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DR. KERR: The meeting of the Advisory Committee on
Reactor Safeguards, Subcommittee on Class 9 Accidents, will
come to order.

My name is William Kerr. Otb:r members of the
Subcommittee present today are Mr. vard, Mr. Okrent, Mr.
bender, Mr. Siess, and Mr. Mark. We also have as consultant
Mr. Zudans and Mr. First.

The meeting is being conducted in accordance with
the provisions of the Federal Advisory Committee Act and the
Government in Sunshine Act. Richard Savio is the designated
federal employee.

Rules for participation in today's meeting were
announced as part of the notice of the meeting, published in
the Federal Register of June 8, 198l.

A transcript of the meeting is being kept and will
be available as stated in the Federal Register notice. I
request that each speakher identify himself and use a micro-

phone.

We have received no written comments or requests for |

time to make oral statements from members of the public.

The purpose of the meeting is to discuss the con-

sideration of, analysis of, and possible use of filtered-vented

containment systems in connection with the operation of nuclean

power plants. The Subcommittee is here today to gather
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information about a number of studies that have been made

on containment venting. Of principal and immediate interest,
I would supvos~, are studies that deal wirh containment
already in place. Since there is some variety of these con-
tainments, venting considerations are expected co be influ-
enced by this variety.

Yenting is likely to be called for only in accidents
which produce large releases of fission products, at least
into the containment volume; thus, venting must include filter
systems capable of dealing with the unusual situations
expected to accompany a severe accident.

And finally, there is the decision as to when vent-
ing is to occur. For example, should it be automatic,
triggered b: some ore-selected set of conditions, or should
a decision be made b’ the operator or by the NRC or, God help
us, by the ACRS?

This gquestion, although perhaps as much political
as technical, has to be an important consideration in the

use of filtered-vented containment.

|
|
|
|
)

I look forward to the information that we are gather

today and will go directly then to the published agenda,
which has as first presentor Mr. Meyer from the NRC.
Mr., Meyer?

MR. MEYER: My name is Jim Meyer. I am a member

L, O

of the Reactor Systems Branch of the Office of Nuclear




Reactor Regulation.
I would like to take a few minutes this morning to

give the Subcommittee an overview of the present NRR strategy
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concerning tbhe role of filtered-vented containment systems
in our addressing of core melt accidents. In doing this, I
will be concentrating on Zion/Indian Point effort. I have
mace presentations in the past to the Subcommittee and full
committee on this program, and I will be assuming that the

subcommittee members are familiar with the Zion and Indian

Point program.

I think, although some points are perhaps obvious,

that to introduce the subject, it would be appropriate to

make three basic points. The first point is that the purpose

of a filtered-vented containiment system is to prevent con-

tainment failure. This is, ot course, obvious. However, it

is perhaps not as obvious that this may be one of the 1mportan¢

criteria for judging whether to proceed with a filtered-vented|

containment system, and what I mean by that is that, exclusive|

of guestions of risk reduction, it may be the judgment, for
example, of the staff, that there is considerable improved
safety gained by preventing containment failure by such &
means as a filtered-vented containment system.

Added to that consideration is one that has been

discussed in some detail, namely the use of a filtered-ventec

containment system to reduce risks, using a probabilistic




! ! risk assessment methodology in order to make that judgment.
{ I have in the past referred to a risk reduction factor of 10

3 % as a guideline by which we can make a judgment as to whether
!
. ‘; a particular mitigation stra' qy is appropriate or not, and
. s E in some of the following presentati_ns, that issue will be
62 addressed in some detail.
75 The third point is to keep in mind that the filtered
8 5 vented containment system is one of many possibilities in
9 @ terms of mitigation features and strategies to prevent con-
|
10? tainment failure. Such other features as passive containment

11 | heat removal, strengthening of containments themselves,
\
2 increasing volume of containments, all are directed to th

'l’ 13

same end, namely the preventing of containment failure, a

14 failure that would have otherwise occurred if the accident

15 | progressed into a core melt.
1

16 | With these basic ideas in front of us, I would like
|

17 | to very briefly speak about tile present activities within the

.

8 1 Office of Nuclear Reactor Regulation, that is the licensing
|

19 | activities, give you some perspective as to the design

20 approach, in particular as it differs from the traditional

21 design asis accident approach, and then 7jive a very brief

22 | summary of how we see the filtered vent coming into play in
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23 our addressing of the Zion/Indian Point activity.

The first wvu-graph, then, gives a summary of our

~
W

i licensing activities. The first is the Zion/Indian Point

e —— ‘«_.,A
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there is the further investigation of a vent with a container
to prevent containment failure. As I understand it, it is
not a filtered vent, but it is a vent to prevent containment
failure from failure of heat removal %o suppression core. ﬁ

And then there are a number of activities regarding
rulemaking, basically to coordinate with the primary activity
in research in the area of rulemaking. |

DR. OKRINT: What is the schedule for the issuance
of the report that gives the results of the analyses on Zion/
Incian Point by both the licensees and the staff?

MR. MEYZR: The licensees have postponed the purli-
cation of their investigation of mitigation strategies until
the end of August. This has been postpcned now several times.
We are hoping that this is the last postponement. We hope,

then, at the end of August to see how the utilities are

approaching the guestion of mitigation strategies for Zion and
Indian Point.

The staff is committed to wait for the submittal
that report and incorporation the information of the licensees!
report into cur final report, so the final report would have

to come sometime after that.

We are preparing an interim report. When I go bpack

z
o
)

Q
)

on Mor.iay, I hope that what we are referring to as an
draft will beready for further NRC peer review.

DR. OKRENT: Does that mear tpere will be no
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submittals by the licensees before the end of August?

MR. MEYER: That 1is correct, as I understand it.
This includes the large PRA work going on, contracted to
Pickard, Lowe and Garrick.

Any other guestions?

DR. KERR: Please cortinue.

MR. MEYER I would very brieflyv like to run

through, althocugh these are not cast in concrete, how we

"

feel the approach to thinking of a filtered vent system might

be different than what we would normally think of as an

h

encineered safety feature for design basis accidents.

We are making every attempt to do mechanistic/
realistic analysis, as opposed to the more traditional
approach of conservative analysis, to determine what the
design requirements would have to be for these safety feature
trving to make effective use of probabilistic risk assessment
in drawing our overall conclusions.

Third, because we are talking about low probability
avents as initiators, we feel it is important to consider low
probability external events,like large seismic events, 1in
considering the design requirements for these features, and,
lastly, we feel that --

DR. KERR: I am sorry. Did you say because you are
considering low probability events, you think it is appropgri-

ate for you to consider low probability external --




el

'

MR. MEYER: Low probability but major conseguence

initiators, included in that category being large seismic

events. And finally, the consideration of cost-benefit

assessment in our overall jvdgment as to whether or not to E
|
recommend a filtered vent or any other mitigation strategy. |

MR. SEISS: I still do not understand your answer to

|
i
|

Dr. Kerr. You are considering low probability initiating

events simultaneously with low probability external events, or
just low probability external events as initiators? ;
MR. MEYER: As initiators, and being careful to
make sure that the design of the mitigation feature would be
such that the device would not be impaired in its function
substantially by that initiating event.
DR. KERR: Well, the statement was, because the

event that is likely to call for the use of the FVC is a low

probability event, you consider it appropriate to consider the|

L3 1)
(2 1)

effect of low probabilty external events on the system.
Wasn't that what you said?
MR. MEYER: That is correct.
DR. KERR: To me, that is a non sequitur, but I did 5

not disagree with it. I just wanted tc make sure I understood |

it.

ra

DR. ZUDANS: What is the significance of factor of
10 ox any other factor on a low probability event, anyway?

MR. MEYER: Well, there are two guestions that we

.
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are trying to address in the Zion/Indian Poiut program; |

that is, what is the risk from, say, the Indian Poin

of - risk

. anits 1

reduction

and the more immediate guestion is, what kind

uld be gained by incorporating a mitigating feature like a

filtered vent, and the probabilistic risk methodology gives us

\
|

a guantitative way of making that judgment; at least this is

what it is purported to be able to do.

The factor of 10 itself is a guideline judgment for

talking purposes, for presenting to such forums as the Subcom-

mittee, in order to get feedback as to whether this might be

an apgpropriate --

DR. ZUDANS: I guess the guideline of the

10 is derived from the reports that you got that it

achievable with this type of system, then.

MR. MEYER: Yes.

DR. ZUDANS: Now, what I am talking about 1is some-=

thing else. The final consequences are, say, something like

10-4, and by a factor of 10, you make them 1072, but a 10-4

Wwhat is the improvement?
why I divided the guestion 1nto
that what=-

two parts. I agree with you that it may turn out

ever the number you chocose, it may be determined to 2e an

insignificant contribution tc -
DR. ZUDANS: The consequences.
MR. MEYER: =-- Lhe conseguences oOf risk.
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DR. ZUDANS: That is what I am talking about.

|
!
l
\
|
‘

MR. MEYER: And if that judgment is made, then the

issue of a further reduction of a factor of 10 becomes less

clear. These are subjects we hope will be addressed in the

rulemaking. They are very crucial, generic types of issues.

What we tried to do in the area that I am responsible for is

to address a more specific guestion: what will de gained?

Putting aside the level of risk from the plant, what will be
gained by installing a mitigation strategy A or B in terms of

this reduction?

In order to make a final judgment, it is a both/and
situation. You have to have the expectation of large risk

reduction as well as the judgment that it is contributing in

rt

risk fror the plant itself.

v

the sense of residua
MR. 3ENDER: Couléd I ask a guestion about the top
point up there, the mechanistic/realistic analysis versus
conservative analysis? The previous conservative analysis, as
I understood it, was an arbitrary accident having certain
constituents in it, reaching certain pressures. What is the
realistic/mechanistic analysis approach?
MR. MEYER: I can give you two examples. One 1is
that we have excluded some consideration of major contributors,
the double-ended pipe rupture, in a well designed plant,
because there would be risk analysis that would indicate that

that is a very low probability event relative to, for example,




station blackout.
MR. BENDER: Well, a double-ended pipe rupture
be of any size, so let's start by sayving what size break
in the picture. And is that being dealt with probabilisticallj
MR. MEYER: Well, the break sizes are divided into

three tamilies, the large break and then the so-called S2 break,

which is half inch to 2 inches, and the S1 break, which is 2

inches to, I bel’eve, 5 inches. So the AB family would cover
breaks beyond 5 inches, but it usually refers to the double-
ended pipe rupture.
MR. BENDER: But you are not answering the guestion
I asked, which was what size break is within the spectrum of
the mechanistic/realistic analysis that you want to address?
The breaks from a half inch to 5 inches.
MR. BENDER: And so that would encompass things like
leak valve and other things opening, as well as a break
pipe? And you are not planning to go beyond that? Is
your understanding
MR. MEYER: Well, I am not prepared today to talk

to what has come out of the Zion/Indian Point program per se,

but one of the results of the prrngram is that all the accidentgd

in the core melt scenario start looking alike, and you are
either talking about accidents where they have containment
heat removal or they do not have it, and so, although AB is a

low probability, we think now that it can be accommodated by




MR. BENDER: Give me another example of the size of

J
3| the aB sequence, which I understand to be breaks up to 5 |

!

‘ |

. 4 | inches. {
|

S MR. MEYER: The AB seguence is breaks larger than

é | 5 inches. Perhaps the more relevant example would be that

7 | we are proceeding with realistic analysis in terms of deter-

of what were determined for the WASH-1400 study, but using

|
|
8! mining the pressure loadings on the containment. It would be |
l‘ |
9§ much easier to determine conservative loadings along the lines
| .
10 |
1

11 | conservative analyses might lead us to false conclusions
12 | regarding the need for a mitigation feature, so the reason I

'." 13

14 | standpoints, it is important to do the best job in doing a

put that on there is to emphasize that, from a number of

15 | mechanistic/realistic analysis. ‘

16 MR. BENDER: Well, iet me try to understand that one:

17 | point. 1If I start with the heat-up of the constituents in the

| : L : ; - : |
18 | containment, I would start probably Dy saying there is stored

|
19 | energy in the system. You are adding additional energy because |
| |
20i of the after-heat, and I could use some postulates concerning |
2] | what those sources of energy are and come to some pressure |
22 | gradient.
g 23 I could also consider the heat losses from the

system, and I could consider the mechanisms for putting heat

removal into the system in order to get to the mechanisti~

Repor
~n
I
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How realistic are you being? Are you being so
realistic as to say there is time to put certain kinds of ?
heat removal capability in, or are you being realistic only
in the sense c¢f saying there can only be so many sources of
heat? How do I draw that line?

MR. MEYER: Well, just taking passive containment
heat removal as an example, j.st from the structures in
containment, we have adjusted what we feel is a conservative
model in the codes that we are using to be more realistic so
that the MARCH analysis, for example, would not give us an
overestimate of the pressure history because we have not takenf
proper account of the passive heat things. i

MR. BENDER: The term "more" does not have a real
quantitative meaning. You can assume some less pressure

build-up because of heat absorption, or you could assume a

"
L

lot of less pressure build-up if you take credit for all o
the heat-absorbing devices in the system and others that might
be introduced, like sprays.

I am trying to find out right now what is realistic.
Are you going to not take credit for sprays?

MR. MEYER: No, we do. We do take credit for sprays.
We do take credit, under certair circumstances, for the fan |

coolers, the containment coolers, and I am not sure how much

detail you want to get into for this.
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MR. BENDER: Well, I am trying to see what happens.
Are you going to get to the core melt stage and are you going
to assume that the coolers exist or do not exist at those
stages, too0? i

MR. MEYER: We are using the classical WASH-1400
approach in terms of defining what of the active EC engineeredé
safety are on and what are not, and guided by those defini-
tions of what systems are on and off, we proceed with what we |
feel is our best shot at a mechanistic analysis.

MR. BENDER: Well, I have probably explored the
matter enough now on it, although I am not completely clear
on where you are going.

DR. FIRST: I share your confusion here, and I, too,|
would like to see if we could get that point clear, because
I think, if we do not, we are going to confront it continually'
for the rest ¢f the day.

DR. OKRENT: I am not sure what the gquestion is. I
thought what he said was, in any accident scenario, they
consider, for example, if AC power is available, that those
systems run by AC power could be available but there i: some
chance that they woul  havs failed, for a variety of reasons, ;
that they failed before the incident, they du not start, or
so forth. But he 1is using PRA analysic to judge whether

equipment is available or not for a particular scenario, and

then, given the equipment, he is trying to analyze the accident
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using what they call mechanistic, not conservative, assump-
tions.

DR. KERR: Is that what you are saying. Mr. Meyer?

MR. MEYER: Yes. I, we =--

DR. KERR: 1If it is yes, thait is e: >ugh.

MR. MEYER: Yes.

DR. ZUDANS: I would like to say something. Your
analysis is mechanistic and realistic analysis, and you say
you are using MARCH code for that. I have comments to that.
In urder to follow the points of cdoing probabilistic risk
assessment, you have to have as :r=2alistic a condition as
possible defined, and the MARCH code is not suited for design
purposes, so aren't you really starting out from a very wrong
premise, anyway?

MR. MEYER: Well, I did not say that using it in a
mechanistic way is necessarily using it as a design tool.

DR. ZUDANS: But that is what you are using to
describe the conditions in the containment. That is what
everybody else is in all of these reports, and we had a MARCH
code meeting where it was clearly stated that it should not
be used for design purposes.

DR. KERR: Gentlemen, I think these guestions are
very relevant and guestions that have to be answered in one's
consideration of the staff's analysis, but are we going to

be able toc answer them until we see the report which should,




presumably, give rather detailed information on how the
analysis was done?

DR. ZUDANS: Well, I think that the idea =--

DR. KERR: I will leave that to your discretion, but

we are getting into a lot of detail -- detail which is cer-

tainly Important to understand the analysis, but I am not sure

that we are going to be able to get the amount of detail we
need in this forum.
DR. ZUDANS: Mr. Chairman, I do nct really need- the

detail now. I just wanted to raise this guestion so that the

" subsequent presenters take that into mind, into their consid-

12l eration.
i
i
. 13 | DR. KERR: And the gquestion was whether MARCH is a
14 | : ;
.. 7| suitable vehicle =--
15 | DR. ZUDANS: Suitable for design purposes that need
16 | it now in order to do any risk assessment on any system that
I
17 |

you want to implement.

| MR. MEYER: That is cone of the topics I intend to

9 i address at the July 9 full committee meeting, and 1 think it
20 ? would be appropriate to defer that very important issue. I !
21 do not mean to slight it, but that important issue to the full}
5 committee.

You are going to say yes or nc at that

time?

Bowwers Reporting Company
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MR. MEYER: To what question?
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DR. KERR: Whether MARCH is a suitable tool for
this sort of analysis. Or are you going to say maybe?

SPEAKER: Or partly?

MR. MEYER: I will oe saying something along the
lines that MARCH is a valuable code capability --

DR. ZUDANS: That is not the point. We do not

disagree that MARCH is valualle, the MARCH is the only game

17 |
|
i
|
|
|
|
|

in the town, but what I am saying is that you are making very

big other decisions. You are going to set the rules how to

design FVCS.

I

DR. KERR: Are youa going to be present at the July 9|

meeting?

DR. ZUDANS: I have not been asked to be there.

DR. KERR: We do not know at this point. I just
wanted to know whether ycu are going to have to deal with
Mr. Zudans at that time or not.

CR. ZUDANS: Probably not. I just want you to
understand what my concern is, being in the MARCH meeting.

MR. MEYER: 1I appreciate your concerr. I am not

{

prepared to go into in detail today because the subject matter|

is somewhat different. We will not be setting up specific

design criteria for a filtered vent based on MARCH analysis.
DR. ZUDANS: Oh, that is right, because these

reports that I read to you, done by Sandia and otherwise,

take MARCH as the gospel. They are on the MARCH code and say




[ 18
| this is what it will be.
‘ 2 | DR. OKRENT: Zenon the Sandia people are going to
3| stand up. You will have your chance to find out whether they

really take it as gospel or not. Why don't you wait?

a
5' DR. ZUDANS: Well, we will give them a chance to
® | think about :iLi.

Tape 2a 7! Mii. MEYER: We did write, Roger Matson did write a

8 | letter to Richard Fraley a few days ago addressing this point,

and I believa that copies were distributed to ACRS members.

10\ I know we sent one to Professor Kerr.

LR DR ZUDANS: But did it reach Los Angeles yet?
12 DR. KERR: Please continue. O0h, Mr. Okrent?
' 13 DR. OKRENT: Could I ask a guestion? I would like
i

14 | to understand why the factor of 10 is thought to be a neces-

(a1}

15 | sary condition for judging the usefulness of a filtered-vented
‘65 containment system when, to my knowledge, it is not being

17 | used as a factor that is used to judge a whole host of other

| 2 ; =
18. proposea l1mprovements 1n fact.

19 | I suspect, if I ent down to TMI action plant, very
|
|
20: few, if any, would mee: the test of reducing risk by a factor
|
21 | of 10.
|
|
. é 22! DR. KZRR: 1Is that a guestion or a statement?
l
- \ . .
g 23 . DR. OKRENT: It is a guestion. I want to know why
5
. § 24 | the factor of 10 is proposed here.
o
|
S 25 MR. MEYER: Well, this factor of 10, first of all,
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|

is not meant, at least at the present stage, to be a necessary |

condition, and it will be -~ if it is used, it will be
applied uniformly to judge any mitigation strategies asso-
ciated with core melt accidents. Why it has not been used in
other TMI-related actions, I really cannot answer.

!

DR. OKRENT: Well, let me reguest, then, that you
meet with your higher-ups and teil us in July whether in fact
you think there is something special about this feature which
requires a factor of 10 when it is not a requirement, to my
knowledge, on other proposed improvements.

Cou.i I usk one other guestion? When you do what

are called mecharistic/realistic analyses, there remain uncer-

tainties. Sometimes you can put some handle on them; some-

|
|

times it is very hard to. B8ut, nevertheless, there are these, |

and if you come up with only what some people call a point
estimate or a best estimate, this could be guite different
from the expected ...ue.

How do you propose to deal with this possibly large
difference in arriving at your future evaluations and deci-
sion and cost-benefit assessment, et cetera?

MR. MEYER: Again, I was intending to address this
on July 9 under the head.ng of how we were addressing --

DR. KERR: Will that be soon enough?

DR. OKRENT: I am willing to hear it on July 9, but

the question is not tied into MARCH. It is tied into the

|
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entire =--

MR. MEYER: No, that is very correct.

DR. OKRENT: Okay.

MR. MEYER: In fact, it is an important guestion in
considering what the containment f~ilure pressure is, and we
have steadily moved the estimate of containment failure pres-
sure up from what iv had been assumed to be based on contain-

ment structural analysis, and we are trying to firm up now

1
|
I

|
l
l
|
|

|

|

what the uncertainties are associated with that number so that |

we can fold that kind of information into the judgments
regarding, for example, whether there is any even low proba-
bility of the Zion containment failing during the so-.alled

steam spike, as an example.

|

So we would be taking into account the uncertainties '

associated with the pressure history and the uncertainties
associated with our estimate of the containment failure pres-
sures in order to make that judgment.

DR. KERR: We look forward to that. Why don't you
continue with today's presentation?

DR. ZUDANS: The speaker used the term that is
exactly what I objected to, steam spike. This is not the
real spike; it is a consequence of the code.

DR. KERR: We make note of your objection.

Please continue, Mr. Meyer, and keep in mind that

Mr. Ludans does not like steam spikes.

|
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DR. ZUDANS: No, I do like them, but they are just ;

not right. i
DR. KERR: I do not like them, either, but --

MR. MEYER: If the committee would like me to go

into our present feelings on the role of the filtared vent

as we see it in the Zion and Indian Point action, I can do so
at this time. However, considering schedule and whether that
is germane or not ==

DR. KERR: My agenda says that you are going to talk!
about how FVCS Ifits into the total NRR strategy for addressing
core melt accidents. Now, have you addressed that, or did you|
know that that was what you were to talk about? f

MR. MEYER: I feel that I have addressed that point.
If there are any questions related to that point, I will be
glad to =--

DR. KERR: Could you give me, in a couple of sen-
tences, how it fits into your total strategy?

MR. MEYER: Well, the total strategy is to determine,
for various types of reactor systems and containment systems,
what the failure characteristics are of those containments,
and then to consider filtered vents, as I mentioned before,
as well as a host of cther types of mitigation strategies in
order to assess which is the most p2p.opriate way to go in
order to prevent those containment failures.

MR. BENDER: Mr. Chairman, I am concerned about a
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term that has been used heire, one I believe to be promiscu-
ously but perhaps improperly, and that is the term "containment

\
|
|
;’ failure." This scheme, if it works and can be shown to have

|

|

' 4 some risk reduction value, may prevent over-pressure of con- |
|

5 tainments, if over-pressure is a mechanism for failure. f

s I am not clear that it offers any other relief from |

l

|

|
|
7! failure characteristics of containments, but you may have |
| |

I

|

8‘ some different perception. Have I judged it right? 1Is it
9 | over=-pressure you are trying to avoid?
10‘: MR. MEYER: It is Dasically over=-pressure, slow ‘
1 over-pressurization failure of the containment. !
12 MR. BENDER: Slow over-pressure?

’ 13 ' MR. MEYER: As opposed to over-pressurization from

| . |
14| a hydrogen burn, for example, or over-pressurization =-- well,

15| 1 --
Mi DR. OKRENT: You can say "steam spike." It is all
17 ! right.
18 : (Laughter.)
79i MR. MEYER: I was going to say "steam spike."
20; MR, BFNDER: We will allow you to use that term.
|
21 } DR. KERR: It is just that, when you use it, you
' § 22; have to use it reccgnizing that Mr. Zudans does not like it.
g 23; It is okay if you use it.
. 24 , (Laughter.) |
i 25! MR. BENDER: I just wanted to clarify the point.
l
|
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I do not really want to arnjue with you about it. |
!

MR. MEYER: Yes. It does not address the steam {

explosions; it does not address hydrogen burn; it does not

address the Beta failures, the failure to isolate containment,

or the event V, and it does not address base melts or the
Epsilon failure. That is entirely correct.

MR. BENDER: It is just a slow pressure increase
which might be mitigated by venting.

MR. MEYER: That is correct.

DR. KERR: Dcoes that complete your presentation? i

MR. MEYER: Yes. @

DR. KERR: Other guestions or comments?

(No response.) 1

Thank you, Mr. Meyer.

Next is Mr. Cunningham, who will talk about the
program on DCC rulemaking.

MR. CUNNINGTON: My name 1is Mark Cunningham. I am
with the Division of Risk Analysis in the 0Office of Nuclear
Regulatory Research.

My part of the presentation today is a discussion
of how the vented containment work that you will be hearing
about fits into our overall plan for the degraded core cooling
rulemaking.

As may be relatively obvious, there are many, many

things that go into the determination of the DCC rule. The




Bowers Repoiting Company

10

n

12

13

14

15

16

17

18

19

20

2]

~ »
I8 w

~
O

25

|
technical which we will talk about today is one part of it, E
but there are other parts that are involved, economic analysisL
processes to the development of the decision process. |
DR. ZUDANS: What is DCC?

MR. CUNNINGHAM: Degraded core coolirg.

DR. ZUDANS: 1Is that the same thing as ICC?
|

DR. KERR: Oh, no. E

DR. KERR: Would you say what DCC is again, please. |

MR. CUNNINGHAM: Degraded core cooling rulemaking. ;

DR. KERR: That is not the same as inadequate core
cooling. It is the next step beyond inadequate.

DR. ZUDANS: Ok, core cooling.

MR. MARK: 1Is there intended a contrast between
technical input in Zion/Indian Point?

MR. CUNNINGHAM: Well, there is an inference there
that it is not, the Zion/Indian Point experience is not tech-
nical, that it was not intended to be that way. The technical
input, I was thinking more of the research programs that are
going on.

MR. MARK: Well, then, it is the tuchnical input
including the observations made on Zion/Indian Point.

MR. CUNMINGHAM: Yes, sir. S0, basically, there
are just many inputs to the process.

What I think the intent of today's meeting is, is

to talk about the technical aspects of it as I was using it
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there, and again, there are a number of things, a number of
areas that come intoc play, experimental work that Dr. Curtis

will talk about, the codevelopment work that is involved,

and there is the part which I intend to talk about the most,
which relates most to the vented containment program, which is
the value impact evaluation of various prevention and miti-

gation features.

As you can see, I have listed a few there, the
vented containmeit, the FVCS -- the ASHRS is the alternate
shutdown heat rumoval system, MCRD is the molten core reten-
tion devices -- and then others. I had listed those because
those are programs that we have underway now, and others I
will get to in just a second. '

What we are planning in the future in relating to
what we call now the CCC rulemaking research support program
will be the integration of the various programs that we have
had underway, Dr. Benjamin's vented containment program, the
program on alternate shutdown heat removal systems, the molten
core retention device work that we have done, and some others, |
into one program that will try to develop a consistent set of
analyses and reports on many, many different types of
mitigation and prevention features.

As Dr. Meyer was saying, we do not want to be in
the situation where we are relying on the vented containment

as the only possible mitigation feature. So as you can see,
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we want to get into a broader spectrum of features, different
pressure reduction systems,

types of venting systems or
different types of things like

stronger containments, many
consistent value impact study,

this. We want to develop a
on a broad spectrum of options.
Put that back on, please.

other words,
EXcuse me.
When you talk about

DR. KERR:

Let's look at number 4 as an example.

increased containment of volume pressure capability or pres-
is that in the context of existing

sure suppression features,
How does one inter-

containment or new containments or both?
it to be either

I think we intend

pret that item?
NGHZu4:
that one may actually be for

MR. CUNN

existing containments -- well,

new containments. It is hard to see how you would be involved

in incr~asing the strength of a present, an already in-~-place |

containment, very easily.

DR. KERR: In your present thinking, do you assume
if it goes in the direction that

that the rule that,at least
separately with existing

that demarcation be made

you think it should go, will deal
or how will

and new containments,
as you presently think of the direct.on that things should

take?
MR. CUNNINGHAM: not sure that we are even
for sure, but in my

that far along in our thinking to say
present

tc combine

I guess it would be hard

own opinion,
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containments with new containments in one package. I would
think they would have to be dealt with separately. But again,
we are not very far along in our thinking about this.

DR. KERR: Thank you.

MR. BENDER: I hate to keep interrupting and slowing
you down further, but the time frame in which these things
ire going to be done is not clear to me. Some of these
approaches would require considerable research. Some of them

require considerable design. When we talk about a rulemaking

————————————————l]

of the sort that we are discussing here, what are the premises |

under which the rulemaking will be developed? Are you going
to write one which says the technolcgy is in place and that
is the basis for the rule, or is it going to be a speculative
kind of rule?

MR. CUNNINGHAM: The answer to that might be a
little clearer if you will let me go through the next couple
of slides. It explains what we are going to be doing in this
part of the program, and then I will get back to that.

MR. BENDER: Well, I am willirg to wait and come
back again to it.

MR. CUNNINGHAM: Okay

The method by which we want to do this is .~mewhat

iterative, in part because of the situation we are in where we |

at first have to present an interim rule for comment and then

develop a final rule. Because of that, we want to go through
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two iterations, the first being a somewhat semi-gquantitative i

Or qualitative evaluation to narrow down the field of options,
|

that * » clearly cannot spend the resources that would be re-
quii«d to look at all of those options that I showed vyou in
t" =2 gsame degree of complex.ty. |
!
S0 we intend to go through a first iteration, as I

said, somewhat qualitatively, semi-quantitativaly, so that ;

that would be the basis for the interim, for the publication

h

of the interim rule. In the time frame between the interim
rule and the final rule, we would be again pursuing this in

a more complex level, so that we would have the benefit of
that information at the time of the final discussions on the,
guote, £final rule.

MR. BENDER: Is that an answer to the guestion that
I asked?

MR. CUNNINGHAM: I am not sure.

MR. BENDER: 1Is it intended to be?

MR. CUNNINGHAM: It was an attempt to be. Yes, it
was an attempt to be.

MR, BENDER: Let me try again, then, to ask the
guestion so that at least it is clear. It is going to take
time to do things, and even the final rule, presumably, is
going to be out in the yvear or two. When is the rule going
to be out?

MR. CUNNINGHAM: It is my understanding ctiiat the
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interim rule will be published, I believe they are shocting |

for about a year from now, and then the final rule will be a

year or so, I think, after that.

MR. BENDER: Well, a year or two is what I said.

MR. CUNNINGHAM: Yes, okay, a vear or two.

MR. BENDER: And I look at the things that need to
be done, and I say, well, it is not likely that I can get very
many of these done in the next 2 years. Does that mean they 4
are ruled out? l

MR. CUNNINGHAM: I guess what we will have to go 1
with is that, given that rule schedule, we will have to |
develuy :he best we can, and if something is not in place, we
will have tc consider it as one of the matters for judgment,
but if the information is not there, if the information is 5
years away, say --

MR. BENDER: Well, as a basis for being able to
judge the effectiveness of the rule, I think it is important
that you include in the value/impact the time requirements
for addressing each of these eleven items that you have listed,
down here in order to get a realistic basis for judging their
effectiveness. Without it, I think the rule will not have
meaning, and that is the thrust of my gquestion.

MR. CUNNINGHAM: Am I interpreting correctly your --
we have to recognize up front that there will be parts of it

that we will not get to, and we have tt ~onsider that, that
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lack of knowledge, as part of the process in determining 1
what the rule would be? !
MR, BENDER: I would think so. The peorle that are |
on the receiving end of the rule have to act on something, andf
\
if the technology is not there, for one reason or another, {
|

then the rule cannot be implemented.

MR. CUNNINGHAM: I guess I agree with you, sir,

that we have to consider what we will not know as well
as what we will know.

MR. BENDER: Fine.

DR. OKRENT: There is a corollary to this point,
and that is whether or not the NRC is devoting sufficient
resources to getting the information. The ACRS has been say~
ing for some time that the resources that were being devoted
in this region of research and study are insufficient. I
think they remain insufficient, and in fact, what you have
done is outiined a program and by no means allocated the
resources that could make it possible to get the information
in time, even if the information could be developed, if it
did not reguire long term research, just required effort.

No answer is needed.

MR. CUNNINGHAM: Thank you.

DR. OKRENT: Action would be appreciated, however.

MKi. CUNNINGHAM: Yes, sir.

(Laughter.)
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MR. WARD: Mark, can I ask a guestion? Item 2
defines, says you are going to evaluate the value of each
option or set of options. How are you, what is your figure
of merit there? re we talking about the factor of 10 reduc-
tion in risk, or are you going to make some comparative
reduction?

MR. CUNNINGTON: We will be looking at comparative
risk reduction, without any particular goal in mind but
simply comparative.

MR. WARD: Okay, and when you go to compare the
cost and the reduction in risk, what sort of numbers are you

going to use there? I mean, do you have any guidelines as

to what an appropriate cost of a given reduction in risk 1s?

MR. CUNNINGHAM: In this particular program, we
will not really be deciding at what level of cost or value a
particular mitigation feature becomes appropriate or required.

That is part of the rulemaking process that 1is gc ing to be

handled elsewhere, but there will be different projrams to
study -=-

MR. WARD: Where else?

ME. CUNNINGHAM: Where else? It will be =-- well,
there is nothing in place right now to do this. It is part
of our responsibility, i:. developing rules, within the divi-
sion, to start those programs.

MR. WARD: I ask because freguently, when tough
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questions arise, and I mean tough ones, because I think they |
are, the answers we get say something about, well, that 1is

going to be developed during rulemaking, as if somehow, spon-

taneously, the rulemaking process will solve the tougher

problems.

|
|
|
|
l
s

None of us -- and I am sure you do not think that
|
it will. So somewhere there has to be something that attacks i
those tough problems. ?
MR. CUNNINGHAM: Yes, sir, that is correct. When
people say that it will be taken care of in the rulem<king,
what it comes down to is tha* will then be our responsibility 5
to do that, and my management within the division recognizes
that, but we have not vet gotten to the point where we could

l
really expiain it in detail. |

DR. 2UDANS: In the activity that will precede the
final rulemaking, certain things will be tested out and
decided that they represent improvement, whichever way you
want to gualily. 1s then the rulemaking going to be prescrip-
tive and just say, you shall do this, or will the industry be
asked to come up with other ways of achieving the same objec-
tive? !

MR. CUNNINGHAM: We really do not have any firm |
determination of that now. I would expect that we would try

to avoid prescription. We would try to say, these are the

kinds of criteria we are trying to achieve, and you come 1n
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and then suggest to us what might be the best way to do it,
and we will have a body -- hopefully, we will have a body of
knowledge that can help us decide if that is the appropriate
way of doing it.

DR. KERR: Mr. Okrent?

DR. OKRENT: Let me follow. If we go hack to
Mr. Meyer's presentaticn, he described the, what do you call
it, deterministic/realistic apprecach, where, for example,
the large double-ended pipe break accident was not being
considered. You said the mitigation features are going to
be considered on the wvalue, the reduction in risk that they

contribute, but does this mean that you will be considering

the reduction in risk just within a sort of narrow determinis-

tic envelope of possibilities and not considering, for
example, the reduction in risk involved with a large double-
ended pipe break, for example?

I am having trouble putting those two things
together.

MR. CUNNINGHAM: I think we are trving to do it
somewhat consistently with the way Dr. Meyer was doing 1it.
I will put it in 2 little bit different vein, perhaps, that
we intend to use as the basis for these things available risk

assessnents, and within that context, we will take the rela-

tive value or the relative contributica of, say, large double=-

ended breaks, and that will give us, in a sense, a starting
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point to tell us what the relative value is of that to begin
with in relation to small breaks or transients, and “hen we
will investigate the capabilities of the features for the

l
|
I
|
|
|
|
different types, not really a priori excluding any, but the |
l

risk assessment telling us that a mitigation feature to

handle simply large LOCA's probably would not be risk effective;

|
DR. KERR: Mr. Okrent? ]

|
DR. OKRENT: I would like to follow up your last ?

answer. You said you expect to use the available risk assess- |

ments. The ones you show are the RSS and RSS-MAP results.

It is not clear to me that they have necessarily included all
important accident sources or given them proper weight; in
fact, I would say categorically, I do not think that partxcula}
group of studies has. So it is not, at the moment, clear to |
me whether you will have a sufficiently broad source of
accident sources from what you said.

Secondly, I cannot tell from what you said how you

plan to factor in the uncertainties and what the probability

th

or frequency of different -~erious accident scenarios is. I
you take the results as being something like WASH-1400 and
end up with a median frequency of core melt of one in 20,000
per reactor-year, you will get a different value impact than
if you decide it is one in 5,000 per year or one in 3,000 per f
year, and scmething that looked non-cost effective would be

cost effective.
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Similarly, if the numbers should be one in 200,000
instead of one in 20,000, you could have a conclusion going
the other way. How would you expect to deal with the uncer-
tainties in the PRA resulcs?

MR. CUNNINGHAM: In answer to the first gquestion,
as the slides presented, it is really intended to be what we
call the phase one of the program. In phase one, we will be
using the RSS and RSS-MAP results. As we go into phase two,
we will be inclined to incorporate the results from other
PRA's, also. I am not sure if that answers that question,
but we recognize the limitations of RSS-MAP and the safety
study and want to look at a broader spectrum of PRA's in the

second phase.

DR. KERR: Mr. Cunningham, I note that the presenta-

tion is scheduled for 20 minutes, and it includes you and
another person, I think. Is that correct?

MR. CUNNINGHAM: I think I was going to take the

20 minutes, and then Dr. Benjamin will go into -- he will do
his primarily from the next item on the agenda.

DR. XERR: Okay, good enough. Thank you.

MR. CUNNINGHAM: To try to answer Dr. Okrent's
seconé question, again, you are correct that, underlying
all of this work, there are some particular assumptions of
what we take to be correct and more or less correct in the

various studies. I guess, as we go along, we have to decide
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what we think are the major assumptions that we are making,
what we accepting, and do parametric studies, sensitivity

studies, to see how things change, if we change an assumption

such as the one in 20,000 number that you quoted. Clearly,
we cannot get them all, but we will have to work on the ones |
we think are the most important.

DR. KERR: Thank you. Please concinue.

MR. CUNNINGHAM: My last slide, really, has already
been addressed in some respects, that we are talking about,
for the first phase of the program, hoping to have a report
early next year, in the spring of next year, to try to be !
consistent with the publication of an interim rule in the
late fall of next year. |

DR. KERR: The program initiation to which one
refers here is a program of research? Is that what is meant
by program?

MR. CUNNINGHAM: Yes, that is correct. The program
which will envelop the vented containment work and things
that have been done in the past into what we call ncw the
degraded core cooling rulemaking.

DR. KERR: In that context, then, what is meant by
a first iteration? A first iteration of what?

MR. CUMNINGHAM: The first iteration in looking at
the eleven mitigation options and prevention options that we

have included, the first semi-quantitative go-through of thosel
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to narrow the field.

DR. KERR: Okay.

MR. CUNNINGHAM: Again, the last bullet, that we
hope to have this done, the second iteration, the more de-
tailed iteration, in about the third gquarter of fiscal 83,
again trying toc be consistent with what timing there is on
the rule itself.

MR. BENDER: I want to just reaffirm what I think
the understanding was, that the rulemaking, final rulemaking,

would come after the report in the third quarter of FY 83?2

MR. CUNNINGHAM: That is my understanding, yes, sir.|

That is the intent.

MR. BENDER: Thank you.

MR. CUNNINGHAM: That is all I have, Dr. Kerr.

DR. KERR: Thank you, Mr. Cunningham. Are there
other gquestions?

(No response.)

That brings us then to Mr. Benjamin.

DR. BENJAMIN: The handouts that I am passing out
to you include vu-graph material that I am going to be using
in this presentation that is entitled "Risk Assessment Appli-
cations to Filtered Venting," and also the next one which
deals with design concepts, so it includes what is allocated
as being about an hour and a half on the agenda.

DR. KERR: Let's see, 90 minutes. That means there
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should be about 180 vu-graphs, doesn't it?

(Laughter.)

DR. BENJAMIN: I usually try to figure one vu=-graph
per 3 min , myself, but I did more than that in this case.

The topics which I propose to cover are to briefly

start with an overview dealing with the filtered-vented

containment program, specifically, as opposed to degraded

core rulemaking, which Mr. Cunningham talked abcut, and then

to talk about the methodologies for probabilistic risk assess- |

ment that we have developed, try to address scme of the gues-
tions that I have heard this morning from some of the ACRS
members and consultants in terms of how we are approaching
some of these guestions.

In particular, we have been concentrating on BWR-
MARK I containments with the application of this risk assess-
ment methodology, so some of it will be a little bit specific
to that type of containment.

Then I will go into how we are using the risk
assessment in the process of developing design concepts, how
we are using risk assessment right now for the BWR-MARK I
containment in order to point the way to what appears to be
the best design concepts to pursue, and then the last item
deals with design concepts for the Indian Point reactor which
came out of the Zion/Indian Point study that the lab did for

NRC about a yvear ago. On the last item, I will tailor how

]
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much detail I go into according to how much time there is and
whether or not you are alreacdy familiar with some of these
things. |

To go over :he objectives, the objectives of the

program have been develop conceptual designs of vent-filter
‘ |
systems for various containment types, including backfitting

into existing reactors and incorporation into new reactors;

assess the values versus impacts, locking at the reduction in
radiocactive releases and overall risks for core-melt accidents,

first of all, and then, as impacts, the effects on non-core- |
|

melt accidents and on normal operations, and the costs; and |
to specify system performance and safety design requirements.

The end products of the work we are doing are ;
oriented, I would say, particularly toward rulemaking and
possible licensing of features based on filtered venting if
it is decided during rulemaking that such licensing or such
features should be regquired.

We are attempting to answer what we consider to
be the important guestions, whether filtered-vented contain-
ment systems have a net positive risk reduction potential or
a net negative one, whether they are cost effective compared
to other possibilities, such as preventive measures, which
brings us a little bit more toward the degraded core rule-

making research program, and whether the uncertainties have

been resolved sufficiently to enable us to make conclusicns
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in these first two areas and vhat needs to be done in order
to resclve them; and then, for licensing, design standards
and performance requirements.

DR. KERR: Mr. Benjamin, in your treatment, do you
distinguish between existing plants and new plants?

DR. BENJAMIN: We distinguish between existing
plants and new plants in terms of what types of design
features can be considered to be practical to implement. For
example, in filtered venting, we would consider it to be
impractical to implement a filtered venting system that re-
quired a very large containment penetration, let us say some-
thing of 6-foot diameter or larger, in order to vent contain-
ment. We would consider perhaps a 3-foot containment pene-
tration to be reasonable.

In new reactors, that limitation would not neces-

sarily apply. There are other types of considerations, also,

where if one started from the design stage in the containment, |

it would be easier to implement certain features that would be|

difficult to implement on a backfitting basis in current
containments.

DR. KERR: Okay, so I think the answer is yes, you
do, and you have giver. me a couple of examples.

DR. ZUDANS: When you talk about MARK I, you are
really only talking about existing.

DR. BENJAMIN: We have been concentrating on
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containments so far.

DR. ZUDANS: So it is a backfitting guestion.

DR. BENJAMIN: Well, it is primarily oriented

towards systems that can be backfitted, although they could

also be incorporated into new reactors, of course, also.

DR. ZUDANS: But who is going to build MARK I now?

DR. BENJAMIN: I beg your pardon?

DR. ZUDANS: Who is geoing to build new MARK I?

D... BENJAMIN: Whc is going to build new ones?

DR. ZUDANS: Yes. New MARK I's, I mean.

DR. BENJAMIN: I take it that is a rhetorical ques-
tion. I guess =--

DR. KERR: VYes, I think that is a good interpreta-
tion. Why don't you continue?

DR. BENJAMIN: All right, fine.

MR. BENDER: It is more than a rhetorical question.
It is a matter of whether the result will have any usefulness
or not.

DR. ZUDANS: That is exactly it.

MR. BENDER: I think, if you are looking at MARK

I's and you are not planning on building any more of them,

what is =--

DR. KERR: He said he was lcoking at backfits, Mike,|

|

and if he looks at backfits, you would look at backfits

possible to MARK I. I do no% understand what the problem is.
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DR. BENJAMIN: We are not looking =--

DR. KERR: We will agree that you are not planning
on building new MARK I's, right?

DR. ZUDANS: Well, the guestion wa: not that. The
guestion was'whether they are looking only in “he backfitting
more or are thinking about the future.

DR. KERR: Well, I thought he said -- well, mnaybe
you should say what you said. I thought you said right now
you were =--

MR. BENDER: We are just trying to understand what

he is saying.

DR. XKERR: =-- you were locking primarily at backfitsr

DR. BENJAMIN: To the present time, we are concen-
trating on backfits into four types of reactors, not just

MARK I containments but also large, dry PWR containments, ice

|

condenser PWR containments, and MARK III BWR containments. We

are using case studies which represent existing plants. For
the large, dry PWR, Indian Point has been our case study so
far, although we may also look at Surry, since the Zion/
Indian P- int risk assessment is not available for us to use
for the large, dry PWR containment.

For the MARK I, we are looking at Peach Bottom as
a case study; for the ice condenser, Sequoyah, and for the
MARK III, Grand Gulf, and these then represent a conscious

effort to determine how filtered venting systems would be
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backfit and how they would improve reactor risks or reduce
reactor risks for existing plants.

We are treating the guestion of new plants more as
a corollary. If one were starting from scratch, is there one
way, is there a particular way in which one could achieve

{
better results than what we can achieve with existing plants?
It is more of a corollary to the work we are doing than a
fundamental part of it, at least as the work has developed so
far.

MR. BENDER: I want to continue to address the
matter of priority of effert and how to get the results on
a timely basis. That is most of the reason why I have been
pushing a certain amount of guestioning here.

I see the regulatory staff developing a rule that
says, on an interim basis, put in a big venting provision in
the form of an opening, with the anticipation that something
will be added to it later on. I would like to know, fairly
early in life, whether that provision is the right kind of
provision or not. I would like to have it in time for the
interim rule.

I am interested in backfits in the sense of knowing
whether designing for ultimate strength, as opposed to the
ASME design streagth capability, based on factored loads,
is the best approach. I am not right now clear how you are

going at this. Are we going to near that later?
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DR. BENJAMIN: Well, I had not planned to address
those specific gquestions, but I will comment on it a little

bit now if you like.

The guestion about whether to dedicate a containment|
|

penetration to filtered venting, I guess this is a personal

opinion more than anything. I do not believe that that

|

really is a very momentous item, because normally, containment‘

penetrations -- normally, in containments, there are penetra-
tions provided for contingency that are not used, anyway, so,
to me, that means that you are going to take one of these
contingency penetrations and put a sign over it that says,
"For possible use in filtered venting," when we are talking
about new reactors.

Now, my understanding, also, is that this 3-foot
containment penetration is for near-term construction permits
reactors rather than existing reactors, where there would not
be any particular problem with doing this.

The second part of the guestion about ultimate
strength compared to design pressures in containments we have
not addressed on this program. There are programs =-- this is
not directly answering your guestion, but perhaps it i~
relevant -- there is a program beginning to look at trying to
determine what the ultimate strength of containment, various
types of containments, really is and what type of failures

will occur and where they will occur. This type of

|
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! information could be fed into programs like filtered venting

!
|
?
. 2 program. |
i
i
|

K We are assuming that we have a certain amount of

. 4 strength beyond design pressure. Typically, we will assume
5 that we can allow the pressure in the containment to go up
6 | about 30 percent, let us say, or perhaps even as much as 50

7 percent, above the design pressure of the containment, before

8 venting is initiated. Most analyses that have been done with

4 regard to setting containment failure pressures have assumed

10 something like a factor of 2 between the design pressure and i

n the ultimate failure pressure of containments, and recent

|
;
12 i data and analysis seems to indicate that in fact a failure
. 13 l pressure is probably better than that factor of 2.
|
"E MR. BENDER: If I get back to some ot Dr. Okrent's
|
‘5E line of guestioning, which goes along the lines of saying,
|

16 what is the probability of over-pressure leading to failure,

‘7! what 1s the probability that you can protect the public best
|

18; by not venting as opposed to venting?, I have to thiak about
{

19 | what the ultimate strength of the structure is and what the

20 working conditions are under which it has to be addressed,

2] and 1 think I have to deal vith those for the as~-built systems|
22 if I am going to do something about backfit, for example. :
I think I have to think about them for those that |

are in the construction permit stage in terms of whether just
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putting in an opening is enough. Can I just say that is




Bowers Reporting Company

10

11

12

13

14

15

16

17

18

19

20

L]
~

»
w

L
N

~n
W

47 |

enough of a proviso to allow for future rulemaking, because
the risk of not doing enough has some significance, too, and

s0 I would like to know that in going through this baseline

study of reactors, where you are examining the design featuresr

you are addressing the issues that are going to have to be
addressed as vented-filtered containment is ultimately
utilized.

I agree with you that an opening in a containment
is a fairly small addition to the system, but does it really
deal with the issue? That, I think, is what 1 am trying to
point to.

DR. BENJAMIN: Well, I can only say that I agree

|
3
|
|
|
|
|

with that sentiment, and I would also say that we are address-|

ing the guestions of what type of design provisions have to
be included, besides just a hole in containment, in order to
have an effective venting system, and this is part of our
program and as a part of the information that we give to the
NRC,

I think that may become a little bit more obvious
as I go through this presentation.

MR. BENDER. Thank you. I will stop now.

DR. EENJAMIN: All right.

Let me get into the area of the risk assessment
work as it applies to filtered vaenting by starting with what

the purposes of the risk assessment are.
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The first purpose is to look at a variety of

venting strategies or a variety of strategies, mitigation

S —— e

strategies, that utilize containment venting; to select the
cne or two that appear to be best from a risk reduction per- |
spective.

The second is to look at a variety of filtering

concepts, :to also choose the best from a risk reduction per-

spective.

The third purpose of this is to establish design
criteria for reliabilities in the vent filter system. '

The fourth one is to establish design criteria for |
fission product decontumination requirements.

The fifth is to estimate the net risk reduction
potential, including both positive and negative aspects of
risk introduced by the system.

And then the last two have to do with assessing
sensitivities to phenomenological uncertainties and to system
response uncertainties, and if you abide with me, I will get
to what types o: uncertainties we are considering and how we
are considering them.

Let me first show a vu-graph that illustrates the
logistical format that we have developed for doing the risk
assessment. It gives the primary tasks involved in this
risk assessment. The first step is to review the plant

characteristics, in which we primarily use the FSAR and consult
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with the vendor to obtain data dealing with the plant charac-

teristics, and to the extent possible, we also consult with

the plant personnel for the baseline plant that we are looking

at.

We then evaluate existing risk analyses which come
from programs like the Reactor Safety Study, RSSMAP, and
IREP, and which form the baseline or the starting point for
the risk analysis we do in filtered venting.

We perform preliminary accident analyses. We use
the MARCH code as a tool, not really the only tool because we
also exerc’se engineering-type calculations tc look at pos-
sible deviations froi the assumptions that are embodied in
the MARCH code, and we do this in a way that feeds into our
sensitivity analyses, which are over there.

These then lead to formulating candidate venting
strategies. The next step down here is to identify possible
system interact.ons that can be introduced by the vent filter
system. The FSAR and ver.dor provide mo-~t of the source of
dates for that.

We identify major vent system failure modes through

i —————————— e

a kind of failure modes and effect analysis, and we incorporatsq

these into an event tree logic that includes possible failure
modes of the vent filter system in addition to failure modes
of other systems.

We estimate vent system failure probabilities. This
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is done, at this point ‘n the analysis, without the benefit

of detailed design, so it does not involve fault tree analysis
but, rather, estimates of what we think would be reasonable
ranges for failure parameters that we can iater assess with
regard to sensitivity of risk to these failure probabilities.

We establish risk measures, which I will describe i
in a minute, using a CRAC code as a tool. We perform detaileds

|
accident evaluation with MARCH and CORRAL codes as a tool, :
and we guantify the risk and assess the sensitivity to uncer- |
tainties, and we have developed a kind of bookkeeping code
at Sandia to guantify the risk.

Now, I want to discuss four areas here that were
brought up this morning already in which I think you are
interested. One has to do with the types of accidents that
we consider in the risk assessments. Another .as to do with
the event tree logic and the types of system failures that
we consider in deriving event trees.

Anot 1er has to do with the risk measures that we
use, what we define to be risk for purposes of this comparison;
and the other has to do with the sensitivity analysis and,
in particular, the phenomenological and system response uncer-i

tainties that we consider.
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This chart shows essentially the variety of

-

types of accidents that we have considered for the MARK I BWR. |

Thes2 come primarily, since it is the Peach Bottom reactor
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that we are using as a baseline, from the Reactor Safety
Study, but we redo the probabilities of the accidents accord- |
ing to more recent information that has become available since!
the Reactor Safety Study, and we recalculate what we think
those probabilities are.

In this chart, as you can see, there are accidents

initiated by trensients with stuck-open relief valves or ¢ he.

abnormal transient events, et cetera, and various system
failure modes that are lListed over in this part of the vu- '
graph, such as ECCS failure, reactor protection system failurej
containment cooling failure, electrical power failure,and
beyond this, not shown, are the possible failure modes intro-
duced by the vent filter system, which I will discuss in the
next one.

In evaluating the probabilities of these different
types of accidents, we have determined that the primary differs
ences between the probabilities that we have evaluated and
those in the Reactor Safety Study have to do with accidents
with a stuck-open relief valve in the primary system, and
the particular source of this difference has to do with the
availability of the power conversion system in cases where
the primary system depressurizes and there is no longer a
source of high pressure steam to the steam jet air ejectors
in the condenser to provide a vacuum.

In certain BWR's, Peach Bottom being one, there is
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no tie-in from the auxiliary boiler to the steam jet air
ejectors, and so we were not able to take credit for that as
in other reactors it would have been possible to.
And we did not =-- to establish the probabilities,
the dashed lines here, the dashed bar represents probability
corresponding to this particular stuck-open relief valve

accident, also not taking credit for mechani 1 vacuum pumps,

which are not normally used for maintaining condenser vacuum

pecause of the fact that they release radiocactive fission

products to the environment.

But we recognized that it would be fairly easy to
provide a tie-in between the auxiliary boiler and the steam
jet air ejectors, and so we allowed that that would be a part
of any venting or any mitigation strategy or any strategy
to reduce the risks in a reactor. The first step would be to
provide a tie-in that would circumvent this particular prob-
lem, at least in part.

Our event tree logic is based on using event trees
that have an initiating event tree that describes essentially |
the accident seguences in the Reactor Safety Study; a mitiga-
tion event that describes two things, first of all, the
possible failure modes of the vent filter system, and,
secondly, branch points that represent phenomenological and
system response uncertainties for which we want to do a sensi-

tivity study and assess the possible risks associated with one
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logical assumptions. ' f

The third one is a containment event tree in which

'[' 53
|
|
|

we have included not only those containment failure modes
that are already present in the Reacter Safety Study, but
also a number of additional containrent failure modes‘which
are occasioned by the filtered venting system such as, for
example, bypass cf the filters or premature opening 2f the
vents or failure to close, those types of failures. It also
includes certain types of failure modes that were neglected
in WASH-1400, such as basemat melt-through, because they were
not important in the context of that study but become more
important, conceivably, in the context of this study.

DR. KERR: How do you decide what sorts of numbers
are appropriate to use for the probability of vessel steam
explosion or pressure spikes?

DR. BENJAMIN: I have a vu-graph that shows that
specifically and gives the actual numbers we have considered,
so I will answer that guestion.

DR. KERR: Have you taken into account the proba-
bility that, given that a vent system is available, the
decisionmaking authorities will not use it? I mean, that
failure mode.

DR. BENJAMIN: We have taken into -- well, first of

all,the vent filter systems that we have considered have been

|
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mostly passive, in addition to passive operation. also

passively actuated, such as a relief valve type of system.
We have allowed for the possibility that there may be a
design feature which allows the operator to turn it off,
some back-up valve which the operater could turn off, and
attempted to assign a probability to the evént that the
operator does turn it off, and that the venting system is
then not available.

We would assign, we have been typically looking at
probabilities like one in 100 for that possibility, although
we also lock at how the risk would be affected by other
probabilities assigned to that type of failure m~de.

DR. KERR: Does the guidance which leads you to
assume that the actuation will be automatic come from the

NRC, or is that just your best judgment that that is the way

to do it?

DR. BENJAMIN: Well, I would say it comes more from

our best judgments about the way to do it, and it depends

on the accidents -- it depends in part on the risk assessment

and the accidents that dominate the risk. It depends on
whether, to mitigate the effects of an accident, you need to
have an anticipatory action where either an operator or
automatic controls would provide the opening of a vent, or
whether it is sufficient to have a sent actuation that is

purely based on the curre: t pressuring containment, such as

e
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either a relief valve or a rupture disk, and in terms of the

MARK I BWR's, it appears apparent that passively actuated

p—— S ——-

venting is possible, ana if it possible, it is considered to

be preferable, simply because it is passive rather than active

P —

DR. KERR: I do not understand. I would have

assumed that cne would use automatic and manual. Are those

cerms synonymous with passive and active, or what you do mean
by passive as contrasted with active?

DR. BENJAMIN: Well, by passive actuation of the
vent, I am talking about a vent which is actuated when the
pressure in containment reaches a particular level and opens
as a result of that pressure forcing it open. In that case,
there are no operator actions necessary. There is no manual
or automatic control necessary.

DR. SIESS

Do you mean a rupture disk?

DR. BENJAMIN: Either a rupture disk or a relief
valve.

DR. KERR: Okay, I think I understand it. By
active, you mean that somebody has to consciously make a
decision and do something. Is that it?

DR. BENJAMIN: Yes.

DR. KERR: Thank you.

MR. BENDER: 1In the event tree logic program up
there, you have some listings down below it. Some of these

seem to be mitigative and some appear to be events, failure
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events. Is the intent to try to assign a probabilit' to

the effect of mitigation as a function of the event? Is tu.t

what you are trying to convey to us?

For example, the ECCS pumps fails after NPSH loss,
and then the next thing says recovery before pool depletion. |
Are those thought to be alternative actions of some sort or

what?

DR. BENJAMIN: Well, the guestion about ECCS pump
failure after NPSH loss is attempting to deal with a system
response uncertainty. That is, the WASH-1400 assumptions
have been that the pumps, when they begin to cavitate, will ?
fail and that you will no longer have ECCS delivery to the
core. These assumptions have been thought to be very conser-
vative, both at the NRC and in the industry, and in our dis-
cussions with people in the industry, there 1is strong evidence!
that the pumps would not fail, at least not immediately or
not for some period of time.

We have put in there, then, a branch point which

ossi-

T

says, let's look at both possibilities, ani the first
bility, the pumps fail when the net positive suction head
is lost, either to venting or to containment failure -- both

lead to loss of net positive suction head for some accidents.

In the second case, we say the pumps survive and

i

n fail until the water in the pool is depletac

¢

thev do not th

o

-- this is the suppression pool containment -- and when the
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water in the pool is depleted below the suction intake for

the pumps, then the pumps would fail.

Now, the next event there deals with the possibility

that the operator or through some procedure that may or may
not be accounted for, recovery may be obtained prior to loss
of the water from the suppression pool =-- it takes several

days to lose the water -- and that event provides for that

possibility. In this particular case, we assign a probability|

to recovery on the basis of the amount of time available and
using essentially the WASH-1400 type estimates of likelihood
of recovery as a function of time.

In other events involving possible recoveries, we
look at =-- again, we parameterize the p.oblem, and we will
say, suppose that recovery can be effective before the core
melts through the reactor vessel; how would that affect our
conclusions regarding filter venting systems, how effective
they would be, and then we treat that, then, as an either/or
type situation and attempt to assess the sensitivity of the
risk and the value of the vent filter to these various
possible recovery modes.

MR. BENDER: If I understand what you are saying,
your approach would 2 to look at the mitigative actions or
mitigative conditions that might occur at each stage in the

progression of the accident, the venting being perhaps some-

where along the way, one of the mitigative actions that would |
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be taken. 1Is that a wrong understanding?

DR. BENJAMIN: No, that i1s correct, and I would add

that part of the intent of the program is to ccmpare the

relative effectiveness of filter venting to other possibilitie

such as preventive measures, such as passive containment
cooling and other mitigative measures, and so we have put in
our event tree the flexibility to consider other possible
approaches, and we ar= doing so.

We are not concentrating as much on the other
possible approaches, except to estimate how much the risk
reduction from these other approaches might accomplish. We
are not going into those estimates in as much detail as we
are for filtered venting, but we are trying to establish a

comparison between filtered venting and cther approaches.

Also, we have things in this event tree that apply

==,

|
|
|
E
|
s
|

to adjuncts to the filtered venting system, things that should|

or could be done in conjunction with filtered venting in order!

to mitigate accidents, and in particular, I point out the

second item, which deals with external water tie-in. On the

MARK I BWR, we found that for filtered venting to be particu-

larly effective, it would be very advisaple to have a tie-in

from the high pressure service water system to the residual

heat removal system, lower pressure coolant injection system,

a tie-in that currently exists but is not safety grade and

is therefore not taken credit for.
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The purpose of the tie-in is to continue to provide
water to the core as venting goes on and as either the pumps
fail due to cavitation or the pool is depleted due to venting.
So this event, then, appears as an event on the event tree
because it is one of the strategies we are considering. Does
this answer your question?

MR. BENDER: Well, I think it does. I would elabo-
rate for just a half minute. The path of progression seems to
be an important consideration in trying to use this approach,
and you have to be sure you've got all the paths identified.
You have shown the ones that dominates WASH-1400. 1Is the
plan to use other plan to develop other paths of accident
progrei;sion beyond those that already exist in WASH-1400?

DR. BENJAMIN: Well, if you mean by that paths of
accident progressicn that represent possible changes in the
progression as a result of the vent system --

MR. BENDER: Well, let me say, I don't know that
WASH-1400 identified all the ways in which contaiament cooling
coulu £ail.

DR. BENJAMIN: No.

IR. BENDER: Hopefully, they 1id, but if they did not

v

-
|

|
I

|
n
|
|

then the logic may fall down, and so I just want to ask whether

you are thinking in those terms or not.
CR. BENJAMIN: Well, we are attempting to include,

to answer that guestion in one way, we are attempting to
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include insights from more programs like RSSMAP and IREP that
go into guestions of containment cooling failure modes that
were not considered in the Reactor Safety Study, and to

adopt what has been learned since then.

Also, we are attempting to assess whether there is
any possibilit; that the vent system itself could lead to
fa‘lures of other systems such as containment cooling, if the
vent system were to not operate properly or to operate pre-
maturely, and so we have attempted to include all possible
failure modes that we can identify on the basis of the infor-

mation currently available and people that we have access to.

MR. BENDER: Thank you.

DR. SIESS: You have used the terms "mitigation"
and "prevention" guite a bit, and it has not been clear to me
just what you are mitigating and just what yc'1 are preventing
and whether you are always mitigating the same thing and
always preventing the same thing or whether you are using the
terms differently. 1Is it possible to clarify that once?

DR. BENJAMIN: Yes. The terms have been used Dby
many people, and they mean different things sometimes to
different people. I use the term "prevention” to mean
design features in plants that prevent any fuel damage from

occurring.

DR. SIESS: Well, you have been using "prevention"

|
l
!
|
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meant to talk

b
DR.

DR.
, DR.

DRO

DR.

DR.
damage occurs.

DR.
core melt?

DR.

DR.

| DR.

to mean prevent over-pressure from occurring.

BENJAMIN: No, I do not believe so.

SIESS: Well, that is what venting does.

BENJAMIN: Yes. Well, I have using "preventive
features" in talking about other features besides filtered

venting. When I am talking about preventive features, I have

about features such as improved reliabilities

| in existing systems or additional decay heat removal systems.

SIESS: Now, that is preventing what?
BENJAMIN: And this is preventing =--
SIESS: A core melt?

BENJAMIN: A core melt, vyes.

SIESS: And then what are you mitigating?

BENJAMIN: "Mitigation" I use as a term that

SIESS: Of what?

|

reduces the ccnsequences, meaning to reduce the consequences -+

!

BENJAMIN: =-- of the accident, given severe fuel

SIESS: Say, mitigating the consequences of a

BENJAMIN: Yes.

SIESS: So mitigation and prevention always refen

to a core melt, either preventing a core melt or mitigating

the consequences of a core melt, or severe fuel damage?

BENJAMIN: I think some people would say that
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accident so that there is also, in essence, a reduction in the

|

. . . e S 5
prevention means essentially preventing the initiation of the i
{

l

|

number of accident initiators.

DR. SIESS: I do not think there is any quest..u

about what prevention or mitigation mean. The only gquestion

in my mind is what they are modifying.

|

DR. BENJAMIN: I am sorry, I did not understand that4
!
DR. SIESS: I know precisely what they mean, but ;
you are using the words "mitigation" and "prevention" without
saying mitigating what or preventing what, and I think it
would help a great deal if I knew -- for example, I mitigate
the consequences of a core melt by venting, but I also prevent)
over-pressure or I may prevent doses to the public. §So one |
man's mitigation is another man's prevention.
DR. ZUDANS: Would it be descriptive if you used
"prevent" accident initiation and "mitigate" everything that
is initiated? That is what you mean?
No, because --
ZUDANS: You don't have to wait for core melt
to mitigate.
DR. 3IESS: =-- if you have a pipe break, the ICCS
will prevent a core melt, but if the ECCS does not work, then

you need something else to prevent over-pressure. You miti-

gate the conseguences of the pipe break with ECCS. You miti-

gate the consequences of the core melt with something else.
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purposes of screening different options for preventing or
mitigating accidents, in whoever's terms you use, and those
two measuras are probability of core melting and what we have
termed equivalent weighted releases.

We then, after the screening, go to more detailed
consequence calculations with the CRAC code, but let me
describe what I mean, first of all, by equivalent weighted
releases, which is the key to the comparisons we have done
so far.

Eguivalent weighted releases is an attempt to ass.ig’
to each accident a particular number that represents the
relcase of fission products to the environment outside con-
tainment for that accident. The way that we do that is to

assign weighting factors to the various fission product groups

that are important in the CRAC code that determinesconsequences.

The way that we determine these weighting factors

is to run the CRAC code in order to assess the relative impor-

tance of the various fission product groups in producing
certain kinds of conseguences, and the particular kinds of
consequences that we used as an index are these three: Dbone
marrow dose to an individual one mile from the reactor,
thyroid dose to an individual one mile from the reactor,
and total population dose.

From those indices, we were able to determine the

weighting factnrs shown here, three sets of weighting factors
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for the various fission product groups, and we use those =--

DR. OKRENT: Excuse me. Before you go on, just so
I understand the basis for those figures, taking any one of
those, for example, the bone marrow dose, is that arrived at
by taking the PWR categories 1 through 7 and their probabili-
ties and getting an effective answer by multiplying and sum-
ming, or‘is that for a specific release, PWR 2?

DR. BENJAMIN: To be specific about how we did that
one, we took a BWR 2 type of release and we ran the CRAC code
assuming the release of each fission product individually =--
first xenon, then krypton, then iodine, then cesium, et

cetera, and we assessed or determined from those CRAC code

i

runs what the numbers of consecuences in those categories were,

what the dose, essentially, per REM released was.

DR. OKRENT: All right. So this is for BWR 2.

DR. BENJAMIN: BWR 2, vyes.

DR. OKRENT: Okay, thank you.

DR. KERR: That is for fission product availability
of the kind that was being used at the time the WASH-1400
study was made?

DR. BENJAMIN: Do you mean release fractions from
WASH-14002?

DR. KERR: Yes. And what one thought about the
chemistry and physics and fission products released at that

time. You have not modified that on the basis of any later
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information or consideration, or have you?
DR. BENJAMIN: For this particular application, the

specific answer to your guestion is yes, but the more detailed

e ———————————————— il

answer is that we are looking at a REMs received per curies
released, a ratio of dose per release, in order to determine
these weighting factors, and therefore, since it 1s normalized

to the release, the release does not really very significantly

come into this particular aspect of the problem. It certainly
does come into the risk evaluation later on, and for that, we |
do not use WASH-1400 releases. We have reevaluated the é
releases. We have done it by a process of using the MARCH
and CORRAL codes, and we have also assessed the sensitivities |
of the risks to other assumptions than what are embodied in
MARCH and CORRAL, and I intend to get to that aspect of it.

DR. KERR: Is the implication that MARCH and CORRAL |
give some later information than that that was available when |
the WASH-1400 study was done?

DR. BENJAMIN: Yes, yes, that is true. MARCH was
not available in WASH-1400. Those calculations were done by
hand, containment response calculations. CORRAL was available,

There have been some changes in CORRAL since WASH-1407,

particularly dealing with iodine deposition, so that does
represent some 1improvement, I believe, since the reactor s

safety study.

MR. BENDER: Just so somebocdy else might try to
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67 |
|
understand what you are saying, I would presume that what 1is ;
|
|

being done is to exercise MARCH, CORRAL, and CRAC for exemplary

]
!

cases and then to go back and adjust the analyses based on

potential for error in the assumptions of efficient product

transport and release in order to determine what the range
of values might be, and then to pick up frr.a that your best 1
estimate of which one is the right one? i
DR. BENJAMIN: Up until your last statement, I would!
say that is a good description of what we are attempting to doi
MR. BENDER: All right. What is the last statement E
supposed to be, then, because that is the crucial question. %

DR. BENJAMIN: All right. Let me then go to those

vu-graphs that deal with that guestion.
what we attempt to do is to identify the sources.of f
uncertainty that we consider to have the largest effect on the|
end results that we are looking for and tc assign what we |
call conservative criteria, on the one hand, to those phenc-
menological and system uncertainties and non-conservative
criteria, on the other hand, and if I could loosely describe
what those are, I would say the conservative criteria that
we assign are based on Reactor Safety Study type of assump- :
tions. They are consistent with many of the assumptions in
the Reactor Safe:y Study; for example, failure condition for .

"

RHR pumps. We have already discussed that one, so I will not

discuss that any further. ;




68

The probability of steam explosions came up earlier,
causing a missile that fails containment. It was assumed to
be one chance out of 100 in the Reactor Safety Study.

The probability of what have been called steam

spikes, somewhat of a misnomer for BWR's, where the steam is

suppressed in the suppression pool, but it still applies in
principle because of the hydrogen produced, assigned a
probability of .2 or .05 in the Reactor Safety Study, depend-
ing on the pressure in containment and the iodine release
form, taken to be molecular iodine in the Reactor Safety
Study, with a little bit of organic iodine.

I am going to flip between these two charts. Other
sources of uncertainty that we consider to be major have to
do with particulate deposition on primary systems structure,

particulate fallout in containment, if it is not failed prior

|
|

to the meltdown, particulate and iodine removal in suppression |

pool, particularly at saturated conditions, and particulate
removal in crushed rock bed at superheated conditions I
included, since it is one of the design concepts that we were
considering.
Now, by the non-conservative criteria, what we
attempted to do is to review various opinions that have
published and presented such as Morewitz and others at

and other people that represent predominantly an industry

on what would be best estimates, and we have attempted at|
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MR. BENDER: Well, no, let me be sure that I have

got the whole picture. I am not really trying to take issue

Y S U —

with whether it should be "less" or "non." It just seemed

like "less" was more logically the term you wanted to use.

But what seems to be showing up here is a range.
On the one extreme 1s conservative, and on the other is some-

thing called non-conservative, and I have to pick a number for

i
l
%
decision purposes, and I think that is the problem we ran into?
with WASH-1400. In some cases, we did not know where to make
the decision because the range was very broad, and I would like
to know how you are dealing with that. You said 10 best l
estimate. I think you have to pick a point, and I want to
know, how do you go about picking the point between those two
ranges?

DR. BENJAMIN: Well, that is a very pertinent gues-
tion and a difficult one to address directly, but I will indi- |
cate essentially how we have been using these ranges of
uncertainty, and perhaps it will shed some light on that.

MR. BENDER: Okay.

DR. BENJAMIN: This is getting into some of the
results, and I will not concentrate on the magnitude of the @
results right now because I intended to do that later, but we |

have tried to determine the range of possible risk reduction

} 24Y of various types of strategies, including non-conservative,

i

what I will call the non-conservative assumption set, which
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would be this side of the bar, of the cross
conservative assumption set, which would be
crcss hatch, and to determine whether these

first of all, are such that they would make

71
hatch, and the
this part of the
uncertainties,

it impossible for

us to cetarmine whether a particular strategy was good or not

and how good it was.

If they were such as to make it impossible for us to

arrive at conclusions, then we would have to go and attempt

to narrow it down as much as possible and find what "best

estimate" really means. If it is not such as to make con-

clusions impossible or difficult to make, then we would say

that we can make certain conclusions based on the existing

ranges of uncertainty that we feel will apply even after

resolution of these uncertainties.

|
|

In the case of the MARK I BWR, the basic conclusions|

seem to be that those strategies that appear attractive with

the conservative assumptions also appear to be attractive with/|

tFe non-conservative assumptions. The levels of risk are

different by as much as an order of magnitude up here, where

we are talking about the containment as is, down to approach-

ing two orders of magnitude for certain strategies.

Another aspect of it is that those features, miti-

gation features in this case, which give results that are less

than sensitive to the phenomenological uncertainties than

others, have an inherent benefit. It means

that one then has
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more assurance that these systems will provide bei2fits than

a system that is very sensitive to the uncertainties, the

2xisting uncertainties and phenomenology and system response.

So I think, to answer your guestion, we are able to

come up with key conclusions on the basis of the existing un-

certainties, and we recognize the need to try to obtain best |

est.mates. We feel that that varticular issue, however, 1s ‘

not really sometiing that can be addressed in the filter |

venting program directly; it has to be addressed by those

people that do the phenomenolcgical research, that are doing

the experiments and the analysis of these various phenomenon

issues, and we have to provide them with a perspective on what|

issues need to be resolved for purposes of our analyses, and

then they have to be responsive in looking at these issues

anéd trying to resolve them.

MR. BENDER: Well, I think your apprcach makes

(21

airly good sense. It does emphasize the importance of
having the phenomenological information in hand when you
make these decisions.

DR. ZUDENS: One guestion on that. When you went
to this range and made the conclusions that you really did
not need the best estimate to make a judgment on some particu-
lar strategy, did you run either the one, what you call

conservative, versus the non-conservative, or did you mix

between different items in some way? ,
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DR. BENJAMIN: We first ran the conservative assump-
tion set versus the non-conservative assumption set, and
tnese results are shown.

We then are in the process of assessing the sensi-
tivity to individual assumptions, varied one at a time, to
determine which of these uncertainties are most important
from the point of view of the risk with and without the
mitigation features.

DR. 2UDANS: You have a reason to believe that any
kind of a mix from these two groups would otherwise fall in
that c-oss hatch, right?

DR. BENJAMIN: I cannot identify any cases in which
they fall out of range, although I cannot say that we have
conclusively finished the analysis and be able to determine
whether in fact there might be some combinations that would
fall outside the range. I do not believe so, but I cannot
say with surety right now.

We are still working on these problems.

DR. ZUDANS: Thank you.

DR. BENJAMIN: I think this might be a good rlace
for a break if you would like to take one now.

DR. KERR: I declare a l0-minute break. We will
resume at 10:50.

(Brief recess.)

DR. KERR: May we resume, please.

l
|
|




10!

11

12 |

13

14

15

16

17 |

18

19

20

21 |

gzz

|

DR. ZUDANS: Could yocu put that last graph that you

74

had with those bar charts, cross hatch, back up? The last

graph on which the range evaluated

curies.

in terms of equivalent

DR. KERR: Did you have a question?

DR. ZUDANS: Yes.

]

DR. KERR: Would you please put the previous chart

on, Mr. Benjamin.

DR. ZUDANS: Where do the venting strategies show up

in these bar charts?

DR. BENJAMIN: If you do
get into that with a little bit of
next set of wvu-graphs.

DR. ZUDANS: But do they

DR. BENJAMIN: Yes, they

in these three cases.

not mind, I would like to

iatroduction. This is my

show up here?

show up there. They are

DR. ZUDANS: All right, thank you.

DR. BENJAMIN: May I start now? 1Is everybody back?

DR. KERR: Please continue.

DR. BENJAMIN: I would like to talk about how we are

using this risk assessment to synthesize filtered venting

systems and determining the types of filtered venting svstems

and adjunct types of design provisions that have to be

included to make the difference as

To introduce the subiject,

far as risk is concerned.

this is a very simple

!
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75 |
schematic of just a "~nt filter system that illustrates - |
couple of points that I want to make at tha outset. First
of all, we are venting from the wet well, so that we are using |
the suppression pool as a filterinag and scrubbing medium
prior to venting.

In most of the work that we have done so far, we have
considered this valve to be a relief valve. It onens at about;
100 psi and closes at somewhat lower pressure, but we also
have looked a little and intend to look a little hit more in
terms of venting actuation being a rupture disk or something
where the pressure in containment does not necessarily rerain
high but can be reduced. And then venting goes throuah filters
and then to a stack.

DR. KERR: Excuse me. Are vou going to say something

about how you pick the appropriate orening nressure?

m

or the HMARK

[ ]

well, we picked the opening pressure

sign pressure, which was about 71 psi

®

BWR by taking the d
absolute and considering the failure pressure that has been

I 5 nai } A wre
estimated so far, which is about 175 psi absolute, and we

have assumed that venting would start when the pressure

si. It happens that for the MARK I BWR,

<

reached about 100

g&
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which is a small containment, the particular L. 'ssure at whxch!

the vent is open above design pressure and less than failure

|
|

pressure does not critically affect the risk unless, of course,

you come too close to failure pressure and the containment

fails, because of the fact that it is a small containment,

|

|

and 1f you are in an accident sequence where you are producing |

steam that is not condensed in the suppression pool or produc- |

ing non-condensables, not condensed in the suppression pocol
because the pcol is saturated, or producing non-condensables
from the core-concrete interaction, it does not take very
much to over-pressurize the containment.

Consequently, these scenariocs, in the MARK I BWR,
will generally lead to containment failure if something is
not done toc prevent it from happening.

DR. KERR: What I had in mind, one might take this
to an extreme ~-- I do not know how extreme -- and say, since
you have a good filter and a stack, you do not really need
to keep the containment closed at all. The way to prevent
overpressure is just always have the vent open and let her
fly.

Now, you do that if you conclude that there is
a lower risk by whatever there is in containment out ' hrough

the filter to the outside world, If, on the other hand, you

conclude that there is some adcitional risk in releasing that,

then it seems to me chere is some premium in going t . high

1
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but on the other hand, you do not want to go to a pressure
high ¢nough so that there is some risk that the cont.-inment
will fail catastrophically.

So what I am trying to get at is, have you thought
about the strategy of picking the appropriate pressure at
which 1 lease occurs, or is there such a strategy?

DR. BENJAMIN: Well, I think the strategy would

sreclude cpening the vent before a design pressure is reached,
because there are accidents such as the design basis accident,

where design pressure is never reached, and yet there is some

release of fission products, and accidents such as what hap-
pened at Three Mile Island, which is, of course, not a BWR,
but if the vents had been opened from the begi' ing of the
accident, the consequences in that accident would obviously

have been much larger than they really were.

So opening the containment beforc design pressure 1is

reachud would seem to me to be unacceptable from a risk per-
spectiv. as well as commecn sense.
Now, where, between design pressure and failure

pressure, the vents should be opened, I cannot say that we

can provide at this point very much useful information in the

way of conclusions other than to say we feel confident that
the containment would not be threatened if the pressure 1in
containment were about 30 percent above the design pressure.

Containments are usually tested out at pressures perhaps 10
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or 20 percent above design pressure before they are qualified.

A further definition about what pressure to open at
would seem to me to require a little bit more information
from containment failure studies that have not been done yet,
and so I guess that may not be =--

DR. KERR: Would your study up until now lead you
to conclude that this is an important issue or that it really
does not make too much difference whether you open at 20
percent above design or 50 percent above design or =~ I do
not personally have any feel for this at all. I just =-- it
seems to me intuitively it could be an important issue, but
I do not know how important.

I think it depends on the containment type, to a
great extent. In a large, dry containment like Indian Point,
it makes a significant difference because there are accident
sequences, notably some accident sequences with hydrogen
burns, in which the containment pressure may exceed design
pressure by significant amounts but may not fail the contain-
ment. That is because you have a lar * containment which is
already quite strong, and there are guc.tions about whether
accidents that are thought to threaten containment in that
case really do or not; in other words, there are many acci-
dents that fall in the range where the pressures rise between
des.gn pressures and failure pressures, and then the choice

P
-~

f the opening pressure would be important for that type o
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containment.

I do not believe that the BWR that we have been
loocking at has that particular distinction because the types
of accidents t. at dominate the risk are accidents in which
the containment cooling is unavai le and there 1is continual
production of steam which is not condensed in the suppression
pool, and evertually, containment failure pressure is reached.

DR. KERRl: Well, let me hypothesize a situation of
the kind to which I think Mr. Meyer referred earlier this
morning, in which one is not getting an extremely rapid
build-up of pressure, but rather a slow and significant
build-up of pressure, and one has some sort of automatic
system that is set to release at, let us say, 40 pe.cent above
design pressure.

Now, it is one of the responsibilities of the
operator, I guess, to tell the governor of the state that,
based on our projections, there is a pressure build-up, and
at 8 a. m. tomorrcow morning, that relief valve or whatever it
is that releases pressure is going to blow, and we are going
to start releasing things through the vent because it is set
at 30 percent, but if it was set at 50 percent, it might not
have to be released.

I just foresee situations in which =-- I think this
is a low probability event, so it may not really require any

major amount of consideration, but it does seem to me it
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could have an influence on what one might do and what one's
plans for. I certainly have not thought about it enough so
that I could give a recipe, but it is hard for me to believe
that it cannot be an important consideration.

DR. BENJAMIN: Yes.

MR. BENDER: Could I address another aspect of the
same problem. There is a gquestion of when to vent and what
tc vent, and part of the issue that comes up in looking at

these over-pressuring of the vents is the fact that there is

a lot of air in these containments, and the air has a low heat

capacity, and it expands with temperature, and that is prob-
ably the over-pressure thing that is causing you concern,
anyhow, so that it is a question of whether, if you vent it
early in life, you could displace a lot of that gas that was
going to lead to over-pressure later on.

I think the Limerick study sort of suggested that
some early venting would be a good idea. I am not sure what
kind of venting they had in mind. It also influences the
kind of filtration that you do. If you vent early, then you
will know pretty well what the vented content is, because
most of the fission products are still where you want them,
namely in the fuel, and so the filter can be something of a
different character, and I am curious to know whether that
aspect of vented - filtered containment is being taken into

account when you do these studies.
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DR. BENJAMIN: We have considered the possibility

of venting esarly. In the Indian Point study, for a particular
purpcse, we did it to bring the containment pressure down
prior to a pressure spike that could occur as a result of

either hydrogen burning or steam generation from the core

debris guenching in water, so we considered that as one alter-
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native to handle types of accidents that may be threatened

by containment spikes, venting containment prior to any

significant melting.

We have not done a risk analysis on that 1issue yet

because we have not gotten into that on large, dry contain-

munts. Venting early -- you mentioned the Limerick study.

I believe they were venting 2arly if you use that word to
mean venting before a melting occurs. Yes, that is true.

But I do not believe they were venting early if you are talk-

ing about venting before the container design pressure 1is

exceeded.

DR. KERR: Well, I did not try to be that explicit

because it is a fairly arbitrary decision as to where you vent,

at what pressure you vent. There is some advantage in

venting well before the design pressure is reached if you

kncw why the pressure is going up, and I think it is going to

be a matter of what determines these decisions, and from a

public risk statement, during the venting, when

the fission product content is, it has a lot of

vou know what |

meaning.

It
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is better to be able to call a governor and te¢ll him, we are
going to vent now because we know the level of activity in

the containment is very iow, anfd so if it turns out that the

filters do not work very well, there is still no public risk.

That is the kird of logic that I want to be able
to argue with state officials about, and that the Regulatory
Conmission ought to be thinking about, because that was the
problem at Thres Mile Island, and I am hopeful that you will
deal with that.

DR. BENJAMIN: I do not think venting in Three Mile
Island would have accomplished anything because containment
sprays and coolers were on an . the pressure was always down
until the hydrogen burn occu‘red and there was a pressure
spike, and at that point there were fission products in con-

tainment.

In the case of the BWR, we are venting before melt-

ing occurs. Wwe are venting when the pressure in containment

gets to a point where containment design pressure is exceeded,

and we are venting steam and essentially no fission products

in the BWR, so really, for the dominant accident seguences in

the BWR, venting occurs whern the atmosphere is well defined

and does not contain significant fission products.

Early venting for any other reason, if the contain-

ment systems are working, then there is no pressure that needs|

to be vented, unless trere has already been a melt-down.
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DR. KERR: Well, there is another reason. The
reason is to provide more ceiling for the containment by
getting rid of things that could cause ove--pressure later on.
That is one of the reasons for wanting to do early venting.

Another reason for doing it is, if you are going to
worry about something coming out, then it is better to get
rid of that inventory which you wanted to get rid of before
something does come out.

Now, I realize that there was not a need to vent
at TMI. Had TMI been an ice condenser of fairly low pressure,
you would have been sweating the question out very seriously.
You might still not have vented. And so there continues to

be this guestion of when to make the decision and what the

conditions are for making it. I think it is an important part

of the risk question.

DR. ZUDANS: Could I add just a thought to that?
Couldn't that be one 0of your range parameters to study?

DR. BENJAMIN: Wwhen to vent?

DR. ZUDANS: That 1is right, because now you fix the
pressure where you vent, and you vary many other things.

DR. BENJAMIN: We could, I suppose, include the
possibility of venting before design pressure is reached to
see how that affects the risk, but I believe the answer to
the question is already fairly well ascertainable, that it

will increase the risk rather than decrease 1it.
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DR. ZUDANS: Yes, but it may not do that. You may
be able to clear the atmosphere to such an extent that subse-
quent events, you do not have to vent at all when you get

fission products in.

e ———————————————————teed e

DR. KERR: Mr. lleyer?

DR. MEYER: May I add to‘that? There is another |
competing risk that is introduced by early venting of non- %
condensables. 1If, as the accident progresses, you have a very%
large mole fraction of steam and then initiate containment |
coeling, you could be in a situation of having a large
vacuum on your containment ==

DR. ZUDANS: Oh, you will, righct.

ODR. MEYER: =-- and have a failure mode in that way.

MR. BENDER: You would have to look at that as a
risk, that is all.

DR. MEYER: it is competing risk of thinking about
venting your non-condensables.

DR. ZUDANS: But yoir also .alk about wvacuum breakers
to cover that condition. That is part of the game, you know. ;

DR. MEYER: The vacuum breaker is the solution, but |
under certain circumstances, it would have to be, as I under- ;
stand it, a very major vacuum breaker to accommodate that kind:
Of =~ |

DR. ZUDANS: Yes, but if you vent at all and get

the steam, and later on one of your systems condenses the
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steam, you have to have something to prevent an accident.

cne in the sense that if you did that early, you may find out

by studies

But if you could reach a state where you, by early venting,

prevent the further over-pressurization to the extent of

DR. MEYER: That is correct.
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DR. ZUDANS: And Mr. Bender's thought is a very good

that it does not do you any good; that is fine.

threatening the containment when the fission products are

there, you do not have to vent at all afterwards. Is this

possible or is that just a -- do you see what I mean?

an item to

DR. BENJAMINM: Well, let me take note that that is

be considered. ‘

DR. ZUDANS: Now, if the venting has to be continued

once you start it,

note.

because that may --

that is not a gquest.on.

DR. KERR: You convinced him. See, he is taking

DR. ZUDANS: I do not want him to a good idea,

DR. KERR

DR. ZUDANS: We will do further design later.

: I do not, either.

DR. KERR: Please continue, Mr. Benjamin. .

DR. BENJAMIN: This chart shows the effectiveness

of various prevention and mitigation strategies involving

containment venting in terms of probability of core me.ting inj

this c ase.

What

-
4

am attempting to do here is to illustrate
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how various venting strategies and designs come out of the
risk assessment.
In this particular case, we find that various pre-

vention type measures such as your auxiliary boiler tie-ins,

your steam jet air ejectors, plus passive containment cooling |
or plus independent RHR-LPCI s,;stem result in fairly small E
amounts of reduction to the risk as it is calculated, or to I
the probability of core melting, because of the residual effecé

of ATWS sequences, the failure to scram, that inclusion of
|

an improved reactor protection system would result in about ang
i
order of magnitude in the probehility of core melting based i

on the considerations that,in talking to some of the people at|

GE, that they consider it possible to improve the reliability
of the scram system to a point where it would be about an |
order of magnitude better than what was used in WASH-1400

as being the reliability of the scram system.

Now, with containment venting, containment venting
by itself does not significantly a2ffect the probability of
core melting, but containment venting with a tie-in between
the high pressure service water and the low pressure coolant
injection system does, through a means that I will describe
in just a minute.

We have considered the same kinds of approaches

or comparison of approaches, considering the egquivalent weight|

of releases as the index of risk measure with these cross ;
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hatches, as I indicated before, indicating the range of un-
certainty from the conservative to the non-conservative
assumption set, and we get the results that are shown here.

DR. ZUDANS: Which ones of these blocks =-- this is

the guestion I asked -- which one of the three blocks at the

bottom compare -- to which of the upper blocks do these bottom

blocks compare, like this, any one, like your cas2 (G)? What

is the comparative case without venting? I could not identify |

it by the title.

DR. BENJAMIN: Case (G) would be the same as case
(C) except that it includes venting through a three --
DR. ZUDANS: The same as case (C), right? So the

reieases overlap in this case. The improvement is not that

obvious.

DR. BENJAMIN: Yes, and the reason is because in
this case, even though you vent containment, you eventually

deplete the water in the suppression pool and you lose your

emergency core cooling, and you have a melt-down, and you do

not have any benefit of scrubbing in the suppression pool,

since the suppression pocl has been depleted.

This was the point on why a tie-in from the high

|

|

I

pressure service water system to the low pressure low pressure|

coolant injection system was necessary to provide

risk redu~tion.

significant

|

DR. ZUDANS: Now, which case is comparative to (H) 2 |

|




88

DR. BENJAMIN: Case (H), you would be comparing

case (C) again to case (H).

3 DR. ZUDANS: No. Case (C) could have a tie=-in f
. 4 | without venting, could it not? Case (C) is not a comparative :
3| case. ;
é DR. BENJAMIN: It is comparative in the sense that :

7 | case (C) represents existing contairments without a venting
system and with a tie-in provided from the aux boiler to the
9 | steam jet air ejectors. Case (H) represents changes that |
10 | would be needed to accommodate a vent system tha - included
1B not only the opening in the containment itself but also '
12 | another feature that would be specifically oriented toward
' 12 | the venting strategy. Let me show what that is.

14 This represents a system that has containment vent-

15| ing. It has two paths of containment venting, first of all,
16 | and let me describe why that is. A lower path opens at a

17 | lower pressure than the upper path. It is a smaller vent

18 ; path, and it represents a vent path corresponding to an t
l9i orifice diameter of about 7 inches, which represents a ventingé
20! rate that would be necessary to mitigate most accidents in |
2'; which pressure build-up is relatively slow.

The top venting path opens at a higher pressure and

(]
w

also recloses at the higher pressure, and it is a 3-foot

diameter venting pene.ration which handles ATWS, steam pro-

Bowers Reporting Company
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duced during ATWS events. In the ATWS event, the automatic
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depressurization system could be used to bring the pressure

——————————

in the reactor vessel down to a point where the tie-in to
the high pressure service water system could continue to }
provide enough water to the core so that the core would remain
enough covered to prevent the meltdown, and the vent size

|

would be sufficient to keep the containment from overpressurizt

ing. There would be no filters necessary because the core

had not melted. |

The high pressure service water tie-in is a tie=-in
which essentially takes river water, in this case, and the
tie-in goes to the core directly, through the low pressure }
coclant injection system. The tie-in currently exists on
BWR containment, and it is used merely as a means of providing
make-up water essentially as water in the form of steam is
being vented from containment.

There is also a tie-in shown to the dry well sprays
which happen to exist in Peach Bottom containment but not

i

in all containment, and in this case, the dry well sprays were|
postulated as a way of keeping the dry well temperatures cool
enough during the core=-concrete interaction phase of the
accident so that you would not have a threat of failing the
containment seals, the dry well seals, due to high tempera-
tures, both from thermal radiation and from hot gases produce@

during the core-to-concrete interaction, and would not there-= |

fore have, as a possible bypass mode to the vent filter |
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system, leakage through the dry well fields.

There is also a possible tie~-in directly to the
suppression pool that this system could afford to make up
water in the suppression pool in case there was a reduction
of the level of the suppression pool, but with this system,
the suppression pool level w;uld not be reduced very signi-
ficantly, very fast, because the pumps which normally take
water from the suppression pool would be bypassed by the
high pressure service water pumps. Otherwise, these pumps
would have to operate under conditions beyond their design
basis.

CR. ZUDANS: 7#ell, that .s guite nice and clear,
but then all these tie-.n features could be used without
vent, too.

DR. BENJAMIN: What would happen without venting
in thls case is that the coritainment would over-pressurize.

DR. ZUDANS: Well, not if you spray cold spray up

there. Why would it over-pressurize? Keep on condensing.

DR. BENJAMIN: Well, in the sequences that dominate

et ap—— ]

)
|

the risk, the suppression pool cooling system is not available,

and the suppression pool becomes saturated. Providing this
tie-in to the core would keep the core covered, but steam

being vented through the release valves into the suppression
pool would not be condensed in the pool and would eventually

wind up in rupturing of the containment.
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DR. ZUDANS: That is if you do not provide such
suppression pool atmosphere cooling as you have in a dry well.
You could easily do that prior to venting it out.

DR. BENJAMIN: Well, there are, of course, suppres-

sion pool cooling systems available which, in accident sequen- |

ces that are important for risk, fail. There are important
accident sequences in which current suppression pool cooling
systems fail. If they were available, then a significant part
of the risk, a very significant part, would no longer exist.

There are wet well sprays also available, kut then
the problem with adding water directly here would be that the
water level would rise, and you would be threatening the
structure because of the additional weight of the water.

DR. KERR: The point is that it is not fair to
increase the reliability of containment heat removal, because
then you will not get an accident.

DR. ZUDANS: Yes, and then you cannot justify the

filter vent system, either.




?' 92 1,

GREE!WOOD ' . ‘,
DR. 7UDANS: Referring tc Case H, you don't have ;

5 2 . : : . z

1.: comparison to judce the benefits of the filter vent systemnm. *.-Jhﬂt

FOLLOWS JOYC}

you are saying is that the Case ! is designed around the

LN

. | fiiter vent system to do a better job in justifying it. VYou

could do all those things without it and mayhe not. Now,

6; your coolers are not operational. The spray micht not be
7! operational, too. So, you still will overnressurize, and of J
| course, if the suppression pool nressure increases, it will
F start pumping the water back into the drv well, will it not?
e DR, BENJAMIN: The point I wished to make was that
k this tyme of tie-in to an external water system would not
]2‘ work if there was not a venting svstem,
. s | DR. ZUDANS: That is what I want to hear, why not? ’
’4' DR. BENJAMIN: Because you would be adding water
. to the system without taking it out. The venting system
e provides a steady state mass conservation type of situation.
i You are providing water into a system, and you are taking it
18 out in the form of steam. That nrevents the water inventory
i from becoming too large or becoming too small.
40 | DR. ZUDANS: That isn't clear, I don't think.
21 |

MR. BENDER: In order to make that case you have to
22 | show that there is not sufficient volume in there to make that |
23

water addition meaningful. Now,the noint you made, I thinlk,

24 was that too much water will threaten the in*2qrity of the

Bowers Reporing Company

25 TORUS, and it may. I don't know what is needed, but there is a
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lot of volume in there, and it seems +o me that you ought
to be showing much much headroom there is in terms of adding
water as one of the parameters that oucht to be looked at.
Is that unreasonable?
DR. BENJAMIN: Adding water to the suppression

pool, there are limits to how much water can be added to the

| suppression pool.

MR. BENDER: There are indeed. I would be the first
one to agree with that, but there is sora capability to add
water.

DR. BENJAMIN: Ves.

MR. BENDER: And I don't know what that increment is,
do you?

DR. BENJAMIN: No, I don't, but I do know that the

' water level is very dependent on the vent submergence denth,

and the vent submergence depth does not have a very wide
range of latitude. 1If you increase the water level to the

point where the vent submergence depth becomes hicher, it does

. prevent a structural problem in that the nressure dron across

| the vent then becomes much hicher, and it creates a number of

notential problems that can otherwise be avoided.

MR. BENDER: It would be a mistake for us tc try
to analyze this accident right here. I quess I would arque
' that you ought to look at that aspect of it, along with

| considering the filtering.
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DR. SIESS: Did you say that the TORUS would fail if | |

. 2| ie were full of water, just from the weicht of the water?
3 DR. BENJAMIN: 1If it were completely full of water?
! !
. 4 | DR. SIESS: VYes. I thought vou said that that would

3 | endanger the TORUS. ;
° DR. BENJAMIN: VYes, I believe I said that, and I

7 | think that is true. i

8 DR. SIESS: Just from the static weicht of the water? |
9| DR. BENJAMIN: I believe so.

‘07 DR, 2UDANS: No, nct from static weicht of water.

1l | That is incorrect. ’
12 DR. SIESS: I have not made any calculations, but I

’ 13 | just find it aard to believe.
14 DR. KERR: Mr., levy, vou had a comment. If vou would

15| not mind coming to a mike sc that we could get it recorded,
16 | I would appreciate it,.
17 MR. LEVY: I think many years aco in discussing this

18 | in front of ACRS it was pointed ocut that at atmospheric

e
D

19 | oressure you could actually feel the TORUS in the drwnrell un

- . -~

20 | «o0 recovery, but that will have to be at atmosnheri¢ nressure.

21 | DR. KERR: Thank vou, sir.
22 | DR. ORRENT: Can I ask a different nuestion? If vou
23 | were at the 9C PSI pressure, vou currentlv show it without

24

w

path through the filters. Is it a different kind of

Bowwrs Reporting Comgxany

25 | £ilter systen you would need if vou sent that discharge to the
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filters? Would it complicate vour design markedly to send

that discharge through the filters? I recognize that vou
described a scenario in which vou envisaged that there would
not be a large fission product load for the 939 PSIG, but I am |
trying to understand the different part of the desian
philosophy.

DR. BENJAMIN: If vou had tc orovide filters for ;
an accident, the demands on the filter system would be mucna
greater because of the fact that vouwould have a tremendous
heat load and.the steam that was being vented, no practically
sized filter could handle that heat load without active
components to take the heat up, and rather large active
components at that. The rate of venting in the ATWS sequence
is an order of magnitude higher than that necessary for other
sequences, and that, also, would regquire filters that were
an order of magnitude larcer than what would othervise be
needed for the other accidents.

DR. OKRENT: I am trying to understand whether
heat capacity in what you call the filters could serve the

purpese here. In other words suppose there were a large nool

| of water on the way to the filters;that would buy a certain

amount of time, I agree., It would have to be infinite to
buy infinite time, but has that been ruled out as a meaningful
aspect?

DR. XERR: You might have those rocks frozen.
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DR. OKRENT: I guvaess that is a possibility, but I
wasn't proposing that particular one.

DR. BENJAMIN: That has been ruled out. You take

a water pool the size of a BWI suppression pool which containsi

over 1 million gallons of water, a larce ccmponent, costs
7 to 9 million dollars to build one, and during an ATHWS
sequence you can heat that up to saturation temperature in a
period of about an hour or two, if I am not mistaken. I
think that is right, about an hour or two.

So, on that basis it would be impractical to try

to remove the heat. When you are considering that in this

wun

particular design we are talking about adding 5000 gallons
per minute of water to the core which is vaporized into
steam as it is being added and being vente®, that amounts
to heat still being produced in the core during an ATYS
event that is something on the order of about 15 percent of
operating power. That is an awful lot of heat.

DR. KERR: ‘'tThat happens if you put boron in the
water that you are adding?

DR. BENJAMIN: That could certainly increase the
nossibility that you would be able to bring the reactor
subcritical.

MR. BEMDER: I am bothered hy this particular

scenario that vou are describing. If we are going to

w
]
8
(38 ]

presume an ATWS that continues to generate heat at 1

-
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97 |
percent of a design power, this whole idea will fall down,
and it seems to me that the issue we are addressing is not
one having to do with generating more than afterhea%ting for
a period of time, and if we are addressing the ATYS situation
as one of the levels of probability that we have dealt with by;
this mechanism I would think we woulé probably need to think
more about what other circumstances are occurring at that
time. Somehow the reactor will be shutlown subsequent to
an ATWS if we are getting to the point of core melting, and
so we need to think about a different kind of circumstance,
and I don't like the logic that is coing with this. I may
be wrong about it,

DR. BENJAMIN: Let me add one more point in recard
to the ATWS here. If the core melted down, if there was an-
cther failure that prevented water £rom being delivered to
the core and steam from being vented out to balance water
inventory and the core melted down in this narticular design
candidate the hich rpressure valve would close, and the low
pressure part would open because now we are not oroducing
steam at 15 percent of operatinc power. At that point after
the core melts down the event path would be through the
and to the stack.

So, I would say that the protection for an A™S

sequence resulting in a meltdown would be the same as it would

be for other secuences resulting in meltdcown.
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MR. BENDER: I am more concerned about the heat

generation rate and how long it is going to go on and what

can be done about it and what flow rate and what constituencies

are implied by that kind of circumstance.

DR. KERR: Why don't you continue vour presentation.
I don't think you are going to solve Mr. Bender's problem
this morning, but it is certainly a real one.

Mr. Okrent, did you get your question dealt with?

DR. OKRENT: It is enough for now.

DR. XERR: Mr. Siess?

Excuse me, please continue, Mr. Benjamin?

DR. BENJAMIX: I have not addressed yet the question
of what types of filters whould be used, and I would like to
address that now from a risk reduction persvective.

This chart shows equivalent weichted releases in
terms of individual bone marrow dose, individual thyroid
dose and total ponulation dose given a core meltdown. This
is not the risk per se because I am not presenting these
equivalent weighted releases per reactor year but rather
given 2 core meltdown what are the equivalen’ weightad
releases, and I am comparing here four cases, no venting
case but taking credit for this tie-in with the aux boiler
and the steam jet air rejectors, venting to the atmosphere
with the high pressure service water tie-in that I descrihed

but no filters in the low flow path, venting with crushed

i
I
|
0
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1| rock type filters in the low flow path and venting throuch
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high efficiency filters which would include something like
charcoal absorbers and HEPA filters perhans and other
possible high efficiency filters that would essentially take
ocut all the particulate and iodine matter but not the nobles,
except possibly --

MR. BENDER: Remind me what the cross hatched section !

|
|
represents?

DR. BENJAMIN: The cross hatched section, acain,
is the difference between the conservative and non-conservative
assumption, sir. The dashed area here represents the
difference between, if I had done this in terms of risk, the
relative reduction in risk from no venting to venting.

DR. SIESS: I don't understand that. Will! you

explain the white part again?

{t

DR, BENJAMIN: The white part represents the fact

that the probability of core melting without venting and
without the high pressure Service yater tie-in is a factor of
10 roughly higher than the probability of core melting
with venting and with the high pressure Service water tie-in.
DR, SIESS: WWhy is there no white nart on any bar
except the top bar?
" DR.BENJAMIN: It is included to represent the
relative difference between the risk and not the absolute --

these figures in that case would not apnly. It is put here
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to remind myself and others that if I were doing this on the
bDasis of equivalent weighted releases per reactor year, the
difference between no venting and venting would be that
amount which would represent here about a factor of 109, and
the difference doing it on the D3SiSof eguivalent weichted
release, given a core meltdown occurring, the difference is
much less between the venting case and the no-venting case.

DR. SIESS: ‘Yenting reduces the probability of core
melting. How could that work out?

DR. BENJAMIN: It reduces the nrobability of core
melting if the tie-in to the external water source is
implemented bv saving the containment a nd nreventing
interruption of emergency core cooling water that would
occur otherwise with the containment failing.

DR. SIESS: So, it is not the venting that reduces
che probability but the direct tie-in to the water.

DR. BENJAMIN: They do so in conjunction. If th
containment failed in the Mark 1 BWR which is a free-standing
steel structure, there is a relatively high nrobability that

emergency core coocling would, also, fail as a result of q.css

| geometry disruptions caused by the containment failure, at

least that is the way we consider it richt now. DPrevention
of containment failure also prevents that type of cross
geomeiry rupture that could result in failure of rCCS

availability.
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DR. SIESS: I give up.

4dR. WARD: What this wvugraph seems to say is

venting does not do much good. If I look at this the

101

the

crushed

rock does not do you any good. The high efficiency filter

whatever that means does not do vou much good.
!

S0,

it is

only venting in the first place to the atmosphere so that

can make use of this additional cooling system which does

good. 1Is that right?

DR. BENJAMIN: No, I would not look at i

The reduction of probability of core melt leads

10 reduction in risk, and be reminded here that

hd
-~

to

you

any

that wav.

a factor of

am

considering some specific consegquence measures that are not

necessarily indicative of the total range of consequences.

In fact, we are doing CRAC code calculations to leook
consequences more concerned with nublic health
latent cancer fatalities and early fatalities %o look a l

bit more into that, but in the context of these

says that a factor of 10 reduction in risk is

.

, such

to

measures

combination of venting an” high pressure and Sérvice yater

tie=in, and then depending upon whether conservative or

non-conservative assumptions more accurately rerresen

real world there is from a factor of 3 to 19 in this case

additional reduction in risk due to the miticated

faa

ure

at

as
.3 =
ittle
it

the

ts the

of the vent filter system, and in this particular meaure it

is more like a factor of 19 to 100, and in this cne something
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between, I guess.

DR. KERR: If you go to the A set cf graphs, the
top one, there.is a line labeled vent to atmosphere and then
a bar labeled crushed rock. The difference hetween those
could ke due to a slip of the pen of the artist. They
are close enough to the same thing, which would appeaf
to say possibly that there isn't any difference betweenthe
vent to atmosphere without the crushed rock and the vent to
the atmosphere with the crushed rock. It must not say that
from what you have just said.

DR. BUNJAMIN: In this particular case it says that
an individual standing one mile from the reactor will receive
the same bone marrow dose whether you vent through crushed
rock or you vent directly to the atmosphere, and the reason
is because we have a 502 foot stack, and £fission products
essentially go over his head.

DR.FERR: That is interesting because the top is
labeled equivalent curies release. So, eguivalent means
equivalent to an individual standing one mile away with a
500 foot stack. Is that right?

DR, BENJAMIN: Equivalent curies released, as vou
remember from the discusion of the weighting fac:uors con
fission products was based on the ratio of dose received
to rems released. It means that for an individual standing

one mile from the reactor =--
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DR. KERR: It would not be much difference whether
you went through the filter or not. 1Is that right?
DR. BENJAMIN: VYes, that is what this graph means.
MR. WARD: So what we are really seeing there is the
benefil. of the 3500 foot stack, and that is why the Group C
there does not show =--

DR. BENJAMIN: Let me try to clarify that a little

bit more. Population dose which is not a function of +he

stack height shows a difference between venting directly

to the atmosphere and venting through rock of about a factor

| 0of 3., We have done some --

MR. WARD: Could vou clarify .hat a minute; the

-

 dose, with the short-lived noble gase= that have more chance

to decay. Do you credit that?
DR, BENJAMIN: The crushed rock should help or --
MR. WARD: VYo, the tall stack effectivelvy isolates

the short-lived fission products from the nonulation for

the calculation of the total ponulation dose.

DR. BENJAMIN: We have not svecificallv given credit
to all fission products in the stack.

MR.WARD: No, I mean in the atmosnhere.

DR. BEUJAMIM: You mean the elevation?

MR. WARD: Yes.
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OR. BENJAMIN: That would be accounted for, ves, of
course. That is accounted for, and I did not mention that in
our determination of equivalent weichted releases. We
differentiated between elevated and ground releases sc that
the elevation of the stack in dispersing plume =2ffects and
all of that has been accounted for.

I did, also, want to point out that we have done soue
CRAC coca calculations to look at these gquestions that are
being r<.sed now, relative value of venting to the atmosphere
or venting through crushed rock with and without a stack,
and I should mention that these results are indicative of the
partisular population characteristics at Peach Bottom which
have a peculiarity about them, and that is there are v rvy
few people within 10 miles ¢of the reactor at Peach Botton.

Now, with that information one derives the result
that it does not matter very much whether you vent through a
stack or you vent at containment level. It is because of the
population distribution around Peach Bottom. We have not
considered other sites vet, although this is part of the
scope orf work in the degraded core rule making research
program.

There dces show to be some difference he“ween
venting without a filter and venting with a rock filter,
and it appears that derending on which consequence measure,

it appears to be on the order of a factor of 3 to 5 reduction
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in the consequence attainable from venting through crushed
rock.

Not shown here is that with high efficiency filters
there is no additional benefit in a consequence point of view,
and the reason is mainly because of the noble gases which
tl.2n dominate the risk, particularly krvpton or depéndinq
on which assumption set is used bypass accidents that then
dominate the risk, bypass accidents being things like steam
explosions if one is talking about the conservative
assumptions and leakages, isolation periods and containment,
those rpes of accidents.

So, high-efficiency filters beyond a fairly nominally
sized crushec rock filter do 10t appear to buy us any
consequence reduction.

DR. ZUDANS: Looking at this chart the cross hatched
areas cover the sensitivity -anges that vou defined earlier,
different assumpticns in all cases. That is a true statement?

DR. BENJAMIN: Yes.

DR. 2UDANS: Okay, under those conditions you really
don't know where your best estimate point would be, and it
may or may not mean any significant improvement. 'When vou
cet into a very low range of mean risks like 19=3 or 4 or 6
a factor of 10 dces not really mean anvthing, does it?

DR. BENJAMIN: I think it dces, if you are talking

about the difference between 100 people being killea and

i
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10 people being killed. |

DR. ZUDANS: I am not really talking about that many
people being killed, many one in 100 years or something like
that. I mean it is not a very strong argument. It is not
like having 1000 versus 1. 1In fact, if you look at the
early fatalities, you réally don't have to worry right now.

DR. BENJAMIN: The early fatalities I did not
specifically mention because they are subject to, very
strongly subject to some assumption in the CRAC code dealing

with thresholds, for example, dose thresholds that thev are

very sensitive to, and I did not want to stress those at this

argues for or against a filtered venting system --

DR. ZUDANS: I would say it argues against it

definitely. Stack alone does a better job, less risk, no

additional hard work to worry about,.

18 |
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' not reduce the effectiveness of the argument that v

DR. BENJAMIN: I am sorry, vou are saving no stack
does --

DR. ZUDANS: sStack alone, stack onlv.

DR. BEMNJAMIN: To me it makes a strong argqument

-
-

(9N
O
D
w0

pae

against requiring filters in the venting system, bu

r

D

n

T

ing

' by itself has advantages.

DR. ZUDANS: 0oh, I see, when vou say stack vou do have

that 90 PSI pressure.
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also, recall that we are

using the suppression pool as essentially a filter in this

design.

comment.

DR. KERR: Let me see if

A difference between no

is that in the stack only you now

I understand your earlier
venting and the stack only

have high pressure

service water available whereas with no venting you don't

have it available.

Did I understa

DR. BENJAMIN: VYes.

DR.

ZUDANS :

nd correctly?

That is a good point if you just had

a vent and not the cross connection of high nressure service

water system.

need this is because you lost tihe ability to ccol

in the TORUS.

earlier,

lost.

reason you

the form

is true.

to ask a

That

That would not do y

DR. RERR: The assumption
That is the major r
I think.

The suppression pool cool
is the big risk contri

need to vent. That is

DR. BENJAMIN: I agree wi

|

that that is the big risk

not the only risk
of course

DR. KERR: VNo,

gquestion, it seems to me,

service water in to keer the core

ou any goced.

is that the reason you
the water
isk contributor vou said
ing capability has been

-l

butor, and that is th

a major reason, at

th your statements

contributor,
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likely that I could get it in to coal the water in the TORUS

which strikes me as being an alternative way of suppressing
pressure. Has that been looked at?

DR. BENJAMIN: t me try to understand your
question a little bit better. Are you talking about wit@
containment venting as being a feature?

DR. KERR: Let us suppose that what I am trying to
do is to avoid pressurizing the containment. One way of
doing that is to open it up. Another way of avoiding it is
to remove heat. I have lost the ability to remove heat in
the particular accident scenario which is a large risk
contributor because my heat removal system has failed and
presumably it has failed because I cannot add water to it

because that is the way you remove heat. VYour aporoach +o

wn
r

the vented filter i © handle at least one part c? the
scenario by bringing in high pressure service water which

strikes me as being dandy, but is it an

less possible to
bring in high pressure service water to rejuvenate theheat

exchangers that would remove heat from the TORUS?

Rather than puttinc the water in_the reactor vessel,

why nct put it in the hea% exchanger,
MR. WARD: Or some other water supply.

DR. KERR: Mr. Cunnincham has an answer.

t

DR. CUNNINGHAM: You are getting to a point that is

well taken, that Alan has been working in a program that
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specifically presumes that you are working with a vent

system.

There is another program at Sandia which specifically

looks at not worrying about vents but removing heat. This is
one of the situations where vou are ;n the middle.
DR. KERR: 8o, I ought to be asking that question
of the other Sandia program.
DR. CUNNINGHAM: Or part of the reason that we
are integrating the programs into the DCC rule making program
is just to take care of these kinds of gquestions because
there is that gray area in between, and there are other
kinds of options that may be equally viable or egually
important in terms of risk reduction and maybe much easier.
MR. WARD: Yes, but you seem to bhe at a point in the
program where ycu might want to decide that there is no
point in worryving about venting anymore, that the only
advantage vou have got of venting is it provides a mechanism

for removing heat from the suppression pool, and there night

f

be another way that is more effective, more efficient in doin
+hat, and venting per se dces not appear to do much as far
as risx reduction is concerned.

That is sure what I conclude from these wvuqgraphs.
Now, if you conclude something nlse, I would like to hear it.

DK. OKRENT: I don't understand your conclusions,

H

Dave. Could vou nut the wvugraph back con about effectiveness?
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Let us look at the bottom one which I think is *ha most

significant one because that is total norulation dose, and if

{

{

you forget the white portion marked risk, there is, as I guess ,

about a fact~r of 5 o 7 between no venting and venting
with rock. I don't see that as a neglible factor. 1In fact,
I doubt that you can £find ahy -

DR. KERR: Wait, Dave. There is a difference.
Venting with rock assumes vou have high-pressure service
water.

DR. 2UDANS: That is right.

DR. OKRENT: No, I am sorrv, that is the white
part.
DR. KERR: No.
DR. ZUDANS: Not if we understood him correctly.
DR. BENJAMIN: I think, if I may interrupt that
Professor Okrent is correct about that. This is civen a
core meltdown the difference, the mitigation effect is given
a core meltdown which implies that there is no water
delivery onto the core.

DR. RERR: That is the reason I asked my earlier

| question. I thoug,t that no venting assumed that vou had

22 |

23

24 |

no high-pressure water, znd then when you went to venting vou
put in the hicgh pressure water.
DR. BENJAIMIN: Let ~e try to elaborate a litt_e bit.

There is, even then, with that tyre system a nrobability
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associated with failure of the hich-pressure service tie in.
There are even with the hich-oressure service water tie in
accidents in which that tie is not effective hecause of the
fact that there are valve failures implied by the accident
which would make it ineffective. There are additional
accidents. There is a residue of accidents after these
things have been implemented in vhich failures of one sort
Or another could negate the effect of the accident. Loss of
power is a good example, loss of off site and on site AC
power would negate the effect of the high pressure service
water tie in. What this chart represents is all those
accidents that are left over when the high-nressure service
water tie in and vent system have been implemented in which
those systems do not prevent core n lting, ané those
necessa.’ly then imply that the high-pressure service water
tie in would have been defeated.

Then what the graph shows is the relative advantages
of the vent system with varicus filtering components given
that all these failures have occurred desnite our best
efforts to keep providing water and to reep the containment
pressure down.

DR. KERR: But the no venting one assumes that even

| with high-pressure water you will get core melt. Is that

| valid?

UR. BENJAMIY: YNo The venting one =-
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DR. KERR: No, the no-venting one. The no-venting

bar assumes that even with the high-pressure tie or whatever
you get core melt? I am not trying to put words in your
mouth. I am just trying to understand,and I thought you said
that it assumes that you will get core melt, whereas the
vent assumes that you won't get‘core melt in at leas a
fairly important sequence because you will have the
high-pressure water which will permit you to cocl the core.

MR. BENDER: I guess I misunderstood. I thought
that what he is showing up there are all cases involving
core melt.

DR. OKRENT: With the orange bars, forget the white.
Just look at the lower group in orange.

MR, BENDER: Do they all assume core melt?

DR. BENJAMIN: Let me describe how these were

(r

e bit of light

derived, and perhaps that will shed a litt

.

on it. We took all the accidents represented by the event

tree. We evaluated for them equivalent weighted releases,

ina-

multiplied them by their probabilities, divided by decontami®
tion factors where appropriate and summed them up to get
total equivalent weighted releases per reactor year

because probability is in it.

'

We then “ivided that by the probability of core

melting, the total probability of core melting to get the

orobability, to get this graph which implies mitigation




Boweis Reporing Company

10

11

12

13

16

17

18

113

effectiveness given a core melt. I don': know if that makes
it clear or not. I guess it doces not savy.

DR.FIRST: What do you call that number when you get
all through? Dces it have some dimensions or is it a ratio
or what?

You have multipled and divided a number of important
factors, and what do you call the answer?

DR. BENJAMIN: We call it, I don't know that we have
determined the name. e call it equivalent weichted resleases

given the occurrence of a core meltdown.

DR. FIRST: You see, this is not a comparative number.|

You have got some numbers there 10 +o a facror, and that
certainly does not tell us anvthing comparative. It is
giving us an absclute value it seems to me. What are we

comparing it -- what is it equival~ent £0? What is rumber one

or standard or whatever you want to call it?

19

20 |

2]

23

24

25 | defense is a filter venting system. Then does the filter

(]
(tr
L3
’4 .
e |
~

DR. BENJAMIN: What these numbers repreent,

on

[

s miti

[

is what I am trying to look at in these cases

un
fu
t

ffectiveness. I think one of the considerations in decidira

on a vent filter system is this. Let us assume that we have

a core melt situation. Then would a vent filter system nrovide

any good for you? I think that is one of the considerations

that has been expressed by members of the ACRS. Assume that

we cannot prevent a core meltdown and that tr2 last line of
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venting system really buy us anything in that event? What

I have attempted to show in this graph, the quantified part
of it is given that a core meltdown occurs, how much releases
could we expect. Given that . core meltdown occurs, how much
releases could we expect, and how would they be affected by

having various t,“es of filter systems? It looks at the

back end of the problem or the last resort, last defense
type consideration, and that is the motivation for looking
at it in these terms.

DR. FIRST: I am a little confused because the units
you are using here are curies released, and how does the
probability of an accident eater into that number? |

DR. SIESS: If you take off the white, there is no
problem. Is that correct?

If you leave off the white bars, there are no
probabilities on that graph?

DR. BENJAMIN: Yes, that is correct.

L8 1)

DR. FIRST: So that is an absolute number then o

DR. BENJAMIN: It means given a core meltcdown

occurs you exvect that equivalent weighted release which is

-
/

not the same as total! ~elease in curies is bhetween 12/, in

4

t is referenced in

D

S.

[

ur

Q

this case between 107 and 178

this case to equivalent tellurium curies.

DR. ZUDANS: At any rate this shows what effect the
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venting has.

DR. BENJAMIN: The main purpose was +o show the
relative difference whether anything could be gained by using
filters of more and more complexity.

DR. ZUDANS: Here venting by itself because I guess
the high-pressure service water connection has done its job
already.

MR. BENDER: Could I take a shot at just trying to
find out what is happening? let us look only at the crange
curve. Forget the rest of them for a minute. 'When there is
no venting, the presumption is that whatever fission product
activity can come out will come out because the containment
is going to burst. Is that the presumption?

DR. BENJAMIN: Excuse me, when there is no venting?

MR. BENDER: There is no venting, so that the

. curies released are the curies that are in the core that would

20 |

21

22

23
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25

come out when the containment burst. Is that what we are
looking at?
DR. BENJAMIMN: Yes. It would come out over a period

of time either when the containment burst dif the mel*down

had occurred before the containment burst or when +the core

melted if the meltdown occurs a‘ter the containment burst.
MR, BENDER: Fine. The next line which shows

nd some

W

atmosphere mesns venting but without filters,

radicactivity is coming out. What is it that comes out at
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that stage? What are you releasing?

DR. BENJAMIN: We are releasing the core inventory

reduced by the released fractions from the core, reduced,

also, by depositica in the primary system, reduced by

depositior in the containment and reduced by sccoubbing in the

suppression pool and what is left then is released.

MR. BENDER: Now, what nuclides dominate?

DR. BENJAMIN: I beg your pardon?

MR. BENDER: What nuclides dominate under those

circumstances.

DR. BENJAMIN: That depends on the strateqv and in

the case where

MR. BENDER: Just start with the atmosphere one.

I want to know for the atmosphere one first.

DR. BENJAMIN: 1In the case of the non-conservative

part the noble gases dominate, particularly krypt-
will back off on that, but it is the noble gases that dominate

in this particular case here. On this side it is some of the

other fission products, such as

MR. BENDER: So it

Bowwrs Reponting Compuany
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and iodine.

DR. BENJAMIN: Yes, because of

cntribution and other contributions.
MR. BENDER:

captured?

w0
(r

eam explosion

And then when we go to rock what is
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DR. BENJAMIN: Rock captures particulate matter and th@t
is all it captures.
MR. BENDER: Okay, so that is mainlv rare earths.
DR. BENJAMIN: So, it is mainly rare earths and ?

depending upon whether we have assumed that iodine is

particulate or gaseous it may capture iodine.

MR. BENDER: And then the last one captures the iodine

|
essent. ally.

DR. BENJAMIN: The last one captures the iodine and

zZenon. :

MR, BENDER: UNow, if I ask between rock and the

 high-efficiency filters what assumptions I have to make about

the effectiveness of them, how is that dealt with? How do I |

:know that the rock will capture the rare earths?

DR. BENJAMIN: We have attempted to include that as
cne of the uncertainties by assigning a range of nossible

decontamination factors in the rock bed. That is one of +h

e |
.‘
n
[
(r
=
(0]

areas that should be explored more thoroughly
determined that vent filter svstems with rock does lock
like a promising idea.

MR. BENDER: That is where there is a -- vou are

taking credit for them now on some assumed basis. I am trying

to understand how those assumptions were developed.

T
5
M
[oN
)
(t
4]

DR. BENJAMIN: Let me give you essentially

)
=
(o7
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capturing particles. We used essentially the Swedish
experiments for rarticulates being vented through crushed
rock filters in an airstream, and we attempted first to
extrapolate those experiments to the particular design that
we were contemplating for the BWR and that is extrapolate
them by the size of the filter predominantly. It appeared
from those experiments that under the flow rates, if it was
designed correctly for the right flow rates that vou would
be able to obtain very substantial capture of particulate
matter with a reascnably sized rock bed. The uncertainties
had to do with the fact that the heating of the rocks was a
concern, if the rocks became heated to the point where they

were not condensing steam very much or there was scmeother

mechanism for subsequent release ¢! fission products after

they had been captured on the roc - due to heating. We were nat

sure how to account for this. So, we assi¢ned an uncertainty.

We assumed essentially that the rocks could take about, let
me see if I recall it correctly, the combination of the

suppression pool if it is not saturated and the rocks would

take 99 out of 1000, a decrntamination factor of 1000 overall

in particles. 1If the pool as saturated we assume that the

-

rocks could take a decontamination “actor of 10 to 100, I
recall depending or whether they were heat: . not and

1

decontamination factors. This kind of gives vou an idea
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MR. BENDER: think you have told me enouch. ‘Mow, ?
when you go to the high-efficiency filter, just to close it upJ
that presumes what?

DR. BENJAMIN: The high-efficiency filter presumes |
something on the order of,decontamination factors on the
order of 1000 to 5000 in that range roughly for everything

except xenon, krypton and organic iodine, no even for

organic iodine in that case. Organic iocdine is captured.

So just xenon and krypton. Xenon is captured with an efficiencv

of decontamination factor of 50, as I recall in this particulag
design.

DR. FIRST: That is only if you have a very deen

b

charcoal bed which is not necessarilv &=

N

e of your high:

i

fficiency for iodine and particulate

=
fu
o

ter.
MR.BENDER: Did you have an experimental basis for
it or was this =--
DR. BEMNJAMIN: Ue have an experimental basis for
the capture of xenon in deep charcoal beds. e have adsorntion

cocefficients which are determined from exveriments, and so

we were able to design a charcoal bed that could capture the

| majority of xenon, and it involved 190 tons of charcoal.

MR. BENDER: So, if we wanted to judge the validity
of these assessments here, we would go back and lock at the
experimental data and try to make a judgment as to whether

the extrapolation is meaningful when you put the risk factor




Bowers Reporting Company

1C

1

29

12 |

13 |

15

16

17

18

20 |

21

22 |

23

120
into it. Have I overstated it? You have to accept the
experimental base as being valid in order to deal with the
risk reduction.

DR. BENJAMIN: I would say that that is true.

MR, BENDER: Okay, I just wanted to be sure.

DR. KERR: Mr. Benjamin, I recognize that the
Committee has contributed a great deal to your presentation
this morning, but we were shooting at an ending time of
somewhere around 12:20,amd from mylook at your slides we are
not going to be very close to that. I quess it was that

long coffee break that we took.

-

MR. WARD: Mr. Chairman, could I ask one more question

on the subrject we were just on?
DR. RERR: 1Is it pertinent and and cryntic?
MR. WARD: Right.
DR. KERR: Okay.
MR.,WARD: I am just trying to relate 170 tons of

charcoal and the size of the system. 'What sort of mass flow

do vou have throuch the system? Do vou recall the number for

that, Alan?

DR. BEMJAMIN: he charcoal filters were designed

(1]

-
ik

for, I think, 40 feet per minute o0f flow. e did the desi
for that on the Indian Point study and it was assuning

40,000 cubic feet per minute of flow.

MR. WARD: Okay, that is fine. Thank vou very much,

|
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DR. ZUDANS: Could yop put that slide back again
because I did not have a chance tc ask the real gquestion.
Could you explain the difference between no venting in
atmosphere in orange because in both cases evervthing that
you have gres to atmosphere anyway without any filtering
effect. 1Is the difference because vou assume certain mode

of failure of containment?

DR. BENJAMIN: Yes,essentially that is true. In the
case of no venting the failure could occur in the drywell {
and then the fission products, scme of then could be released
directly from the drywell into the atmosohere.

DR. ZUDANS: You assume that all of it openc up
and everything gces away?

DR. BENJAMIN: No, some of the fission »nroducts are
assumed to have a direct path of release to the environment,
and some are assumed to go into the secondary containment
where they are partially depositeéd in the secondary
containment, but in the case of the venting, the venting
is always from the wet well. So the supnression 2col is
always available as a filtering medium.

DR. ZUDANS: So actually the difference between
no venting and atmosphere is in the way you assume the failure
of the containment takes place. It could take place in that
suppression pcol, not in drywell.

DR, BENJAMI!N: They have different scenarios




involved.

DR. ZUDANS: Yes, and they would be the same then.

Then you would not have difference between no venting and

atomosphere.

5 | DR. BENJAMIN: If the failure occurred in the wet

well, not below “the water level but above the water level, then

the suppression pool could conceivably be available as a E

|

filtering medium. One would then have to question. how

9 | severe a failure it was and whether the failure was such that

10 | the depressurization caused rapid movement of water in *

11 | structural materials that rendered the geometry ineffective

’ZF and that was considered to be a possibility. ?
. 13 1 DR. ZUDANS: t any rate, it struck me that the most |

14 benefit is derived from the way the assumption of failure of

15 | containment is factored into vour calculations.

16 | DR. SIESS: You have different failures, and you have

17 | averaged. 1Is that right?

18 DR. BENJAMIN: Yo.

19 DR. SIESS: This is not one scenario, is it?

20 DR. KERR: I urge that we carry on this conference

21 | so that all of these priceless words are recorded. |
22 DR. SIESS: Am I correct that vou have several

23 | different scenarios, and this renresents some kind of an

24 | average of them, and some of those scenarios the containment

Bowers Reporing Company
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what you were saying?

DR. BENJAMIN: No.

DR. SIESS: It is not one scenario, is it?

DR. BENJAMIN: Certainly not one scenario. It is ;
all of the large number of scenarios that were considered in
the analysis, |

DR. ZUDANS: But only one containment failure mode?

DR. BENJAMIN: No. i

DR. SIESS: No, he said the dry well can fail. The
wet well can fail above the water line. The wet well can fail;
below the watcr line. That is what I heard. Am I right? é

DR. BENJAMIN: Yes, and that is essentially richt.
It was assumed in the no venting cases, and let me particularly
emphasize that this is for the Mark 1 BWR, and this does not
avply in the same way to other BWR's, that if the containment
failed in the wet well above the water level it would result
in significant enough geometrv distortions so that the
suppression capability of the pool would no longer be availabla.

DR. SIESS: You said it was assumed. Was it assumed
for all scenarios or was the assumption of where the
containment failed a function of the scenario of the accident
sequence or whatever term is appronriate?

DR, BENJAMIN: I am not sure I can pnrovide any more

'

licht on what vou are asking me.

DR. E

N

ERR: Let me try to interpret. I think you said
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that for all scenarios in which the wet well failed it
was assumed that the distortion was such that vou lost water.
You had no more suppression capability.

DR. BENJAMIN: VYes.

DR. KERR: For any scenario that involves failure
of the wet well, and that was your question, wasn't it Chet?

DR. SiESS: Are ﬁhere other scenarios?

DR. RKERR: Yes, there is a scenario that involves
failure of the dry well,

MR. BENDER: Were the scenarios weighted? Did vou
take the releases that go with different kinds of failure
modes? They all can happen, and if vou are going to fail
the containment due to overpressure and weight the activity
release to get that curve or did vou just take the worst one

and say, "That is the one."

ot
I
0

DR. BENJAMIN: 1In cases whrre containmen
was due to overpressurization the .eighting hetween types

£ failure, that is location of failure more than anvthing

| wvas based on what was used in WASH 1400. Essentially that

was tha: 80 percent of the fission »roducts went into the

| secondary containment and 20 rercent went to the atmosphere.

4R. BEUDER: Thank you.

O
pas
.

e
1

KERR: Additional clarification? Please?

DR. PIRST: I would like to refer to the green bar

since nobody am a little bit

(1]
’.—-‘
w
®
o
1]
o
"
(8]
o
0
>
ot
6
O
0
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baffled by the fact that the thyroid dose comes from iodine
I have always assumed, and as we look through those fcur
categories you have there there is an enormous difference in
the amount of iodine that is going to be d! .charged from the
four scenarios. I have had the advantage of looking at your
paper about foﬁr times that you provided for the 1l6th Air
Cleaning Conference and I am fairly familiar with the figures
here. Now, what I don't understand is after you put the
discharged gases and the accumulated isotopes through. the
high efficiency filter which contains iodine plus HEPA
filters you have very ruach icdine coming out into the
environment so that you don't change the individual thyroid
dose by this very effective filtration method. Could you
explain that?

DR. BENJAMIN: I explain it in two ways. First of
all there is a contribution from the noble gases to thyroid

dose, even though it is not =-- the importance of the nobles

is not nearly as much as for icdine.

(N

DR.FIRST: But guite a £fe

A

i ent factor, I would sav.
DR. BENJAMIN: Yes. Secondly, there are accidents

that bypass the filters, and that is what we may be seeing

in these results here that the risk mav be dominated by

accidents that have not gone throuch the filter, and that,

in fact, is one of the intents of the risk analvsis to

consider accidents in which the vent filter itself is not
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effective, as well as accidents in which it is effective.
DR. FIRST: This may be true, but you have
homogenized a whole bunch of scenarios into that last one,

high efficiency because in your paper you first go on the

assumption that you are going to use a shallow bed of charcoal |

and then you go on another assumption that you are going to
use the 100 tons of charcoal and this is going to take out
the xecnon or 50 percent of it. Now, you are bringiag in
still another scenario that something else is going to happen
whereby the filters are going to be bynassed, and I don't

remember seeing that in your paper in anv case, and how do

DR. BENJAMIN: The paper vou refer to is an outgrowth

of the Zion/Indian Point Study which was differen

it

in one kev
aspect from this study and the key aspect was that +here

was no risk assessment done, and the Zion/Indian Point Study
we had no risk assessment, no fault tree data +o use.

We, therefores, select

1]

d varticular accident
sequences to lock at in detail, and those accident sequences

were accident sequences that we felt could challenge a vent

o |
f
(o
’J

filter system in different ways. 'le d not lJook at hypass
vaccidents or include them into the overall risk because we did
not do a risk analysis. ™"e are look nc at the effactiveness
of the wvent filter svstem in handling one or two or =hree

D

| particular accidents. The difference here is that we are
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looking at all accidents. One of the conclusions of the
Zion/Indian Peoint Study which I believe was in that raper
| was that before any decisions about vent filter systems could

f be made or any designs could be reasonably formulated there

| would have to be a risk assessment that considered the

competing risks of vent filters including the accidents where
failures in the vent filter system could make things worse

rather than better, and it was clearly pointed out that that

9i was rot done in the time frame of the Zion/Indian Point
10 | Study but needed to be done. What we have attempted tc do is
1N to do that in this current study for Peach Bottom, and that
12 | is why there is a difference in the way the results look.
. 13 | DR. FIRST: We don't have the publication on your
14 | latest study. So that is what makes it very hard to understandJ
15; since I have been interpreting these graphs on the basis of
16 | your older study.
17 DR. BENJAMIN: This is very recent information which
18 | has not been published yet, and I am providing you with what
19 | we have been doing recently. It will be published, and when
20 | it is we will be happy to give you and anvhody else who wants
21 | one a copy.
22 | DR, ZUDANS: You assume no cooling of rock here?
23 'No rock cooling?

24 DR. BENJAMIN: No rock cooling. !No active system

Bowers Reporting Company
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DR. ZUDA¥3: How long can you live with that, rock

like that in give'n scenarios?

DR. KERR: Do you understand that question? I don't.

DR. ZUDANS: The rock will get heated ur because
it is continucusly getting hot steam there, and eventually
you have to start cooling or it will bécome worse than not
having it.

DR. ORRENT: How will it become worse, Zenon?

DR. 2UDANS: It will start giving out what it
retains.

DR. OKRENT: How would that be wcrse?

DR. 2UDANS: It would get everything bach out as

n

[

we didn't have --

DR. OKRENT: I am trying to understand how it would
be worse?

DR. 2UDANS: It would then release more than =--

not worse than no rock, let us say it this way.

DR. OKRENT: This would be under atmospheric

pressires, whereas the container is under several atmosnheres.
So, it is bound to be cooler.

DR. RERR: Zenon, you would not object if I let him
continue his presentation, would you?

DR. ZUDANS: VYNo, because the report discusses the
rock coecling as a very immortant aspect. I just wanted to

know whether this is based with some active cooling or not.




Go ahead then.

2 DR. KERR: Please continue, Mr. Senjamii.
| DR. BENJAMIN: I think T have pretty much covered the
4| subject of the risk assessment for Peach Bottom. The other

5: area that I was going to discuss had to do with design

]
] concepts that were developed during the Zion/Indian Point

Study which are discussed in the paper ‘hat was just mentioned%

8 | I would like to ask the Chairman if the ACRS first of all would

9, like to hear tha+ aspect of the work, and secondly whether it

10 | might not be better to have lunch first and then talk about it‘

11| after lunch.

12 | CR. RERR: I think I will answer the seccnd question

13 | first, and I think the answer is Probably ves, and I want +o
. 14 consider the afterncon schedule before answering the first

15  question.

16 | DR. BENJAMIN: All right.

17 DR. KERR: So, we will recess for lunch and be bhack
18 | at 1:30.
19 (Thereupon, at 12:30 P.M., a recess was taken un+il

20 | 1:30 p.m., the same day.)

21
§ 22

4

®
2 23

3
$ 24

o
3 25
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AFTERNOCN SESSICN 1:32 P .M.

MR. LEVY: I am going to report cn a small study
performed for FPRI, which was initiated to try to examine what
cne might do for a degraded ccre. The primary emphasis of the
study was on pressure suppressicn type of containment, both
boiling water reactor or iée containment for pressurized water
reactors.

I think the scope of the study -- as mentioned on
this chart, there is a report that describes the study in
detail, which you can get from LFRI. The scope of the study
was to quick-like describe what PWR pressure suppression ané a
BWR ice containment locok like, and I will not do that here
today.

The second thing was to examine what improvements

have been rroposed tc date cn containment, up to Cctober 1980

SR U= =S —=.

and, again, that was dcne in the report ané I might add in that|

area that a considerable amount of weork had been cdone on the

(t

e haé been done on the pressure

.—-I

suppression type, except by extranclation.

think the next step was to try to examine what

4

method you should use to evaluate these improvements ané what
your strategy might be. Finally, we were asked to make a

~ s v - . 1 v 'E T - -] «} -
preliminary evaluation of vent, long vent/filter and what sore

-

O
m
r

heir merits are and what scme of the alternatives might be.

I think one ccnclusion that is really pretty apparent
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The way we

did this was to evaluate what alternatives we had to prevent

the cauze of the containment failures and we looked at both

preventive and cocther technigues.

We then looked how applicable was the vent to prevent

the containment failure, and tnen we lcoked -- we put a vent

in.

features?

To make it work, would it require some other mitigation

Finally, we assessed what the benefit of the vent

and the vent/filter *7as and we also looked at sone alternate

mitigating features that might prevent containment failures.

I think this next chart I will show, even though

quite detailed, pretty well illustrates tle method we have

used and I strongly recommend it to all those people who are

locking at those degraded cores.

This is for BWR pressure suppression. I think the

first column deals with the probability of the occurrence cof

the event.

melt,
those are
very low,

As ycu recognize, what we are concerned w

or core melt followed by containme

very high risk events.

nc

1t W

is either containment failure, Lecause i

ith here
ill lead t¢ core
failure. Both of

|
!

i
|
|
;
|
L
|
|
!
i

They are arranged by probability of occurrence, low, |

very, very low anc there is, 1

< .
.

ah

.

y view, about

a

order of magnitude difference between the low and the very

low,

but

*
-

won't be very precise in the

In the BWR the high risks with

numbers.

th

-

e low probabi

b |
-

-
-

n

t

}I
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!
1 | event are produced by the loss of the long-term heat sink. I
|
‘ 2| think this was discussed this morning. What we are talking abo’pt
l
3 | is that the core is kejt covered, the heat is dumped to the

‘ 4 | suppression pool. VYou have no way tc remcve the heat from the !
I
3 | suppression pool, so the pressure in the containment cli.lbs. |

6 | There is a slow pressurization effect which will eventually

|
7 | lead to coatainment failure. '

g What I mezn by slcw is that it will take place over
9 | about 10 tc 20 hours type of pressurication effect. It is

10 | important to realize in this particular case that the contain-

|
|
|
!

11 | ment failure will occur prior to fuel failure and that, in fact)

|
125 it is the containment failure that produces the core melt and
i |
. 13 i the release of tle fission products. [
| 14§ I think that might help explain some of the anzwers |
15% that were presented this morning. Now, there are many ways to
|
16{ counteract this event. The design strategy, one, would be to
l7I put some preventive features which, really, do not lead to thisl
|
18% increase in presure -- and this was brought out, "Why don't
‘
19; you add another way to cool the pool?”
20! That will clearly reduce the probability of this

1 |

2) | even occurring and, therefore, reduce your risks
22 DR. ZUDANS: Jould I =-- just to make sure that you »

23 | meant it -- here the containment failure leads to the core

-

24 | melt?

Bowers Reporting Company
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DR. ZUDANS: Why?

MR. LEVY: 1In this particular =-- much of our work is
patterned after WASH-1400. In WASH-1400 the assumpticn was
made that any time you had containment failure, it was a
practically one-to-one correspondence that you have ccre melt.
The explanation of it was that in the Limerick plant every |
time you had a ccntainment failure you automatically lost
NPSH to the pumps.

As a result of th s, ycu did not have any system to
put water into the core, so containment failure practically
led automatically to the core becoming uncovered and the fuel

beginning to melt. That is an inherent one relationship and

I would like, again, to clarify a gquestion this morning.

O
'
b
o |
2.

[

Those peositions were taken without try

ng t

out whether it was the wet well failing or the dry well failing

whether the failure was above the lire cr below the water

line. The assumptior was made th-. . any failure of the container

by overpressurization led to ccre melt and led to certain
release of fission products.

Now, there were scme variations in the fission
products, depending upon the amount of energy with which the
associated release was associated with.

As we point out in our report, we believe that that

H
o
&3
}_A
<

is a key assumption that needs to be examined in conside

(r
W
o |
(SN

v

more detail, both whether there is a cne-to-one probabili




Bowwis Reporting  Company

10

1

12

13

14

15

-

17

18

19

20

21

22

L]
-

~
n

135

provably in much more detail about ow the containment itself

will fail, whether it will fail in the wet well or the dry

wall, below or above the water line. It makes quite a bit of
difference.

I think in this particular case we examine the event
and the event turned out to be ektremely practical. It turﬁs

out to be a good way tosolve the problem, because all the vent

does, it just permits yocu to relieve the »ressure. You do not
have to have a filter, because vou haven't got any fission
products, so adding a filter is not go. g to buy you anything
for this system. It might explain why some of these vent
filters don't do very much for you, because for tihis very high
risk event they actually contribute very little -~ you deon't
have any fission products to filter at this point.

So, I think a vent in this particular case is an
alternate solution %0 trying to keep the coentainment cool.
That is the way it should Le lcoked at. The second and most
important risk event which has, again, a low probability of
cccurrence, is the failure to shut down the reactor. This has |
been referred to as ATWE, or failure tc scram. ;

In this particular case ycu get rapid over-
pressurization of the containment. In this case, instead of

having hours, you are dealing in minutes. The overpressurization

(r

of the reactor takes place between about 135 to 20 minutes and

that is what yvou are dealing with.
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I think in this particular case, again, the contain-

ment failure will occur prior to fuel melt. You notice I

didn't say prior tc fuel failure, because we expect to have

some fuel failure. But clearly the fuel failures in this event
|

|

will not lead to fuel melt. So, again, the containment failure

1

will precede the fuel melt and, therefcore, while we have to

deal with fission products, they are not substantial fission

proeducts; they would be primarily gassecus release of fission

products.

f

|

Now, in this particular case, again, the firet designi

strategy is to look at preventive features and a preventive

feature is to clearly reduce the probability of ATVS. You can

improve your ligquid poiscn system, you can improve your

control ocutdrive system, you could do all sorts of things of

this type, and these are all preventive.

The second alternative that you can lock at is the

venting, which, again, is the chart that was put on this

morning, in which ycu actually vent the container. Illow, you

have got to understand that in this case you are generating

about 5 to 30 percent power out of this boiling water reactor

and, therefore, it takes a very large vent.

-

We concluded that the vent system was impractical,
that if I had to solve the problem, that would not be the way
I would sclve it as an engineer. I would solve it by preventing

ATWS; that is a much more meaningful approach to the problem.
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The reason 1is, we found that that system would requirp

approximately 300,000 to 500,000 CFM vent, which is a very

substantial vent, and we did not think that that was a practica

way to go, that probably the preventive features would be
preferable ané would be the way to do it.

I think we also locked, as part of the discussion

this morning, to the idea of adding water, cold water, like you

just spray cold water. I think you will find the report, for

example, by spraying 6000 gallons per minute of water into the

containment, what you do is ycu buy yourself twice the amount

of time.

You reach overpressurization, instead of deoing it

in 15 to 30 minutes, it will now take you twice mcre =-- twi

ce

|
%
|
1
|
|
!

|
|
|

|

as long. So, the idea of spraying water, as brought out by thel

speaker, is not a solution to avoiding the containment fail

it buys you time. Eventually, you know, the water will tax

"

- -
sme tTOo

, but you can buy

1"
s |
()
o
]
.y
(r

|

the space and you will fai

ituation, and that might be a way t

w

maybe correct the ATWE

-

help or ameliorate the ATWS situation.

»

Now, these two events dominate the risks in a BWR

|
Hra s
ugepn

e

Now, we come to the next series cof probability events. These

are the cases inwhich you actually cannot keep the core cov

You have a loss of primary water =-- those are dominated by small

breaks -- and in these events, what you have is ycu are not

re-covering the core with your ECCS systen.

|
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Mow, if you have a noninerted containment, the

M-

principal tyre of failure you will have is due to the formatiod
of hydrogen, the possibility that the hydrogen will burn and
that you have a pressure spike from the hydrogen. Now, in
this particu;ar case, again, this event will occur before you
have a very great core melt; you would have what is called a
minimal core melt. The event will take place prior to vess:l
melt.

Again, the design strategy can have some greventive

features. The preventive feature is to improve your way to adq
water to the core and in so doing ycu will reduce the ,
|

probability of this event.

In this particular case, the vent is not practical.
This pressure spike comes at you so fast that you cannct build
a vent capable of handling such spikes. I think clearly in
this event, even if you decided to go with a vent, you would
have to provide scme hydrogen ccntrol. I think, because the
vent cannot handle the pressure spike, you would first have

to control the hydrogen and maybe vou could then use t'ie vent

| after that, and I discuss that later.

There are in this event other mitigation features,
I don't have to tell you that. There are many ways to rost-
inert the containment, if you so desire. You could go back

to preinerted containment. There are many schemes in which

you fight this problem to aveid the hydrogen burn.

v
-
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Cne of the schemes clearly is to burn the hydrogen

in place, and I think that is another way to therefore help

this preblem with mitigation.

DR. ZUDANS: Cculd I ask you a gquestion? 1In the

previous case, did I understand ycu correctly that spraying

~

water, or what the previous speaker referred to as ccnnection

to high prescure service water, that that would not solve the

problem of ATWS?

FR. LEVY: In my view it is a solution to the

roblem, Lbut I consider it impractical. You would be goin
g g

on and on for several hours dumping 300,000 to 500,000 CFM

containing a lot of steam and bringing a lot of water to
S S

containment.

By the way, this case -~ that prevents a preventive

fix. It is no longer a mitigation fix. What
is it is preventing core melt from occurring.

me how to do that, I would do it differently.

dumping 500,000 CFM of steam and going on for

I clearly would do is try to bring the power

down.

that is doing

Now, 1f ycu ask

Rather %han

ny hcurs, what

his machine

That makes a lot more sense to me as an engineer

and if the systems we have to prevent ATVWS are nct strong

encugh, I would make them stronger.
DR. ZUDANS: Well, that means that

vent under those conditions is qguestionable.

the

value of a
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MR. LEVY: I give a perscnal viewpoint from years of

engineering judgment cf a 500,000 CFM vent going on and on ==
you know, you have got to finally decide how you are going to

terminate this event and I think eventually you have to put

e ———————————

something that makes it go subcritical. I am saying if I know

what that is, I will bring it forward and make it go sconer.

But that is, you know, a personal copinion. Welave

evaluated it in the report. We give a personal opinion == see,

I think this is where I was trying to clarify. Some of these
things that are mitigation now are beccming prevention. My
definition of prevention is something that prevents core melt,
not just fuel failure.

I think in this case we are really preventing. Th
vent is just a preventing device. It stops the containment

failing, which if it fails, would then have led to core melt,

1]
Q
O

»
re

because you no longer could pump water in th

I think the next one is if you have an inerted
centainment If you have inerted ccntainment, the mode of
failure of the containment will not be from the hydrogen,
because you don't have a hydrogen burn, you are inerted. The
containment will fail from the jeneration of nonconcensable
gasses.

It is either enougn hydrogen from all the various

metal water reaction or, by the best calculation, probakly the

“

generation of CC2 as the moliten metal react

=

4

with the concrete.
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Now, in this particular case, really, the containmen
failure will occur after vessel melt-through, so this even
dealing with a much more degraded event, in which you have

really had a vessel melt-through and in which you now have a

very different set of circumstances in terms of fissicn produc

\

release.

Now, again, you can put in preventive features.

8 | The secret is tc improve your core makeup water systems. In

this case a vent/filter is practical. Really, if you have a

10 | vent/filter, I think you dcn't need any other mitigation 4

]
|
11; features, though you could develop some other mitigation
|
I
|
|
l

12 | features, such as, Zor example, eliminating the noncondensable:
| |
. 13 | gasses by reducing them. You could, for example, find a vay j
‘ . l
14 | to burn the hydrogen or you could find a way to reduce the

|
i ,
15! CC2 that is generated. That is another way to mitigate the j
| event.

|

16
17; There are schemes all through this event, if you look
18 | at them in this orderly way.

19

Now, the last two are the cases that deal with the

20 | steam expleosion, and I think, again, in this case a vent is

21 | impractical. Finally, the penetration of the base met, and
22, this is, really, if you have done everything else, you finally |
23 | penetrate through the base mat -- acain, in this particular

24 | case, the vent is not a very satisfactory solution.

Bowers Reporting Company

25 It turns out that if you penetrate thrcugh the base
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mat, you relieve your pressure that way.

numbers are done, that is a very effective filter.

idea of venting at that point, and “ilteri

very much.

ng’
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The way the wasp-1400

S0, the

dcesn't buy you

The next chart gives a similar set of step-by-step

for the PW2, the ice containment. I don't

want

to

time on that one, except voc outline the difference.

take vour

In a

PWR it turrg out that you usually get containment failure from

actually having got a degraded core. The seriss of events

that lead tc a containment failing that th
melt, subsequently leads tc core mel:t, are
probability events in a PWR.

In a PWR, what you have is, you

melt, which in turn generates hydrogen, which in

en leacds

nct

have

the

to h

the containment fa.lure, and that is a d;fferent se

the way the machines really get into Lhes«
What you find, as yocu read this, is that vy
control practically for every event.

Once you have hydrogen contrel,
move to make the vent work. I won't take
sequence nhere, but you have got pretty wel
is. In my view, what is key to understand
the containment is slow overpressure, high

overpressure, when did the fission prcduct

nct, and you have got to lock at the whcle

kind of

then

you

1l 8

-

these is

SO Ccore

higher

ave a core

quence in

ifficultiesi.

what fails

|

turn leads to |

I think vou can

|
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that you have to make your choice correctly.
Now, let me illustrate wnat happens in a BWR. This

illustrates a BWR-MARK III, in which, again, what _>u have,

you cannot remove heat from the containment. Now, if you want
to do anything about it, you get curve 1, the containment
pressure climbing and after a while exceeding the design
pressure, which is about 30 PSIA.

I think you could do ancther thing, you could first
add water to the pool, ycu could use your pool dump, and that

is really vour curve 4. That is 2-1/2 million pounds of water

you could add to this pool. 1I think that buys you time:

instead of really climbing along curve 1, you are now climbing
|

along curve 4.

Now, if vou were on curve 1 and ycu decide you want
to vent, yocu would start to vent, as shown there where the
arrow is, you start to vent and you first vent with air --
all it would take is about 370 CFM == and you could first vent
alr.

Eventually vou would run out ¢ air to vent and now
vou are beginning to boil off steam, so ycu start to bail o
steam, as shown there, at about 14,000 CFM; that wculd be the
size vent you would need at that point. I think if you added
water to the pool, you don't have to becil of“ the steam soO
early. You can hang on andé on.

Now, in the case shown below, you £irst start your
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vent, starting from curve 4, you start the vent at 270 CFM.

You start to boil off steam, as shown there, and you would

need a ventiig rate of 10,600 CFM. If vou added on terms

arnother 2-1/2 million pounds of water, you wouldn't be boiling

off steam until 71 hours, which is surely more than enough to

restore power and get all of these systems going to cool the

suppression pool.

I think this illustrates how this scheme works.

This is the case where ycu had a degraded core. As

I say, it is not the deminant event. You want to find out

|

whether a vent/filter will work. I think if you have a degradegd

core, and assuming you have hydrogen =-- sc¢, really, yocu have

s

{

. |

taken care of the hydrogen control system. This says you really

do not have hydrogen burn. You have either preinerted or you

|

have done something different, cr you burn the hydrogen in

place, so it cannot give you a pressure spike to fail the

ontainer.

O

Now, in this particular case, we just assumed here
that this was a preinerted containment and, as you realize
now, the !MARK-III is like that. This is not a viable alter-
native, but it is just a way to illustrate what would happen
to ycur plant.
ounds of hy

I think case 1 is if you have 5000 irogen

'O

LS
n

released in 15 minutes, case 2 if you have 500 pounds released

in 30 minutes, and case 3 is if you have 5000 pounds released
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in 15 - .autes, but you have half the venting capacity. The
reason we did this is tc find out if you really neeied the full

{
|
|
|
|
|
|

/

safety grade on these vent/filters.

The vent/filter we came ocut as a result of this is é
about a 10,000-20,000 CFM system. We designed it sc it was i
very similar to an off-gas treatment system, on the basis that |

i
this is all we would have to really deal with in this particular
|

event during the period of time when the hydrogen is being j
‘
generated and the fission products are being released. |
This shows what you dc the containment pressure as
a result of that.
Now, let me try to illustrate for you the risk ;
.
reduction. This is in a BWR. You have got to understand :hesé
risk reductions are done with what I would call a very crude |
method tc assess these risks. It just takes your releases
and finds a quick way to calculate, really, the fatalities,
the latent cancer and the property damage.

Showr. there is the WASH-1400 case. This is a typical

MARX-I design, inerted containment. The first case, what we
b

~

did is, we took the two major risk events, which is really ;

and the ATWS, and we decided

<

en

ot

the failure of the long-term e
o improve bhoth of those. Both of those were improved by
preventive means.

In case 1 we used the NRC Alternate 4 in their

ATWS report and employed their numbers for the prcbability of
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core melt -- I want to make it clear I do not sponsor those

numbers, but those were used in this report. I think for the

3

i
i
|

case of containment cooling we used the independent RER systemJ

We added another RHR system independently to cool the contain-

ment.

As a result cf this, as you notice, we w;re sub-
stantially capable to reduce tle risk. 1In case 2 we replaced
the independent RHR system by this vent plus a little water
addition. What this tells you is that case 2 is very similar
to case 1 or, another way of stating it, all the vent does is
play the same role as another way to cool the containment.

I think somebody asked what did the event buy vou.
I am saying to solve the problem you have in a BWE MARK-I you
could either go to a vent and vent water to the pool or, if
Jou don't like that fix, vou could find a way to cool the
containment with an independen* RHR system. They are about
equivalent aid one could be traded for the other, depending
what you prefer to install on your plant.

For the case 3, what we did is, we took case 2 and
then we added a filter vent. The only time this becomes
effective is in those cases in which you actually have a core
melt. This is the case where you fail to keep the core
covered, but i°'. the beoiling water reactors those cases are of
such low probability, that you don't get very much out of it.

The second reason you don't get very much out of it

|
|
I
i
|
|
1
|
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is that you aiready get all the benefit of the pool, because

the vent was located on the wet well. So, you practically havel

already a filter made to order, so adding a filter to the
vent to compensate for the very low probability of the event
does not buy you very much.

DR. OKRENT: Can I raise a couple of guestions?
I guess you have sa2id it, but it needs to be emphasizéd, that
you have made certain assumptions abcocut what are the dominant
scenarios and excluded other scenarios in arriving at these
conclusions.

His conclusions could be altered markedly if one

introduced different kinds of scenarics or changed the relative

rankin m ese scenarios. Is that a fair atement? |
anking of some of these sce os Is that £ stat t?

MR. LEVY: That is a fair statement. I think all of
these numbers are presented, starting from the WASH-1400
scenario, selecting the dominant one, employing the WASH-1400
number. I want to make that clear. We stayed with their
releases, all of their things,°*so, you know, if you have a
different design in which you changed, these could change.

I am not disagreeing with anything that has been said -- or a
different plan design.

DR. OKRENT: A more technical guestion. In the
discussion this morning it was mentiocned, but I think not
discussed in any detail, that if one vents the air out of the

containment, leaving primarily steam atmosphere, and if there
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were some mechanism for spray in the containment, you could

rapidly.
Have you looked at that aspect and arrived at any
conclusions as to what vou would do about it, 1if anything? ‘

MR. LEVY: We would do one or two things. One, we
|

|
|
have a later event in which you condensed this steam pretty ’
I
|
|
|
|
,
|
i
|
would avoid that condition from occurring by trying to keep thj
pocl subcool. This was part of the reason why you want to add?
water to the pool. If you can keep adding encugh water to the;
pool, you can always keep it subcool, so that you always have
some noncondensable in that containment at that point. That
is one solution and probably the better solution, in my view.

The second solution is that if you finally decide
to boil off this thing, then I think you would have to clearly?
go to vacuum breaker to preserve that containment. This 1is ;
part of the reason why I feel the ATWS one is not a practical
solution. Those vacuum breakers would get pretty good ===
the vent for the long-term cooling, the vacuum breaker could
be designed, we have even looked at what they look like, they
are do-able.

DR. OKRENT: Say that, again.

MR. LEVY: In the ATWS case, where you really have

'J
(S ¥]

o 3

r

converted this to all steam, I think the vacuum breaker mi

get guite big.

1 .
L o nx ——

DR. OKRENT: But for the other case vou ti
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149 |
MR. LEVY: They are do-able, right. |

I personally would tend to do cne or two things., I

r

would try to avoid to fail this containment with 100 percen
steam. That sounds to me the preferred engineering soluticn.

MR. BENDER: Scl, have you identified the places
that are vulnerable in the eveht of a vacuum? Of course, the
light bulb -~ it is a light steel shell -- but stiffening it
internally might make it resistant to internal collapse. Has
any of that sort of thing ever been locked at?

MR. LEVY: No, and it brings out the same point I
made several times, that in many of these studies, just the
idea that you have containment failure, it is assumed that
everything just joes to core melt and everything else. I
believe there is a major effort to be done in trying to under-
stand how containment fails, where it fails, and where the
containment failures actually leads to a problem or not.

As you probably know, in a MARK-III condition there
are some major things that come to play. Where the wet well is
low pressure and the dry well is high pressure, yocu are going
to fail the dry well first, and that makes a lot of difference
in the world, because if you still have the pool, you cculd
still filter through the pcol.

Now, you have to make sure you still have the ECCS
systems and all of these kinds of things, but I think, in my

view, if there is a major area that needs tc be looked at in
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detail, it is containment failure modes and clearly understanding

what they are. I think it would make a4 lot of difference, and
you may find that if in a MARK~-I they always occur in a wet
well, then a filter won't buy you anything, because, really,
all it does is depressurize the wet well anyway. That is what
its primary Function‘is, relying on a pool as a filter.

I am not pushing that, but I want to make sure you
understand it. I think the way they are designed, they will
tend to operate at very close tc identical pressure, so I am
not ready to say which one of these two will go first.

DR. OKRENT: There might be a bypass mode from dry
well to wet well and still have wet well failure. Then you
would like the filter.

MR. LEVY: No argument. If you bypass the pocl,

-

you need a filter.

MR. BENDER: I don't want tc promote any of these
ideas, either, but the name of the game is cocntrolled failure.

Venting is just a form o° controlled failure, ycu are just
letting the stuff out in a certain way and we may as well
consider other ways of controlling the failure besides that
mode.

I don't think we ought to ignore that point.

ol

MR. LEVY: That brings me to my last chart.
DR. CKRENT: Can I ask you one more questicn on thi

scheme, condensation and vacuum? If one, in fact, built up an

|
|




Bowwrs Reporting Company

10

11

12

13

14

15

16

18

19

20

21

» »
B w

L]
n

o

151 }
essantially all steam atmosphere one way or another, cne must

know noncondensables. Do you envisage the possibility that

you would lock out the core spray system under the circumstance

that venting had permitted this, and if you could, that then
whatever tendency to condense that might occur later could be

dealt with with a modest kind of vacuum breaker? Is that a

reasonable approach, or do yocu think you just can't count on

locking cut the spray?
S Y
MR. LEVY: I separate the two events, because the

ATWS event practically remains at a constant power, because vou

|

practically set up a steady state performance at a constant
power and rou practically have constant power versus, really,
a process that involved decay heat, in which you are actually
ceming down in power.

So, when you are talking one set of event versus

e decreases with

t

the other, the amount of steam that you crea

time. There are certain things you can do for that case to

[ ]

probably, in my view, lock and reinstitute the thing.
tend to operate that I don't like to lock ECCS systems I have.
I don't know why, it is one of the 10 rules. If you have 3ot
them, don't start to lock them, because you may lock them at
the wrong time. So, I like to leave tacse systems there
available and I woculd rather cope with the problem and then
coming out and dealing with it.

I think there are some cases where I think vou could
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do it. There are, I think, in this case, some ready solutions
by trying to keep the pool subcool, which, in my view, is a
very reasonable approach. .

DR. ZUDANS: With respect to the same guestion,
condensation, are there any tests to, in fact, confirm the
fact that it will condense? It is possible thecretic;ily to
condense the entire volume, because as you reduce the pressure,
there is a temperature there tc evaporate continuocusly. |

MR. LEVY: Well, I think it is a gquestion of what
water temperature you bring in at what spray level.

DR. ZUDANS: Right, and what temperature you have

in the containment.

MR. LEVY: One of the considerations we had is to

L)

fix the spray fcllcwing Dave Ckrent's suggestion here.
think one of the suggestions we had is that if ycu tock yocur

suction from the pool, you know, that would not be a problem,

0

because it is saturated water anywav. o, during this very

degenerating event you could just lock it to keep only water

"

from the pocol instead of going out tc the storage tank.

If you did that, it would just be spraying water

e

from the pool and, therefore, will not give you a de=-

pressurization event. That is one way to do this. O©On the

1

other hand, if you bring real cold water from the outside, you |
will depressurize it. I believe there are ways to put vacuum

-

breakers to handle it == I don't think it i1s nondo-able =-
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because you can only take so much heat with the spray of water
you are going to bring in.

DR. ZUDANS: In addition to the fact that you could
do it with vacuum preakers, the reduction in pressure would
promote evaporation within the container. It is not likely
;- of course, I don't see theoretically how you can cbndense
the entire volume instantaneously --

MR. LEVY: You won't.

DR. ZUDANS: There is no way to do it. i

MR. LEVY: No way, that is correct. So, I think vou
are not going to get a spike and you are already at pretty
high pressure, I don't have to tell you that, at MARK-I you
are probably already at about 90 pounds. So, you are coming j
down from that, and I think it wouldn't take very much gas,
really, to stop it from really going down.

DR. ZUDANS: This problem may not be real, I don't
know.

MR. LEVY: I think the way we looked at was to assumé
we were going to condense and size cf vacuum breaker, and it
was not an unreasonable vacuum breaker. As I say, I describedj
one case we made a quick study on. They are about the type of
vacuum breaker that you could find. |

Let me go to my last chart. We found that the key
to this is to decide what you are trying to do, assuming you |

have decided to make sone improvements. We conclude that you
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could find preventive features for every dominant risk

W

scenarioc and that in some of these risk scenarios I concluded

that preventive features are preferable to venting, and I have

|
cutlined that is preferable for the case of ATWS =-- I am giving
a personal opinion.

| |

We believe that the vent is a practical solution for |

.
loss of long-term heat sink, that that is a viable way to ’
prevent ccre melt. For the case where you really uncover the |
core and you get into degraded core, the vent wen't do you any‘
gocd unless you have hydrogen control to make the vent practicél
and what we found is that, really, the vent/filter was cf |
negligible benefit because, really, those events have a very
low probability of occurring =-- I want to make that clear, as
Dr. Ckrent pcinted ocut.

DR. OKRENT: Well, I didn't point ocut that they have |
a negligible probability of occrrring. I would have to
guestion the original assumptions that these are the correct
dominant scenarios. For instance, seismic events were not
included in any of the risk studies to which you alluded, and
there is a variety of other scenarics that are not included.

So, I think there really needs to be, again, 2a
repeated caveat that these are all conclusicns that you might
draw if you take the original assumptions as being valid.
They could be altered markedly.

MR. LEVY: I think if you read cur report, you will
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see some recommendations that PRA should be kept up to date ‘

|
and brought up to date to recognize new findings and new thingsi

In the PWR ice containment we, again, find that
preventive features are available. We find that in the PBWR,
where, really, the degraded ccre is the most probable event,
hydrogen control is required to make the vent practical. We
did "ot get an opportunity to run some numbers, but we wouldn't

be surprised, again, that the vent filter would not have a

very ostantial benefit and the reasons are many ways the
size as the ice containment -- the same as the pressure
suppression water containment.

The reason is, you would again locate this vent and |
filter on the wet well side, or after the ick, and so you woulJ

!
get the ice acting, again, as a filter to trap a lot of the

fission products. So, adding a filter after that, yocu don't
get as much benefit as you would get in other applications.

I think the other conclusions we have made are that,
clearly, PRA methodology is most important. We set out to see
if there was a way to deal with design strategy and what we
are saying is that if somebedy can tell us what the dominant

risk scenarios are, then you can proceed with a design strategy

that looks at the scenario, when they occur, whether they occur]

| before core melt, after core melt, yvou can look at the whole

thing, and I think you could then develop solutions to the

problem in a much more orderly way.
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We finally want to stress that both pressure |
suppression and ice containment provide a filter prior to 5
venting, if the venting is located on the wet well and if you |
dec not bypass this dry well. I think that concludes my :
|

presentation. |
|

-

PR. KERR: Thank you, Dr. Levy. Are there questionsJ

|
DR. MARK: 1Is it really true that all containments l
would be in trouble if you create a vacuum inside? |
MR. LEVY: Most of them, actually, have a vacuum f
breaker of lighter weight. To my knowledge, most containments:
have a vacuum for which =-
DR. MARK: I was just asking the structure, not the
mitigation device for getting low pressure.

i
i

MR. BENDER: I think the answer is likely to be :hatj
|

the prestressed concrete containments are prcobably very
resistant to vacuums. The dry well and the wet well in the
PWR's are probably not all that bad, except that some of them
are lined. I think that with a little stiffening and a little |
looking, most of them could survive a vacuum -- maybe not of |
15 pounds, but maybe more than 3 pounds, which is what people |
say is the limit now. }

DR. ZUDANS: Three pounds only comes from wind %
load considerations and that is just a number.

MR. BEWDER: Yes, that is what I am saying. We

might not get 15 pounds, but we might get half of it.
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DR. ZI'DANS: The ice condenser now takes guite

substantial external pressures because of asymmetric load, so
it probably can do a lot more.

Chet is right, all concrete containments will take

DR. KERR: Are there other questions for Dr. Levy?

Thank you very much.

Our next speaker is Mr. Finlayson from the Aerospace
Corporation, who will discuss underground siting as an

alternative to FPVCS or vice versa.

MR. FINLAYSON: Gentlemen, I am plcased tr be with ]
you here this afternoon to tell you a little bit about the |
results of a study which were completed some time ago as they

related to tne filtered venting containment systems.

|
!
|
|
F

In order to put the study in perspective, let me tell
you just a little bit about the study itself. First of all, |
this study is somewhat different from some of the others you ;
have heard from today. It is one that .1is completed about |
three years ago. The study was conducted as a result of a
requirement levied in 1966 by the California State Legislature

DR. OKRENT: Excuse me, you said '66 and I think ==

MR. FINLAYSON: Seventy-six. Excuse me.

This required the California Energy Commission to

conduct a study of underground nuclear power plant siting.

The “istorical background for this may be of some interest to
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you in that the Legislature conducted a series of hearings in
1976 on the safety of reactors, in which they had a large
number of people come and visit them representing all sides of
the reactor safety issue.

The legislators, you have to all bear in mind, are
essentially lawyers and I den't tgink I rneed to say anythigg
more about that, except to point out that even though they are
lawyers, they did recognize that there is a thing called
Murphy's Law, which those of us who are engineers understand,
and they sort of came to the conclusion that although the
probability of a core melt accident might be very, very low,
that there was a possibility that a core melt accident might
happen, and so in their naivete they thought that perhaps
undergrounding might represent the ultimate passive protective
system for reactors.

If you buried a reactor deep enough, you could just
quit worrying about whether the emergency core-cocling system
was defective, or any of the other engineered safety features
which were included on it, that in the event of one of these
low probakility events, they thought it could survive.

I think perhaps this was based to some extent upon

their observation and their having been given a presentation

59 )
|
|

by some of the weapons effects people who came frcm the Nevada |

test site anéd told them about the effectiveness of burial with |

respect to bomb explosions, and how the fission products have
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been contained by such a machanism.

So, the other thing that they thought was that if yo

mm— - OSSR

wanted to get the cost of an underground nuclear power plant,
i

that all you would have to dec would be make an advertisement in
the newspaper for bkids on the price of one of them and in 10 |
days someone would come in with a price that they would gquote

and be williné to deliver one to you immediately.

So, they, along with the regquirement to conduct this
study, put a l~year time limit on its performance, which put
the whole program into scme difficult times. The three things
they asked for were that the technological and economic
feasibility of the system be evaluated, that the radiological
effectiveness be determined, and that the need for added
protection alsc be evaluated.

In order to perform this study and to get decent

cost estimates, which were thought to be a substantial portion

of this element of technical and economic feasibility, we felt
it was essential that we have good design figures for it. |
S5, we hired two architect-engineer firms to prepare !

designs and costs for the study. The two firms were Sargent |
i
|
cover kind of a ccacept, and the Underground Design Consultants,

|

which is a relatively small firm of some people who specialize |

and Lundy, who looked a buried concept, essentially a ~cut and

in tunneling kinds of activities, but who were suprorted in

their design of a reactor by Gibbs and Hill, who were the
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major subcontractoyr for them and, of course, are famous

FACRIR LYY

because they are the only architect-engineer that has ever

really designed and built ar underground nuclear power plant,

which they did for the Thieus plant in France.

These two architect-engineer firms prepared designs

" X . !
and costs. A separate study was conducted into the radiological
and environmental impacts. This was conducted by a small firmb

Xnown as ARA Corp, Advanced Research and Applications Corpora- |

tion, which was a spinoff of Science Applications, Incorporated,
and subsegquently many ¢f the team members from ARPA Corp have ,
gone back to Science Applications.

That was basically SAI, and they were supported in

most of our analysis of the containment response by Inter-

L]

mountain Technology, Incorporated from Idaho
addition, we had some preliminary map studies for siting

capabilities done by the California Division of Mines and

Geoclogy, and socioeconomic analyses done as well.

pY)

Toe aggregate total funding was about million-and-;

a-half dollars. In the analysis itself, one cf the fundamental

|
decisions that was made early in the study was that we didn't |
have the time or the money to do a good probablistic analysis i
of underground nucl~”ar oower plants. ‘

That nave required a design that went far beyornd

i
n

n

'
(18]

-

the design lev=l wu.cn is available from a concer*-ual &

-+

and so we ruled out the probablistic analysis at the ou

1
n
(1]
r
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but concentrated, instead, on evaluating the conseguences of

what we felt were critical accident seguences, and I will say

a little bit more about that a little later on.

Cne of the first studies that was made, even before

the designers came on board, wai intended to try to evaluate

would have to survive. We sort of subdivided =-- by the way,

the baseline plants for these studies were pressurized water

| but the principal design effort was done

"

Or pressurized

o

water reacturs.

These containment failure modes which you see here

represent sort of a base! ne mode which I would like to sprzak

about. We oiserved that there were, really, basically four

occur either through hydrogen-burning combustion or through

steam overpressurization, penetration leakage mcdes and a

melt-through mode.

Now, strictly on the basis of evaluating the WASE-

there may be somewhat more up-to-date results, you can quickly

| draw the conclusion that melt-through failure modes have the

!highes: orobability of occurrences an

run about 90 percent of the

L
(r
= o
®
U
=
e |
N
v
o |
(o)
~J
(b
®
o ]
t
n

robability of severe core melt

U

systems -- we had a secondary study on boiling water reactors,

failure modes, steam explosion, >verpressure mode, which could

. |

the kinds of containment failure modes that an underground plant

|
|

| reactors with large containment systems, large, dry containment
4 4

1400 results and the results are still applicable, even though
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damate events.

On the other hand, the overpressurization and stean
explosion, which represent together something like abcut 10
percent of the probability of failure, dominate the risk.
From those two elements, overpressurization alone, strictly
fror steam overpressurization, represents about 70 percent of
the latent fatality risk potential, the hydrogen burning about
10 percent, and the steam explosion at that time represented
about 10 percent of the risk potential for the total.

So, between the three of them, they represent

something like 85 and 90 percent of the total risk potential,

m

even though they are only 10 percent of the probability o
failure occurring there.
So, we realize that in order to make an underground

system work, it would have to be effective against cver-

<

fh

pressurization failure mode and in early studies we discovere

to

LA

(9]

that the concept of simply burying an ordinary rea
containment structure which is desiyned to be pressure-tight
to increasing depths was not an effective way of preventing
failure.

No matter how deep you put it, 1if you assume that

<

your engineering safety features have failed, you ultimately

will fail the c~ntainment, irrespective of the depth.

8o, consequently, we conclucded that we had to build in some
sort of a pressure relief system and this pressure relief

o
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system locks very much like an underground version of the

|

'

2 . . ) |
filtered vented containment system, and I will show you pictures

:

of that in a short time.
The steam explcesions with the WASH-1400 concept of
a steam explosion, it was almost impossible to avoid the

containment failure through that kind of a mechanism. The

energy which is associated with that missile that is developed

when you blow the top end of the reactor cff can penetrate
almost any depth of ordinary burial that you might make.

Fortunately, the orobability of that event -- we
seem to have come to the conclusion that tne probability of
that event occurring has been reduced substantially in recent
times. therwise, this is a very difficult problem to liv
with in any kind of a concept.

Penetration leakage ccncept, all of our designs
involve a secondary containment in which, since the systems

-

would be at low pressur

1]

, the penetration leakage could be
considered to be a rather negligible problem.
As far as the melt-through is concerned, in fact,

since the probability of the other events was decreased,

melt-through was still a given, if you will. The ultimate

b
n
t
b |
")
o
£
= |
(o
1]
a1
]

probability of melt-through actually increas
ground nuclear power plant.
I think I have gone through all the comments which

I need to make about the relative risk contributions from

S—

|
|

|
|
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these variocus failure modes, except to point out on this last

one that because the underground construction shifts that
accident risk spectrum towards the melt-through concept, it
tends to force the accident risk spectrum toward low fatality |
conditions instead of the high fatality ones that are asscziated

with the melt-<through.

Let me just say a little bit about the guidelines

Wi

that were used on cur study, because they influerce the result

First of all, we decided that we did not want to impose an
entirely new licensing process upon the undercround nuclear 5
power plants, and so we felt that we would assume that the

plant was designed against a standard design basis accidents

in accordance with

We added the accident mitigation

a major containment failure, but we concluded that in the
spirit of the low probability of the event, we would not ask
the designers to make this a class 1 seismic design, but to

We tried to design th
could be carried on in a perfectly normal
typical concept for
everything tcgether and minimize the underground
we don't want to impose on
and maintenance and safety regquirements, so

ourselves plenty o

rh
L
n

=

ana see wnat appen

space

£
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if you do that. So, that was an explicit requirement for it.

-

PGB

We didn't have enough money to do an optimization of

the cost, and so we said, well, we want this to be a low cost

kind of an activity. We don't want any

-

rn
r
'-l.

b

ls put on these

O

ign studies that

1]
w0

systems. That was inherent in all the 4

ol

4

were conducted.

The part about the risk analysis I have already talkéd
to you about.

Let me just say a little bit about how the accident
mitigation system, as this essentially filtered better

containment system was called in their study, was designed.

Because we were not deoing a risk analysis, we designed the

O
M
(8]
(a1
0
®
o
"
)
7]
0
0
[
(l
11
o |
(r

study basically against an envelo
conditicns that would put the principal demends upon the
capacities of the system in one way or ancther.

There were three of the accident scenarios which
seemed to dominate that. One was the loss-ocf-coolan
accident, without an effective emergency core cooling system,

Ly
which

ominated the early pressurization of the system

§2

and for rapid pressurizers in an early response requirement --
that gives you the most serious problem. ?
%
Then the second one was the loss-of-all-electric |
power concept, basically the TMLBE-prime-delta scenario from
WASH~-1400, which is described here, and I will come to that
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of all the systems.
Finally, a sort of a half-breed accident scenarioc

in which you lost == there was a loss-of-coclant accident in

which you had a degraded emergency core cool.ng system operatiom.

-

The emergency core cooling system was assumed te fail

b
(O
(r
= 3
(1}
e |
'l
(t

temporarily until you had a core melt achieved, a

became available to you, and at that time you bLegan to pump

water in and pumped in all the available water from your

1

refueling storage water pool.

"
O
"

That imposed the largest demands on the capacity
the containment system, the accident mitigation system per se
in terms of its heat capacity requirements.

In this insert figure here I have shown you the

P | ~ - T — - ag) ¥ 3 P, y &=
results as they were derived by Intermountain Technolegy for
} ' - 4 = 1 . -
the temperature and the pressure response of the system to
the loss-of-all-electric power accidents. Here you can see

— % - 5 -
The pressure rises 1n the system na 1< 1s a sorc
. - - - - » -
of a high pressure Xinc oOor failure conceptc. he pressure

operates against a relief valve until all the water is beciled
way, and then you get a very rapid spike of pressure, a little

— 1 | v PNy = 71 & R e el D Ao - T v T e 2
coolln nere as ou get melc=tircugin == decrease 1ln pressure,

)

3
-
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dropped low enough so that the emergency core cooling

can respond. Th

this and you get an immediate pressure increase, which

drives the syste
ment and, given
decay heat, the
the containment
relief system,
you see here.

One of
though, was that
you

get a consta

the temperatures

.‘.Ow r t

enetration seal

4]

temperatures. T
at arcund 400 de

begin

'h

to £ail.

m almost to

ey do and they dump all

h

the failure

2nough time thereafter,
pressure just continues

will fail, unless you do

and then you can get this pressure reduction as |

the interesting obs
in the long-term prcble

nt pressure heating of t

continue to rise for pe
mperatures as high as ab
a pericd of a couple of
his was kind of a surpri
n this kind of a problem

8 are notr Jesigned to st
he penetration seals are

-

grees Fahrenheit and at

0 degrees, you can figur
ificant effectiveness ou
hing about that.

DANS: At that kind of a
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systems

of the water into

limits of the contain-

operating
I

against th

. e . .l
o rise until ultimatel
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have some pressure
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have a substantial amount of heat conducted to the outside of

the containment. Was that included?

MR. FINLAYSON: Yes, and that is why at this
the
coolants begins tc become effective. Until then it
continues to rise.

Let me show you a schematic diagram before I show

you some of the actual figures, so

} - - 1 = -3 .~ . . -~
bit better feel for how the accident mitigation systems

‘KB 1 < = 3 : T n s
operated in this system and their resemblance to the filtered

venting containment system.

This is a
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STIUucCture whicil was tihen Durled Deneathl dackxiilled earta

- 3 - - - - : -
Now, at the bottom of this backfilled earth
material a cobble-filled exvansion regcion was first emplaced
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Now, this bed down here underneath the ground was

(r

connected to the primary containment structure b

I
0
(t
[
r

o

diameter pipes. Each of these 24 1l-

3
w
-

3 so=-called rupture disks. It 10t essential that they

O
e
(o7
©
ry
fu
r
(1
O
p» |
£
s
o
(r
z
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1
ot
-+ 3
1

rupture disks; there was a lot

an incer

'
rh

o
U 1)
O
H
or
e 3
(1]
n
1

appropriate type o ac

%y - -

Finally, we did go with the rupture cdisks that were

desigrned to rupture in several different ways. This one
here, that is essentiallv on the containment flcor here,
ruptured at pressures of the order of 100 psi, in excess

: ¥ : 1 i - Ea Y va % 3
design pressure, but within the ultimate failure limits ©

.
the system.

These are located on the interior of the containm

7 can see tne core=-melting process

" } .
system and you actuall

=
ro
e
[
|
1
O
)
ot

diameter pipes had

3 1 ; 3 i 3 hat+ { £ £ 1 Th
going on here and were designed somewhat differently. ey
S = = D4 d
3 . 3 e s & =g s ol Bl T s 3 » g x

were cesigned T fail either through failure because of higa

X £ - o -

temperatures Or because Or Nlgn pressures <0, tihere was a

. . 1 - 1

eutectic metal system that was placea 1n here thnat would faill

system from the 100 psi pressures, so thet you coculd get
release of these fission products in the underground system.
Cne other obserwvation. This is the baseline
accident mitigation system design, 1in which the intent was to
let the native properties of a soil material act as your
filtering mechanism. It was recognized, however, that that
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materials on the filters, and what cond

filters exposed to that you are doing
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DR. CURTIS: First o

a"“ +14
-y il

started and the test conditions have not been specified

detail.

DR. OKRENT: Well, what is their objective?

that been specified?

DR. CURTIS: Yes. We have tests

and transport. We believe that these

representative of the aerosol source presen

- -

at varous stages of the accident, or fror

steam o». perhaps, without it.

It seems as a reasonable add-on
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concern?

MR-

DR. CURTIS: I understand the

gquestion. I am not

sure that I have a convincing answer.

MR. BENDER: Do you know what filter media they are

going to try to test?
DR.

CURTIS: We have work looking at charcoal

performance, other high efficiency filters, and the -- I think

the program is available to test those materials that ¢Ime out

of conceptual designs.
DR. KERR: Would you interpret Mr. Benjamin's results,
i

albeit certainly preliminary, to say that one dces not gain

very much by charcoal filters as compared with rock filters,

w
"
0
7]
[
’..4
(r
0]
-J

or have ycu had a chance to study hi

DR. CURTIS: I saw the charts that Mr Benjamin put

up for the first time this morning and =-- ‘
DR. KERR: The results coming out of his program,
at least, nmay have some influence on what you do test?
DR. CURTIS: Yes, absolutely.
|
n IDANS - Tf h ult re +0 ¢ believed re
DR. ZUDANS: If the results are to be believed, there
N |
is no need to test any filter; it would not do any gcod anvway.
DR. OKRENT: I am scrry, I have heard that sc more
than once, and I don't get that reading from his bar chart
for man re.s, sO either you are reading it differently than
I, or we are reading it the same and drawing different

conclusions.
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DR. ZUDANS: I see the bar charts oc the same

Y
area.

DR. OKRENT: I don't know what it means to say the

same area. There is a displacement of some

more, you can think of some scenarios, and it doesn't take too

much effort -- I have heard Eversole, for example, argue that

this is one that has not been looked at enough in a specific
way, whereby you bypass the suppression pool, in which case
there is a significant difference, whether or nct you have a

filter after the pool.

So, I wish you would be cautious about drawing that

conclusion.

DR. KERR: Let's not be misunderstocd. I was not

trying to push a conclusion. I was just trying to find out =--

DR. OKRENT: No, I mean the one that Zenon is
drawing.

DR. ZUDANS: Well, that may be because that is what
we were shown. Now, I understand if a header would break in

a MARK-I containment, you have your condition there.

DR. OKRENT: But even without that, he did have some
factor of 2, as I recall, roughly =--

DR. KERR: But, David, if you give a lot of welight
toc the scenario in which the fil:cer is bypassed, it dcesn't
seem to me it makes much difference whether you have tested
the filter or not

factor and, further-

|

!
|
|

|
)

|
|
|
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DR. OKRENT: No, what is bypassed is the suppressio
level.
DR. KERR: Then it might make a difference.
OR. FIRST: What kind of tests do you contemplate o

charcoals beds and heaper(?) filters and

these tests for 30 years -- what sort of information are you

so on, if in running

seeking that isn't already in the literature?

DR. CURTIS: I guess I would presume that these tes

would concentrate on the dominan% species that come out of th

fission product release.

DR. FIRST: A particle, no matter what you want to
call its composition, and as far as the volatile compounds ar
most ©of the interest has been icdine up to the

concerned, on

present time -- what other species woull be of

n

n

t

e

e

wETTr . . T

LI R s e e T ]

interest to test?

|

We also have a good deal of information on noble gas retention.|

DR. KERR:

an effort to verify existing

La )

or data which 4o not now exist?

The presumption
information
process and cut

involved in the laundry us,

(@)

s 1.
De prcoperly

can

r

release and transport progran.

DR. KERR: 8So, you
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1 | until rulemaking.

2 | DR. CURTIS: We have set aside some funds on a

|
i
l
!
{

3 | contingency basis in the expectation that there will be specific
|
SN . . . . |
’ 4 | information needs coming out of the filtered/vented containment!
|

!
3| study and the graded core rulemaking which can be addressed j
i

6 | in an expedient way using the Oak Ridge aerosol facilities.

|

7 We have set those funds aside in order to be

8 | responsive to whatever information neecds do develop.

|
? DR. OKRENT: Can I ask, is this presentation supposed

10 | to cover whether or not the program described earlier by Nr. |

11 | Cunningham is being funded at the level comensurate with the

|
!
l
|

125 needs of the NRC, or is that scme otnher research program?
l

' 13 | DR. CURTIS: Do you want to answer the gquestion of

q _ |

14 | what is the current funding level? {
|

15} DR. CKRENT: o, I am just wondering, are you

16 | supposed to be covering his aspect as well in what you are
|

l7i telling us now? I can't tell from the agenda. It just s3ays
i

18 | planned research in FVCS.

19 DR. KERR: Do you understand the gquestion, Mr. Curtis?
20 DR. CURTIS: Yes, I understand the gquestion. For

21 | the near term we probably expect continuation at 300,000.

22 DR. KERR: I think we are trying to find out if you

L8]
s

Bowers Reparting Company
"
w

N
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continued at about 300,000.

PR S——

DR. KERR: So, the answer is that you do know about|
|

|

Mr. Cunningham's needs and that 300K will take care of them?
. . . i

It is possible that they might be taken care of?
|
|
MR.CUNNINGHAM: That is correct. ;

Now, I am not sure what your question was, Dr. Okrent.
: I
DR. OKRENT: All right, I will start earlier. We
heard a presentation earlier today in which you described some

efforts looking at various kinds of possible approaches to

sk reduction. In Mr. Curtis' presentation I thought he

’J.

r
said that they would lock to be guided in what they decided to
do, in part, by what came cut of your program.

MR. CUNMINGHAM: Yes. {

(a1
"
LA
")

DR. OKRENT: Did I hear that correctly so

MR. CUNNINGHAM: Yes.

research in FVCS, this 1s supposed to address the cuestion of

o

3
L
(1]
w
Q
"
[
ty
M
(o
fu
|
(o N
=
o )
=
O
e
O
c

whether the effort that Mr. Cunningh

L%

are counti on is funded adequately, or is that not to be
covered in this agenda item?

DR.CONNINGHAM: I don't believe it was intended to be
covered here. I interpreted this to be lr. Curtis
that are related to the DCC work or the vented containment

werk.
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!

DR. OKRENT: Okay, and were we going to hear whether |

|
{
the funding was adequate or not for the effort Mr. Cunningham |

discussed some time today, or is that not a subject of

discussion?

DR. KERR: Well, I guess I

shc1ld respond partly to

|
|
|
|
|
|
|
i
|
|
|
'3

this, and I would assume that since this is related to filtered/

vented containment, that there would be some correlation

between funding and doing.

DR. OKRENT: Yes, they are counting on

the r '‘sults

i
!
£ Mr. Cunnincham's werk to guide them and this is all somehow{
|

supposed to £fit into some scihedule that relates to the rule-

making, a point Mr. Bender was emphasizing or

morning.

Mow I am trxying to get back

| or not there is an acdegquate priority andé

effort on the work Mr. Cunningham was

L3 )

that seems to be a prelude to much o

Okay, is the background for
MR. CUNNINGEAM: Yes, sir.
can

into, and I am not sure I really

v
-

at the guestion of

schedule and

telaboring

talking abovt, since

what else pecple are

Resh i d ~
4 u=-

I had
go ‘nt

| on whether the level that we are funding th

DR. OKRENT: !Maybe we can hear ab

subcommittee.

MR, SIESS: No. I was goin

this

]
|

!

whethar

level of
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who is responsible for making the judgment as to whether the

research grant in a particular area is adequate otner than the

-~

Fae i

ACRS.

MR. CUNNINGHAM: I would say certainly a great deal ;
of tne burden resides on the management of research, the Officé
of Research. :

MR. SIESS: You mean above your level?

MR. CUNNINGHAM: Above my level. I am about as low

as they get, sir.

(..ughter.)

1]

What has gone on in determining levels above me =--

DR. KERR: What do you think would happen if you tol

—h

whoever is just above you that yocu didn't have enough money to |
do what you are supposed to do? He weuldn't listen? He would
say ycu weren't supposed to worry about that?
MR. CUNNINGHAM: I suppose he would listen, but 1t
<

would obviously take a fair amount of discussion to decide,

again, the priorities which they assign.

wn

up to him to decide

UDR. XERR: No, but see, it 1

whether your work is more important than somebody else's, but

®

ir some sense you can comment on whether vou think you hav

enough money to do your job, can't you?

1
n
0
E )
o)
0
(r
e
'

b |
>
'A
s |
8]

MR. CUNNINGHAM: Yes, sir. I gu

-y
®
r

more of the latter. I can make some judgment about wheth

with the funds that are available, we can do what I was
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! | discussing this morning. '

. 2 DR. KERR: 1If you had five or 10 minutes to think f
3 | about that, what would you conclude?

‘. 4 MR. CUNNINGEAM: I would guess that the level of I

|
5! funding we are intending for fiscal '82 would be at about the
é | right level for this particular program.

7 MR. BENDER: I am bothered by the kinds of gquestions

8 | we are asking the kinds of answers you are giving. Have you

9! discussed it at all within your ranks tc decide how much is
{
!

10 | needed and what the objectives are? And whether this program

11 | is the right one?

12 MR. CUNNINGHAM: Are you talking, sir, in terms of
. 13 | the specific value impact program I was discussing this mornin
i
|
14 | O ==
15 | MR. BENDER: I am talking about Mr. Curtis' cussion
16 | of his nding level and your responses %0 our gquestions here
17 | that this is abcut right.
]
]3} MR. CUNNINGHAM When I was talking about right, I was
|
19 | talking about the funding for the particular specific issue of

20 | the value impact. There are obviously many other issues

21 lwi:.in the onus of the DCC rulem

w

king responsibilities that we

22 | have that also i.volve Mr. Curtis that I do not think have
|

24 | MR. BENDER: Wouldn't it be more appropriate for the
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192 i
report back to you," and give us a time when you would do :hatﬁ
SPEAKER: You have got to tell them what you want tc?
|
hear.

MR. CUNNINGHAM: Well, again, I see two levels. ?
There are things that certainly could be discussed between Mr.!
Curtis and myself about this program and the value impact ‘

|
program and how it relates to his accident evaluation needs. 5
There is also the, perhaps the larger level, which is my |
division’'s needs of Mr. Curtis to support other areas of the

|
DCC rulemaking work as well as this particular issue. f

We have just started thinking about those kinds of
discussicns with Mr. Curtis.

MR. BENDER: Who do we have to ask to find out what
the whole research program should be, whether it is funded at |
the righ* level, whether it will be suitable for your value
impact evaluation and whether it can be used for rulemaking
purposes?

MR. CUNNINGHAM: The responsibility, as I understand
it, sir, for the coordination, the development of the
programs for the DCC rulemaking are with Mr. Bernaro, my
boss, Mr. Bernaro.

|

MR. BENDER: Who?

MR. CUNNINGHAM: Bob Bernaro.

DR. SIESS: Let me get scmething clear. You are :ota




CUNNINGHAM: Yes, sir.

SIESS: You are in what division?
CUNNINGHAM: The Divisicn « 1sk Analysis.
SIESS: You are in?

DR. CURTIS: The Division of Accident Evaluation.

DR. SIESS: And what is the gquestion that you have

been told to answer? You know, I am simplifying it. The

function of research is to answer cuestions, S0 you have been

given some guestion that you are supposed to spend money on
get an answer.

I expect to get two answers, since

to

different divisions, and I hope ¢ ' give you the same

guestion.
Let Cunningham answer
CUNNINGHA qu Lo : m supposed
address is, what kind © ' ! ' potential and costs
would be associated with
mitigation options.

DR. SIESS: which vented/

CUNLNINGHAM: Correct.
Qkay. And your guestions?
DR. CUR am charged with dev

phenomenological data base to evaluate all of th

containment, poured concrete, steam generatio

-
-

C
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194 |

rates, whether they be explosive rapid or otherwise, hydrogen

production control, fission product release from fuel transport|

._J
w
0O
o
r
O
®

ca

[

°g

[

through the system and the nature of the radio
term that is in containment at the time of containment failure,
to provide analytical methods to accompany this experimental |
data base and to extrapolate the data base to severe accident
analysis, and to support rulemaking by providing both the datal
base and analytical methcds. |
DR. SIESS: Now, is there any other area in the
Office of Nuclear Regulatory Research that has been given any
assignments that relate to the subject of today's mceting?

DR. CURTIS: Yes, Engineering Technology, its

structural section, is looking at containment design margins |

-

(t

5

and the structural problems asscciated with containmen

systems.
I have one more resource. I have a research group

b ¥ S 1s = < < . - st 1 4 ey
at INEL charged with looking at the engineering feasiblility,

tn

r

& N ' - .
it, of mitigation systeuils as

with particular emphasis on back
proposed.

DR, SIESS: As proposed by Mr. Cunningham's pecple?

DR. CURTIS: Yes. So far, they have concentrated |
very largely on hydrogen in the ice condenser system and they

have not yet looked at filtered/vented containment.
However, filtered/vented contalinments are within

tne total work scope. ‘
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DR. SIESS: S0, the implementation of a filtered/

199" VW
|
!
I
vented containment concept, the research that is related to ;

|

implementation of it, is still in the future? Mr. Cunningham's

group is still looking at whether it is cost beneficial and

you are looking at. the threat that it m_ght alleviate, and you !

f

put some money aside for possible work on filter materials?

|
DR. CURTIS: And we have people identified to look ;
|

|
at the engineering feasibility in a more detailed way than is
done in a cost-benefit study.

DR. SIESS: But in FY82 or FY83 or when? .

DR. CURTIS: The latter two tasks, the filter tests

and the engineering feasibility, are assignments which have

been identified as being within the work scope of ongoin
- g

programs but have not yet started.

-

DR. SIESS: Thank wvou. That is a lot clearer

L don't know whether it helped anybody else or not.

CR. OKRENT: Let's see, did you say that was 300K
for FY82 for Mr. Cunningham's work?

DR. CURTIS: If I did, I may be obsolete.

MR. CUNNINGHAM: For fiscal '82 we are talking, for
the DCC program, on the order of 1 miliion dollars.

DR. KERR: For all types? For the entire study?
The cost-benefit study.

MR, CUNNINGHAM: iscal '82.

<
(17
0
L2
O
"
m

r
b

DR. CURTIS: The number I gave ycu was an ea
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projection for filtered/vented containment, which has

merged with ==
MR.

been what

CUNNINGHAM:

196 o
1
now been |
|
|
|
That is correct. That 23200-400 hes

the filtered/vented program by itself has been over

the past couple of years.

DR. OKRENT:

program has been?
DR. CURTIS:
DR. OKRENT:
it still

0 make is

Ccmmissioner Galinsky,

Sa,

Okay, well,

seems to be

that 300-400 is what Mr. Benjamin's

Has been and is now merged =--

in a reactive mcde and if

instead of choecsing an ice condenser

and hydrogen, had chosen a MARK-III and something else, I

suppose everybody else would be working on something else

than hydrogen and an

ince condenser.

DR. SIESS: We asked the Commission to give them
guidance.

DR. OKRENT: But the research programs acge supposed
to anticipate a little bit what the pbroad spectrum 1s.

DR. CURTIS:
been directed to begin
system as of a month or

at the next

DR. KERR: Ar

curtis.

Thank you, Mr.

The Idaho work that I described have

their data gathering © MARK-III

pa |
r
;b

(18]

to look at

e there £:rther gquestions? I guess not

l10=-minute break. W

I shall declare a

the only comment I would like

M
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will get started again at a quarter to four.

(Brief recess.)

MR. STARK: Jood afternoon. I am Steve Stark,
Manager of BWR Evaluation Programs. Also jeining me tocday
is Dr. Deborah Hankins and we will be responding to a request
that we went through to conclude to add to the BWR-6 MARK-III
standard plan a containment overpressure relief system.

These are the topics that we will be reviewing today

0

2iter a few introductory remarks. I will be describing the

(r

group of improvements that we have sought to incorporate into

t and then focus specifically on the

o
(it

the BWR-6 standard pla

ccntainment overpressure relief system.

Following that, Dr. Hankins will go into a descripcign

= - . 3 |
made to us from the ACRS staff to describe the decision process

|
|

0f the containment ’-sign features, describing the suppression

pool and its scrubbing capability and how, with the wvent
system included, we would, in fact, possibly have the
capability of a filtered vent system on the BWR.

Then I will summarize.

We are planning to incerporate into the BEWR-6 a

™

containment overpressure relief system and our motivation for

doing this is to provide an alternate decay heat removal
system for the boiling water reactors. With the addition of

this system, we achieve a signi

risk beyond that already nbtained Dby making many of the




10

11

12

13

14

15

16

17

18

19

20

21

69

193

post-TMI improvements.

| Now, if we look at the system which we plan to

————————————————teetttl

install and, by the way, it is being provided for a plant as
an alternate decay heat removal system, not as a filtered vent
as the objective, or for handling post-accident conditions,

. !

but if we do go ahead and install that system, we should look

at it for its possible capabilities as a filtered vent following

degraded core conditions.

For example, if a filtered vent is ultimately requiregd,

|
|

then this system would satisfy the objectives that would be

{
!

motivating such a requirement. First, and probably most

important, would be that it would be providing an alternate
decay heat removal system.

I think it has been clarified today that probably
the greatest amount of risk reduction that a filtered vent

provides is by providing an alternate decay heat removal

system.

Secondly, with the suppression pcol scrubbing

capability of the MARK-~III containment and the fission product

pathway which assures that any fission products would be

passed inco the pool, the addition ¢f a containment overpress:ré
l

relief system would, in essence, provide you a a filtered/vented

containment. i

Before I go ahead and identify the specific changes

%that we are planning %c incorporate into the BWR-6 containment,
!
|
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I wanted to briefly tuuch upon the results of the post-TMI
review that we have performed, where we have identified that
there are guite a few features already incorporated into the

BWR-6 that gives it a substantial preventive capability for

evmrimanin]

the potential exist2nce of any inadequate core cooling or

further degradation to degraded core conditions. t

I think that having this preventive capability is

perhaps more valuable and better protection than having
mitigative capabilities. We have previously presented this
type of information before to the ACRS and I think you are ;
familiar with it, so I wen't go into any detail on it. i
|

As part of cur post-TMI review of the BWR-6 plant,
we have performed a preliminary risk assessment, and much of
the objective of this risk assessment was to identify what
improvements we can make to the design to achieve a further
reduction in risk.

Coming out of that preliminary risk assessment we
did identify the four improvements which we plan to incorporate

=

into the standard plant design. First of all, we plan to

include an automatic depressurization system which provides for
automatic depressurization for transient events, which may give|

i
a challenge to adequate core ccoling in addition to the present

capability of having the automatic depressurization system for

-

o

LOCA conditions. 4

In this case, even without having high pressure, if
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-

the water level got near to the top of the fuel, the safety

relief valve would be automatically activated to depressurize

——————————————

the reactor vessel and to make available for injection the low |
|

|

pressure ECCS systems which could then maintain ccre coverage.f
: : |

The second improvement that we plan to make is really

|

a group of improvements to the RCIC system to increase its

reliability. We are adding automatic restart for the RCIC
system and then, alsc, improving its isolation logic to reduce |
the rrobability that it might isolate, just on its normal

1

initiation, a transient pressure spike.

Now, the first two improvements are ones that have |
already also been identifiea by the NRC. What we did with our
prreliminary risk assessment was to verify that, really, those
were very wise actions to take and that they would have a
significant improvement o~ the safety of the plant.

DR. KERR: Excuse me, Mr. Stark. I can hear you ckay

-

but I am not sure about the rest of the audience. I hate to

1

tie you too clor-« to that micrcphone, but it would be !

- - .
elnfu
Ak,

e }

o

MR. STARK: Going beyond those recommendations made
by the NRC following its THI review, we have also identified |
an improvement that goes beyond their recommendation, and that |

is to incorporate into the design the containment overpressure |

relief system.

Once again, I will will mention *hat our motivation

for providing this improvement is to provide an alternate decay
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il

heat removal system. One of the results of the WASH-1400 studﬁ

was to identify that loss of decay heat remouval was one of the

dominant contributors tc potential degraded ¢ we conditi 1s.
So, with the addition of this systam, we see significant
reduction in the probability of core melt.

In addition, we have idenﬁified the ATWS alternate
3=A, plus additional modifications already made in response t
the Browns Ferry event to improve our ATWS mitigation
capabilities.

MR. WARD: Mr. Stark, which of these can be or will
be backfit into plans that are under construction?

MR. STARK: Well, many of the operating plants and
those under ccnstruction are already committing on arn
independent basis to the automatic depressurization system to
handle transient events, and the iuprovements on the RCIC
system, because these were requirements from the NRC action
plan.

Of course, the containment overpressure relief
system goes beyond the NRC 1ttion plan and you tell these, we
you will be looking at that system improvement on 1n in

basis as a possible action that they want to take. Some

b

action has already been taken in at least one instance; one

1

ormed a detailed risk assessment for a

oy
fu
ct
o
®
'()
o
r
m

utility tl
MARK=II nlant identified that that is an improvement that the
E e

: 1» - 1
wan tc mdke to thel

|
|
{
|
!
|
|
1

Q

T
-

|
ol

Y

|




-1 )
o8 { (o) o™~

Aoy Banprocdsy siam

'




Bowwrs Ruporing Compoany

10

1

12

13

14

15

16

17

18

19

20

21

22

23

74

ments made together, we obtained approximately
reduction in
approximately the value that the staff said earlier today was

their objective in

more detail about our contaiiment overpressure relief system.

203

P lmm—

Cverall, when we look at all four of these improve-
a tenfold

he probability of core melt. This i3, of course,

the degraded core arena.

.

DR. KERR: Excuse me, what is a SORV?

MR. BENDER: Stuck open relief valve.

DR. KERR: I have been told, thank you. i

MR. STARK: Now I would like to go into a little bit

This is a modification to the design to provide an alternate |

decay heat removal system. The benefit of ad
that we

course, a loss of decay heat

substantial capability to

"

irst

condenser to remove decay heat.
various modes of operaticn of your
to, first of all,

suppression pool cooling.

decay heat before a centainment overpre

| would

have ==

line of defznse

be consider=ad

e

ing that means

hat it would preven- ccre damage for, of

removal eveunt
Now, we already have existing i~ the BWR-6 design

remove cecay heat. Of course,

there 1is the main

-k

your normal system,

Backing that up are your
= 1 L]
decay neat removal system

(o]
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204 1
be to add a 24-inch vent line and this includes, alsc. the
addition of appropriate valves ani controls and to direct that |
vent line to the plant vent. Air wou.” be provided for the |
controls toc decrease the dependency on electrical power for
opening the valves.

Finally, one action that still has to be taken is to
review the equipment.for its capability. One of the impacts o%
-making this change is that it increases the potential

temperature and pressure within the containment, and so we

would want to review the environmental capability of the equip-+
|
1

£

ment needed to maintain safe shutdown to assure that it coul
continue to perform its function.

DR. MARK: Surely an added system of this sort
could have, if it were thought of in those terms,could hav
some bearing on sabotage feasibility. Has it been given :hougﬁt
from that point of view?

MR. STARK: I think I understand your guestions, and
let me try to answer what I understand to be the gquestion.
Providing the system is similar to, and perhaps more
advantageous than providing an additional makeup capability .
to the vessel to remove decay heat, we already have gquite
substantial capability for supplying water to the reactor ?

vessel in the BWR-6. We have apprcoximately 13 pumps that can

supply water directly to the wvessel.

1

So, for defense against sabotage, there 1

w
LA
M
4]
.*
b
s -
o
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great motivation toward adding an additiohal system. We

can easily supply water to the core. Perhaps a greater

challenge for us is to make sure that we can remove energy

from the entire system. What the additicn of containment

overpressure relief does is, it allcws us the capability to

L]

remove that decay heat from the system.

MR. BENDER: Steven, if I understand correctiy, by

putting in the relief, you allow the use of any pump that

can supply water to the core, the suppressicn pocol in any

way. Is that the right ianterpretation?

S

MR. STARK: Well, we have at least three functions

to perform following a transient that might call en

system. One is to maintain a shutdown condition.

is tc¢ provide adequate core cocling and there we would use

1

any one of the pumps that deliver water to the vessel

reacto

"

to maintain that adequate core cocling.

MR. BENDER: With the vent, do you have more

O
N

pumps available, or just the same number?

MR. STARK: The same

. - » - .
number of pumps to provi

to the reactor vessel.
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i
MR. STARK: The plant vent on the MARK-III standard |

p.ant has an exit height of 40 meters, so the release elevaticn

nwuld be 40 meters. ;

DR. KERR: Where does it exist the containment?

l
MR. STARK: It exits the containment from penetration
|
|
|

that is already provided and, actually, it is a 42-inch
|

penetration that we have through the containment, and then we '
are tapping off of that line that is already present with
isolation valves after the downstream isclation valve. i

what we are adding to the plant is a tap into that
line in a 24-inch line and a valve on it. ’

DR. KERR: I thought I heard you say that the
addition of this vent increased the temperature of the :

11

containment, ané I didn't understand that at all.

ly the design conditions for

"
[
e
T

MR. STARK: Cur

post-LOCA events for the MARK-III containment are 185 degrees.|

wl

The suppression pcol should not go over 185 degrees in any

transient or accident event. We perform analyses to demonstrate

that that 1is so.

i
)
"
Q
-
o)

In the event whe.e we have lost capability
normal means to remove decay heat, the pocol could increase
in this design up to 230 degrees, approximately, soO it would |
be some temperature increase and this would increase the |
environmental reguirements on scme systems.

DR. KERR: Let me see if I understand. You don't
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mean that installing this vent causes that increase. You mean
that the new mode of operaticon which you might bring into
existence would require that one have operatiocnal systems that
would operate in this eavironment.

MR, STARK: That is correct. Only under this mode
of operation, if ncrmal decay heat is nct available, wé had
to resort tn using this system, then it is possible that the
temperature could increase.

MR. BENDER: That relief pressure is associated

with, you said, 259 degree?

re

MR. STARK: Two hundred and thirty degrees,
approximately. What we are basing that on, approximately the
nominal design pressure for the containment, 15 psig, so we

would plan to actuate, manually actuate this system at

the design pressure of 135 psig.

L 1)

DR. ZUDANS: Which pumps are used to re

would utilize would be the upper pcol dump, and that supplies
an additional 200,000 gallons to the pool, or about 20 percen
of the pool's capability. If we rneed, we are also looking at
supplying additional capability of providing water to th
suppression pool.

DR. ZUDANS: These are what you would call alternate

residual heat removal systems?
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208
MR. STARK: les, bcth providing the vent and providi
the water makeup would be a total system, would comprise a
total system.
I think it is clear now what type of a transient

we are postulating that this system protects acainst. It
" [

is any transient or accident that causes a loss of the main
condenser first, and then followed by the circumstance that
none of thecther decay heat removal systems are available.

We wculd be assuring adequate core cooling by
providing water to the reactor vessel through RCIC, HPCS,
or the other ECCS systems, or the normal systems that provide
to the reactor vessel, such as sea water. Then the reactor
would be depressurized as specified in the emergency procedure
at normal conditions, 100 degrees F. per hour.

With this discharge of steam int¢c the suppression
pool through the safety release valves, the suppression pool
would heat up with time, reaching about 170 degrees at several
hours into the transient, and then with more time, increasing
the temperature and Dringing the suppression pool to a beoiling
condition.

As the containment pressure responded by increasing

. N

(r

would be manually actuated to control the pressure within the

w

(4}

containment and protect against loss of the containment, and

-

as water was needed to be made up o the suppression pool, it

|

i

sl

its pressure, once it finally reached 15 psig, then the system |

)
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!
;

other capability whicn would be provided.

MR. BENDER: The valve has a regu
It is not just an open and shut valve. It regulates that
pressure.

MR. SéARK: In the current status of our design w
are not planning on providing a controlling capability. It
would be a valve that we would fully open.

MR. BENDER: And leave open?

MR. STARK: And leave open until we could recover
the needed decay heat removal, say, by the outside power
becoming available again or being able to reconnect to the
main condenser, and then we could close that valve and stop
the vent, and this could be done at any time alcng the
transient.

DR. OKRENT: Would you need any additional vacuum

breaker equipment on your outer containment building as a

MR. STARK: At this point in time we have not
identified the need for additional wvacuum breaker capabilit
We are considering putting an inner lock on the containment

spray, so that while the vent valve is open there would be

e

»

-
-

H
w
or
'4
e
uwl
0O
]
O
o
o
’4.
’_4
...
(r
<
“J

possibility of automatic actuation of the containment sprays.

DR. OKRENT: This is what Mr. Levy didn’'t like.
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of current discussion.

So, we bel

ieve that with

the addition of the

210

R ——

containment overpressure relief system, we have substantially

reduced the risk and provided much additional capability in
the decay heat removal are.
system has a function that goes beyond an alternate decay

heat removal system and it is to this point that Dr. Hankins

will be discussing.
DR. KERR:

DR. SIESS:

the outer chamber, what would be the pressure

MR. STARK:
guestion.

(Pause.)

I believe
approximately equal
the

would be due to

be a transient, in

reart~r vessel wculd be throug

it would be discharged

wet well, and then the

and the wet well

the dry well.

Now,

I think that possibly this

Are there gquestions of Mr. Stark?
At the time you relieve the 15 psig in |
in the dry well? !

Let me think for a moment on your

that the pressure in fhe dry well

to the pressure in the wet well.

probable cause

this case, the energy released from the
the safety release valve, so

to the pool.

breakers between

vaccum

Let me say why I asked and

be a slow pressurization, first, of

open up and increase the press

maybe Dr.

the 4dry well

-

(o]
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1

Watkins' presentation is going to answer it. Are there fissionl

products in the dry well?

MR. STARK: For the case that we are loocking at,
at the alternate decay heat removal system, we are not
anticipating any significant core damage. This is a system
to be used prior to core damage.

MR. BENDER: Steve, can I ask a corollary gquestion
befrre you leave? When you copen the containment and de-
pressurize, what temperature does the s.ppression pool go te?

MR. STARK: Well, of course, if the vent was opened
at 15 psig, the pool would be at that time at 230 degrees.
Then, as t... containment depressurized, the pool would
generate steam bubbles and flash and maintain its saturation
temperature, so it would follow the saturation “emperature,
corresponding to the pressure within the containment.

MR. BENDER: You have thought about the flashing

' aspect?

18 |

19

20

21

22

23

24

25

MR. STARK: Yes, we have.
Thank you. Now, Dr. Hankins.

DR. KERR: Thank you, Mr. Stark.

|
|

|
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DR. HANKINS: teve has just descrihed the
containment overpressure relief which we see as being a
significant preventer of degraded core accidents, and I am

going to describe our studies that we have done in the

area of mitigation of degraded core accidents and specifically |

what we have done is tried to gquantify the capability of
the pressure suppression pool as a mitigator of core melt
accidents.

Those of you who are familiar with the Mark 3 design
recognize that it is a multi-compartment model. You have an
inner dry well, an outward primarvy containment and a third
shield building. 1In the case of a LOCA initiated accident
ycu would have release of fission products to the dry well
area, and then they would have to pass through the horizontal
vents, through the suppression pcol in order to be released
to the containment atmosvhere before thev could be released
to the environment. 1In case of a transient initiated event
they would be discharged through the safety re'ief valve
discharge lines into the pressure supcression nool and then
again up into the containment atmosphere before they would
be available for release.

In our Mark 3 standard plant design we feel that for

an overpressurization event our analvses indicate that the most

probable failure location is at the knuckle regien. So, vou

are talking about approximately 130 feet from the surface of

the
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suppression pool to the failure location, and by the way that

is not an open space to travel up that distance.

It is quite

a torturous path of getting by equipment and racks, and it

is, again, there should be significant retention of any

fission products if they make it through the suppression

pool in the first place.

I know =~

MR. BENDER:

thinking of?

DR.

What kind of fission products are vou

HANKINS: 1In the case where you have sub-cooled

pool we believe that the only fission products realistically

that are going to make it through the pool in any significant

number will be the noble gases.

MR. BENDER: They are not going to be trapned. 'hat

is it that you expect to take advantage of by this torturcus

rath?

DR. HANKINS:

Oh, by the torturous

path, agai

cesium iodide vapor or some kind of particulates.

MR,

DR.

suppression pool will be there given this core melt

1s because

&4
-

BENDER: That is farther down the

HANKINS: Right.

BEMDER: Thank vyou.

EAMRINS: One of the reasons we

rst of all containment failure,

feel that

again,

ac

in

-
“sy

accident.

cident

the
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DPR. XKERR: Thank you.

DR. OKRENT: 1Is there a vacuum oreaker in this
design between the containment outer well?

DR. HANKINS: Yes, well, there are twc sets of
vacuum breakers, the dry well vacuum breakers which open
if the pressure in the dry well, of course, is less than the
containment. There are the containment vacuum breakers that
10 from the chill building annulus into the containment
space.

DR. OKRENT: And have vou looked at where the most
likely failure point would be in the containment if one
postulated increasingly severe earthguakes?

DR. HANKINS: %e have not done any seismic analysis.

You have been talking a lot about bypassing the

suppression pool. Befcre I get into our guantification of

the capability of the suppression pool, I would like %5 mention
that we have looked at accidents that bynass the nool.
Now, remembering that today we are talking about

Mark 3, noc addressing myself £o Mark 1 and for those avents

| that do bypass the pool, such as a hvérogen detonation which

would simultaneously fail the drv well and %he containment,

| of course, you are not going to get any supnression pool

scrubbing, and in the case of, alsc, with cvases of steanm

explosions. However, with steanm exnlosions a significant

number of the fission products that result in large consequences
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are already in the pool prior to the time the steam explosion
|
occurs and, also, there is the casa of the failure to isolate. |

It should be noted that the filtered vents that have been
i
discussed, also, will not assure filtration of fission products

|

|

for those accidents.

DR. SIESS: As I recall it, the dry well was not
designed initially as a leak-tight stricture. There was a 1
lot of discussion about the leakage. It was pointed out
that it was not intended to be leak ticht, that the ccntainment
provided that function, that its function was simply to diver:f
the pressure, divert the flow to the suppression pcol.

Now, under the conditions vou have described for a
LOCA there would be some bypass of the suppression pool simplyf
because of leakage from that concrete structure at 70 PSIqG. |
Is that taken into account in the analysis?

DR. HANKINS: It is taken into account, and as you
stated it iz only important in a LOCA because of course; in a
transient there are no bypasses. In the caseof a LOCA the
only actual measuremenits that we have on a Mark 3 were made
at Cushain, and I believe the dry well leakace at that tinme
was measured at 74 CF!M and if you nostulate the flow rates
for the core concrete interaction which is what ycu should
be interested in, it turns out that it is on the order of

1 part in 1000, and that is assuming 7ou assume no retenticn

in the leakage paths, but if you recall from the containment
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experiments that were done, Hillver and others, that in fact,
that had a very difficult time in a steam environment which
of course, is what you would have in the drv well in the case
of a LOCA, getting anything through those leak paths because
they plug up with steam very easily, but on a dry basis we
did measure 74 CFM which, again is about 1 part in 1000 based
on the estimated flow rates for core concrete interaction.

DR. SIESS: That is unfiltered.
DR. HANKINS: That is unfiltered.

DR. SIESS: 1Is that counting in your dose calculations?

DR. HANKINS: You will see that the dose calcu aticns‘

are done on a parametric basis.

DR. FIRST: Would you identify the passive filter
on thot diagram, please?

DR. HANKINS: This? We are saying that
suppressiocn pcol itself provides a large passive

DR. FIRST: That is not reallv filter

1

er has a very

(r

classical definition of the word. Fil
definite meaning.

DR. HANKINS: In the sense that it filters out
products, it is a filter, if you want to get into the
chemical.

DR. FIRST: I suggest you look it up in a dictionarv.

DR. HANKINS: Okav.

MR. BENDER: Why den't vou just call it a trap, and
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that will make Dr. First hapny, and we will understand.
DR. HANKINS: Okay, whatever.
In orcder to quantify pool scrubbing for degraded
core accidents we conducted a literature search to determine

what data existed on pcol scrubbing, and what we found out

| was that the DF or the filtration ability of the suppressor

pool is very stronglv a function of the particle size that

you are trying to filter. It is a strong function of the

. bubble size and tre rise time of the bubble through the pool

and whether or not the pool is at saturated or sub-cooled
conditions.

We took a look at, I think there were a total of
about 15 different references in the literature and from them
in recognizing that these were for the most part very small
scale experiments, they were passaged through mavhe one to two
feet of water, some very hich flow rates. Ue felt that the
literature data could be extranolated to values of about

100 for a saturated pool and at least 11719 for a sub-cooled

| pool where you do have some condensing.

However, we did recognize that the data base was

weak. In particular there was no data on cesium iodide

| itself, although there was some data on sodium iodide which

of course is chemically verv similar, but again since

cesium iodide is currently the accepted form of iodine, there

| was really no data on cesium iodide. '7e, also, fel: that the
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data base was somewhat weak, in that it did not provide any
good moc2ls of suppression pool scrubbing, and we believe in
looking at the data that even for a saturated pool condition
and the expected flow rates from a degraded core accident
that you can get DF's on the order of 1000.

I guess there was ssme talk earlier about the aeroso
filtration program testing charcoal filters and HEPA filters.
I was hoping that there would be some mention of testin
as a filtration mechanism.

pools of water, also,

D

MR, WARD: Is there any effect here of, I

3
o}
(]
wn
w

they

call it channeling through this trap? Let us say that all

of the blowdown from the dry well comes in to one side cf the

pool, do you a:zsume you still get the DF of 1000 in that

case?

A
'l
w0
n
'J
O
=

DR. HANKINS: low, recall that the products

are released after the LOCA blowdown period. 3o, we are

talking about very low flow rates and those flow rates in

0
(t
o
ot

d ven

1 )
vent and ot

o

looking at the flow exrec

:(’

-
-

1

[

-
-

+he bubble sizes a

H
1)

-
>

uncovering y=u find out that

considered relatively small. Thev are on the order of 1 to 3

sentimeters. That is expected buble size. %e are currently

in the process of looking at some small

phenomenon through vents.
Of course, in the case of the quenchers, the quenche
have 1 centimeter holes. So, the expected bubble size is abou

sa o eoal

1
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1l centimeter, and in terms of channeling, when we talk about

saturated pools, basically that is what we are talking about

3 | because the bubbles do not condense, even if they are state.
' 4! In the case of a subcooled pool you would expect substantial |

5 | condensation and therefore the bubbles would, I expect, be even

I :
6  smaller.
' |
- MR: WARD: I guess I was thinking more about 5
l |
| channeling in the gross sense. For example, in your transient

9§ through the safety relief valves, does the effluent in the
10 | pool from the safety relief valves well distributed? 1Is it ~
11 | always going to be well distributed all around the pool or
120 is it --
. 13 | DR. HANKINS: No, the flow rates are such that they
would probably be going out one safety relief valve. Again,
,5: at the time the fission products are coming off you have
very, very low flow rates. 'le are talking about, probably
5> | something less than 100 pounds per seconu of steam in terms
18 | of looking at LOCA's and transients. That is an extremely

19 | low flow rate.

MR. BENDER: One way *“o look at this is to think

20 |
5y  about the contact time cf the bubbles in the pool. 1Is that
: 5o What you are doinag?
o
Y oaq | DR. HAMKINS: That is right. It is dependent on the
H
3 )4 | Size of the butbles and the rise time, and of course, the
o
3 25 size of the bubble is also influencing the rise time. The
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bigger bubbles rise faster. Bubbles on the order of to 3
centimeters rise about 1 foot a second, and again, they
are tfavelinq through about 15 to 20 feet 0f water, both in
the case of the LOCA and the transient.

DR. FIRST: May I suggest that gas will not go
through in a uniformly volumetric way. What will probably
happen is that there will be periodic surges of overpressure

-

which will bring a large volume of gas through the nool and
the bubble size in spite of the openings being 1 centimeter

can cbviously be much larger since the gas doesn't have to

go through as a sphere. It may go through as a long cylinder, |

and under these circumstances the decontaminaticn factor of

. 13 | 1000, I think is very, vervy optimistic.

T4 DR.HANKINS: For a sub-cooled nocl where vou are

15 | condensing the bubbles?

16 DR.FIRST: VYes.
17 DR. HANKINS: We did cbserve flow through the SRV's,

18 | through the quenchers at Coshain.

19 DR. §

N
t4

RR: Excuse me, did you hear her sav that

20 | she is condensing the bubbles?

21 DR. FIRST: She is in a condensing situation. Th

’ i 22 | bubbles are not going to condense necessarily all the wavy
§ |
p 23 | because of the heat transfer. VYou can only condense so much.
=
g ' . !
: 24 DR. HANKINS: We are talking about a sub-cooled nool,
H

25 | and we are talking about steam.
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DR. FIRST: I understand, but the way to calculate

PR RIS

that is to look at the heat transfer from a bubble +o the
liquid, and even though it is sub-ccoled, it is the temperaturs
differential between the gas and the liguid that counts.

DR: HANKINS: I was going to say that we looked at
the SRV discharges at Ccshain and you can see the bubbles as
they start to emerge from the quenchers, and éhen you never
see another bubble.

DR. FIRST: You cannot see anything less than about

100 micrometers anyway.

DR. HANKINS: If we could get bubbles that small
that would be great. Mass transfer would be super. [
MR. STARK: We have performed tests: out of the plant

on the gquencher to temperatures exceeding 200 degrees nd

have observed condensation for all of those tests.
DR. HAMNKINS: At much hicher £flow rates than what

we are talking here.
DR, XERR: I think we may have to solve this
question by using champagne. Why don't you ccntinue.
DR. HANKINS: Okay.
DR. ZUDANS: 'hile you thinking, vou s;id that the 1

.

harged to a

.

\
2]

they will be dis

[

flow rates are such that likely
single SRV, and that means that all the condensation will

have to take place around that particular structure.

DR. HANKINS: That is right.
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DR. 2UDANS: Have vou looked at how this flow

distribution will take place?

DR. HANKINS: That is one of the things we are looking

at, but again because we have gone to such high temmeratures
on our tests we believe that it is still going to have
complete condensation of the steam when you are sub-cooled,
keeping in mind that there is some hydrogen there. You will
not, obvicusly, condense the hydrogen. So, the remainin?

bubble will, in fact, be a hydrogen bubble, and probably

larger than 100 microns.

In order to quantify the pool scrubbing, in addition

0 tha literature surveyvy and as I mentioned the small-scale
tes1s that we are embarking on, we treated the DF for the
entire plant in a parametric way tc see was there really a

benefit at going for very, very large DF's, and here is an

example of a couple of evaluations we did. One is a realistic

evaluation and I was happy to hear this morning that th

staff felt that more realistic evaluations should bhe use

-

e

rather than the conservative ones for degraded core rule
making decisions where we assume that we had a sub-coocled
pool, and we, also, assumed a DF of about 19 for plate out
and natural removal factors.

e took an average containment failure time. It is
sort of an average for looking at a number of transients

.and breaks and assumed a gradual release Irom containren
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and that was releasing 100 percent of the fission products |

over about an eight-hour period. That would corresrond to a
very large cra.:, but not necessarily the whole ton of the
containment disappearing.

We, also, did a conservative evaluatior where we

assumed that the pool was saturated. We took no credit for

|

containment sprays. We took no credit for a natural plate-out%

and we assumed that we would have a very rapid core meltdown
and release. It was assumed with a relase time, containment
failure time of about one hour and the entire inventory
released in about a one hour period, which is essentially
a pump release.

MR, WARD: The DF you are talking about for the
plate-out is in the reactor vessel?

DR. HANKINS: It is unspecifiecd because we were

()
O
ol
|
L

looking at a range of accidents. In case of a LOCA it

ot

be a DF of 10 in the dry well. In the case of a transi

o

it could be a DF of 1C in the primary containment. One could,
also, assume the ccntainment sprays were overational because

as I said this is treating it parametrically. We used the

Q
' .
'-‘
b
Q
n
O
L3 |
v
1=
O
b |
1]

CRAC computer code and what we did after struagg

time, we found a way to turn off the evacuation model

A
1]

in CRAC. As vou know, essentially all CRAC analyses that a
done to date assume the evaculation pretty much along the

lines of the evacuation nmodel that was used in "ASH 1410,
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We wanted to see the results if we forced hvpothetical

people to stand at certain distances from the plant throughout !
the course of the accident and then remain a+ *hat distance
throughout their lifetime. So this lifetime dose is actually
about an 80-year dose, and it includes the acute exposure

from the cloud, pluse chronic exposure to the ground,

reingestion, and of course, vou can see for the =realistic
case yocu get extremely low doses. Actually thevy are less
than 10 CFR 100 at about 1/2 mile. This is because it is
essentially a noble gas dose.

In the conservative case the doses are

e

aer.

e}

However, the doses are still below the acute threshold, again,
remembering that this is a lifetime dose, and so it includes
the acute, plus the chronic. The acute nart was still below

the threshold for acute fatalities

fu
o
(8N
0]
O
' .
b
)
[
r
£y
®
e

case

the

(t
Ly
}.4
o
!-J
(9]
E_J
e
[
11]
O
h

you still get no acute fatalities wi

ERR: What is the threshold for acute fatalities.

O
"
<
).

D HANKINS: There is no threshold for whole body.

»
’
.

It is done in the CRAC code on an organ-bv-or

u]

1 basis, for

instance for the bone marrow, I bhelieve that the *+hreshold is

DR, KERR: I don't know. I was asking for information.
DP. FPANKIMNS: Yes, it is done on an orcan-by=-organ

basis, and I could not tell you which each one was, t .: thev
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i)

were all below the threshold. It is about on the order of
40 to 60 percent of this dose cives the acute, and the rest
is chronic.

DR. OKRENT: Could you put that back a minute, please%
Two rather different points, we did hear a short presentation

'
.

once by Sequoia people and maybe there is somebody in the room

who would be able to clarify this later today, but my
recollecticn is they estimated about 300 rem whole body at

the site boundary, if they took assumptions similar to what

-
N

you call your conservative evaluation. Now, I don't know

whether it is because their site boundary was less than

*

1/2 mile or what, but I am interested in knowing whether it is

just that kind of thing or something else that leads to those

different results

DR KERR: Would more suppression rcol make a difference?

DR. OKRENT: VNo, because this is just a question
of what is released afterwards, the noble gase« Dasically.
DR. HANKINS: I believe I have seen that. That was
&8

in’ their hydrogen control stuff,

DR. OKRENT: Right

Ih

T

DR. HANKINS: My recollaction, and correct me i
wrong, if anybedy is here, I believe they used the meteorology
assumptions. I don't believe thev used the CRAC code which is

a more realistic model. It uses a finite cloudé. It uses

hour-by~hour meteorological assumptions.
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DR.OKRENT: I see. That might be.
DR. HANKINS: That would constitute the difference.
DR. RENFRO: I am David Renfro with TVA. I was
going to address this in the next presentation. I will g0
ahead and sreak to it now.

1

The number was 900 rems. So, I don't think that is

too far off, a factor of two, or two and one-half or some thing

like that. It was based on a very simple ratio type
calcvlation from the design basis LOCA calculation that is
done at the SAR. All we did was take into account the
difference in the amount of gas that was released. This was
low population zone whole body dose. I believe it is 1000
meters.

DR. HANKINS: Then it is true, you used the
licensing metecrology?

DR. RENFRO: VYes.

DR. HANKINS: The 95 percent meteorclogy assumptions.

That would account for it.

DR. XERR: Thank you.

DR. OKRENT: More importantly,assuming there is scme kind

| of appreciable decontamination factor for steam nlus other

things going throuch a nool, if that decontamination factor

-

gets large enouch, it seems to me what becomes immortant

9]

is to find out now what are the avenues where vou mav not,

in fact, be able to take advantace of this and in fact are these
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a factor of 100 less probable? How 40 we know that thev are
not perhaps just 10 percent less probable than the thinas

we have been lcoking at? Do we know them that well and so

forth? Otherwise one may get an early optimism that is later

dampened by other peorle's pessimistic results.

DR. HANKINS: I agree.

What happens is once you quantify large factors of t

pool, you then become dominated by accidents which bvoass
the npool, and as I indicated before, we have locoked in the
process of doing a standard plant PPA and in that we are
looking at the accidents that bvpass the nool.

Again, as I indicated fcr most of those accidents,
there are like hydrogen detonations, steam explosicns, stuck
cpen dry well vacuum breakers would be one that would he
probably a reliability question, but for those nhencrmena
there are, also, ones that a filtered vent will not work.
Obviously in the case of the drvy well vacuum breakers, ves,
but there I guess my feeling is a personal opninion thatone

should put their money into correcting byrnass mechanisms,

oy
-

-

maybe rather than putting on a new filtered vent and increasing

the reliability of the dry well va~suum breaker.

DR. OKREIT: I have not seen enough detailed studi
to be able to tell that those paths which might bvpass a
large decontaminating feature automatically lead to large.

relea- . from your outer containment rapidly or not. DPerhans
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you are convincecd I wou'd say that is maybe awkward. I
would prefer that that weie not the case in fact so that you
could ;ake advantage of other features if it turns out to be
helpful.

DR. HANKINS: Sure.

DR. RERR: Mr. Siess?

DR. SIESS: 1In_your two calculations, realistic
and conservative you varied three parameters. Can you give
me any idea of how much of a difference in the answer is due
to the release time which you said was about eight hours for
the realistic and about ~--

DR. HANKINS: You mean the duration of the release?

DR. SIESS: Duration of the release, ves.

DR. HANKINS: Okay, duration of release is in the

difference between one hour and eight hours, and again it is

[ ]

going to vary by the time of the release. t is something
less than a factor of two.
DR. SIESS: Thank you.

DR. HANKINS: The time of releas=2 is

1)
b‘:
rh
o
1
T
5
]

dominant factor and for every three hours vou delay the

release you dron by about-a factor of two.

|
"
[t
P
®
o
0
1]
o}
o3
(N
fu

So the difference between a four-hou

one-hour release again is about a factor of two.

So there may be approximately a factor of four overall

| due to the difference in the “ime of release and the duration
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I would like to quickly summarize. First of all,

we saw from our post-TMI review that the BWR has quite a few |
features already designed within it that are gquite substantial
preventers to degraded core condition, and it is probably
wiser to try to prevent a degraded core ackcident than try to
cope with it after you have it, and because of that we have
identified quite a few improvements for the BWR along the
preventive lines to further reduce the probability of core

melt. !

M
M
)
wn
M

One of these is the containment overpressure r
system that can be utilized as an alternate decay heat
removal system to back up the current decay heat removal
capability.

In addition to that the containment overuressure
release system does possibly have a -- could be considered for
utilization as a filtered vent.

The way that this could be done is that in essence

we already have a fission product absorber in the suppression

pool, and with the addition of containment overpressure

)

relief. That matched with the suppression pool could comprise

a filtered vent system.
If the filtered vent were reguired the BWR 6 contain-

ment overpressure release systen would satisfy probably wha

-

the objectives would be for a filtered vent svstem.
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DR. KERR: Thank you, Mr. Stark. Are there
guestions?

Mr. Bender?

MR. BENDER: Could I make a point?

DR. RERR: I don't know whether you can or not, but
you can try. |

MR. BENDER: The point was made earlier today that
in the cesium iodide trapping mechanism or pools of water

some experiments might be approoriate, and I gathered GE

[1¢]

is looking into the phenomenon more.

Is GE suggesting that the Nuclear Regulatorvy
Commission sponsor some experimental work to £ind out about
this trapping capabilitv?

}R. STARX: Yes, we are strongly recommending that

the Nuclear Regulatory Commission pursue ancd develop
-

quantiative infermation especially experimental informaticn

that will help the industry and the !RC reach a consensus

of opinion of what the capability of the absorption of fissio

products in the suppression pool really is. Right now we

saw today that we have numbers that vary between one that

+he gstaff has used for a conservative case to 1002 that we at
GE have used as a realistic case, and I think there needs to
a meeting of the ninds so that we ~an move on and do things

realistically.

.
e

ariables that

MR. BENDER: Have you identified the

o

)
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need to be investigated? |

MR. STARK: Debby, do you want to address that i
guestion?

DR. HANKINS: I think it was about six weeks ago |
that myself and Steve and another associate met with Rick
Sherry and Walt Dostep, NRC staff, -3 we, also, met with
Tom Hurley, and we 6utlined at that time what we felt were
the important variables, some of which I mentioned today,
particle size, chemical form, bubble size, rise time of %
temperature, and in the meantime we had actually already
begun small-scale testing of our own varving these different
paramaters and trying to model the suppression zcol scrubbing
as a function of the different parameters.

MR. BENDER: Thank you. That is enough.

FR. HANRINS: We strongly recommended that.

MR. STARK: e do feel that testing of fission

8]

(r

product absorption in suppression pcols should have priority

'

(r

e

'
n

=

versus testing of filter efficiency £or various exotic £fi

Thank you.

DR. ZUDAMS: Just to make sure I understood you
correctly, when you said that if the filter vent confiquration|
is regquired that the existin~ nool with the additional
containment o0il pre:sure relief already would satisfy the
requirements. In other words, vou do not nlan to add anvthing

in addition to that?
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MR. STARK: That is correct, except perhaps

procesures to direct the operator on how to use the system

in a degraded core cordttion, but we feel from what we have

(r

seen today that probably the greatest benefit of the filtered

vent is first of all as an alternate decay heat removal

We have that in the containment overpressure release
capability. A second althouch probablvy more minor benefit
is that it acts as a filter for anvy potential release, and

-l = |

<
- e -

as a protection for containment overpressurization.
pool we have a filtering mechanism and with the containment

overpressure release we have a containment protection svstem

L

MR. BENDER: Steve, just so wa can keep the record

clear, do you mean degraded core cooling condition in whic

fuel has not yet had any significant failures?
MR. STARK: When we sayvy that we are nlanning to
incorporate containment overpressure release intc the standard

lant, that is for an alternate decay heat removal system

(r
1]
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)
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to be used prior to the exis (&
actually to protect against.that nccourring.

MR. 3ENDER: That is enougt

MR. S™ARK: Okay, I am saying thouch that it could
be considered in additicn thouagh for degraded core conditicns.

MR, BENDER: I tried to nake the noint hecause we

constantly worry about whether the operators can make the




Bowers Reporting Company

18

19 |

20

22

23

24

235

decisions at the right time, and when thev have to discriminate

between good and bad conditions the symptoms that have to go

with the action have to be clarified, and we will probably

have to hear more about whether there is a good symptomatic
basis for deciding when to open and when to close that
valve.

You open it when the pressure says open it, but I
would not want to open it when there was a reason not to.

MR. STARK: Yes, I agree with vou. The development
of the emergency procedures should be -- we should make cuite
sure are explicit in dealing with how to use the system and
the symptoms that should specify its use.

MR. BENDER: I don’'t see any wav in which I could
support the use of it without knowing that those symptoms are
known and that the operator can properly discriminate.

MR. WARD: Just cne more gquestion. Dces General
Electric plan any research to establish the effectiveness

aded

(*N
1
"

of the pool in removing fission products in the c
core situation?
MR. STARK: Yes, we co, as we have alreadv described.

We are initiating some small-scale sunpression pool scrubbing

tests. In additiocn we are seeking funding for larcer scale

[f

test, and richt now we have communicated wi
possibility of such funding.

We would, also, be willing to talk with the MNuclear

|
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Requlzstory Commission about funding for such tests. :

DR. KERR: Talk about their funding you or you
funding them?

MR, STARK: Abocut our perforuaing the tests and their
funding them. '

DR. FIRST: Dr..Hankins said that you did not get any
very useful information from small-scale tests. So what 1
are you doing them for?

MR, STARK: We believe that --

DR. FIRST: What vou advocate is all for small-scale
tests, if my memorv is correct.

DR. KERR: Do vou have something to add, Dr. Hankins? !

DR.HANKINS: The small-scale tests were in 2 to 4

feet of water. What we are oproposing is small scale but

| yet still 7 to 20 feet of water.

They are not as small scale.

DR. KERR: A big small scale test is better than a
small small scale test.

DR. HANKINS: They are very controlled conditions
at degracded core flow rates in expected conditions.

DR. FIRST: Are you aware of the fact that there

| has been a good deal of bubble work done in connection with

liquid metal fast breeder reactor research and these may have
great applicaticn to the problems you are oresentinc?

DR, HANKINS: 1In sodium?
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DR. FIRST: Yes.
DR. HANKINS: I am not sure how we would make the
transition.
DR. FIRST: Are you familiar with the work?

DR. HANKINS: VNo.

DR. FIRST: Then how do you know whether you can make |

it or not?

DR. HANKINS: But there has been work, I understand
on the steam generator tube bubbling which I understand was,
also, funded by the NRC.

MR. BENDER: I could just make an observation that
even the NRC is having trouble translating that information
for sodium purpcses. S0, vour point is well taken.

MR. STARK: Thank you.

DR. KERR: Thank you, sir.

Mr. Renfro, if you are here, we appreciate your
patience.

MR, RENFRO: I do arpreciate the ovportunity to bhe
invited to speak tocday. I feel a little bit like Daniel
in the lion's den, being the only utility renresentative
here. Maybe GE feels the same way with the vendors.

It is a change to speak %© a generic issue like

filtered vented containment in an information type setting

'4
W
r
D
(N

such as tuis rather than something that is directly re

to the Sequoia licensing opreccess. I will try to be brief
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today and touch on a study that was done about one year ago,
a little over one year ago for the Sequoia nlant.

At that time Commissioner %Galanski had not pointed
out the hydrogen problem to evervybody's edification. So, we
were not sure exactly what we would face in the licensing
process. Early in 1986, the TVA board of directors felt
like a commitment to some kind of Class Y accident mitigation
system might be required to break this licensing log jam that
had resulted from TMI.

We performed a brief overview study of several
different mitigation concepts at that time. Filtered vented

containment was one of these concepts. There were a +otal of

| seven. The others included venting to an additional

containment building that would be constructed on site,

. venting to the other units,containment building on site,

16 |

17

18

19

20 |

21

22

23 |

24

25

augmenting the existing air containment cooling, pre-inerting
the ccntainment with nitrogen, post-accident injection of
haline(?) and controlled ignition.

Conceptual designs were done for each of these
seven concepts, most of them in-house. e did encage scme
AE's to do a couple of the concepts, controlled icnition and
filtered vented ccntainment. e had Sargent and Lundvy and
Burns and Rcwe do filtered venting containment concentual

designs.

PRS2

I would like to give thcse firms credit for the amount
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of work they did in the limited time. We evaluated the work
for all seven of thuse conceptual designs in-house in five
areas.

These five areas were effectiveness,technical
feasibility, additional risk, reliability and initial cost.
The study was completed in April 1%80,and has been documented
a couple of places since then. We submitted a complete
report of the study to the NRC September 2, 1980 on the
Sequoyah docket, more for information or hackground than
directly related to the Sequoyah licensing process.

In addition, Ray Schuman of Burns and Rowe presented
a paper at the NS conference last fall on their conceptual

design for filtered vented containment.

|

TVA specified the design parameters for the AER's work.

In general since we did not have any requlatory guidance

we consciously chose to restrict these design regquirements

"
D
L

for the system to be non-safety grade, conside the

hydrogen producing events to be unlikelv enouch that a full-

blown safety treatment was not required.

Arguments can be made that if enouch safety svstems

- have already failed to cause a degraded core vent that a

fully safety grade Class 9 mitigation system might not
significantly reduce the risk more than non-safety svsten
would. Conservatism and rugged design can still produce »

capable system, even without being redundant in seisnic
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Catezory I. '

Some more design criteria and general design
criteria.

Since a major contributor to the degraded core
situation could be the loss of all AC power we felt like the
system should be as passive as practical. We specified an
elevated release point. We felt like a combination of a
manually actuated, motor operated isolation valve and a
passive rupture disk should be used for initiation of filtered
vent for the slow overpressurization case.

At some point in the accident segquence when
containment consequences aprear probable but before the
overpressurization actually occurs, we felt like the overator
should manually open all the containment isolation wvalves.
However, this did not crzen the containment to the filtered
vent until the remaining barrier, the passive rupture disk
is removed.

-

Another desirable feature that we felt like should

o
(1)

specified and included and practical in the conceptual
designs was a forced exhaust mode. This was first done, I
guess, in the UCLA study where if the containment isolation
function was lost the fans could be turned on and most of
the effluent from the containment be filtered and released
that way.

The last general area we felt like hydrogen control
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should be provided in the fi'tered vent system just to
protect the system itself due to the temperature pressure
effects from hydrogen combustion.

DR. KERR: Excuse me, let me see if I understand

the combination of the rupture disk and the valve? If vou

have, say, a single exit 1line or whatever, you would have a

valve or two valves in series or something. Since you said

not safety grade, I assume vou would have one valve in series

| with a rupture disk and it is operated nermally closec, but

10 |

11

12

13

18

19

20

21

22

23 |

if you see the pressure increasing and think vou may want to

release to a filter at some point vou open the valve and then

you depeni on the rupture disk to decide when the process
begins.

MR. RENFRO: That is correct, and as we have saia
today there could be a number of alternatives to venting.
We felt like we wanted both in series. So, the operator had
to make a conscious decision to allow the vent to becin but
that the rupture disk would be set at such a pressure that
it -- well, I will touch on that just a little later.

It is this next slide.

DR. KERR: You are going to tell me whv vou nrefer
that to having a nressure gauce which the onerator reads

before he opens the valve?

MR. RENFRO: No, we feel like he would either act c¢n

pressure or act on other indications.

-l
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if the guy does not want to vent, if the covernor says, “Don't |

vent," for example, vou don't have to depmend on that passive
rupture disk being in place. t is not a blind system. I[le
has some intervention that he can --

DR, ZUDANS: He can close it, but the ruptured disk
probably would break even if he didn't oven them up. |

MR. RENFRO: We had intended for it to be at a

pressure above the design capability of the containment.

(r

So, theoretically it would still be there after he had opened
the vent, and then it would go at some higher pressu:ra.

MR. BENDER: The real constraint vou are putting
on the cperatcr with the rupture disk is not to let him vent
before the pressure reached a certain level. 1Is that
correct?

DR. KERR: It sounds to me like the philoscophv that

O

is used when you have a firing squad, and you lLiave five neorle
with guns, only one of whom has a bullet. So, the guy who
does it does not reallv know when he has done it, and th
operator orens the valve, but he doesn't know when the thing
goes.

MR. RENFRO: I started tc say that a while acgo.
It is sort of taking the responsibility away from him. Yet
we didn't feel like we wanted %¢ nut in a completely nassive

system that he did not have anv control over. %e would like

Ih

to be able to throttle the system or close the system of
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eventually,

DR. FIRST: A passive system that is an active
system does not really follow the definition because one
thinks of a passive system as somet . ing that doces not
require the intervention of the operator. WWe discussed this
thﬁs morning, and I don't see how you can call this systen
a passive system which does not neceésarily mean it is not
a good system, but it is not the right word for it.

MR. RENFRO: I agree. I am no% trying to sav that
the system is entirely passive. In all of the filter
vented designs that we came up or the AE's came up with there
were active components, and I will be addressing those later.
Certainly the containment isolation valves were one of the
active components.

We have just been talking about decontamination

factors. Several sources have estimated that a DF of lun

- would reduce the consequences o: -his event to where other

containment failure modes would begin to dominate.
We did not specify DF or nokle gases. We did not
feel like it was practical to require any kind ¢of extended

holdup or cryogenic treatment. The design temperature was

was set at 35 PSIA. This is above the containment design
pressure of 27 PSIA. It is quite a bit less than the actual

containment capability of 55 to 60 PSIA.

-l
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DR. SIESS: That figure is wronoc.

That figure says, "Design pressure 55 PSIA.
DR. KERR: That is for the filter, isn't it?

MR. RENFRO: Yes, that is not for the containment.

| That is for the filtered vent system,

10 |

N
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DR. SEISS: Containment design oressure is what?

MR. RENFRO: Twerity-seven PSIA. I believe it was
established at previous ACRS meeting that the Sequovah
containment was good to arproximately 45 PSIG. This is where
we go* the number 55 to 60 PSIA for design of the filtered
vent system,

Without having any design basis accident specified
we chose a couple of accidents to lcok at to try to bound the
problem or lock at the problem from two different aspects.
One case was a complete core melt following a large LOCA,.

The second case was a partial core nmelt following a small
LOCA at periodic partial hydrogen burns. The first case was
AD., The second case was S2D. MNote that the S2D case is the
one that was eventually, gquote, DBA for the Sequovah ignition

system.

b

We bootlegged preliminarv March results from Bate
Columbus, used these as a basis .or the steam and non-
condensable flow rates to estimate the size of the systen,
Representative pneak flow was estimated to get the svsten

flow dimensions. Total heat was estimated as size of svstem
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for the necessary heat capacity.

A composite of theose two cases was used bv the
architect enginsers for their conceptual designs. This is
the Sargent and Lundy concentual design. As you can see the
basic components are a single vent line from each containment
54 inches in diameter. 'The isolation wvalve rupture disk

arrangement is as specified by TVA as we discussed earlier.

The first treatment stage was z water quench tank. It featured
Mark 2 type downcomers. This was more or less for convenience
or maybe because Sargent and Lundy had some experience in this
area.

Moisture treatment seems to be one of the more
difficult problems with the HEPA charcoal filters. To overcome
this they specified a moisture separator as the first stace
of treatment following the gquench tank.

The filtration included a HEPA filter, a heater,
again, for moisture treatment; fire orotection and coolinc
systems were provided for the iodine filter next in strean.
These are not shown on the sketch and an after HEPA filter
was included and then a stack relief.

MR. BENDER: Excuse me, David, just to understand

what is happening here, the constituents of the fluid then

1)

is venting to the quench tank. '"hat assumnti- re made,
steanm, air,carryover of hydrogen; what thinags are in there?

MR, RENFRO: One of the nrcocblems we had was just the
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l
question you asked. Wha. are the constituents, and how do they
vary as a function of time? e estimated a total heat load
and sort of a beginning and a final commosition of the
effluent, but we really did not give the AE's much information |
about the constituents as a function of time. |

Cf course, there was steam included., It was
estimated that once all the non-condensables, excuse me, once
all the condensables were quenched the flow rates would droo
from this, and these figures of four hundred scmething
thousand to around three hundred thousgand.

MR, BENDER: How abou% things like concrete
reactions with fuel? Has the accident progressed that far
with its venting system?

MR, RENFRO: The large LOCA that went tc comnlete
core melt, the case one, we did include CO, CO; from the
concrete.

MR. BENDER: And if there some reaction with metal
and the f:-' that created aerosols, thev would come, too,

I guess?

MR. RENFRO: That is correct. Now, we did not
really evaluate the radio nuclides and the loadun on the
filters or anything like that.

MR, BENDER: I just wanted to .2e if I understand.

MR. RENFPO: This is more of a thermal hvdraulic.

MR. BENDER: Thank vou.
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M. WARD: Do you think the quench tank here would
verform abcut as well as the BWR suppression pool in removing
fission products?
MR. RENFRO: I really cannot express an opinion.
I don't know if GE has loocked at the Mark 2 decontamination.
They have already left the meeting. So, I cannot answer that.

DR.FIRST: Actually it is probably irrelevant because |

. ' P . l
the following equipment will do much more in any case. ‘

MR, WARD: VYes, _ut I.just wonder if vou needed it
to support the performance of the BWR design suppression
pool effectiveness, I wonder if you need the rest of the
system. .

DR. FIRST: You think rocks micht be better.

MR. RENFRO: I think the system was just as much
for heat capacity as filtraticn, and the filtration was reallv
intended to be provided by the after filters as shown here.
That sort of serves a double purpose, but it is not really
intended just for decontamination.

DR. FIRST: I am glad they nut the right name on
this device in your sketch.

MR. RENFPO: Which device is that?

DR. FIRST: OQuench tank. They did not call it a

MR. RENFRO: Some snecial features of this desicon
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include the fact that it is mostly passive, excent for tha
containment isolation valves and for the filter sunport
systems. These filter supnort systems might not be essential
for partial cleanup of the effluent. This particular

conceptual design only operates in the overpressure event. |
: -

It does not cperate in the forced exhaust mode because no

bypass was provided for the guench tank.

Although this design used proven components and

. does not look like it would require a lot of develooment,

it was not evaluated further in our study. ?

We were oniy going to evaluate one concentual design
in detail, and we chose to evaluate *he nex+ concept that I
will talk about.

DR. ZUDANS: All of this is non-safe degraded as vou

' 8aid in the beginning and no seismic category 1. What kind of

| requirement; how can you satisfy the reguirement that it be

' there when vou need it?

18 |
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You know, like you said vourself, manv other Class I
pPieces already have failed, and there vou are relying on
something that is not even close to it as far as the quality,.

DR. KERR: 1Is that a gquestion or a comment?

DR. ZUDANS: It is a question. 'That expectations

do ycu have? What .s the probabilityv of it being there, and

how does that affect the releases?

DR. KERR: I think he is asking for vour estimate
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of the probability of a simultaneous LOCA and earthquake. f

MR. RENFRO: I was afraid he was J0ing to talk about
seismic events. We don't seem to have looked at seismic events
as initiators guite as much as other things. I really cannot
say how reliable this is if it is not in seismic Category 1. |

It was our estimation that --

DR. KERR: But you can say vou decided on this one.
Is it in the same category? It is, alsc, not seismiec.

MR. RENFRO: That is correct. The only seismic

. Category 1 components in either of these desians are the

containment isolaticon valves because thev are required to be.

12

13

14

16 ;we could do economically and feasibly without going the

We were, at this stage of our study about one year and one-half
ago, we were not ~-- we were trying not to nmenalize unduly the

cost factors that would come out of this. e were trying to

| look at thece systems as something that if we committed to them

17 |

19 |

20

21

22

23

whole safety system seismic Category 1 classification.

I think there are arguments both ways. I am certainly
not disagreeing with your statement. This is the second
conceptual design. This was performed by Burns and Rowe.

You can see the b23ic comnonents acain. Herc there are two

| vent lines from each containment. Fach of these was 36 inches,

and they merge into a 54 inch line. The first stace of

| treatment is the suvppression pocl. It has approximately

600,000 gallons of water. It is about 11 feet deen. It is
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chemically treated with sodium thiosulfate to aid in iodine
removal. Above the pool there is an air plenum. It has
a water spray provided to draw suction from the suppression

pool. It is provided to remove iodine in addition to the

. peool.

The flow rate for the pump was about 11,000 GPN.

| The plenum was about 9 feet tall. Both of these two

components were about 100 by 100 feet.

Ab we this airspace a sand filter was provided. It
is about 100 feet by 150 feet. It is 9 feet thick, and it
is graded, coarse cravel followed by finer sand and coarse
yravel again on top, suprorted by a concrete grid.

Dilution plenum is provided downstream of the sand
filter. This was the way Burns and Rowe chose to treat the

hydrogen problem, diluting the effluent from the sand filter

| by about a factor of two. The dilution fans would provide

about 300,000 CFM, and it was estimated that the peak flow
of the effluent would be about 300,000 CFM following its
condensation in the suppression nool.

The exhaust fans here were provided for the fcrced
exhaust function if the containment isolation eature was
lost. They are about 30,000 CFM each. Again, an elevated

stack release was srpecified.

This design has saveral special features. It was

underground for natural shielding and chemical filling omerations.
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1| It is basically passive except for the sprav system which is
. 2 | probably somewhat optional. The hydrocen dilution is an

J | important active system, but it would be hard to conceive of
' 4 | a way to treat the hydrogen without an active system. One

3 | important difference between these two designs is that

6; design uses a water pool spray combination for iodine removal

7 | instead of charcoal filters. It was felt that they veré

8 | cheaper and less conditioning of the gas would be required.

? | No fire protection would be required.

10 This system as designed was able to operate in

11 | several modes. Of course, the standard overpressure mode

12 | high capacity venting through the suppression pool: this would
i

‘ 13 | work down to about 5 PSIG because of the head of the suppr=ssion
14 | pool.
15 | A bypass was provided that would go directly into

16 | this air plenum above the pool and still get the benefit of
17 | the sprays before it entered the sand filter.

18 In addition, the forced exhaust mode could be used
19 | if the rupture disk had already burst, and since no bynass
20: of the disk was provided vou could not use the forced exhaust
21 mode unless you had had the overpressure event to occur

22 | previously.

23 | DR. SIESS: Where is the runture disk?

24 MR. RENFRO: The rupture disk is not shown on this

Bowwers Reporting Company

25 | diagram.
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DR. SIESS: You have got three valves heres, and you
had two valves before, and vou have got two lines here where
you had one before.

MR. RENFRO: Well, there are actually three valves
here to accomplish the same purpose three did in the other
design.

DR. SEISS: What three in that?

MR. RENFRO: Three isclation valves. The other
valves are to be able to lock um on containment.

DR. SEISS: Why do you have two relief lines here
rather than one in the other?

MR. RENFRO: That was just the way Burns and Rowe
chose to present it. I guess they felt like this added a
little bit of redundancy to cne of the active features of the
system in case you could not get one isolation valve open
you could gco to the other.

DR. SEISS: And why did vou say vou had the exhaust

fans?

MR. RENFRO: The UCLA studyv that Dr. Okrent was associated

with a few vears ago incorporated this “eature. I am not sure

| how that really impacts the risk of the plant, how significant

it is. The concept is that if somehow the containment
isolation function wos lost, some penetration was leaking,

the forced exhaust mode could be used to try to suck mest

' of the containment effluent through the filter svstem ana
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reduce the pressure that way rather than letting it leak

through the penetration.

Okay,

this concept was the cone

do a little more detailed evaluation on, not necessarily

because we felt like it worked better, just because we

thought it was a little more ambitious, offered a little

more room for e-aluation.

that we selected to

Briefly, I will go over five areas that we evaluated

the concept on. The first area is effectiveness.

Assuming

they worked as intended, how well dié the mitigation systems

| mitigate the

event?

containment is limited by the size as we hav

today.

Of course, the filtered venting

talked about

A reasonable size might not be able to handle the

rapid mass and energy r2leases at some points in the accident

such as vessel melt,

rapid hydrogen combustion.

The filtered vent effectiveness would, also, be

limited by the operator reaction, "since we included him in the

chain. The operator might be reluctant to allow the possibility

Of this deliberate release, and

for the system to work he

would have to open the containment isolation valves before

the system is needed.

The second area that we evaluated was technical

feasibility.

to be overcome, what further development was needed shoul

addressed,

I feel like whatever practical nroblems needed

One of the areas was

large penetration

be
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To add those to an existing orimary and secondary
containment structure would orobably be a difficult design
problem. Another area where we felt like more research and
development was necessary was in the sand filter. Although
they have been used at a few sites, and they are considerad

to be rugged and passive, quite a bit of work remains to be

done, especially to demonstrzte that vou can maintain reasonable

pressure drops as the bed compacts and ages in the nresence
of high meisture in the flow streams.

Another area we evaluated was additional risks that

the system might introduce, what additional consequences could

result from the use or the misuse or from its effect on other
systems.

Of course, we all recognize the most serious

rawback is probably the intentional release of radicactivity.

We spoke earlier of the 900 rem that TVA had estimated which
was whole .ody low population zone dcse. 'ith release of
that magnitude a bypass of the contcinment structures when
they are most needed would be a difficult decision to accept.
This involves both the obvious off site dose *+hat we have
talked about, but I think it, also, involves the less ocbvious
but verv important main control room dose to the operator.
Another hazard that we saw was the pctential for
creating a negative oressure in the containment. e have

touched on that earlier.
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Reliability. It is difficult to design a completelvy
passive system. The design we evaluated in detail here had
several active components which, of course, reduced the
reliability below the design that would be more nassive.
However, there were good reascons for using these active
compcnents. The’sprays were used té reduce the filtration
size necessary. The dilution fans were used to treat the
hydrogen problem. It would be hard to conceive of a way to
achieve that passively.

Isclation valves were used to allow the overator

to have some intervention in the initiation of the throttling

or the termination of the venting.

|

|

The last area that we evaluated was cost and schedule,

An order of magnitude cost estimate in 1980 dollars was
$15.4 million. This is for non-seismic structure; this is an
initial cost. It does not include any maintenance or

equipment replacement. This was based on a 42-month design

and cons*truction schedule; no nlant down time cost is included,

DR. KERR: Mr. Renfro, if I interpret order of
magnitude as I understand it, that could mean 'that your
estimate is uncertain over a range of 1-1/2 tc 150 million.
Is that what you mean?

MR, RENFRO: I think when cost neonle speak of

order of magnitude they don't speak of it as engineers do.

I certainly don't think it would gc to 150. This may be plus
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or minus 50 percent, 25 percent, more along those lines.

DR. FIRST: Could you explain more about this
hydrogen orotective system? What is the rationale for
believing that the hydrogen concentration will be less than
twice the lower explosive limit?

MR, RENFRO: This is =--

DR. FIRST: Did I get my question across?

MR. RENFRO: This is one of the areas I =--

DR. FIRST: My question was what is the rationale
for believing that the hydrogen concentration in the off gas
will be less than twice the lower :xplosive limit?

MR.RENFRO: This is cne of the areas that I am going
to recommend further research be done in, of course, to know
exactly what parameters are at what level during the accident
as the accident progresses. At the time, the figures that
we estimated for these two cases, cne of which included
partial burns, one of which did not showed that the effluent
was about 3 percent hvdrogen. So a factor of two would have
fixed the problem. That is certainly ocen to question.

DR. ZUDANS: But this seems like a complicated flow
arrangement, and how do you expect to achieve the flow from
here up and ocut and flow to here at the same time and not
create a counterflow?

DR. RERR: Can vou see to what Mr. Zudans is cointing

or should he come up closer?
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MR, RENFRO: If you could identify the vugraph we
could all see it,
DR, ZUDANS: The one before this one. Up where
you have the hydrogen dilution.
MR. RENFRO: You are saying what is to preven
backflow from the plenum through the sand filter?
DE. ZUDANS: VYes. ;
MR. RENFRO: I believe the-. were Lackdraf+ damrers

specified. I have got the detailed sketch back there if you

would like me to look but I am pretty sure that is the way

they handled the problenm.
In other words, when these fans were turred on

there were dampers, and the dampers might have been associa*nd

' with these fans. That may 110t be correct. I guess that is

what this is, is t'.e backdraft damper here. So, I am not
sure what the answer is to vour question.

DR. KERR: I know what an M and a V, but what is a

G?

MR, RENFRO: I don't know.

DR. KERR: It is a 600,000 cubic foot per minute G,
isn't it.

MR. RENFRO: Yes, there are two others on the left.

I don't know what the G stands for, but that symbol I am

| pretty sure is a backdraft damper. 1lMow, this is Burns and

25 |

Rowe's sketch. I am not sure what their nomenclature means.
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DR. 2ZUDANS: 1Is it not likely that that mixture
could explode someplace before it reaches the upper plenum?
MR. RENFRO: That is one of the problems we saw with
this design. The hydrocen is going to reach its maximum
concentration right after the suppression pool.
Now, the only way I could rationalize this was
to say that there really are not any good ignition sources
in th2re. 1If you have got a pool of water and a sand filter

there probably are not any comionents, anv instrumentation

. Or any pumps or valves likely to cause an accidental spark.

16 |

17

18

19 |

20 |

21

22

So, the problem with diluting the effluent down here in the
water space would be that the sand filter requirements woula
go up enormously. So, it was to try to cut down on the size
requirements for the sand filter that it was done the way i-
was, but that is certainly one of the drawbacks. This is no+
a perfect way to treat the hydrogen problem.

DR. WARD: Dave, I believe yvou mentioned the volunme
of the pool. What is i«?

MR, RENFRO: It is 600,000 gallons.

DR. KERR: Are there other cquestions?

MR, RENFRO: Let me just briefly summarize what our

| conclusions were from this study? April 1989 when we drew

23

nrudent for TVA to commit to a concent that was

these conclusions we did not believe it was necessarv or even

ntended to

b

mitigate the effects of a complete core melt. A less severe
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accident more like Three Mile Islana should he the interim
design ¢wal intil rule making has been completed. With
this in mind, control combustion using thermal igniters was
eventually selected by TVA as a hydrogen mitigation, not as
a core melt mitigation and it is currentlvy licensed for use
in Sequovan.

Let me just point out a few are: s, most of which
are very aware to everyone here, but some arzas of fur+her
study that we saw, some kind of refinement of operator
instructions and accident sequeiice progression details. When
should the system be opened, throttled? When should it be
closed? ~“Should we vent early in the accident after design
pressure, at some pressure above the design but still below

the ultimate capacity of the containment? I feel like more

passive filter media, such as sand filters, more work nrobably

on the holdup of noble gases to see if that is feasible at

all. Attention needs to be paid to the hvdrogen treatment,

19 |

20 |

21

22

23 |

' passive is practical? The more passive the systam generallv

whether we should combust, dilute or inert.

Since the sy:ctem should be designed for neaks as far
as possible, how realistic are the neaks that we are
calculating? This affects the size of the system, of course;

passive versus active trade-off affects the size. How

| the larger it has to be.
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In conclusio~ we feel it is verv important that
a realistic cost benefit be performed. Does the filter
venting containment appreciably reduce the risk? This answe:
requires a better knowledge of the ;ccident orogression and
the conditions to assess the benefits of sush a system and a
better knowledge cf a2 workable filtered vented containment
design to assess the cost of such a systen.

MR. BENDER: Dawvid, I think that anv list like that
should include scme study of the constituents and certainly

the temperature basis for the operation of the filter svstenm,

. both of which could have a big impact on its effectiveness.
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MR, RENFRO: I agree. 'Je need to understand

exactly whut is going to havpen in the accident to know how

big to make the system, when to initiate the svstem, what

| parameters the system has tc withstand.

| we were asked to participate in this

1

DR. KERR: Of course, vou will never know exactly
what is going to happen in the accident. Sc vou doom the
study to oblivion if you have to know that.

MR, RENFRO: I micht just comment sort of on the side,

arner that Burns and

0

| Rowe presented at the A&S confirence. 'e were so unsure of

v

the design criteria we had given them to do their design

that we really did not particirate in their paper. Then we

gave the numbers like 467,000 CFM, vou know that could have

easily been scme other number. So, I agree you are not going
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to know exactly what is going to happen but at least from our
perspective we certainly need to '.now a lot more before we
could ever design a filtered vent svstem.

Are there any more questions?

DR. WARD: One question. This add on would be
perhaps $15 million. Do you h#ve a rough idea of how much is
invested in the existing containment system at Sequoyah?

MR. RENFRO: No, I don't.

DR. KERR: Other questions?

Thank you, Mr. Renfro.

(Thereupon, at 5:35 p.m., the meeting was concluded.)
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Risk Implications of Containment Failure Modes

® CONTAINMENT FAILURE MODES

e MELT-THROUGH HAS HIGHEST PROBABILITY OF OCCURRENCE CONTAINMENT FAILURE MODES

e OVERPRESSURIZATION AND STEAM EXPLOSIONS LEAD TO -
HIGHEST CONSEQUENCES *% " T
(Il@”] (l( »q
® UNDERGROUND SYSTEN DES!GN EFFECTS , i
STEAM EXPLOSION OVERPRESSURE
e OVERPRESSURIZATION - PRESSURE RELIEF SYSTEMS "MAJOR CONTAINME T FAILURES

STEAM EXPLOSIONS - ROCK AND SOIL OVERBURDEN
PENETRATION LEAKAGE - SECONDARY CONTA INMENT

>l N

o MELT- THROUGH - PROBABILITY INCREASED 0
[7a% (H|
® RELATIVE RISK CONTRIBUTIONS FROM FAILURE MODES LS -
PENETRATION LEAKS MELT THROUGH

o OVERPRESSURIZATIONS AND STEAM EXPLOSIONS DOMINATE
HIGH FATALITY PORTIONS OF RISK SPECTRUM

o PENETRATION LEAKAGE AND MELT-THROUGH DOMINATE LOW
FATALITY END OF SPECTRUM

o UNDERGROUND CONSTRUCTION SHIFTS ACCIDENT RISK
SPECTRUM TOWARD LOW FATALITY CONDITIONS



CONCEPTUAL EVALUATION OF FILTERED-VENTING CONTAINMENT SYSTEMS

RESULTS BASED UPON STATE OF CALIFORNIA'S STUDY

OF UNDERGROUND NUCLEAR POWER PLANT DESIGNS

BY rRED C. FINLAYSON

THE AEROSPACE CORPOKATION
LOS ANGELES, CALIFORNIA

PRESENTATION TO ACRS CLASS 9 ACCIDENT SUBCOMMITTEE
ALBUQUERQUE, NEW MEXICO

JUNE 30, 1981
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Public Health and Economic Consequences

FATALITIES HEALTH CONSEQUENCES
FATALITY RANGE RANGE OF EFFECTS
CONTRIBUTORS SURFACE  UNDERGROUND HEALTH EFFECTS SURFACE  UNDERGROUND
EARLY DEATHS 17-450 0 EARLY ILLNESSES 160-7700 0
LATENT CANCER DEATHS 3900-6300 0 THYROID CANCERS 300-17000 <1-3
THYROID NODULES 4600-17000 <15
ECONOMIC CONSEQUENCES PRENATAL DEATHS 1-18 0
SOURCE SURFACE  UNDERGROUND| GENETIC DISCRDERS 2600-4300 0
$ Billions) (% Thousands)
SPONTANEOUS ABORTIONS  840-1400 0
EVACUATION AND RELOCATION 0.13 - 7.2 0
TEMPORARY STERILITY 340- 12000 0
FARMLAND 0.13-1.3 6
MEDICAL TREATMENT 0.019-0.12 1-16
TOTAL 0.3 8.6 1-16

® STUDY RESULTS DO NOT REPRESENT RANGES OF CONSEQUENCES DERIVED FROM PROBABILISTIC
RISK ANALYSES
e RESULTS BASED UPON CALCULATED CONSEQUENCES FOR MOST SEVERE REACTOR ACCIDENTS
POSTULATED FOR SURFACE AND UNDERGROUND PLANTS
e UNDERGROUND PLANTS AS-UMED T0 HAVE FUN_TIONING ACCIDENT MITIGATION SYSTEMS
® RESULTS IDENTIFIED WITH "UNGERGROUND" HEADINGS IN TABLES NOT NECESSARILY UNIQUE T0
UNDERGROUND FACILITIES
e SIMILAR THEORETICAL RESULTS WOULD BE DERIVED FOR SURFACE-SITED FACILITIES WITH @
FUNCTIONING ACCIDENT MIT!IGATION SYSTEMS



Comparative Costs of Surface and
Underground Nuclear Power Plants

!

COST ITEM | i PLANT COSTS (M$)

DIRECT CONSTRUCTION SURFACE SUBSURFACE

i Sl =R T o LVL. -3 MINED

| NRC ACC. No. ITEM - unc | S&l MOD BERM CAVERNS
20 LAND (a) (@ (@ (@ (@
21 STRUCTURES 196 193 200 251 182
22 REACTOR 150 171 17 173 153
23 TURBINE-GENERATOR 133 199 200 201 150
24 ELECTRICAL 37 50 50 58 49
25 MISCELLANEOUS 14 20 20 20 19
21 EXCAVATION AND BACKFILL (c) : 4 15 5
28 ACCIDENT MITIGATION - 4 5 3
35 SUBSTATION 3 a4 4 a4 4
91 CONSTRUCIION SERVICES (d) 8 8 10 (d)
- CONTINGENCY, TOTAL a5 (b) (b) _ (b) lgl
B IQIAL L 518 647 661 744 136
INDIRECT - 33 181 181 206 aR
~ TOTAL CONSTRUCTCN €057 N 7 828 842 950 1168
KW i 08 | 63 641 ] 898
ESCALATION, 9% (compounded annually) . 1100 1033 1049 1105 1233
AFOC 10% (simple interest) 122 618 632 163 1029
GRAND TOTAL PROJECT COST 2143 2419 2523 2818 13
PERCENT DIFFERENTIAL - 1.8 13.6 25

Notes: (a) -
(b
c) -
(d) -

Land costs not included in estimates
- Contingency cost included as part of individual direct cost item
Not specifically known, estimated at about 2 million dollars

Included in indirect cost subtcial
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Surface Plant with Level-3 Accident Mitigation System
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Accident-Induced Primary Containment Environment

® ACCIDENT MITIGATION SYSTEM (AMS) REQUIREMENTS

® ENVELOPE OF SEVERE ACCIDENT CONDITIONS

W

-
e LOSS-0F-COOLANT ACCIDENT, WITHOUT cCCS 0

28

)

o LOSS-OF-ALL-ELECTRIC POWER

EMPERAT!

o LOSS-OF-COOLANT ACCIDENT, WITH DEGRADED

§
ECCS OPERATION - ™. - CONVENTIONAL s T
CONTAINMENT e
an L3 2
® MOST DEMANDING PRESSURE / TEMPERATURE CONDITIONS - [ -
1 L o sl 0ol 2 ogaaned  0g gl
® LOSS-OF-ALL-ELECTRIC POWER ACCIDENT 0 e I ™ o
TIME howrs)
® PEAK CONTAINMENT PRESSURES OCCUR AT REACTOR
VESSEL MELT- THROUGH (1) BOIWOFF OF PRIMARY SYSTEM WATER THROUGH RELIEF »7.( VES
(2) MYDROGEN BURN FROM 50% 2r Hp0 REACTION
® PRIMARY CONTAINMENT FAILS, IF NO AMS % NEACTOR VESSEL MELT-THROUGH
CORE QUENCHED, 50% 2» Hy0 REACTION, AUXILIARY VDILUME
OPENED TO CONTAINMENT
® PRESSURES REDUCED RAPIDLY WITH AMS () CORE REMELTS
(@ CONTAINMERT BASE MAT MELT THROUGH AND METAL WATER

® LONG-TERM CONTAINMENT TEMPERATURES HIGH W ST

® PENETRATION SEAL INTEGRITY CHALLENGED ABOVE 200 C

@
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Study Objectives and Participants

® CALIFORNIA LEGISLATURE REQUIRED (1976) A STUDY OF UNDERGROUND NUCLEAR
POWER PLANT SITING

® OBJECTIVES - TO DETERMINE:
® TECHNICAL AND ECONOMIC FEASIBILITY
® RADIOLOGICAL EFFECTIVENES »
® NEED FOR ADDED PROTECTION

® EIGHT MAJOR PARTICIPANTS INVOLVED
® SYSTEMS MANAGEMENT - THE AEROSPACE CORPORATION

® TWO ARCHITECT -ENGINEER FIRMS PREPARED DESIGNS / COSTS

o BURIED CONCEPT: SARGENT AND LUNDY
o MINED-CAVERNS: UNDERGROUND DESIGN
CONSULTANTS / GIBBS AND HILL

® RADIOLOGICAL/ ENVIRONMENTAL IMPACT ANALYSTS
® CALIFORNIA DIVISION OF MINES AND GEOLOGY
® SOCIOECONOMIC ANALYSTS

® PERIOD OF PERFORMANCE: ABOUT ONE YEAR (1977-1978)

® AGGREGATE TOTAL FUNDING: ABOUT $1.5 MILLIZN
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Technological Feasibility
® PRIMARY CONTAINMENT
e PRESSURES REDUCED RAPIDLY BY ACCIDENT MITIGATION SYSTEM

e HIGH TEMPERATURES CHALLENGE SEAL INTEGRITY

® SECOM™ARY CONTAINMENT

« DESIGN LOADS FROM STATIC OVERE':RDEl AND SEISMIC STRESSES | ¢ 7 7.

® ACCIDENT MITIGATION SYSTEM (AMS) L

o EXTERNAL CONDENSATION/ FILTER ZONES CONNECTED TO PRIMARY BURIED

CONTAINMENT BY PIPES OR TUNNELS

e PRESSURE-TEMPERATURE SENSITIVE RUPTURE DISKS ISOLATE
AMS INTERFACE

e HIGH QUALITY DESIGN'/ CONSTRUCTION STANDARDS TO BE USED

e NRC CAT | SEISMIC STANDARDS NOT REQUIRED

® FEASIB. ITY

MINED-CAVERN

e NO INSURMOUNTABLE CONSTRUCTION PROBLEMS IDENTIFIED
« NO APPARENT IMPINGEMENT ON OPERATIONAL / SAFETY REQUIREMENTS

e NO MAJOR LICENSING PROBLEMS APPARENT @
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Guidelines for Underground Designs

® STANDARD NRC DESIGN BASIS ACCIDENTS USED

® "ACCIDENT MITIGATION SYSTEMS"™ ADDcD TO PREVENT MAJOR CONTAINMENT FAILURES
o REQUIRED FOR CORE-MELT ACCIDENT CONDITIONS

® IMFACTS ON NORMAL OPERATIONS, MAINTENANCE, SAFETY MINIMIZED

® LOW-COST (no frills) UNDERGROUND DESIGNS PREPARED

® NO RISK ANALYSIS CONDUCTED OF PUBLIC HEALTH IMPACTS

o COMPARATIVE ANALYSES OF SEVERE ACCIDENT IMPACTS PERFORMED
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Underground Facility Design Features

® PRIMARY CONTAINMENTS

® SECONDARY CONTAINMENTS

® ACCIDENT MITIGATION SYSTEMS

-
e PRESSURE-RELIEF MECHANISMS BURIED
e PASSIVE, HIGHLY REDUNDANT CONCEPTS
e FISSION PRODUCTS FILTERED / TRAPPED T
THROUGH NATURAL PROPERTIES OF //

SOIL AND ROCK /
......... mj{#@ a

® STANDARDIZED NUCLEAR STEAM SUPPLY SYSTEMS

e 3800 MWt (1300 MWe) PWR AND BWR UNITS MINED - CAVERN

@



Economic Feasibility

® SCHEDULE
® 1990 STARTUP ASSUMED FOR ALL CONCEPTS

® TWO ADDITIONAL YEARS REQUIRED FOR
UNDERGROUND CONSTRUCTION

® PROJECTED TOTAL CONSTRUCTION PERIOD:
11-12 YEARS

® COST ESTIMATES

® UNDERGROUND FACILITIES 14-25% MORE
EXPENSIVE THAN SURFACE PLANTS

® MODIFIED JRFACE FACILITIES (accident
mitigation systems added) HAVE SMALLER
(+2%) COST INCREASES

® PROTOTYPE vs MATURE INDUSTRY COST ESTIMATES

® BASELINE COST ESTIMATES ASSUMED "MATURE"
CONSTRUCTION METHODS

® PROTOTYPE PLANTS COULD COST ABOUT 30%
MORE THAN BASELINE ESTIMATES

oo

CONCEPT

CONSTUCT
CosTs *

GRAND
TOTAL*

S&L ENGINEERS
e SURFACE
e BURIED

e SURFACE-AMS

UDC / G&H

e SURFACE
® MINED-CAVERN

830 M$
950
840

920
1170

2480 MS
2820
2570

2740
3430

* Direct and indicect costs (constant 1977 dollars)
**Escalation (9% componded); AFDC (10% simple)



A2802

Assessment

® EFFECTIVENESS OF ALTERNATIVE CONTAINMENT CONCEPTS

>»
-
=

® NO CONTAINMENT CONCEPT (including underground siting)
ASSURES TOTAL ELIMINATION OF ALL CONTAINMENT
FAILURE MODES

CONT; IBUTION OF
PENETRATION LEAKAGE
AND MELT THROUGH

-
-
=l

INCREMENT FROM OVER
PRESSURE AND STEAM
EXPLOSIONS etc
FARURE MODES

® UNDERGROUND SITING QUALITATIVELY BETTER THAN
ALTERNATIVES

~
-

-
=l

TOTAL PROBAB™ ITY
(AN tallur e modes)

YEAR OF FATALITIES 2 X

-
-

-
=l

PROBABILITY PER REACTOR

® |N THE EVENT OF DEGRADED PERFORMANCE OF ACCIDENT ST KR T, N
MITIGATION SYSTEMS, CONTAINMENT FAILURE MODES IN o 100 200 300 400 500 500 700 800
UNDERGROUMD PLANTS SHIFTED TOWARDS LOWER
CASUALTY EVENTS

® ALTERNATIVE SURFACE-SITED CONTAINMENT CONCEPTS
ARE RELATIVELY INEXPENSIVE

® NEED FOR REACTOR ACCIDENT RISK REDUCTION

® SOCIAL AND POLITICAL ISSUES DOMINATE CONCLUSIONS

® UNDERGROUND PLANTS MIGHT HELP TO REDICE PUBLIC
FEARS OF CATASTROPHIC ACCIDENTS

® BUT SOLUTION iS EXPENSIVE AND RESG-UTION OF
FEARS UNCERTAIN



Radiological Effectiveness

@ CALCULATED PUBLIC HEALTH IMPACTS VIRTUALLY ELIMINATED

® EARLY AND DELAYED DEATHS REDUCED TO NEAR-ZERO LEVELS

® NON-FATAL HEALTH EFFECTS ALSO REDUCED BY FACTORS OF
HUNDREDS TO TENS OF THOUSANDS

® PUBLIC ECONOMIC IMPACTS ALSO VIRTUALLY ELIMINATED

® NO EVACUATION AND RELOCATION REQUIRED

® MEDICAL TREATMENT COSTS NOMINAL

® |MPROVED RADIOLOGICAL EFFECTI'VENESS DUE TO:

® POSTULATED RELIABILITY OF PASSIVE UNDERGROUND
ACCIDENT MITIGATION SYSTEMS

® EFFECTIVENESS OF NATIVE SOIL AND ROCK AS NATURAL
FILTER/ TRAP FOR FISSION PRODUCTS

® ACCIDENT MITIGATION SYSTEM CONCEPT COULD BE APPLIED
10 SURFACE-SITED FACILITIES

FREQUENCY (events / years >x)

10

-

A2803

ACCIDENT RISKS

~ AIR CRASHES TOTAL
—\NRES

EXPLOSIONS

—DAM
FAILUAES

RELEASES
~ucs
ESTIMATES

LATENT
FATALITIES

RSS RESULTS

- L

10 100 1,000 10000 100000
FATALITIES, ¥
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Effectiveness of Alternative Concepts

ALTERNATIVE CONTAINMENT CONCEPTS EFFECT ON_CONTAINMENT FAILURE MODES
STEAM PENETRATION MELT-THROUGH
FUNCTIONING SYSTEMS OVERPRESSURE  EXPLOSIONS ~ LEAKAGES  FOUNDATION.
UNDERGROUND SITING £ E/IR E/R |
DUAL CONTAINMENT U R R u/i
CONTROLLED-FILTERED VENTING E U R |
W/DUAL CONTAINMENT E R E/R |
STRONGER CONTAINMENT U UIR U U
THINNED BASE MAT R/U U U |

MALFUNCTIONING SYSTEMS

UNDERGROUND SITING RIE E/R RIE |
CONTROLLED-FILTERED VENTING R/ U R/IU Hu
W /DUAL CONTAINMENT RIE R RIE [
DEFINITIONS

£ = ELIMINATED
R = REDUCED

U = UNAFFECTED
I = INCREASED

UNDERGROUND SITING AND CONTROLLED-FILTERED VENTING CONCEPTS ASSUME USE OF LEVEL 2/3
ACCIDENT MITIGATION SYSTEM OR EQUIVALENT



CONCEPTUAL EVALUATION OF FILTERED-VENTING CONTAINMENT SYSTEMS

RESULTS BASED UPON STATE OF CALIFORNIA'S STUDY

OF UNDERGROUND NUCLEAR POWER PLANT DESIGNS

BY FRED C. FINLAYSON

THE AEROSPACE CORPOKATION
LOS ANGELES, CALIFORNIA

PRESENTATION TO ACRS CLASS 9 ACCIDENT SUBCOMMITTEE
ALBUQUERQUE, NEW MEXICO

JUNE 30, 1981
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Accident-Induced Primary Containment Environment

® ACCIDENT MITIGATION SYSTEM (AMS) REQUIREMENTS

® ENVELOPE OF SEVERE ACCIDENT CONDITIONS
e LOSS-OF-COOLANT ACCIDENT, WITHOUT ECCS
o LOSS-OF-ALL-ELECTRIC POWER

o LOSS-OF-COOLANT ACCIDENT, WITH DEGRADED
ECCS OPERATICN

Tr WPERATURE +°C)

® MOST DEMANDING PRESSURE / TEMPERATURE CONDITIONS
® LOSS-OF-ALL-ELECTRIC POWER ACCIDENT

® PEAK CONTA!NMENT PRESSORES OCCUR AT REACTOR
VESSEL MELT - THROUGH

® PRIMARY CONTAINMENT FAILS, IF NO AMS
® PRESSURES REDUCED RAPIDLY WITH AMS
® LONG-TERM CONTAINMENT TEMPERATURES HIGH

® PENETRATION SEAL INTEGRITY CHALLENGED ABOVE 200° C

nog-

180

m

“~
- ~ CONVENTIONAL
CONTAINMENT

CONTAINMENT
WITH AMS

1 ol Lo v eand IR S e

> .
=) - -
- =] ~

=
n

4

-
~

PRESSURE (MPy)

o 6 10 100 1000
TIME (hours)
(1) BOILOFF OF PRIMARY SYSTEM WATER THROUGH RELIEF VALVES
(D) HYDROGEN BURN FRON 50% 2rH20 REACTION
(3) REACTOR VESSEL MELT: 'ROUGH
(3) CORE QUENCHED, 50% Zr-+ ,0 REACTION, AUXILIARY VOLUME
“PENED TO CONTAINMEN
(5) CORE REMELTS
(6) CONTAINMLNT BASE MAT MELT-THROUGH AND METAL WATER

REACTIONS COMPLETED

@
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Study Objectives and Participants

® CALIFORNIA LEGISLATURE REQUIRED

(1976) A STUDY OF UNDERGROUND NUCLEAR
POWER PLANT SITING

® OBJECTIVES - TO DETERMINE:
® TECHNICAL AND ECONOMIC FEASIBILITY
® RADIOLOGICAL EFFECTIVENESS
® NEED FOR ADDED PROTECT!'ON

® EIGHT MAJOR PARTICIPANTS INVOLVED

® SYSTEMS MANAGEMENT - ;dE AEROSPACE CORPORATION

® TWO ARCHITECT-ENGINEER FIRMS PREPARED DESIGNS /COSTS !.

 BURIED CONCEPT: SARGENT AND LUNDY !
o MINED-CAVERNS: UNDERGROUND DESIGN d

CONSULTANTS / GIBBS AND HILL

® RADIOLOGICAL/ ENVIRONMENTAL IMPACT ANALYSTS e

® CALIFORNIA DIVISION OF MINES AND GEOLOGY
® SOCIOECONOMIC ANALYSTS

® PtRIOD OF PERFORMANCE: ABOUT ONE YEAR (1977-1978)

® AGGREGATE TOTAL FUNDING: ABOUT $1.5 MILLION
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Guidelines for Underground Designs

® STANDARD NRC DESIGN BASIS ACCIDENTS USED

® "ACCIDENT MITIGATION SYSTEMS" ADDED TO PREVENT MAJOR CONTAINMENT FAILURES
e REQUIRED FOR CORE-MELT ACCIDENT CONDITIONS

® |MPACTS ON NORMAL OPERATIONS, MAINTENANCE, SAFETY MINIMIZED

® LOW-COST (no frills) UNDERGROUND DESIGNS PREPARED

® NO RISK ANALYSIS CONDUCTED OF PUBLIC HEALTH IMPACTS

o COMPARATIVE ANALYSES OF SEVERE ACCIDENT IMPACTS PERFORMED




ot

Underground Facility Dasign Features

® PRIMARY CONTAINMENTS

® SECONDARY CONTAINMENTS

® ACCIDENT MITIGATION SYSTEMS
o PRESSURE-RELIEF MECHANISMS
e PASSIVE, HIGHLY REDUNDANT CONCEPTS
e FISSION PRODUCTS FILTERED / TRAPPED

THROUGH NATURAL PROPERTIES OF
SOIL AND ROCK

© STANDARDIZED NUCLEAR STEAM SUPPLY SYSTEMS

e 3800 MWt (1300 MWe) PWR AND BWR UNITS

s,

/

f—( Mm:aj&a

MINED - CAVERN
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Risk Implications of Containment Failure Modes

® CONTAINMENT FAILURE MODES

o MELT-THROUGH HAS HIGHEST PROBABILITY OF OCCURRENCE
o OVERPRESSURIZATION AND STEAM EXPLOS{ONS LEAD TO

CONTAINMENT FAILURE MODES

LA ]
HIGHEST CONSEQUENCES % ~
( (
® UNDERGROUND SYSTEM DESIGN EFFECTS A S|
STEAM EXPLOS ION OVERPRESSURE
e OVERPRESSURIZATION - PRESSURE RELIEF SYSTENS “"MAJOR CONTAINMENT FAILURES ™

o STEAM EXPLOSIONS - ROCK AND SOIL OVERBURDEN
o PENETRATION LEAKAGE - SECONDARY CONTAINMENT
e MELT-THROUGH - PROBABILITY INCREASED

OV

. L e o '—:{
® RELATIVE RISK CONTRIBUTIONS FROM FAILURE MODES o

PENETRATION LEAKS MELT THROUGH
o OVERPRESSURIZATIONS AND STEAM EXPLOSIONS DOMINATE

HIGH FATALITY PORTIONS OF RISK SPECTRUM

o PENETRATION LEAKAGE AND MELT-THROUGH DOMINATE LOW
FATALITY END OF SPECTRUM

o UNDERGROUND CONSTRUCTION SHIFTS ACCIDENT RISK
SPECTRUM TOWARD LOW FATALITY CONDITIONS
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-

CH-3711

Schematic Diagram of Berm-Contained Plant with
Level-2 Accident Mitigation System
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PURPOSE

BACKGROUND
OF TVA STUDY

- PROPOSE AND EVALUATE MITIGATIONS FOR CLASS 9 ACCIDENTS AT
SEQUOYAH NUCLEAR PLANT

REQUESTED BY - TVA BOARD OF DIRECTORS (NOT NRC)

DATE
SCOPE

- FEBRUARY -APRIL 1980

- }ZVE,()]‘JCEPTS PROPOSED (INCLUDING FILTERED VENTED CONTAINVENT -

- CONCEPTUAL DESIGNS DEVELOPED
- [ESIGNS EVALUATED (INCLUDING COST)



FVC
DESIGN PARAMETERS
(GENERALY

NOT SAFETY-GRADE (EXCEPT FOR PENETRATIONS)

NOT SEISMIC CATEGORY I (EXCEPT FOR PENETRATTONS)
NO REDUMNDANCY (EXCEPT FOR PENETRATIONS)

QUALITY GROUP C (EXCEPT FOR PENETRATIONS)

NO TORNADO



FVC
DESIGN PARMETERS
(GENERAL-CONT.)

"ASSIVE WHERE PRACTICAL

STACK RELEASE

MANUAL ISOLATION VALVES

RUPTURE DISK - OVERPRESSURE EVENT

EXHAUST FANS (IF PRACTICAL) - CONTAINVENT ISOLATION FAILURE EVENT
HYDROGEN CONTROL (IF PRACTICAD)



FVC
DESIGN PARAVETERS
(SPECIFIC)

DECONTAMINATION FACTOR - 100 - PARTICULATES, I0DINE
1 - NOBLE GASES

DESIGN TEMPERATURE - 750° F

VENT INITIATION PRESSURE - 35 PSIA

DESIGN PRESSURE - 55 PSIA



FVC
DESIGN PARA'ETERS
(SPECIFIC)

CASE 1 - CORE MELT (LARGE LOCA, NO BURN)

PEAK FLOW - 400,000 crm
(LASTS APPROXIMATELY 600 SEC, THEN DROPS)

TOTAL DURATION - 12 HOURS
TOTAL HEAT - 600 X 10° B

CASE 2 - DEGRADED CORE (SYALL LOCA, H, BURN)
PEAK FLOW - 467,000 cFm
(LASTS APPROXIMATELY 100 SEC, THEN DROPS)
TOTAL DURATION - 2-3 HOURS
TOTAL HEAT - 200 X 10° B
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EVALUATION
(CONCEPT B)

EFFECTIVENESS

- LIMITED TO SLOW PRESSURE TRANSIENTS

- LIMITED BY OPERATOR ACTION
TECHNICAL FEASIBILITY

- CONTAINVENT CONNECTION

- SAND FILTER DESIGN/TESTING
ADDITIONAL RISKS

- DELIBERATE RELEASE

- NEGATIVE CONTAINVENT PRESSURE
RELIABILITY

- ACTIVE COMPONENTS
INITIAL COST

- $15.41

(ORDER OF MAGNIT'DE, 1980 DOLLARS)



CONCLUSIONS OF STUDY
FOR SEQUOYAH

UNTIL RULEMAKING COMPLETED, COMMITMENT BY TVA TO MITIGATION OF COMPLETE CORE
MELT NOT PRULENT,

CONTROLLED COMBUSTION SELECTED BY TVA FCR MITIGATION OF HYDROGEN FROM DE-
GRADED CORE.



SOME NEEDS FOR
FURTHER STUDY

VENT INITIATION GUIDELINES
PASSIVE FILTER DESIGN/TESTING
TREATMERT OF HYDROGEN

SIZING TRADE-OFFS

REALISTIC COST-BENEFIT



NRR ACTIVITIES:

FILTERED VENTED CONTAINMENT SYSTEMS

Z1ON/INDIAN POINT PROGRAM
NEAR TERM CPs/MLs
LIMERICK (PRA)

RULEMAKING



HOW APPROACH DIFFERS FROM DBA ANALYSIS

o MECHANISTIC/REALISTIC ANALYSIS
VS CONSERVATIVE ANALYSIS

o PROBABILISTIC RISK ASSESSMENT.
IMPORTANT ROLE

o CONSIDERATION OF LOW-PROBABILITY
EXTERNAL EVENTS

o COST/BENEFIT ASSESSMENT




EPRI PROJECT TPS 80-721

EPRI NP-1747

REVIEW OF PROPOSED IMPROVEMENTS.,

INCLUDING FILTER/VENT QF BWR

PRESSURE - SUPPRESSION AND PWR
ICE CONTAINMENTS

BY

S. LEVY. INC.

SLI
€/33/81



SCOPE OF STUDY
. SUMMARY DESCRIPTION OF BWR PRESSURE SUPPRESSION AND
PWR ICE COUNTAINMENTS
. IMPROVEMENTS PROPOSED TO OCTOBER 1380
. METHODOLOGY AMD STRATEGY FOR DESIGN IMPROVEMENTS

' . PRELIMINARY EVALUATIO™ OF VENT. VENT/FILTER
AND MERITS

SLI
6/30/81



' METHODOLOGY AND DESIGN_STRATEGY
. PRA METHODOLOGY NECESSARY TO EVALUATE IMPRCVEMENTS

. FOCLUS ON DOMINANT RISK SCENARIOS AND IDENTIFY
- PROBABILITY AND CAUSE OF CONTAINMENT FAILURE
- TYPC AND TIMING OF CONTAINMENT FAILURE

® . awnre
ALTERNATES TO PREVENT CAUSE OF CONTAINMENT FAILURE

APPLICABILITY OF VENT TO PREVENT CONTAINMENT FAILURE

OTHER MITIGATION FEATURES REQUIRED BY VENT

BENEFIT OF VENT., VENT/FILTER

ALTERNATE MITIGATIVE FEATURES TO PREVENT CON-
TAINMENT FAILURE

SLI
E 6/30/81



P-aBability of
yrrence

very Low

‘c":'.“low

very, very low

, very low

TABLE V.1 DOMINANT CONTAINMENT FAILURE SCENARIOS

FOR PRESSURE SUPPRESION TYPE CONTAINMENTS

Cause of
Egllure

Loss of Long
Term Heat Sink

Failure L2
Shut Dowi
Reactor

Loss of Pri-
mary Water &
Insufficient
Core Water
Makeup i=
Non-Inerted
Containment

Loss of Pri-
mary Water
and In-
suificient
Core Water
Makeup in
Inerted
Containment

Loss of Pri-
mary Water &
Insufficient
Core Water
Makeup

Loss of Fri-
mary Water &
Insufficient
Core Water
Makeup in
Containment
Capable of
Coping with
Hydrogen
Burn and
Nen-Condensible

Type of

Feilure

Slow Over-
pressurization

Rapid Over-
pressurization

Pressure Spike
from Hydrogen
Burn

Rapid Over-
pressurization
from no..-
condensible
gases

Steam Ex-
plosion from
finely dis-
persed fuel
coming in con-
tact with weter

Penetration
of Basemat

Timinc of
Failure

Prior tn
Fuel Failure

Prior to
Fuel Melt

Minimal Core
Melt; prior
to vessel

melt-thruugh

After Vessel
Melt-through

After Core
Melt or
Vessel
Melt-through

4fter Vessel
Melt-through

Design Strateqy

Other preventive featuroes
Vent practical

No other mitigation re-
quired or practical

Other preventive features
vent impractical _ .=
No other mitigation prac-
tical
- D

Other preventive features
Vent alone impractica!
Hydrogen control required
Other mitigation features

Other prevent? 2 features
Vent “ilter practical

No other mitigation req'd
Other mitig. .ion features

Other preventive features
Vent impractical

No other mitigation prac-
tical

Other preventive features
Vent not required
Other mitigation practica’

SLI
€/30/21



Qbabﬂity of
ccurvence
Low

Low

Very iow

Very low

Very, very low

Very, very low

DOMINANT COniAINMENT FAILURE SCENARIOS FOR

PWR I1CE CONTAINMENT

Cause of
Failure

Failure of
Core Decay
Heat Removal

Loss of
Primary Water
and Insuffi-
cient Water
Makeup

Loss of Long--
Term Heat
Sink

Failure of
Core Decay
Heat Removal
or Loss of
Primary
Water and
Insufficient
Water Makeup
with Controlled
Hydrogen
Burning

Fajlure of
Core Decay
Heat Removal
or Loss of
Primary Water
and Insuffi-
cient Water
Makeup with
Controlled

Hydrogen Burning

Failure of
Core Decay
Heat Removal
or Loss of
Primary Water
and Insuffi-
cient Water
Makeup with
Controlled

Hydrogen Burning

with Cerntrolled
Burnino and
Capability to

Type of
Failure

Pressure Spike
from Hydrogen
Burning

Pressure Spike
from Hydrocen
Burning

Slow Over-
pressurization

Rapid Over-
pressurization
from Non-Con-
densible Gases

Steam Ex-
plosion from
Finely Dis-
persed Fuel
<nming into
Contact w’th
Water

Per.etration of
Basemat

Timing of
Failure

Minimal Core
Melt; Prior
to Vessel

Melt Through

Minimal Core
Melt; Prior
to Vessel

Melt Through

Prior to Fuel
Failure

After Vessel
Melt Through

After Core
Melt or
Vessel Melt
Through

After Vessel
Melt Tkrough

__Design Strateqy

Other prevertive featur:
Vent alone not practica
Hydrogen control req'd

Other mitigation featur:

Other preventive featur:
Vent alone not practica
Hydrogen control reg'd

Other mitigation featur«

Other preventive featurs
Vent practical

No other mitigation
features

Other preventive featurs
Vent/filter practical
Other mitigation feature

Cther preventive feature
vent impractical

No other mitigation
features

Other prevent ve feature
yent not required

Filter and other miti-
gation features

-—

14;‘ li«f\-L ol wL.j‘- R i

"» € - (&

tandle Non-Conden-

P e ~yd

SLI
6/3C/¢€1



13/02/3
s

PSTA

Containment Pressure.

50

40

30

20

10

No Relief
/
/ :

/
Containment Venting Starts at 370 CFM (Gases at 220°F and
y, 18 PSIA)
/

// Boiloif Starts, Venting Steam at 14. 000 CFM (Steam
/Saturaled at 35 PSIA)
R -

A - a—l
4 \—Conlainment

Boiloif Starts, Venting Saturated Steam at
yz Venting Starts 10, 600 C FM: Added Water (2,5x10-6 Lbs)
v M 270 CFM Boiled Off at 71 Lirs,

@ No Relief, Present Pool Mass

@ Present Pool, Relief at 35 PSIA

@ Add 2.5x106 Lbs to Pool: Relief at 35 PSIA

@ No Reliel: Added 2.:»)(106 Lbs to Pool

With 5x106 Lbs Added Water. Venting Starts at 14,4 Hr: Boiloff Begins at 24,4 Hy

4 1 1 | L | | 1

8 12 16 20 24 28 32

Time. Hours

Loss of Long Term Cooling in 2&R MARK 111



@ 5.000 Lbs l12 released in 15 minutes

@ 5.00C Lbs 112 released in 30 minutes
4
@ 5.000 Lbs H2 released in 15 minutes with half venting capacity
18 iLbs Sec

10 /
5 - T .
77
(a8
< 36|
1
=
n
N
o
e
- %
S
=
a
5 28 |
O

Vent opens at 3 v-ia. closes at 30 psia
24
P A \
ol L l | 0 I
0 5 10 15 20 25

18/0¢/9
1S

Time. Minutes

Venting Czpability Required for 2WR MARK 111



WASH 1400

Case 1

Cuse 2

Case 3

WASH 1400

Case |

Case 3

WASH 1400

™. o 1
ol 4

-~ )
Ldad <

EARLY FATALITIES

LATENT CANCERS

PROPERTY DAMAGE

Relative

For
For
For

Case
Case
Case

Comparison of Risks for a BWR MARK |

1, NRC Alternate 4 and [ndependent RHR System

2, NRC Altarnate 4 with Water Addition Plus Vent
3, Case 2 Plus a Filter/Vent Systen

SLI
6/30/81



CONCLUSIONS

BWR PRESSURE SUPPRESSION COITAINMENT

- PREVENTIVE FEATURES AVAILABLE FOR DOMINANT RISK
SCENARIOS AND ARE PREFERABLE FOR ATWS

- VENT PRACTICAL SOLUTION FOR LOSS OF LONG-TERM
HEAT SINK

- FOR INSUFFICIENT WATER MAKEUP
* HYDROGEN CONTROL REQUIRED FOR NON-INERTED
CONTAINMENTS TO MAKE VENT PRACTICAL

* VENT/FILTER OF NEGLIGIBLE BENEFIT

PWR ICE CONTAINMENT
- PREVENTIVE FEATURES AVAILARLE FOUR DOMINANT RISK

SCENARIQS

- HYDROGEN CONTROL REQUIRED TO MAKE VENT PRACTICAL
- VENT/FILTER OF MINIMAL BENEFIT

OTHERS

- PRA METHODOLOSY AND DESIGN STRATEGY OF GREAT VALUE

- PRESSURE SUPPRESSION AND ICE CONTAINMENT PROVIDE
WATER/ICE FILTER PRIOR TO VENTING

SLI
6/3C/81



EPRI

EPRI NP-1747
TPS 80-72*
Final Report
April 1981

SUMMARY AND RECOMMENDATIONS

The purpose of this study is to carry out a review and cvaluation of potential
improvements including filter/vent of BWR pressure suppression and PWR ice con-
tainments. The report does not consider whether or not any of the improvements
should be implemented. This issue isbest addressed through detailed rick assess-
ments of specific plant designs and it goes well beyond the scope of this work. The
summary findings and recommendations of this study were arranged by tozical
subject. They are as follows:

A. METHODOLOGY FOR IMPROVEMENT EVALUATIONS
Findings

1. Probability Risk Assessment is the only meaningful methodology to evaluate
improvements for BWR pressure suppression and PWR ice containments.

2. An overall safety goal or a target risk reduction goal for degraced cores is
needed to bound the evaluation of improvements and to make a choice between
available alternates.

3. Periodic updating of probabilistic risk assessments is necessary to take into
account new research findings, improved model development, differing design
features, and latest NRC requirements. Such updating is necessary to preserve the
timeliness of improveme:.: evaluations.

Recommendations

1. Define the risk impact of the TMI Action Plan as it gets implemented.

2. Generate a probabilistic assessment of amount of hydrogen released and of time
for its release for typical BWR and PWR plants.



3. Evaluate the probability of core melt when containment overpressure failure
prececes it. This probability was taken to be one in the Reactor Safety Study
because containment failure meant lack of net positive suction head for the
emeroency core cooling ssstems. Many plants have since been designed wnere this is
no longer Lrue. Whether or not containment failure leads to cure melt will depend
on the physical interaction of the containment failure with the engineered safety
systems and their control systems.

8. REVIEW OF IMPROVEMENTS PROPOSEDR TO DATE
Find1ngs

1. Studics of improvements in BWR pressure suppression and PWR ice containments are
gquite 1imited. Practically in every case, they are direct extrapolations of studies
of PWR dry containments. Generally, preventive concepts have not been considered or
evaluated for comparison to proposed mitigation improvements.

2. Most studies have focused upon filter/vent of the containment without defining
the specific separate events they are expected to overcome.

Recommendat ions

Nore.

C. DESIGN STRATEGY FOR IMPROVEMENT

Findings
1. A satisfactory design improvement strategy applied in this study was to focus on
the two to three dominant risk scenarios and examine both preventive and mitigative
means to reduce then.

2. In appiying the design strategy, it is worthwhile to separate those scenarios in
which containment failure precedes core melt from those in which containment failure
follows core melt. A balanced design might specify that the risks from the two
different sets of scenarios be about equivalent.

3. In the BWR pressure suppression designs, the risks are dominated by transient
events followed by los. of long term cooling or failure to shut down the reactor.

§-2



Both scenarios produce containment fatlure before core melt by overpressure due to
excessive energy being deposited in the suppression pool. Recent NRC evaluations of
failure to scram enhance the importance of such scenarios.

4. The risks produced Ly loss of coolant type accidents in which degraded cores
cause containment failures are quite limited (2 to 4 percent of .otal risks) in BWR
pressure suppression systems. In other words, substantial overall risk reductions
can De achieved in (uR pressure suppression systems without any improvement in
degraded cores; a coru. 'ary statement is that improvements oriented towards
degraded cores in BWR pressure suppression containments would heve a very small
impact on present overall risks. For BWR Toss of coolant accidents which are
followed by core damage, containment failure is due to burning of hydrogen in non-
inerted UWR pressure suppression containments and excessive generation of non-
condensabie gases in inerted containments.

5. in Lhe PWR ice containment, the dominant scenarios are transient events fo!llowed
by compiete loss of capability to remove decay heat from the reactor core or small
breaks which lead to core uncovery and meltdown preceding containment failure.
Recont reassessment and research show that the probability of steam explcsion is
very low under such circumstances and the risks associated with such events should
come down. The dominant failure mechanism is burning of hydrogen in the non-inerted
PWR 1ce containments followed by excessive generation of non-condensable gases if
means are found to control hydrogen burning.

6. The risks produced by loss of long term cooling in the PWR ice containment are
quite small, This results, for example, from keeping the core covered with water
with a feed and bleed Lype operalion while Lhe steam generalor and Lthe containment
heat removal system are not available. The containment failure mode is one of
overpressure before core melt due to excess energy being deposited in the
containment atmosphere.

Recommendations

1. A cystematic grouping of high risk events by type of containment failure and by
their timing with respect to the occurrence of degraded core should be carriad out.
it is of great assistance in formulating a meaningful design improvement strategy.



' D. DESIGN IMPROVEMENT BENEFITS (EXCLUDING FILTER/VENT)
Flndings

‘ 1. In the dominant BWR pressure suppression accident scenariocs of loss of long term
cooling and failure to shut down the reactor, additional or improved preventive long
term heat remova! and standby liguid poison systems are shown to be capable of
reducing the risks for such events by an order of riugnitude. Such systems have the
advantage of being similar to designs previously applied while not having to be
concerned with the uncertainties that prevail with degraded cores. For the dominant
PWR ice containment scenarios, a similar order of magnitude risk reduction can be
obtained by additional or improved reactor core decay heat remcval and emergency

core cooling systems.

2. For non-inerted BWR pressure suppression containments where little or no
maintainable equipment is located in the wetwell, the most practical means to
control hydrogen burn is to pre-inert the containment. The benefits of inerting are
quite small since events involving degraded cores have such a small risk contri-
bulion in BWR. For non-inerted Mark [Il BWR pressure suppression and PWR ice

. containments, pre-inerting is not advisable due to the amount of equipment which is
located in the wetwell and which needs to be maintained. For such containment
designs, post-inerting with a gas such as C0, after the accident but before forma-
tion of a significant amount of hydrogen has been proposed*. Such a system will require
development of accurate and reliable hydrogen or other detectors to actuate the
post-inerting. It also has the dicadvantage of adding another non-condensable gas
to the containment and of requiring rapid introduction of CO2 to cover the entire
spectrum of degraded cores. Another highly developmental system for control of
nydrogen in non-inerted containments is tc attempt to burn the hydrogen in place and
to remove the heat of reaction from the containment atmosphere by spraying water.
Here again, the benefits of all such systems are quite small for BWR pressure
suppression containments. They will be larger for PWR ice suppression containments
but their contribution to risk reduction is still not overiy significant.

‘ *Suggested by General Electric
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Recommendations

1. An accurate probabilistic assessment should be prepared to establish the risk
reduction associated with pre-inertinc and post-inerting of BWR pressure suppres-
sion and PWR ice containments

2. A development program should be initiated to establish practicality of burning
hydrogen in place.

E. FILTER/VENT CONCEPTS
Findings

1. CBWR pressure suppression and PWR 1ice containments have several inherent
advantages should filter/vent systems be employed. By putting the filter/vent on
the wetwell portion of the containment, it insures that steam, gases and radio-
activity produced during accidents go through the ice or pool of water. This permits
deposition of energy in the water and ice which also act as efficient traps for
fission products. Tn» filter/vent system can be small as high flow rates to cope
wilh large heat generation and fission products are not necessary. Steam generation
as the moliten core comes in contact with water can also be quenched and the
containment pressure rise is small.

2. Filter/vent systems were scoped to handle loss of long term cooling, failure to
shut down the reactor and loss of coolant accidents for BWR pressure suppression
containments.

3. In Lhe case of loss of lunc term cocling, the vent will initiclly reiease
gases from tne containment atmosphere, anc eventually release steam from
suppression pool boil aff. Because of the wet steam invclved and lack of
fission products, venting while bypassing the fiiter is acceptable. The
steam flow rate Lo be vented was calculated to be about 10,000 CFM for a
typical Mark 111 containment pressure at 20 to 30 percent above containment
design presure. A coanection to add cold water to the suppression pool was
found desirable because it will delay the need to vent for several hours and
provide a water source for continied venting.
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b. In the case of failure to shut down the reactor, a vent can be used to
release boiloff steam from the suppression pool. The steam venting flow
rates are in excess of 400,000 CFM in a typical Mark [II containment and
again due to the wet steam, a filter would not be useful. This type of vent
will work if reactor core geometry is maintained during pcol boiloff and if
the relief valve quenchers do not produce exc2ssive containment conden-
sation loads at temperatures up to saturation temperature. While the above
assumptions are realistic, Lhe vent size and flow are so large thal Lhis
alternative is not considered attractive. Here again, it was found tnat
addition of cold water to the pool car extend the time available to correct
the failure to scram,

c. In the case of loss of coolant a:cidents which produce degraded cores,
d separate filter/vent similar to the Standby Gas Treatment System can cope
with the degraded core if hydrogen turning is not a problem. I[ts capacity
for a typical Mark III would be 20,000 CFM if it is designed to open at 10
percent above the containment design pressure, and to close at design
pressure. Smaller vents could be utilized if the vent opening and clasing
pressure is increased.

d. Because of its very la~ge size, it is doubtful that the vent proposed “or
failure to shut down the reactor provides a meaningful risk reduction beyond
providing more time to correct the situation. On the other hand, an order
of magnitude risk rciuction is obtained by employing the vents propcsed for
each of the loss of long term cooling and loss of coolant accidents.
However, the risks produced by loss of coolant accidents are so small in
84Rs relative to the other accidents that it is difficult to justify
providing a filter/vent for such accidents.

3. Very similar 71lter/vent systems of about 20,000 CFM are expected to apply to PWR
ice containments 1f hydrogen burning can be controlled. In this instance, an order
Of magnitude risk reduction will result for the dominant scenarics of small breaks
or loss of capability to remove decay heat from the reactor core.

Recommendat ion

1. A more detailed evaluation of filter/vent in PWR ice containment is recommended.
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F. OTHER COMMENTS

Findwngs

1. Core catchers or core ladles are of 1ittl: value in reducing the overall risks
in BWRs with inerted containments because risk is dominated by scenarios that
produce containment failure beiore core melt due Lo jreat uncertainties with their
designs and their small contribution to reducing the non-condensable gas genera-
tion, or extending the time for basemat penetration.

2. In addition, core catchers or core ladles are of little value to non-inerted BWR
pressure suppression or PWR ice containments because they are effective only after

a significant hydrogen release and the possibility of a hydrugen burn.

Recommendation

1. A probabilistic assessment of assuring water in the containment in case of core
melt might be useful.
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INTRODUCTION

CONTAINMENT OVERPRESSURE RELIEF PLANNED IMPROVMENT
FOR BWR/6 MARK II1 STANDARD PLANT

- PROVIDE ALTERNATE DECAY HEAT REMOVAL
- FURTHER REDUCES RISK

IF FILTERED VENT REQUIRED, IMPROVED STANDARD PLANT
WOULD SATiFY QJECTIVES

- SUPPRESSION POOL SCRUBBING
- CONTAINMENT QVERPRESSURE RELIEF



KEY BWR SAFETY FEATURES

. S et SR . et e

e FOR LOSS OF HEAT SINK

= LARGE PASSIVE SUPPRESSION POOL

= STORE DECAY HEAT FOR ™6 HMOURS WITH VESSEL ISOLATEL

= ALLOWS OPERATOR TO MONITOR CORE COOLING FUNCTIONS
WITHOUT DISTRACTICON

e TO SUPPLY WATER TO CORE

- HIGH PRESSURE SYSTEMS
- FEEDWATER
- CORE SPRAY
- REACTOR CORE ISOLATION COOLING
- CONTROL ROD DRIVE COOLING
- DEPRESSURTZATION
- MAIN CONDENSER
- SAFETY RELIEF VALVE DISCHARGE TO SUPPRESSION
POOL (AUTOMATIC OR MANUAL)

- LOw PRESSURE SYSTEMS
= LOW PRESSURE COOLANT INJECTION
- LOW PRESSURE CORE SPRAY
- CONDENSATE

o OTHER BEWEFICTAL BWR/B FEATURES
= STUCK OPEN RELIEF VALVE: MILD BWR TRANSIEMT
- WATER LEVEL DIRECTLY MONITORED ON REACTOR VESSEL
- BOILING 1S NORMAL MODE OF BWR OPERATION
= NON CONDENSIBLE GASES EASILY VENTED
- NATURAL CIRCULATION SIMPLER IN BWR: INTERNAL TO REACTOR
VECSEL AND NOT INTERRUPTED BY NON CONDENS!BLE GASES
- = SPRAY COOLING AND STEAM COOLING OF UNCOVERED CORE
= CONTAINMENT ISOLATION ON ECCS INITIATION, SECONDARY
CONTAINMENT WITH LEAKAGE FILTRATION
~ EMZRGENCY PPERATION: SIMPLE AND SIMILAR TO NORMAL OPERATION



BWR/6 STANDARD PLANT IMPROVMENTS

POST TMI PLANNED IMPROVIMENTS

IMPROVEMENTS BENEFIT
AUTOMATIC DEPRESSURIZATION AUTOMATIC DEPRESSURIZATION
SYSTEM LOGIC IMPROVEMENT AND ACCESS TO LOW PRESSURE

SYSTEMS IF NEEDED FOR
TRANSIENTS
INCREASE AVAILABILITY OF MORE LIKELY TO KEEP CORE
REACTOR CORE ISOLATION COVERED AT HIGH PRESSURE
COOLING
PROVIDE CONTAINMENT REMOVE DECAY KEAT IF
OVERPRESSURE RELIEF CONTAINMENT PRESSURE AND
CAPABILITY FOR USE ‘ TEMPERATURE CONTROL NOT
BEFORE CORE DAMAGE AVAILABLE, PREVENT CONTAIN-

MENT FAILURE AND POSSIBLE
CORE DAMAGE

ATWS MITIGATION "ALTER- INCREASE SCRAM, ALTERNATE
NATE 3A + BROWNS FERRY SHUTDOWN RELIABILITY
MODIFICATIGNS
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CONTAINMENT OVERPRESSURE RELIEF

0 AN ALTERNATE DECAY HEAT PEMOVAL SYSTEM

- PREVENTS CORE DAMAGE FOR LOSS Or DECAY
HEAT REMOVAL FVENT

0 EXISTING BWR/6 DECAY HEAT REMOVAL SYSTEMS
- MAIN CONDENSOR
- SHUTDOWN COOLING
- ALTERNATE SHUTDOWN COOLING
- SUPPRESSION POOL COOLING

0 DESIGN CONCEPT
- ADD 24" VENT LINE (+ VALVES & CCNTROLS) DIRECTED
TO PLANT VENT

- PROVIDE AIR FOR CONTROL
- REVIEW EQUIPMENT CAPABILITY



CONTAINMENT OVERPRESSURE RELIEF (CONT.)

0 POSTULATED EVENT SEQUENCE FOLLOWING COR IMPLEMENTATION

- TRANSIENT EVENT WITH LOSS OF ALL CURRENT
DECAY HEAT REMOVAL CAPABILITY

- RCIC/HPCS/QTHER ECCS MAINTAIN VESSEL LEVEL
- MANUAL REACTOR VESSEL DEPRESSURIZATION

- S/RV DISCHARGE BOILS POOL, PRESSURIZING
CONTAINMENT

- OPERATOR OPENS CONTAINMENT RELIEF VALVE
- OPERATOR REFILLS POOL

0 OFFERS SIGNIFICANT REDUCTION IN CORE DAMAGE PROBABILITY



% P CONTATNMENT D‘GN FEATURES @ ®

® PRESSURE CAPABILITY
® SUPPRESSION POOL SCRUBBING PATHWAYS

LOSS-OF -COOLANT //"“ —

ACCIDENT _J ;7///- \ TRANSTENTS 1
PRESSURE_CAPABILITY ;

o 0.Psye (esip) ;\PRonAnLE FAILURE POINT

) TR BT ;

== DISCHARGE LINE

PRIMARY —
CONTAINMENT ___—+1 »: <‘ 2
70 psi6 (est)) R
e ' \ SAFETY/RELIEF

1l

Tt TESH— ouencHeR
HORTZONTAL Lol << (|23 i

VENTS -’ ; \
— — CONCRETE REINFORCEMENT

Ll k:g(»;éc:‘aga}vaggtk FOR TRANSTCNT PREVENTS FAILURE IN
X PCOL REGION
® RELATIVE STRUCTURAL PRESSURE CAPABRILITY gl
iNSURES FILTERING

DAH - 1
— 6/30/81




POOL SCRUBMG DATA BASE *
RESULTS OF LITERATURE SEARCH

O DECONTAMINATION FACTOR (DF)

DF = CURIES IN_
CURIES OuUT

® CURRENT DATA ON PARTICULATES (CONTROLLING FISSION PRODUCTS)
- DF FUNCTION OF
e PARTICLE SIZE
e BUBILE SIZE AND RISE TIME
e SATURATED OR SUBCOOLED POOL

= LITERATURE EXTRAPOLATION INDICATES
e  SATURATED POOL DF = 100
e SUBCOOLED POOL DF = 1000

® DATA BASE WEAK IN KEY AREAS

- NO DATA ON Csl
- NO POOL SCRUBBING MODELS FOR PARTICLES

® EXPECTED POOL DFs = 10° FOR DOMINANT SEQUENCES

DAH - 2
6/20/81



SENSITIVITY OF CORE MELTDOWN CONSEQUENCES TO F'SSION PRODUCT RETENTION

REALISTIC EVALUATION | CONSERVATIVE EVALUAT!OM

® DF = 10,000 ® DF =100

® 4 HOUR CONTAINMENT FAILURE TIME, @ RAPID CORE MELTDOWN AND RELEASE
GRADUAL RELEASH

MILES FROM SITE LIFETIME NHOLE' MILES FROM SITE LIFETIME WHOLE *
BODY DOSE (REM) BOLY DOSE (REM)

0,5 23 0.5 375
0.75 18 1.5 164
’ 13 4.5 73

1.
4.: P 9.25 25

HEALTH EFFECTS:

NO EARLY FATALITIES FOR EITHER CASE

* NO EVACUATION DAH - 3
6/30/81




HEALTH EFFECTS (CCNTINUED)

® LATENT EFFECTS

REALISTIC COMPARABLE EFFECTS ASSUMING CONSERVATIVE
EVALUATION LINEAR HYPOTHESIS EVALUAT]ON )
0 1060 Rrem ® 1.5 MILES FROM PLANT AT
LIVING IN GUAPARI, BRAZII TIME OF ACCIDENT
® 100 Rem O 2.7 MILES FROM PLANT A7
- ALLOWED OCCUPATION TIME OF ACCIDENT

EXPOSURE FOR 20 YEARS

- OR BEING AN UNMARRIED MALE
FOR 3 YEARS

- OR BEING 107 OVERWE IGHT
FOR 14 YEARS

0 40 rem ® / MILES FROM PLANT AT
- LIVING IN KFRALA, INDIA TIME OF ACCIDENT
- BEING 10% OVERWEIGHT FOR
b YEARS
_ ® 0.5 MILES FROM PLANT O 25 ReM ® 9 MILES FROM PLANT AT
' AT TIME OF ACCIDENT - 10cFr100 LEGAL LIMIT TIMF OF ACCIDENT

NO CLINICAL EFFECTS
-  COMPARABLE TO NATURAL BACK
GRCUND IN LEADVILLE, COLORADO

O 2 MILES FROM PLANT AT @ 10 rem
TIME OF ACCIDEMT - US AVERAGE NATURAL
RACKGROUND RADIATION

DAH - §
(—,'/ ;”/!81




SUMMARY

POST-TMI REVIEW CONFIRMS CAPABILITY OF BWR
TO RESPOND TO DEGRADED TRANSIENTS

PLANNED IMPROVEMENTS FOR BWR/6 FURTHER REDUCE
PROBABILITY OF CORE DAMAGE

CONTAINMENT OVERPRESSURE RELIEF PROVIDES ALTERNATE
DECAY HEAT REMOVAL

SUPPRESSION POOL SCRUBBING PROVIDES A HISHLY
EFFICIENT FILTER

IF FILTERED VENT REQUIRED, BWR/6 CONTAINMENT
OVERPRESSURE RELIEF WOULD SATISFY OBJECTIVES



