities fits into "‘e

6 process. They hav: their own program which has already been
7 discussed. And so everything, the Ramshead program, the

8 X-quencher program, the T quencher program, feeds into the

¥ plant evaluation by their design analysis reports.

10 (Slide.)

11 The next area is submerged structures and [ really

12 put this together more for my own benefit than most people’s
13 because it is a very complicated program and I tried to
14 igenti‘y the simpler elements. It has three basic elements,

O

analytical, mocels, Mark II unique appl 1tions memoranda

16 and the testing aspect of this program.

17 (Slide.)

15 And where are we on the analytical modeling work?
¥ ' Our LOCA Ramshead air buctle work is completed. LOCA ang

20 Ramshead water jet work is completecd. We are still working
21 to complete our response to the staff’s inquiry on submerged
2 structures criterion. As we mentioned earlier,

23 Mr. Hecgecock indicated toc you, [ think there are some

plants peyond tne leac plants that are considering using the

no
1

vortex. And of course there will be more work in that area.

no
w

1031 727
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CTTBWNH There are two areas that are slant-unique ideas,
A 2 the water jet and the LOCA steam condssation, that are not

3 part of the generic program. Mark Il has determined that

< those are more rel:vant to plant-unigque work and the

5 quencher air bubble work is nearing completion.

6 (Slide.)

7 The testing program that we had is & 1/4 scale

8 test that is totally complete.

¥ (Slide.)

10 And we nhave 2 miscellaneous category that is

B nearing completion. Load combinations and functional

12 capability, the task has been completed. Again, we are

13 continuing to address items that the NRC staff had in thei:
<:> |4 suoMerged structures criteria. We are nearing completion in

'S tnis blue zone in answering all of the NRC’s formal

16 questions. We nave completed most of the SRSS work. Tkere

17 is a supplement that Urs. Newmark and Kennecy have Deen

s working with us on that will be complete, and our world test

| ¥ monitoring activity is continuing. That is a general

20 understanding of what is going on throughout the world, to

21 ke2p acvised c¢f what is 3eing on.

22 That conclucdes my very brief overview of the

23 status of the program. [ would be happy to answer any

24 questions you have,

25 LR. PLESSET: Are there any questions of

N

1031 S0
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Mr. Smith?

(No response.)

DR. PLESSET: | assume that somebody is going to
watch closely what Brookhaven }s doing on the study of the
SRSS?

MR. SMITHs Yes., We are vitally interested in
that.

DR. ZUDANSt On this discussion of vortex before
lunch, | am wondering in which areas this particular
research or definition of — you plan to use that particular
part?

MR. SMITH: For application for the ring vortex?

DR. 7UDANSs [t is plant-specific or generic?

MR. SMITHt [ would say it is more plant-specific
and [ think we would probably have to ask each plant to
speak for that and proosably they are not prepared at this
time to speak directly to that. You will no doubt find that
there would be some commoniity but [ would expect that it

woula te also unique.

OR. PLESSET: The lead plants aren’t involved in
the gquestion there?

M8, SMITH: These will be non=leaa plant
acgplicetions.

CRe ZUDANSt The reason I mentioned this is

pecause from what [ gathered before lunch there are many
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questions not yet resolved with respect to capability of
this model to predict reality.

MR. SMITHt Yes, and we were very interested to
hear what Dr. Catton and Dr. Wu said, and we wil)l take those
into consideration for any application.

DR. PLESSETs Thank you, Mr. Smith.

DR. MUZZYs I am Ray Muzzy from the General
Electric Company.

(Slide.)

The program [ am going to talk to you about today
is the 4T C0 program. As a result of examining the lead
plant assessment report, NUREG-0487, there was a question
which was mentioned this morning concerning the potential
vent length because of the scaling of the 4T test
equipment. The vent lengtnh system within the 4T was about
90 feet long, whereas prototypical was about 45 feet., As a
result of examining consicderable subscale test data and
analysis in attempt to resolve that issue, we concluced that
from the existing cata, that we did not have enough
information at that time to resolve the issue and considered
two patns for possiole closure of this particular guestion.

The first path would have peen to go tnrough some
acgditional analysis and subscale data, which we pelieve
would have been a long anc lengthy closure, whereas the

better would be to Jo to full scale tests for unique and
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generic information for the Mark II plants.

(Slide.)

Some of the objectives of the program are the
followingt to confirm the adequacy of the existing 4T
specification we used an existing test facility, the 4T, anc
made up modifications in that facility which I will describe
in the next slide. We went tc a prototypical configuration
and we varied the test conditions to make the test data
generic to all of the Mark II plants. We considered various
types of breaks as well as vent submergence at full
temperatures, max fluxes and vent rises.

(Slide.)

The test configuration is as followst this is the
existing 4T 10, the wetwell for the previous test, the vent
system, its bracing, as well as the wetwell tank here in the
previous test. Thuis was the drywell and there was a vent
length that consisted of gipe that came from here all the
way Up anc down through here and that created the 90-foot
length that [ talked about.

For the existing system we took the drywell and
put it on top of ne wetwell in a prototypical
configuration. This is the existing steam generator that is
used in the old 4T test and will be used as the basis for
the source of steam and liguid for these tests. Also

contained in the test equipment is typical vent riser with

1031 331
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.:::ﬁwﬂ 1 jet relector, which is prototypical oY the Mark Il plant and
\ 2 will be studied as on2 of the test parameters.
3 DR. ZUDANSs [ previously asked a question about
4 the natural frequencies of the downcomers. Do you know the
S natural frequency of this downcomer?
6 DR. MUZZYs No. It is identical to the downcomer
7 that was used in the previous 4T t:st.
8 DR. ZUDANSs [t i5 feasible or possible or
y required, really, to vary this particular parameter, the
10 natural freguency of the downcomer to see how it affects the

11 things that you observed, because of condensation

12 oscillation frequencies, and go through the range where it

13 becomes synchronized with that? This seems to be in my
<:) 14 mind the only reason why you people decided to consider

15 bracing of downcomers in plants that did not have bracing

16 nefor., oecause you could not anwer the question of wnat

17 happens if they are of the same frequency and you could, in

18 fact, study this particular parameter, could you not?

| » MR DAVISt The bracing system that Zimmer and

20 La3alle is consicering is a result of considering submerge

21 structure loads, which is the impact on one vent from

P oscilleticns of another vent. t i{s not caused by

23 oscillation in a single vent acting on itself, From the

24 pravious 4T data, we have observed that during condensation

oscillation there is very little, if any, movement of the

n
wn
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. j:pwn i vent itself from its excitation to itself.
h 2 DR. ZUDANS: It doesn’t have to be from itself,
3 There is a condensation oscillation from multiple vents and
4 it operates at a given freguency. And if the structure is
- of tihie same freguency you do have a question of what happens
o] if the resonance occurs. You will never nave a single vent
7 postulating a single vent in a real plant.
8 MR. DAVIS: True.
v DR. ZUDANS: So there is other chances for other
10 vents to feed the energy, so to speak. [ am asking a
11 question, is it feasible to think that you could get some
12 light shed on this resonance that might exist because you
13 sta‘d that some of the frequencies in the structure are in
<:> RS the range of fregquencies of condensation oscillations.
15 Of course, if you make it very stiff ana brace it
10 you will move it out of that range. And maybe thar is the
17 sclution.
le 23, DAVISt In the previous 47 test ve did have
I > essentially cifferent frequencies of the vent in the test,
20 in that we changed the elevation of the bracing in the tank
21 from = | will nave to guess at the numbers, like eignt foot
2 from the bottom of the vent to 24 font, so there was quite a
23 range of vent frequency. And in none of those tested, we

se2 any excursions or significent loads auring condensation

o
4

oscillation. | an not sure [ am a=-swering your gquestion.

(3]
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DR. ZUDANS: Ycu’re not.

(Laughter.)

DR. ZUDANSs All you have to do is go home and
dig. You have the informatior. Because you don’t know what
the frequencies were, even with this support shifting. You
would have to look at the oscillation condensation
oscillation frequencies and look at the frequencies of this
structure as you had it, and if you can show that yo. really
went through the resonance. [ didn’t observe anyth’' 1g
signicant. That mignt te all you need to do.

In other words, you do have the information, I
assume, on natural frequencies of those downcomers. Have I
made myse.if clear?

MR. DAVIS: [ believe so. Maybe [ could try again
on why the bracing system at Zimmer —

OR. ZULDANS: Don’t try that.

(Laughter,)

DR. PLESSET: [’d like to hear it anyway. 0o
ahead.

(Laugnter.)

CR. SRINKMANS [ woula like to make sure =— |
would like to uncerstand for sure what tne guestion is. The
questicn seems %c me to be, if you would dJdo 2 test with

various sracing arrangements in this tank, perhaps you could

.-J
O

ot

W

aen

(8}
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-
-

te that you don’t need a braling system to the
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.u:;?WH 1 power plant.

2 DR. ZUDANS: Maybe that would be a result. That

3 could have been a result. But what you would have to

a4 demonstrate is that nothing adverse happens if you happen to

- haVe resonance between the natural frequency of your

é downcomer and the oscillation frequency of condensation

7 oscillation.

e DR. BRINKMANt You are concarned about an

¥ .ndivicual dewncomer, then, loading itcelf due to the

10 oscillations at the bottom.

1 DR. ZULANSt Each of these downcomers i., 1ln

12 principle, identical to the other. If one of them has a

13 frequency, natural freguency, and submerged state of 9 hert:z
<:> 14 so will the others. I[f your condensation oscillation

15 frequency is between 6 and 14 hertz or 6 and 1! hertz, that

i¢ means that you ado have exciting frequency that (s e:2ctly in

17 resonarce with your structure.

i8 what will the structure co {f it is subjected %o

Iy such exciting force? You do not have any tests that

20 indicate such a situation. You don’t have that information.

21 MR. SidITH®s [ think we co. We have exhibited that

22 in the criginal 4T progran.

23 DR. ZUUANSs What dicd yc. have? [ asked whether

24 you hac fregquencies anag you saig =

5 MR. SHITH: We don’t have the information here as

()]

1031 735
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\/p%WH 1 to the exact frequencies, but we did experience condensation

2 oScillation in that test series. And there was no

3 deleterious structural effects.

- DR. ZUDANSt Do you'know what the frequencies of

5 the structure were?

o] MR. SMITHt [ can“t tell you here. We probably

have that information.

8 CR. BRINKMAN: [ think it is fair to say that the

¥ frequencies covered by the test facility bound the

10 frequencies that we would expect in the power plants. And

11 if we went home we could dig up the data and give you the

12 numters.

13 DR. ZUDANSs [ want you to convince you, yourself,
<:) 14 that resocnance is not a dang2rous situation. .That's all.

15 DR. PLESSET: Mr. Crawford.

16 DR. CRAWFORD: Perhaps [ could = | would like to

17 try to clarify what [ think the guestion may be, and why we

18 are still having a concern and are still considering the

19 design. In the 4T test with the single vent, we tested over

20 a2 range of test frequencies ==

21 OR. PLES3ETs Includinc resonance?

il UR. CRAWFORD: Yes. But our concern for 2xamining

23 the restraint system design is that the ioacd magnituce at

24 tn2 rescnant freguency may cause an adjacent cdowncomer to De

w

excitec., The reason for that concern (s that the

ro
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BWH I self-induced load is not the same load magnitude as the load

/

2 inducec on that cowncomer by an adjacent downcomer. So that
3 is really tne concern.

4 In this particular test we have tested over the

5 range and we gon’t feel there is any self-induced load that
6 excites the rescnant condition. [ would feel more

7 comfortable before — if [ were to do a test to determine

8 that a neighboring downcomer would not induce a resonant if
¥ I had a multivent test.

10 DR. ZUDANSs That is a very good answer,

I DR. PLESSETs If Dr. Zudans is satisfied, accept
12 it.

] (Laughter.,)

(:> 14 DR, PLESSET: [ think that you clarified very

15 well,

16 DR. ZULANSs The question is not being ignored.
17 DR. PLESSET®s No, that’s for sure.

16 UR. ZULANS: That was my concern. Nothing else.
| ¥ He answered my question that a single vent test (s not the
20 avenue to find the answer for this guestion.
21 JR. PLESSET:t 1hat’s right.
22 OR. MuZZYs In ~erms of instrumentation, the
23 primary objective of the tests are toc address the gquestions
24 concerring vent acoustics and wall loac information so the
25 instrumentation was concentrated in that area. We haa fron
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our er‘sting 4T facility approximately 64 channals of total
‘net umar,. tion available, of which the mix was about 3/4 bf
high Qpecd channels and about 1/4 low speed channels, low
soeed being Jdz2voted to thermccbuples and bubble probes and
the high speed with pressure measurements throughout the
system.

In addition to instrumentation on the wetwell and
suppression pocls, the downcomer “rywell blowdown line and
steam vessel, we have also added instrumentation for
measurement of the air content. We have two methods, one
method being a grab sample technique where we grab a sample
of air cownstream of a vent inlet and also a backup
technigue where we continucusly monitor the air.

DR. CATTON: The high speed measursments, how many
per second on a given pressure transducer?

DR. MUZZY:s There are similar to high speea
instrurentation used for the last 47 test.

CATION: I don’t recall what that was.

)
x)
-

MJZZYs [ don’t have the exact answer.

(.
U
.
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DR. CATTONs Does anybody have the answer?

DR. MUZZY:s Yes.

DR. PLESSET® It will be in a report.

JR. MUZZY: There is a test plan in the procedure
document. "here is a documsnt that will address the gquestion.

DR. PLESSET: Maybe we could get the numbe. latasr.

DR. MUZZY:t [ may pe aple to answer that guestion
riznt now.

OR. PLESSET: That’s best.

(Pause.)

DR. MUZZYs I would like to check it later and giv2
you the answer.

OR. PLZSSETs Yes.

0. ZUDANS: Could I ask 3 guestion on the previous
slida?

Ji. MUZZYs Yes.

DR. ZUDAN3t [ noticed that you don’t nave anytaing
ingdizated on downcomer.

DR. MUZZY: We do nave instrumentation for strain
gauges on tn2 lower downcomer. [ d0 have a 2ack=up slida.,

Ji. ZUJANSt You go have strain gJaujes:

J3. MUZZYs Yes. I[hese ars the strain gauzs lncations
on tae lower downcomner and we will oe ra2Coriing tnhat
inform2tion == on the Dracer system. ANC w2 have Iwo

- 1 |
accalerometirs located =—
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& | DR. CATTON: Our Part 3 strain gauge is sufficient
../) 2 to locate tne direction of the force.
3 Dh. MUZZY: Yes.
i ;

DR . ZUDANS: No Wbraces?

- Ore MUZZY: Yes.
5 DR. ZUDANS: Don’t you plan to run it without dracss?
7 DR. MUZZY:s No, thare are no plans to do that at

3 this time.

’ OR. ZUDANSt Ahy?

10 DR. MUZ_.Y: We are primarily interested in measuring

1 the CO wall loads and addressing the question concarning Ch2

12 vent length. That is an objective of the test — that’s

13 why we have used the equipmant the way we have,

14 YR. ANDERSQNt From the bezinning 2f the 4T test,
<:> 15 thers has oeen an attempt to look at and estaolish the loacs

15 and to put together 2 facility'that was prototypical of

14 Merk II plants. However, not structurally prototyaical.

13 Tnere has never been an attempt to make it

17 structurally prototypical betause you have juite a variation

2J from plant to plant in the cracing systems.

A 4

I think you might hear something with regard to tne

ro

22 Susquehanna presentation wnhare, in tnat particular cass2, for
23 that == that is prototypical of tnat plant. And tnay ar:

24 trying to make that structurally prototypiczl.

25 H4are vou would have to run a wnhols series »f tasts.
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D3. ZUDANS® I undarstand that. My comment would De
that if you plan to license any plant without any oraces =
which right now Zimmer is without traces and they are not
committ@d to use the braces yet. Thesy are or, r study .ng it.
You don’t have any single tast.for -— without braces.

DR. ANDERS(ONt But that doesn’t necesarily affect the
sMad.

DR. ZUDANSs It affects the load dramaticaliy. The
load is affacted. There will be effect.

OR. ANDERSONt The data for estadlishing load for
all of thes2 plants comes from a variety of tests. The 8.2
kip static equivalent load didn’t come from the 4T3 it came
from GKM. And there are many other test facilities. So we
look2d at those witn bracing configurations to come up with
single~]oad specifications.

JR. ZUDANSt Is there any test at 2all without
oraces any place?

Jxe ANDERSON2 [ don’t tnhnink so.

J3. ZUDANS: [ suggest that we think aoout it.

DR. ANDERSONs .f tney do not make a modification %o
include orazing, this will oecome =— we will look a2t that
arec at that fluid structur2 interact.un concern.

J2. MUZZYs We have structured a text matrix to
investigate a range of parameters for tne dark Il conditions

and nave invastijzated break type, oreak siz:, 220l temderature,
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K s | vent submergence, and we have inserted a riser to establish
.)9 2 the e ffects of a riser, which rises up into the dry well.
3 Ne have a two-phase program, an initial set of about
B four tﬁsts. Ne get early=-on indications c.' the behavior of
2 the system which will help us tb formulate and finalize the
3 remaining Pnase II test which will be done after that.
i [ will give you some schedule indications on my

3 last slide.
’ DR. CATTONs [s there any reason that you nave nco
10 steam break with high pool temperature?

1 DR. MUZZY: No. It is a matter of packagzing the

12 various testes that we have availaole from the matrix, which

13 is 23 tests to maximize the information.

14 OR. CATTONS® So you fezl that the loads associated
<:) 13 with the liguid oreak will de greater than those associated

15 witn the (inauaiole).

14 OR. MUZZY: That has been borne out in experience.

13 (3lide.)

1 Io give you an idea of how the test matrix

29 covars the range of o.owdown conditions for Yarx II plants,
21 Wwe nave plotted the air content versus the vent steam mass
22 flux.

23 (5lice.)

24 In terns of the usage of the data and its

e interpretation in measuring that exit pressure nistory, we
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detarmine the presence of the standing wave.

And we will also be examining the pool wall pressure
nistories to establish the CO amplitude versus frequency
contant and interpret it in te;ms of Mark II applications and
compare that to the QFFR.

(3lide.)

Tne schedule for these activities are as follows?
We nave developed the functional specification and the test
plan. The facility completion, facility modification will oe
completed tnis montn.

At that particular time, near the end of the montn
and in thiough Octooer, we will be doinjz shakedown tests.
Aftar that, we will initiate our Phase [ test, the four
tasts [ talced to you about. Then there will be 2 time Jeriod
for about 2 month when we will examine that data anc see nhow
it would possibly influenc: the Phase II test.

I1 December and tnrough March, we will do our 2hase
Il testing. The data reduction will take place durinjg this
times and th2 final test report will oe out in the thirg
juarter of 1930.

- - e

JRe PLESSETt Are there any other jusstions of Uir

(in response.)
J3. PLESSET: Thank you.

_ B . . .
O« CATTOH: How did you arrive at the hiz

>
)]
-
U
9
]
s

~
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temperatu~e oeing 110 degrees?

DR. MUZZYs Pool temperature will increase during the
test. That is th@® initial temperature. And as the olowdown
procoe&s. it will increase. That is how it was dictated.

DR. PLESSET* The nexé item is CREARE tests.

DR. PATELs I am with CREARE, Incorporated, and I
will pe presented to you today the multivent test program that
we are performing for GE.

(Slide.)

The objectives of the multivent test program are
tasically to obtain a singl2 vent and a multivent data Ddase
which can be used to obtain the transient loads with a
number of vants during chugging. And secondly, we plan to
show that tne trends that +? observe in these sub-scale data
will be applicable and valid for application to the full-scale

And we will do this 9y comparing the single=vent
data at four suoscales and comparing multivent cdata at two
scales.

(3lide.)

In meet the oojectives =f the program, we are coing
single vent tests at 1/10th scale, 1/5th scale, 1/4 square,
and 5/12tns squares. The multivent tests at 1/i0th scalse,

3, 1y and |y vents, and 1/6th scale, 3 and /s vents.
DR. CATTONS When you change the scals, you change

all the geonetrics?
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DR. PATELs I will get into that shortly.

We also did tests to see the effect of the
parameters like drywell siz2, pool size, and the location of
the vent in the pool.

(Slide.)

The test program was broken up into two phases.

In Phase [, we developed the test facility instrumentation
data acquisition procedures to do these tests, and then we
did the tests at the 1/10th scale, |, 3, and 7 vents. And
at the 1/6th scale, we did the | and 3 vents.

N2 alsc did the special test in order to 2valuate
the effect of drywell size, pool size, and the location of
the vent in the pool.

Pnise II, which we are doing right now, at CREARE
we are doing the 5/!12ths sinjle vent, 1/4th, the 10th scale
for 7 vents and tne 4th scale for 7. And this will complets2
the aata base for the objectives of the program.

Tne schedule for-this test program is as follows -

(3lige.)

J. CATTONS Will you show a Cross—section?

OR. PATELS Yes. Ine scnedule of the program is as
followss Pnase [ is essentially completec.
is in the works. Pnase II, testing nas veen startad., W2

are at agoroximately 40 percent complet2 on that. Anag w2

nop2 to produce the test rejort on tnat sometim2 in the s2cond
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g | quarter of 1930.

-‘/} 2 The test facility, a schematic of it, is shown here.
3 Ard we have shown some typical geometries that w- tested in
Y Phas2 I.
3 The drywell is essenéially located on the top of
8 the wetwell and we did essentially multivents at the same
/ scalas.
3 So we did a single vent test and 2 multivent test,
- whiczh looked essentially similar, except for the sizZes b2ing
10 changed according to the numoer of vents.
11 Do you nave any questions on this one?
12 DR. CATTON: ] se¢ what you have done when you
13 scaled up. You built yourself a completely new system,
14 DR. PATELs That’s rignht.

\:> 13 DR. CATTON: When you go from the one vent to tne
13 thre2 vents, you are increasing the area, cross—seciional
1 area by a factor of 3.
13 JDR. PATEL: Yes. The drywell is increased oy 2
I factor of 3 also.
20 (Slide.)
2l The test matrix w~as extensive for this program and
22 the reason peing that we wanted to cover the wide rangs >f
23 sarameters so that if we needed them for the scalinz work,
24 we would pe acle to pasically fall oack on the dJata pase.
pa Tae suomergjence and the cl2arancCe wer2 scaled Oy

1031 743
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r:) | a scale factor. Tne wetwell diameter was such that the pool

ts vant area ratio was kept constant. The drywell was scaled

w N

by tne cube of the scale factor from the cerresponding single

4 vent full=scale drywell.

. The wetwell space pressure was varied from

U

3 sub~ambient to the full 45 psia, which is a3 protypical value.

7 The steam mass flux range was from .! pounds to 15 pounds,
3 which is expected ¢ lower the 2ntire chugging range.
y The pool temperatures varied from 90 to 200 and tne
19 steam air content was changsd from Zero to .3 percent Dy
I mass.
12 (Slide.)
13 I will oe showing you some of the Phase I data that
14 we ootained and [ wil{ show it to you in terms of the
<:) 13 mutivent multiplier, which is defined as the peak over prassure
15 measured at the cottom of the pool for the mutli=vent
14 geome try divided oy the cosresponding one for the single
= vent geometry.
I Sasically, at the same test conditions for the
22 same value >f steam mass fluxes, wnat will air spacs
21 pressure and so fortn —
r Vi Hare is a composits bar wnich indicates tne
23 multi=vent multislier for a range of steam mass fluxes 2anad
24 the trend is fairly clear.
23 Tae mutivent multizlier is essentially la2ss than I,
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That means the load in the multivent geometry are less tnan
thoss in the corresponding single-vent jeometry. And
furtner, the loads go down as the number of vents is
incraagod.

This is tne 1/10th sﬁglo data.

DR. ZUDANS: Which loads?

DR. PATEL: The peak over pressure at the ocottom of
Shil =

DR. YAO: Does steam mass flux indicated for single
vent or for both tests?

DR. PATEL: The mass flux is essentially
non-dimensional oy the total area of the vent.

So in the case of a sin¢le vent, it is the Cross-
section area of one vent. ror three vents, it is three tim2s
that. The mass flux stays the same,

OrR. CATTON: When you do one vent, you have a
particular vent to pool horizontal area. Anc you 30 to “wo
vents on this diagram here == do [ maintain that retio vant
area?

O:. PATEL: Yes.,

DR, ZUDANSs This is just one of tne load paranatsr
tnat you ooserve the pressure at the bottom of the
suparession pool?

02. PATZL: Yes.

JR. ZUDANSs Did you look at otner things and tney

1031
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showad the same type of trend?

DR. PATEL: WNe looked at peak underpressur2s where
pasizally the program is geared toward measuring the wall of
pressufe loading.

Ne are not making any measurements of loads on the
vents and so on, like through strain gauges, et cetera.

So it is essentially making — drawing conclusions
oased on th2 wall pressure increases.

DR. ZUDANS: You locok at the sidewall pressures. UJo
they exhibit the same thing?

DR. PATEL: Yes. N2 have a total of six prassure
transducers located on the pool walls. Some of them are at
the pool Dottom elevation and some are at mid=submergenc:2
around the circumferential locations and so on.

N2 have a lot of data at various parts of the pool.
And all of them are gJenerally exhioiting the same trend.

DR. ZUDANSt Do you measure anything tnhat would tell
you what the vent itself is?

JR. PATZL: The vent in terms of —

JR. ZUDANSt Pressure?

D3. PATEL: We measure the static pressurss in.

OR. ZUDANSt How acHut outsice?

OR. PATEL: The outside surface of the vent does
not nave a pressure transducer. S50 we do not have 3 prassure

measurement therea. Ne do have three transducers lncsted on ==
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essantially put close to the vent. So we have some pressure
data in the pool close to the vent, dut we don’t have a
pressure transducer on the vent looking at the pool wall
prossufos itself. :

DR. ZUDANS: You do not measure the motion of the
vent itself in any way at all?

DR. PATEL: We have accelerometers on each of the
vents, so we do have acceleration data.

DR. YAO: How do you define *multivent multiplier"?

DR. PATEL: This particular slide shows the
mutivent multiplier based on the peak pressure at tne oottom
elevation.

That is essentially defined as the peak pressur2
at the bottom elevation for the multivent geometry, divided
oy tne peak overpressure for the single vent geometry at the
same test conditions.

DR. CATTON: When you run your single vent test,
where are your pressure transducers relsvant to the single
vent?

(31lide.)

OR. CATTOW: Let’s compare one with three,

OR. PATELs [ will do it at a larger scala. 3Suppos?2
there is a transducer here and 200l 2levation = do you navs
a pen that [ can us2 on this? Let me show you a tydical

transducer lLocation. There would oe one here and on2 thara
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indicating).
There are essentially three around the circumference
There is one transducer there.

at this location. So you

hava four plus two. That is Six transducers. ror the
multivent geometry, you have one there, one there and on2
thers. Basically three around the circumference — again
nere and one there (indicating).

The data [ am srowing you is showing the peak
overpressurs2 here versus th2 peak overpressure ther2
(indicating).

DR. CATTON: When [ look at the three, the location
of the pressure transducer is a lot further away from the
left most vent.

S I would expect that its impact on that particular
transducer to be much less. There is no way that [ would take
a single vent and multiply it by 3 to get the load o2cause
there are area considerations that have to 2e taken into
account.

Have you done any of this kxind of thing?

D. PATEL: That is exactly why we did the test, o
see the effact of pool size with the event essentially
centared in a different siz2 pool. And the2 offset vent ta2st

whers we tooX the same 200l that we use for the thrae=vent

test and we took these two vents out and then ws furtner —

movad this vant around so we could zuantify the

1031 751
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o | 1 distance between the vent and the transducer measurement
| /) 2 locaticn.

3 It turns out that the predominant factor which

4 governs:tho peak overpressure are the magnitude of the wall

3 pressures, is the size of the 5601. The distance is a

5 parameter.

! Ihe claser you move to the transducer, the higher

3 the ==

’ DR. CATTON: So the pressure source at the vent is

19 provaply the same in both cases. You really Jjust have a

1 geome tric =

12 DR. PATELs Exactly, and probaocly the vents are

13 not chugging in pnase. So each vent (s ==

13 DR. CATTONS Are you able to separate that? 1[I think
<:) 15 you have a combined lack of synchronization. And if you

15 can’t separate them, then I think there is a bit of u problam

11 in accepting either one.

18 DR. PATEL: We have a single vent test where we

|5 took the sinjle vent and put it in the same size pool. Then

29 we measured the pressure.

21 In general, we find that that (s =

22 OR. CATTONs Did you run taree tests with the single

23 vent in everyone of those locations and look at th2

24 pressure?

2 oR.
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,’i} I NR. CATTON: That is a proolem that you have to
b/ 2 work out.
3 ‘ DR. PATEL: Yes. And by taking a look at that data,
4 we #ill be ablc to answer —
3 DR. CATTONs You haven’t done it yet.
5 DR. PATEL: I haven’t done that completely. But
we have the data and that was the purpose for taking this
3 data, was to sort out what causes the mutivent == «  opposed
7/ to Jjust showing that it does go down.
10 DR. CATTON: you have a broad range of parameters,
11 from 90 to 200 degrees, mass flux to 2.8. Air content, 25
12 on une graphe.
13 Are you going to sort this out or find the maximun
- 14 valua type of curve?
\') 13 DR. PATELs There is a report in progress right now
15 and it will be given to the NRC sometime at the end of the
14 year. e don’t have comolete cross-olocks for each of the
13 soints you see here will be plotted against steam mass flux,
I now it variss and so ¢n. ;
23 For the presentation here, this is to givs you a
21 flavor as to what tnis =— this band represents something of
22 the arder of 50 data points.
23 D3. CATTONS It repressnts a tremendous range in
24 important variaoles.
25 OR. PATELt That’s rignt. The point I am tryins €5
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make here is that the pool size effects seem to dominate
the effects of the other parameters.

So you still get most of the data fitting into these
kinds of bands.

DR. ZUDANSs Generally, you find that the bottom
pressure reduces 3s pool size increases.

DA. PATEL: Yes.

DR. ZUDANSt The number of downcomers, the numder of
vents does not have a linear effect on the pool pressure. The
effect may De =—

DR. BUSHt When you say pool sizZe, you are
talking about area relationship or body?

DR. PATEL: We keep the supbmergence the same.

DR. BUSHt You change the submergence level for the
same area of content? Does it chanje anything?

DR. PATEL® In this particular test program, we 3are
not taking s look at the effect of suomergence on cne wall
pressure.

N2 nave done that in a previous test program and
we faund that sudmerjence in general does not affact the pezk
overpressurs to a large extant,

Far tnis pnase of the prozram, th2 submergenie w

w
wn

not a variapole.
DR. BUSH: Therefore, when you talk about the size,

you are really talking about arsa of contant?
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h 1 DR. CATTON: Really, what you were saying is that
‘%i) 2 the monometar models are not valic.
3 DR. PATEL: The monometer models for the chugging.
1 DR. CATTON: Yes.
3 DR. PATELs [ seem to feel ==
$ DR. CATTON:t I don’t want to lead you to a conclusion.

i DR. PATELs It might play an effect, although I

3 think the monometer is essentially going by the condensation
v process. And as long as things are done, you keep that

12 fairly similar from scale to scaie. You find that the

1 othar parts of the jeometries do not seem to affect it.

f‘ 12 DR. CATTON: The monometer effect is not the
y 13 important one, and [ would agree with that.
14 CR. PATELs At one-sixth the scale, we see a similar
(:) 13 trend. WNe only did the one, the three vents here. 350 we
IS have the one data point. Again, you se2 that the loads are
1 going down,
13
1y
2J
21
22
23
24
25

1031 755
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Cr. 6841 1 (Slide.) ;
:i - DR. PATEL: To conclude ==
: - | DR. CATTON: One more gquestion. I don't mean to ‘
‘! keep beating on this. If you think that you are dealing with |
5! area and you “ake the pa:ticulif vent area to pull area i
6: ratio, you can go to two vents, double the area, pull area, ?
7% and get roughly the same load. The pressures will be ditfc:nnt%
aE but the lcad will be the same. |
9i What are you telling me? Are you telling me the
10 loads are the same or the pressures are the same?
" DR. PATEL: The peak overpressure are the same.
‘2i I do inte .3 to =-
,31 DR. CATTON: when you integrate over the surface

,4§ﬂ you may come to a different conclusion with respect to the

15 Loads.
6 % DR. PATEL: That may Dbe.
17 DR. CATTON: You have pressure Jdistribution and

you have by no means have enough pressure transducers to

13 determine wnat it is. You really need another phase to test
27 to concliu~e t .1t the loads behave as you say they dc.

"1 DR. PATEL: This is not a locad aspect, per s.

32, It is more what 1is happenirg to the pressure at the wall.

23 DR. CATTON: Your pressure transduv-ters, as you

24 indicated, is in line with the three vents a: : don't have

woe-F Reporters, Inc
; 28 three vents unless you have lccated them in some symmetric way

AN 1031 156
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sls-2 " that doesn't show on your drawing. I am not sure again what
(\:;> 2 it means.
3 DR. PATEL: The three vents are essentially put
. like that.
5 DR. CATTON: The pr;ssurc transducer should be
6% located so it is as cluse as possible to all three in order to
7% get a peak pressure.
8% DR. PATEL: We have the three circumferential
9; pressure transducers, the vent elevation.
10§ DR. CATTON: They are higher.
],E DR. PATEL: We have a pressure transducer there
,2§ (Indicating.)
|
|

DR. CATTON: I noticed that cne, yes. You indicated

O

14 | that you were using the bottom one.

15 || DR. PATEL: For the purpose of the data. I made

16j the comparison for these two (indicating.) If I plotted the
. other transducers --
18 DR. CATTON: You may not be telling me about the

peak pressure then, the pressure that is closest to the vent

)

exit. Doesn't it =-- doesn't it read higher? Could vou locate

L)
©

that circumferentially around the tree where it would read the

22 peak?

23 DR. PATEL: We do have that. The three vents are

24 essentially placed like so, a “he pressure transducers at the
Ace-m + Reporters, Inc

75 . vent exit elevation. (Indicating.)
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DR. CATTON: 1If you bisect one of those vents, how

do you know that a pressure transducer where that intersects
the wall wouldn't retire due to super position?

. DR. PATEL: I den't know that, except when I plot
the circumferential location wiﬁh the three transducers they
sort of give the same answers.

DR. CATTON: I would expect that. That is a
question I basically cannot answer.

Can't you rotate the lid of this thing?

(Laughter.)

DR. PATEL: We could do that. The purpcse of the
program was to just see how are the pressures affected at the
various locations, and we happened to pick these.

DR. CATTON: It is an acoustic prochlem and you could
calculate where the peak pressure is and locate your pressure
transducer then.

DR. PATEL: Right.

DR. YAO: I have a gquestiocn on the slide on this
multivent multiplier.

T tried to understand the meaning of this sentence.
So, from this chart if I have a single vent, let me see the
total load. The single vent is cone unit.

DR. PATEL: Total locad or the peak overpressure?
The wall?

DR. YAO: This chart indicates peak load.

1031 758
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sls-4 . DR. PATEL: The peak overpressure at a particular l
E |
' ) 2 wall location. |
3 DR. YAO: Let's assume pressure is almost uniform, sJ
" i+ is one unit. So, I get two vents. Two vents is about i
;| -57. something like that. So, is the .57 multiplied by two ‘
6 +#hen multiplied by another two to give you a total area? So E
7é actually for two vents, test data indicates this .57 multiplied!
|
8% by four. |
9; DR. CATTON: So, the load is twice, and that sounds |
‘oi reasonable.
" (Laughter.)
‘22 DR. PATEL: The total load, if you integrate the
|3f pressure around the wall, and I am sure what you are saying is
<:> 14} true. But the fact is the pressure which is measured at the
15> wall in which I believe the stress -- what one wants to work
16} with and goes down by half. So, there is a distinction between
., the total load --
8 DR. YAO: Let's assume from your curve, the curvature,
13 let's say approximately four vents. The curvature starts to
20 change. This means where you increase the number of vents, the
2 load either increases or decreases for the number of vents
22 | less than four and the tendency reverses for number of vents
23 bigger than for.
2 DR. PATEL: Excuse me? I didn't follow that.
aced Reprrers inc.
25 DR. YAO: You have a curvature there. This

1031 759
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curvature actually changes, the steep curvature it changes to --:
the slope changes. i

DR. PATEL: PFirst of all, the line has been sort of |
drawn through some data. I don't know how accurate it is. I !
don't know whether you want to go to the extent of pulling
slopes from it. I would loock at the line. But when you start
to differentiate a line which has been drawn through a set of
data, it worries me.

DR. YAO: The reason I don't interpret your result --
I get the immediate impression that the increased number of
vents the load decreases, and =--

DR. CATTON: That is correct.

DR. YAO: Somehow this violates my intuition. This
is why I try to understand the meaning of that curve.

DR. HANAUER: The ordinant on your curve. This is a
number which I have to multiply by what to get the peak
pressure?

DR. PATEL: From a single vent multiplied by, for
example, .4 will give you the peak pressure at the same location
for the multivent geometry.

DR. HANAUER: Do I have to multiply by three?

DR. PATEL: No, you just multiply it by the
multivent multiplier.

DR. HANAUER: I am having the same trouble.

(Laughter.)

1031 760
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If T have one downcomer in one plot of Area 1 and
I measure a certain number of pounds per square inch peak
pressure, if under the same circumstances I have three down-
comers in a plot of Area 3 -- will I measure a larger or
smaller absolute pressure? i

DR. PATEL: You will measure a smallcr absolute
pressure which will be forty percent of the absolute pressure
you measure for the single.

DR. HANAUER: The principle reason is the large
part and the fact that they don't reenforce.

DR. PLESSET: I think Dr. Hanauer has the floor for
the moment. Continue.

DR. HANAUER: I am finished.

DR. PLESSET: Will you feel better if that
multiplier were one-third for three vents?

DR. HANAUER: I just wanted to understand the
scale, and I didn't think people were corn wunicating.

DR. PLESSET: Who is next? Let Dr. Yao continue.
He started this.

DR. YAO: What I am trying to get across, I think
probably, let me suggest something. If you are going to analyze
the data, be careful about this curve because the slope change
indicated there is the optimum number of vents. You will get
the lowest load. That sounds strange.

DR. PATEL: All of this curve in my opinicn is
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sls-7 1 showing is that basically when you go from one vent to three E
fﬁi) , || vents you see the largest decrease in load, and when you F
- 1 decrease the number of vents you still see a decrease in load,
» .
‘! but thé decrease is not as large.
5| Now, I think that if you multiplied those numbers :
6% by the number of vents and tried to measure your load, you willi
7; find a decrease and an increase character. Of course, as you %
82 say, if you draw a line through a wider range of data, maybe -—?
91 maybe this curve is not represented in that, but my suggestion
10: is that when you analyze your data you want to be more careful
1 ﬁ to locate. This may be the mean value of the -- the best
12| estimated value of this curve.
131 DR. PATEL: I think there is a little misconcepticn
<:> 14?} here. These numbers do not get multiplied by the number of
15 ; vents in order to give the peak overpressure. This is just a
16; direct ratioc of what I measure in the single vent. I mean,

what I measure in the multivent divided by what I measure in

the single vent. As far as the pressure transducer is concerned,

w

i+ doesn't care whether it is one vent, three vents or whatever.

O

It is a direct ratio.

L]
o

DR. PLESSET: What he has is an area facter which

22 1is going up with the number of vents. The load could very well
21 rise as you say, and it will.

: For example, if the multiplier was .5 and if it has

p 25 three times the area it will get cne and a half times
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y || the load.

i::) 2 DR. YAO: It seems the slope changes --
3: DR. PLESSET: Decn't worry about that.
4 DR. PATEL: The thing I have shown here is the peak
5| over ressure, and if I did say load several times, I am j
6! definitely wrong. |
7E DR. PLESSET: We have that straight.
8! DR. PATEL: It is a peak overpressuie. This is the |
9? way the peak overpressure behaves. The total load on the

‘0' containment, if you assume to do that you would have to make an
assumption of what a pressure distribution on the entire wall

was and integrate with the area. Therefore, this curve is not

to be confused with the total load. This is what happens to
1413 the pressure when we measure in a single vent in a multivent
15| geometry. The pressure trend shows that it is increasing with
16 | the number of vents.

17 DR. PLESSET: Increasing?

DR. PATEL: Decreasing.

13 _?. PLESSET: VYour area is going down, too.

20 Your area is going up at the same time.

21 DR. PATEL: Right.

22 DR. CATTON: Some of the vents are further away

23 from the pressure transducer.

24 DR. PLESSET: 1If you were going to get a load
\ce-A Reporters Inc

25 roughly by taking the peak overpressure, multiplying by the
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area, it is most likely going to go up.
DR. ZUDANS: I would like to make this discussion
very short.
| (Laughter.)

Ivan peinted out why these data cznnot be used to
make this conclusion. The transducers are located incorrectly.

DR. CATTON: They may be incorrect.

DR. PLESSET: He doesn't have the pressure £ield
vet.

DR. ZUDANS: The only thing you measure correctly is

a single vent peak pressure. You do not have a field pressure

for multiple vents. Therefore, you do not know where your peak

is. You measure it right behind the triangular path on the
diameter. You shaded that point from all of the other vents.
1 think if you listen to what Ivan says you have to rotate so
that you measure in between and you would £ind ocut that there
is a pressure variation around the circumference. I think this
confusion is premature.

DR. PLESSET: For the pecint at which he measured it.

DR. PATEL: For the point at which I measured which
is pull bottom elevation. This is what I see.

Now, I think in the following presentations you will
see how they use the 4T data in order to predict the Mark II

W 3

plant loads. At that point you can see how tais ==

DR. PLESSET: I think that Dr. Catton's suggestion

1031 064
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;
atout getting a couple of other points or one other arrangemcnti
would be helpful. You have done so much here with this
arrangement that a little more might not be too much.
| DR. CATTON: When he goes out to eight vents or
seven, now you really wonder where the three pressure transducers
are located relative to the --

DR. PATEL: I think that the important point here é
is that at the same location in ‘he =-- there will be a
variation around the circumference.

DR. CATTON: You are referring to peak pressure.

The only thing I am convinced of is that you know what peak
pressure is for the single vent. Unless you run some other
experiments with different locations.

DR. PATEL: I think there is a confusion of that
peak pressure.

DR. YAO: Maybe this will clarify the point. I think
from those peak pressure datum you show us, you can show
definite correlation between this peak load pressure and the
total load.

DR. CATTON: I think yocu understand what the concern
is. There was only one other comment, and I think you want to
make sure that the synchronization of the bubble collapsed
in the area factors are separated. If you keep them together,
then I am not sure what one can do with the information you are

generating. If you can separate the two, I think that the; might

[ ot

-

1031 6o
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sls~-1l1l 1 || become meaningful for other aspects of the LOCA lcads.

(D . DR. PLESSET: I think we have belabored this a
3| little bit.
4 | Mr. Sobon? |
5 DR. SOBON: It seemg to me a lot of this discussion i

4 | ras taken place because it was not clear what the objective of |

this test program is.

g |
8: DR. PLESSET: Are you geing to tell us now? i
9: (Laughter.)

10 | DR. SOBON: At this point it is narrow, and that is

11| to simply justify that the maximum load measured in the 4T

12| full scale test facility 1is bounding =-- the maximum pressure --=

O ‘3;

14| and it is suitable for conservative use in plant evaluations.

it is simply to demonstrate that that is a bounding pressure

15 || DR. PLESSET: That is using a single vent peak
|
i

16 || pressure?
l

17 1l DR. SOBON: Full scale single vent pressure is

18 . bounding in a conservative or a multivent gecmetry.

19 DR. CATTON: That depends on how you are going to

20 use it. Are you going to take the 4T test pressure and multiply
21 it by the number of vents to get the pressures?

22 DR. SOBON: We are considering that maximum as

23 conservative and as a maximum for what you would see in a

24 multivent geometry. And this test simply show that the multivent

aow-d Reporters Inc

25 pressure would be low.
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DR. PLESSET: We accept that.

(Laught ~~.)

DR. PLESSET: Would you gquickly -- you had a lot of
good time.

(Laughter.)

(Slide.)

DR. PATEL: The overall characteristics of the
multivent -- of the chugging is very similar to the single
vent chugging. The multivent pool wall pressures are lower
than those observed in the single vent geometry and the multi-
vent multiplier is a ratio at the pool wall pressures and is
less than unity and decreases with an increasing number of
vents.

DR. PLESSET: Thank you.

We have another presentation on the improved
deccription of the chug loads.

Mr. Pitch.

DR. ZUDANS: I have a serious gques*ion on this.

DR. PLESSET: Just one guestion.

DR. ZUDANS: I would like to ask one mcre guestion
of the previous speaker.

When you list-d your cenclusions, were they based
on the same mass flux ra:e for 13672

DR PATEL: That's correct.

DR. ZUDANS: Then it is not too surprising.

1031 67
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MR. PATEL: It is the same mass flux.

DR. ZUDANS: Total mass flux, the same?

DR PATEL: It is the same. The mass flow in the
multivént geometry will be larger than the single vent
geometry by the number of venté.

DR. ZUCANS: Is the number of kilograms per seccnd
per meter sguared?

DR. PLESSET: He said that, but he got a lot of
other +hings.

MR. FITCH: I am Jim Fitch with General Electric.

(Slide.)

I am going to be describing the so-called Task A-16
of the Mark II program to develop an improved chugging load.
And the work that T will be describ ng is basically the result
of a joint effort be_~seen Bechtel Corporation and General
Electric. And we have Bechtel representatives here to help
with any guestions that you might have.

I would like to begin by briefly describing the
history of chugging in the Mark II program.

(Slide.)

I think we can certainly date this to tnhe original
4T testing of 1975 and 1976 which identified the existence on
this load, and resulted initially in an application m=morandum
describing a load to be applied to the wall of the Mark II

containment. This load beinc basically a damped sinu-scidal
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signal with a frequency range of 20 to 30 hertz.

This load specification was later finalized, and the
bounding loads report. There was another development along
the way known as the multivent_hydrodynamic model which
represented an attempt to bring to bear under the problem
of the essentially random nature of the chugging phenomena.

This model we now believe was based on an overly
simplified representation of the fluid in the containment,
mainly the neglect of compressability and the possibility
of developing characteristic Aiversions in the £luid itself.
But it nonetheless did indica<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>