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! . PUBLIC NOTICE BY THE
2 UNITED STATES NUCLEAR REGULATORY COMMISSION'S
3 ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
4
April 16, 1979
S
- The contents of this stenographic transcript of the

7| proceedings of the United States Nuclear Regulatory

8| Commission's Advisory Committee on Reactor Safeguards (ACRS),

9| as reported herein, is an uncorrected record cf the discussions
10| recorded at the meeting held on the above date.

1 No membe of the ACRS Staff and no participant at this

12 mee;ing accepts any responsibility for errors or inaccuracies

13| of statement or data contained in this transcript.
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| 2
~epl ‘! PROCEEDINGS
zél DR. CARBON: The meeting will now come to order.
31 This is a special meeting of the Advisory Committee
. |
‘% on Reactor Safeguards to further consider the events surround-
SE ing the reactor accident at Three Mile Island Nuclear Station.
°E The Committee will discuss this mattef with the NRC Staff of
|
7% the Nuclear Regulatory Commission.
33 This meeting is being conducted in accordance with
] the provisions of the Federal Advisory Committee Act and the
‘oi Government in the Sunshine Act. Mr. Raymond Fraley is the
“i designated Federal Employee for this portion of the meeting.
]21 A transcript of portions of this meeting will be
‘3§ kept and it is requested that each speaker first identify him-
“} self and speak with sufficient clarity and volume so that he
‘54 can be readily heard.
]éh I now call on the Nuclear Regu. atory Staff for ocur
]7ﬁ initial sessicon, and call on Mr. Roger Mattson.
'8 DR. OKRENT: Could I ask cone guestion? Do you have
]95 any public participation? Have we any requests?
20; DR. CARBON: Ncne.

DR. OKRRENT: The reason T asked is Sunday in the

( “_ Les Anceles Times there was an advertisement of the Union of

Concerned Scientists which spoke concerning five nuclear reactors.
s B
-

eral Reporters, Inc. of these plantc have nuclear reactors and equipment designed

by the firm of Babcock and Wilcox, the firm that designed the
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Three Mile Island Plant. "Will they then contain the same basic
design flaws and have the safety conditions that led to the
near tragedy at Three Mile Island," et cetera.

Then in California there was some kind of a hearing
of one of the lecislative committees, and Mr. Pollard of the
Union of COnc;rned Scientists testified, and according to the
newspapers stated, for example, that "If I had been the operator,
I Qould have shut them off," und of gquote, meaning the pumps
aand so forth.

I thought, at least from my own point of view, I
would be interested in understanding in detail what is behind
these statements so that I would have a better picture, maybe
a chance to ask questions, as to why these copinions were held
s I could see whether there was some basis that we were not
aware of, and sc forth.

Is there any way that we would be able to get a
technical discussion on this?

DR. CARBON: I should think we could ask them to
come and meet with us.

DR. OKRENT: I believe they're located in Washington.

I mean, among other things, I for one would like to understand

' what they judge to be the risk for the exising situation, how

they quantify it, how this compares with other similar things
in other similar technologier, and 3¢ forth.

So for me at least it would be useful if I had a
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chance to explore this with them.

DR. CARBON: I would think, if the other members are
agreeable, we'll simply ask them to come, perhaps at our May
meeting if this seems reascnable.

Let's move on then, and let me call on Mr. Mattson.

MR. MATTSON: Mr. Chairman, I would like to spend a
few minutes at che start to describe who is going to be speak-
ing to what portion of the problem here today.

For cne thing, because we have a number of pecple
still at the site, some of the folks that you'll hear from
today are wearing somewhat different hats than they usually
wear when they're dcwn here speaking to you, and for that
reason I think ic would be 'good to go through the various roles
that are being played in a mangerial sense, and then the scope
of the various presentations that you'll hear.

Steve Varga will speak to you first this morning
about what we call the immediate or on-going actions connected
with the bulletins to the other coperating BsW plants. The scope
of his work, and the people who are reporting to him at this
juncture is rather narrow. And let me state that scope if I
can.

It's the immediate, on-going work involved with the
bulletins primarily intended to assure that the transients that
occurred at Three Mile Island and subsegquent accident are nct

repeated in that way in the pnear term with other operating B&W

7 13
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plants. i

Following right behind Steve Barga will be Becb
Tedesco who will be down a little bit later this morning. Bob
has a task force that he is herding with a number of Branch
Chiefs and senior technical staff reporting to him. #is scope
is a bit broader. It covers short-term actions and long-term
actions, looking at feedwater transients in the B&W plants and
then somewhat broader to feedwater transients in pressurized
water reactors where the short-term gnal is, one, to confirm
that the immediate actions taken through the bulletins are
indeed sufficient for the immediate near-term and if not, %o
Propose or recommend additicnal things that might be done in
the near term to continue to assure public health and safety
and then lay forth a plan for further actions over somewhat
longer term of the nature of re-analysis of operator actions,
licensing basis for transients and small loss-of-coolant acci-
dents, and pcssible design changes for B&W plants or pressurized
water reactors flowing from this experience.

I shculd caution that a lot of what you'll be hear-

ing today and a lot of gquestions that you'll be asking today

' will fall in the area of on-going work. We may not have com-

Plete answers to all your guestions. People are working hard.
I think it is safe to say that the majority of the Staff are
turned to this problem at :his point in time. We'll dc cur best

£to answer your questions to the best of our current knowledge,

e7 Cl4



»

16 |

17

18

19

L]
oy

o
L

erai Reoorrers, Inc.

-
-

but it is clear to me that we won't be able to answer all of
them. But that's one of the reasons we're here, is to look for
constructive suggestions as to where we go from here.

As I understand it, those two presentations are the
extent of the Staff participation this morning, other than we
will stay and listen to the B&W things this afternoon, and the
Committee reports this morning.

Later this afternoon, starting, as my agenda reads,
at about 5:30, we'll go into several other areas.

First, Vic Benaroya will give us a summary of the
current status of the plant, updated through today.

Then Carl Berlinger will summarize the activities
on-going at the site, and in design shops at various placeé,
aimed at hardware modifications and contingency plans and what-
have-you, for moving the reactor into, as the media calls it,
the cold shutdown conditioun. That's a little bit different use
of the word than we're used to but let me say that that has to
do with the long-term cocoling plans for the reactor as it exists
today.

We're prepared to speak to contingency plans in
general later on this afterncon and early evening at your con-
venience. Whether ycu want to talk abcut emergency procedures
that exist in the plant tcday for various contingencies or
contingencies on out iﬁto the future wasn't gquite clear from

the agenda we had, so we're generally prepared tc discuss those
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things with you later.

With that introduction I guess I'm ready to turn it
over to Steve Barga, unless you have front-eud questions this
morning about the status of the plant.

I returned last night about seven o'clock and maybe
I'm as fresh on that «s anybody on the Staff side this morning.
If there are gquestions on the status now, rather than wait
until later this afternoon when we planned to get at it, maybe
we can have those guestions.

Basically it's doing what it has been doing for the
last couple of weeks, and operations are stable and a lot of
work is going on to get the long-term cooling egquipment in
Place. .

DR. CARBON: Let's leave that and go on to the

pPresentation.

MR. VARGA: Good morning. My name is Steve Varga,
with the Division of.Project Management.

Normally, from my pleasant past relationships with
this Committee when I had another job at NRC, and from my
continuing respect for this Committee, I would say I'm happy to
be here. But I recognize the urgency of the particular in-
terest that you all have and, while my group is busy back there
working diligently I'm here to answer whatever guestions ycu
may have after my presentation, recognizing that we're deep in

the midst of this particular review, and that all of the answers
7 0h



b7

140

17 |

18 |

19

o

23

24 !

eral Reporrers, Inc.

25

10

are not currently available nor probably yet developed.

As Roger indicated, my particular task and the group
that I have reviewing the Bulletins 7905 and then that was
amended by or supplemented by 7905-A. I think it's important
to recognize the time frame and the intent of the bulletins
that were published at that time, April lst, and then I believe
suppliemented by April the 5th, based upon the information that
was available then and the perception of the prudent course of
action that appeared necessary in informing all the other B&W
plants.

As things progressed of course additional bulletins

are being prepared or have been prepared. I myself have not

"seen tr'm all, but they have been prepaied and probably there

will be some discussion about those additional bulletins that
are being issued or have been issued that pertain to other
PWRs, and perhaps also to the BWRs. And I imagine that ch. s
process and evaluation, as we get further and further into the
details in our own evaluation, will probably centinue.

So I'm going to address particularly the response
to 05-A which essentially, although clarified, really replaced
05, and as Roger characterized it, is in the time frame of
immediate action or immediate response, as contras+ted to shors
term, and then the long-term activities underway.

As you recall in the Bulletin 05-2, there were about

12 or 13 items requiring response. In a sequential time {rame,

g7 V7
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Items 1, 2, 3, 4-A and 5 were required to be responded to by
the Licensees by April llth. The remaining responses are due
today. We received the majority of those responses Thursday,
and the last one we got Friday morning, I believe. And we are
busy reviewing that and have been reviewing those responses
over the weekend.

So I will confine my remarks for the moment for
today to those responses that we h2ve receieved as a result of
the due date of April llth. In one or two instances there were
additional responses to some of the other items. Although we
have loocked at those, we wanted to get a fairly rapid cut
across all the responses to those .that were due on the 1llth in
order to get as quickly as po;sible a perception of those res-
ponses.

We will continue as we get the responses today and
continue throughout the week in reviewing all of the responses
to 05-A.

Review priority. 1It's fairly simple. Those that
are cperating are the ones we're reviewing. Those are at
Rancho Seco, Oconee 1, 2, and 3, and Crystal River. Davis-

Besse and ANO-l1 as you know are down and we're getting some

- up-to-date late information on what their plans are for re-

. start.

We anticipate that we'll be able to finish the review

. of these initial responses to five of the items late tomorrow.
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If the responses come in as we hope they will and we get copies
of them immediately, which I don't believe will be a problem,
we hope to finish our review of all the responses by Friday.

Let me give you a perception of, or at least the
structure of the review, what we're doing.

As is evident from reading the bulletin in its total
context, the thrust is to be sure the Licensees understood the
quport of the event that happened at TMI 2, and throughout the
bulletin you will see words in there about procedures anéd under-
standing the particu.ar events, and the Licensee's awareness
of the coni‘equences of certain particular actions that have
occurred.

In our r;view we have identified and are identifying
some additional information that we believe may be required,
as well as we are also identifying or highlighting some clari-
fication that, as a result of the on-going evaluation, we have
identified in subsuquent bulletias. So we're factoring that
into the review of this bulletin as appropriate in the responses
that we are reviewing and in our evaluation.

We are also reviewing the response of the Applicant
to Item 2 which was to review the transients that have occurred
at this facility, particularly those transients where the
performance deviated from expected performance. In one or *wo
instances we have identified transients,or events probably may

be a better werd, that the Applicant, although he had notified
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us in other documentation, did not emphasize or did not point
this out in his response. Whether this is an oversight or not,
we are looking into that. But there are only one or two
instances that we've identified so far.

Based upon our review to date, let me summarize
generally our perception of the over-all answers to those five
items.

Now let me just briefly go over those five items.

First it said-- And attached to the bulletin of
course were the preliminary notificaticons that went on through
I think to April 1lst, issued by NRC, which, on a day-to-day
basis, cutlined the particular activities that had occurred
that day,.and guve a description of those events. All of those
preliminary notifications accompanied the bulletin.

In the bulletin as well there was, in this item
there was a delineaticn of certain highlighting of certain
particular actions that had occurred, and bringing thocse =--
emphasizing those in the bulle%in in order that the responses
also would be pointed or focused on those particular activities.
That's item cne.

Item two then was to review other transients or
events in your facility with that item one scenarioc in mind,
the TMI 2 event scenariocs. In addition, he was +o report to us

whether any cf these transients or events deviated from expected

performance.
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The third of course was the actions for operating
procedures for coping with particular transients. And in this
particular item there was a highlight on the veiding that had
occurred in th.e TMI 2 incident, addressed to the prevention and}
recogni ion of such voids.

Item four was a four-tiered item which had to do with
overriding engineered safety features.

The second part particularly emphasized the HPI
activities and concerns. The third part emphasized the reactor
coolant pump operational status. And the four part emphasized
the reliance only on level indication in the pressurizer. And
then five, item five, emphasized or described or related it to
Eho closed valves. It requested verification of valve lineup,
review of all the procedures, all the Class E equipment, valve
equipment, emphasized the maintenance and training and sur-
veillance and testing procedures that are related to maintenance
-=- to the operation of the plant wherein certain activities
associated with the maintenance of certain valves and the inter-
relaticnships andthe operaticnal activities that are going on
perhaps concurrently.

The other items aleong the bulletin, five through

. twelve, emphasized further the specific parts of various se-

quences with particular emphasis on containment, particular
emrhasis on the auxiliary feedwater trains, and items related

to the over-all scenario.

e7 021
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So let me give you a perception of the review we
have done to date of those five items, taking each particular
response as a whole.

We believe the Applicants have understood what we
were after. I believe their responses indicate an awareness
and understanding and :he promptness of the review that was re-
guired. 1In several instances the responses indicated that
prior to the receipt of the bulletin they had already initiated
reviews of this particular transient.

Let me take a typical response and go through in
some general detail and summarize to you what our current per-
ception is of that particular response, recognizing that this
is still in the process of review and additional expertise being
used to evaluate some parts of it.

In the item one, most of the responses essentially
tracked the six statements or description of circumstances
that accompanied the bulletin regarding item one. As you recall,
those six statements of circumstances had to do with one, loss
of feedwater, then the circumstances around the relief valve,
then the erronecus level indication, then the discharge to the
containment, then the recirc pump prcblem and, finally, the =--
no, five was the voiding in the core, and then the tripping
of the reactor coolant pumps.

So essentially the respcnses tracked those particu-

lar items and responded to those, recognizing in some instances

S |
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'bl3 ’! that further response will be forthcoming when they answer
ZE six, seven, eight, nine, and so forth.
3] But, however, in our review of the responses of this
‘: one respcnse, typical response, there was some guestion we had
sr about the depth of the level that these reviews =-- of the
‘i operating personnel and personnel and the management of the
7; utility itself who had participated.
ai Sc while we do find in general a satisfactory under-
9; standing of the sequence of events and the relationship to the
|
1.300 e facility, we are, in order to assure that all the appropriate
“E levels have participated, we're going to regquire that all
lzi licensed operators and plant managers and supervisors with
'3é operaticnal responsibilities participate in that review, and
“{ that that be indicated in the plant records.
]5% Concerning the electromagnetic relief valve in this
‘6\ particular response, there was a discussion about the indication
17ﬁ that could be given as to the status of that valve by the
‘8E temperature indicator. We believe that that temperature monitor
19? may not be a valid indication of the relief valve status, parti-
20} cularly after some initial operation and that other parameters
2‘; such as the discharge relief tank temperature, pressure, or
0 22‘ level, in conjunction with that temperature monitor, could
& assist in the status of the ERV.
i ey WSy Z:_’ Consequently, there were cther instruction and pro-
3 25

cedures that we believe that could be given to the operators

a7 cod
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concerning the ERV which have been identified in these subse-
quent bulletins that have been provided ia the last few days

to the other operating PWRs, and which we have picked up and

are going to require that they be addressed as well.

That has to do with identifying those plant indica-
tions such as valve discharge piping temperature, valve position
indication or valve discharge relief tank temperature, pressure,
or level indication which plant cperators may utilize to deter-
mine that the pressurized power-operated relief valves are open.

And then also in our review of this particular res-
ponse there was no mention of the block or isolation valve on
that pressurizer, and the additional instructiorsor the addi~-
ticnal directions and requirements given to the operators,
direct plant operators to manually close the power-operatéd relief
block valves when reactor coclant system pressure is reduced t¢
below the set points for normal automatic closure of the power-
Operated relief valves and the valves remain stuck open.

In cur review of the responses I believe only one
clear indication in the response indicated that the relief --
the block valve -- the isolation valve was there and what its
function c=2.ld be used for, and the recogniticn that in this
event that that could be used. However, it was not emphasized
or highlighted in the other, so that's the reason for this

particular ona.

In the responses throughout where we have requested

€7 C<4
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operating procedures there are generalized statements about the
procedures, that these have been reviewed. In one or two in-
stances the specific procedures that were reviewed have been
listed and cutlined.

We believe that ir order to assure that there is no
inadvertent omissiocn, we believe that we need certification
that all procedures have beer reviewed, and then we would like
a listing of those procedures, particularly those procadures
that have been revised as a result of this review.

That also applies not only to operating instructions,
but alsc to operating procedures, maintenance procedures,
surveillance procedures, or operater training instructions.

In several places in the-- In fact, I think in all
of the responses there was a statement about adaitional aids
to the operator in the tracking of these events, aids provided
to him in the normal course of his operations, the pressure-
temperature saturation curves, for instance. Other aids are
mentioned.

We would like to have a definition of those aids,

a descripticn of those aids, and where in the operating proce-
dures they occur or are mentioned or are alluded '.. or defined.

The concern-- tatement four of the first concern
had to do with the containment isclation of the pruping of
radicactive fluids out of the containment.

PROF., RKERR: Excuse me. It isn't clear to me whether

€7 C<o
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you're describing something that you have as the result of the
response or something that, in the main, you do not have, these
things to which you refer, for example, the pressure sataration
curve.

Are you saying that these are things which even-
tually you expect to get from Licensees but you do not vyet
have, or....

MR. VARGA: We do not have. The Licensees mentioned
that in response tc =-- particularly to voiding nrevertion or
recognition of voiding in the curve, the respocuse indicates
that these pressure-temperature curves will be provided to the
operator for his input.

Of concern, beside che technical accuracy of those
particular curves, which we do not have and my group has not
reviewed and will prohably be reviewed in the normal context
of the review thot the I&E inspector makes of the particular
procedures, hut what we're concerned about is that these aids
be properly identif. . and, rather than being perhaps in some
computer printout that may take some time to be defined, that
ie has them readily available.

PROF. KERR: t strikes me that you're developing
rather detailed criteria for those things that vou want to have
available. It seems to me that if that is the case that you
would save everybody time by letting the Licensee know what it

is you expect them tc have available.
‘\l\“
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MR. VARG':.: Well, certainly as the evaluation pro-
ceeds, as we get trrough the immediate actions and then the
short-term actions, as we develop additional information and
additional criteria from the wozk that we have on-going, we may
have some specific things that we direct the operators have
available.

The assumpticn is at the moment that pressure-tem-
perature curves are universally accurate if they are prepared.-
properly and that certainly is an indication of the status of
the reactor system fluid, and that these be provided to the
operator.

We did not direct. We just indicated the problems
with the voiding in the core, and it was the response of the
utilities that said this is one way in which the operator will
know the status.

Now there may be cothers.

I mentioned the problem with one in the bulletin
concerned the pumping of radicactive fluids out of the contain-
ment. In this particular review, the containment isolated both
on containment high pressure for psi, as well as on the low
pressure for the reactor cocolant system pressure, so that either
one w-.. have isclated the containment in this particular re-
view. Tha* of course is not universal in the B&W facilities
that we are reviewing in the five. Only one other I believe

has that provision for isolation, either on containment pressure

&7 T



“sbl8 !

410 12

13

14

15 |

16 |

23

24

eral Regorrers inc.

-
-

21

or on safety injnction or below reactor system pressure of
around 1600 psi, and we're looking at those responses.

In the bulletins and in the additional instructions
that we are preparing, particularly in response to that number
six which addresses containment isclation, we are going to be
looking carefully to see what other provisions are being made
for containment isolation.

The last. item on item six -- not the last item but
statemenﬁ four of item one =--

PROF. KERR: Excuse me. Does "lcoking carefully"”
mean that you havenot yet decided what should isolate contain-
men. but that after you've had a chance to give it some thought
you may develop criteria? I'm not sure what is the signifi-
cance of "looking éarefully.'

MR. VARGA: In the response to the bulletins and in
the bulletins themselves, particularly the ones that are =-- that
followed 05, there is a statement in there about isolating the
pressure upon -- "review containment isclation, initiztion
design procedures, and prepare and implement all changes neces-
sary to permit containment isclation, whether manual or auto-
matic, ©f all lines whose isclaticon does not degrade needed
safety features nor cooling capability upon automatic initia-
tion of safety injection."”

So that's the instruction and the requirement that

we are implementing in the responses to the Applicants'

€7 C<8 :
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responses -- the Licensees' responses that we have to date.

SCc we are requiring that they review their contain-
ment isolation provisions and, upon automatic initiation,
implement the changes that are necessary to effect thet.

DR. SHEWMON: 1Isclation containment sounds like a
good thing and comforting. I'm some concerned as to whether
or not-- It is well-defined, agreed-upon, and unambiguous,
just what should get isslated and what shouldn't get isclated
SO we have all the safety functions we need but don't end up
doing things we shouldn't do?

MR. VARGA: Well, the thrust of the particular added
clarification of requirements that we are laying on recognizes,
for instance, reactor coolant pump seal, blower component, and
cooling Qatcr, which in some instances regquires -- is isclated
upon containment isolation.

The instruction we are giving is to review and
implement those changes, that if you will decrade the safety
features or cooling capability by that particular isolation,
that you not do that.

Now, the particular specific lines and the specific

fluids that we're talking about we have not identified. We

, are asking the Applicants to ide~’ .fy that, although in our

review, in our on-going review, that is certainly one of cur
very critical points we're looking at.

DR. SHEWMON: And presumebly that was all spelled out

67029
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e~"0 ‘il and agreed to once in the FSAR?

2 MR, VARGA: Yes, indeed.
Y UR. SHEWMON: Okay.
‘; MR. MATTSON: If I could interrupt just to make sure
5{ that I understand the poiit and that we have communicated,
6% containment isclation prcvisions flowed from other cunsidera-~
7& tions besides the TMI accident. Now, given the TMI accident
91 and the sequence of events, have we learned something about
d containment isolation initiation and what gets isoclated that
‘°1 ocught to be changed in the near term at these other operating
]]% B&W plants?
12? I think that's the focus of what Steve is looking at
'3; in these bulletin responses.
]‘ﬁ DR. SHEWMON: And what gets isolated is independenﬁ
18 of what signal sets it off? 1Is that correct? Or what acci-
‘6) dent you think you want to protact yourself from?
‘7; MR. MATTSON: That's generally the situation today:;
‘s‘i that's right.
91 DR. SHEWMON: And the operator can override scme
20: of those individually if he feels it is to his best advantage,
2'! or he can't? It seems to me that's a two-edged sword either
22

- . way.
- MR. MATTSON: Well, he can't. He can't, of course.

"..-”nntfi_ It requires varying degrees of action, depending on which one
25

he's overriding, but that's part of what we're looking at:
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Does he have time to override it if he needs to over-
ride it? Was it right to clcse all the same things, no matter
what the source cf the containment isclation signal, and so on?

DR. SHEWMON: Thank you.

MR. VARGA: In the last statement of item one, which
h-4 to do with the reactor coolant pump, in the review of this
particular response there weie words indicating that procedures
will be reviewed so to preclude premature termination of the
reactor coolant pump. And that is not our inten* for that
judgment to be made except under very specifically defined
circumstances.

So we are providing a clarification, which is a
pocint made in the subsequent bulletins that has to do with the
requirement that at least one reactor coolant pump per loop
chall remain operating as long as it's providing forced flow.

Finally, there was one item, an item we are regquest-
ing the Applicant to respond to which was not indicated specifi-
cally in the bulletin but it had to do with the ope~ .ted modes
and procedures dealing with hydrogen that may be jenerated
during the transient, and that would remain e.ther inside the
primary system or released to the containment.

Now we're asking them to review with the same in-
tent and the same focus and attention as the cthers. We're
asking them to review particularly the release c¢f -- review his

procedures and modes of cperaticn about dealing with hydrogen



l 25
|
22 ‘g either in the core or the containment.

2}= DR. OKRENT: What do you have in mind for him to
3; review in that regard?
‘! MR. VARGA: Well, first and foremost, at least in
5; my perception of the events that have transpired, is the loca-
6; tion, the access, the operability of the hydrogen reccmbiner,
71 it seems to me, would be a very important item to review,
g review it in' the circumstances of highly radicactive gas being
?| taken from the containment to the recombiner if it is outside
]ov! the containment or, if it is inside the containment, what the
“i procedures are for protection.
'2§ Another item would be the instrumentation to indi-
'3; cate the evolution of hydrogen within the containment,

i
“E: specifically redundancy, the location of the instrumentation,
‘51 items of that nature.
‘61 DR. OKRENT: Do you feel that the location and
]7‘E availability of the recombiner is the major consideration with
" % regard to safety questions that would arise out of the genera-
’ . tion of hydrogen?
20% MR. VARGA: Let me see if I understand your guestion.
| DR. OKRENT: When I asked you about hydrogen, the

— - first thing you mentioned was the recombiner.

- MR. VARGA: Right. That was the first thing, one
24

.;” Regorters, Inc. of the things, yes.
pl]
DR. ORKRENT: And I'm asking whether, if you have a
&7 022
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real safety question connected with the generation of hydrogen,
whether you think it's the recombiner that's going to play a
vital role, or whether there are other guestions that will be
important prior to it. 1In fact, if the recombiner is going to
be very important, other t.....gs will have arisen earlier..

MR. VARGA: Certainly. For instance, the general
question of hydrogen recombination, particularly in the primary
system, is the question of the venting and whether or not
procedures or means should be provided to vent the hydrogen
from the primary system.

Then, when it's vented to the containment you have
the problem of measuring what the level of hydrngen is and,
particularly, moving that hydrogen.

Now it's not clear to me, and I do not know, although
I'm sure there is someone here who may, how one measures the
hydrogen content in the primary system itself. Certainly from
the fluid sample you would be able to get the dissolved hydro-
gen. 1It's not clear to me how you would ascertain particularly
the amount of hydrogen in the system itself.

MR. MATTSON: May I interrupt? I'm not sure when
we got started on this track.

Dr. Okrent, coculd you rephrase what your basic
interest is in hydrogen, so we can get closer back to vour gques-
tion?

DR. CKRENT: Sure. I'm reading something dated

= ~
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April 13, 1979, from Mr. Moseley to a variety of pecple. And
item 12 says: "Review operating modes and procedura. to deal
with significant amounts of hydrogen gas that may be generated
during a transient or other -.cident that would either remain
inside the primary system or be released to the containment."

I asked Mr. Varga, who brought up the subject of
hydrogen just a moment 2go, what the Staff's interest was, what
they expected from the Applicant with regard to that gquestion.
And the first thing he mentioned was the availability of the
recombiner, and frankly, that strikes me as not being the thing
I'd be mest interested in if I were really concerned about the
generation n’. hydrogen, not that it is insignificant, but it
is not where my primary interest arises.

In fact,-- Well, so I'm trying to ascertain just
what the Staff has in mind.

Don't misunderstand me. I'm not saying you shouldn't
be interested in the hydrogen.

MR. ROSS: To give tne specific reference to what
Dr. Okrent may be referring to, it's either I&E Bulletin 7906-A
or 06-8. I +«hink they're both the same in this respect.

During the preparation of those bulletins we dis-
cussed a number of things along the line ycu're talking about
with respect tc hydrogen gas. I don't think our list is parti-
cularly complete at this time, and we wanted the Licensee to

respend.

€707
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But we did discuss, for example, on the recombiner,
the need to add shielding that wasn't otherwise provided. This
would be by way of an cperating procedure, had this been con-

sidered. It had to be supplemented on an ad hoc basis at the

Island.

We also had a number of --

DR. SHEWMON: Shielding what?

MR. ROSS: The recombiner itself.

DR. SHEWMON: So you could get at it and do main-
tenance?

MR. ROSS: Yes. And in particular, another recom-
biner was plumbed in and there was concern at being able to
maintain the =-- at other sampling valves and so on.

There was some speculation as to the response time
of the reactor building pressure transducers, to what extent
did they follow the spike that was observed around ten hours
and how would this correlate to a true response. In the first
few days of the event at TMI there was.a question about strati-
fication and the extent to which the fan coolers would or would
not mix hydrogen, and were we getting stratification at the
top, and to what extent the sampling lines where you sampled
the reactor building hydrogen gas content represented a reascn-
able sample of the reactor buil ing.

As a corollary to that, during the TMI segquence

the waste gas decay tank was vented =-- plural, tanks =-- were

o A
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vented back to the containmeant, adding some hydrogen gas and
other isotopes that were in the waste gas decay tank. To what
extent had this conting?ncy been factored into gquestions of
hydrogen?

This is an admittedly incomplete list and it's a
broad question, and it's asking for the Licensee to consider
these and other things and see if this has been properly taken
into account.

DR. OKRENT: I'm not quite suze I have more than the
same information I guess I had from reading the account of the
event. But what about the fampling of hydrogen itself? Are
there satisfactory means <= a.’. plants for getting early, prompt
measurements of the hydrogen concentration displayed in the control
room or available to the control roci operator quickly?

MR. TEDESCO: As far a Regulatory Guide 1.7 and the
new rule 50.44 that deals with hydrogen control, the plant
would have to have the capability to monitor hydrogen levels
in the containment. These are done on a continuous basiz or
from a sampling basis.

As far as full implementation of all plants, I don't
have the informati_n at this point, but the capability exi ts
to sample the containment environment.

DR. SHEWMON: No matter what its activity is?

R. TEDESCO: That would be a requirement, ves.

Whatever that is, yvu have to have the capability to--~

£ ~ Y n
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DR. SHEWMON: 1I'» matter what the level of activity
is within the containment? That is, a person can do it re-
motely?

MR. TEDESCO: Well, the whole design basis is based
on the TID type of release, you know, so it should have that
capability.

DR. SHEWMON: The answer to my quesiion is Yes?

MR. TEDESCO: Yes.

DR. SHEWMON: Thank you.

DR. OKRENT: And is it your impression that there
does or does not exist means of continuous monitoring?

ME. TEDESCO: On the newer plants it's more on the
basis of a continuous type capability. On the older plants
it would be on a sampling basis.

DR. CKRENT: How long does it take to get a sample?
How many samplesare involved, do you know?

MR. TEDESCC: It would be on the order of a few
hours, based ¢n the Threo.Mile Island experience.

DR. LAWROSKI: How many samples do you have to get?

MR. MATTSON: The samples were fairly consistent
with one another sc the first was as gocod as the sccond, the
third, and the fourth cne. And then when they got the hydrogen
recombiner installed it had a continuous monitor, so . think
the answer to your question, how many would you generally have

to take, is not many if there's fan coolers or scme kind of

&7



ab28

serai Reporrers,

14

15

16

31

circulation going on inside the containment and you get a good

distribution of the hydrogen, and it's not a hard analytical

kind of chemistry »rocrss co=-

DR. LAWRCSKI*+ Well, the probiew 1S tOo get a repre-

sentative saample for that two million or so cubic feet that's

in the containment, of total volume.

MATTSON: Well, if the containment air is being

mixed it's not as much a problem as if the containment air

isn't being mixed.
DR.

MR.

LAWROSKI: You said "if."

MATTSON: Yes. Fan coolers and things like that

keep the containment air mixed.

DR. LAWROSKI: You have not seen any concentratiocn

gradients in the points from wherever they take samples for

hydrogen content?

MR.

MATTSON: We don't have hydrogen concentration

gradients that we can measure, but the temperature gradient

within the containment looks like there is pretty good mixing

from the fan coolers that have been running since early in the

accident, and it's what you would expect.

MR. RAY:

As a corollary tc Dr. Okrent's question

on the sampling of containment gases and so on, and reactor

gases to determine the degree of prevalence of and presence of

hydrogen, is there any way that you can evaluate the potential

release of oxygen to mix with it, and is it ponssible to inert

]
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that in some fashion by injecting a chemical that would do so,
so that you won't get an explosive mixture if your hydrogen

is released?

DR. SHEWMON: And is there a way of getting the

+ comments of somebody who kpows the recom ination rate on

demand?

MR. MATTSON: Well, we learned about recombination
rates on demand in a period when things were moving quickly,
maybe not fast enough.

I think there are two guestions here. One is the
recombination rate in the primary coolant system, and the other
is the potential for generation of oxvgen inside the containment.

Now the broad question of hydrogen ccntrol, hydrogen
flammability, and hydrogen detonation inside the containment
has been a subject of review with this Committee and work with-
in the Staff going back to the late 1960s. That's why there
are recombiners there today, and the technical work that was
done over those many years led to a basic system of protection
that provides for mixing of the hydrogen within the containment,
and then controlled burning, i.e., recombi- tion to keep you
from getting above flammable, and certainly keeps you beleow
detonation limits.

Oxygen generated in the sump by radiolysis in the
sump if there are fission products in the sump was not chosen

to be controlled in that method of containment protection.
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The question of oxygen generation in the core
if there's hydrogen present in the primary coolant system I
think we have a pretty good understanding of today; that is,
if there's a hydrogen overpressure there's no net production
of oxygen by radiolysis in the absence of beoiling.

DR. CKRENT: Well, I noticed that the guestion of
hydrogen has been sent out to the 3WR owners and, I assume, to
all the PWR vendors, and I guess I'm not gQuite sure what it is
you're asking. You mentioned the recombiner a moment ago.

The design basis for that recombiner is a different
event than the one that transpired at Thrae Mile Island. I
don't think we should leave the impression, even indirectly,
that it was designed for the amount of hydrogen generated in
this event. It was for a much lesser release, a lesser rate and
a lesser amount.

MR. MATTSON: W2 understand that, and that's why the
question, for pecple to tell us what their capability is, plant
by plant tod;y, for dealing with hydrogen.

DR. OKRENT: Well, =--

DR. LAWRCSKI: Well, Roger, just from the pressure
spike that occurred, one would get some reason to believe that
the mixing isn't so good as you implied at least.

MR. MATTSON: Well, there were nc recombiners on at
that time and, as Dr. Okrent just said, the control of hydrogen

had a design basis that was somewhat different than the amount

< 040
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er?l '! of oxidation that occurred in this core. There was more hydro-
2!' gen there than was in the design basis.
3} That's one of the lessons learned, one of the things
‘i that we're looking at.
si DR. OKRENT: Let me put it another way:
6? If you're asking various reactor operators to con-
7] sider situations that might lead to about the same amount of
ai hydrogen as was generated at Three Mile Island 2, then there
9i would be other ramifications that go with such an event, and
101 this would be cnly one part of a broader picture.
1‘% So I'm still I guess trying to understand a little
12? bit better what this guestion means.

: '3i MR. MATTSON: Well, it doesn't mean that we've adopted
l‘é a new design basis for recombiners that is the Three Mile
lsi Island accident. I think that that's a decision that you try
‘6i not to be in that situation. The intent must surely be tc pre-
‘7; vent the occurrence of the Three Mile Island accident, and in
]8; the process of working to do that, get a current up-to-date
i summary of what the hydrogen capability is for all the plants
20% now in operation.
2‘i DR. OKRENT: No mcore on that now.

2 " OR. CARBON: Go ahead, Mr. Varga.
H 23

4

aral Reporrers, inc.

pL

€7 011



* aghl

w

&

c2

l 35

MR. VARGA: Item Two of the response to the bulletin |
requested the Licensee to review transients and events that
have occurred at his facility, particularly to report those that

where the performance deviated from the expected performance. ;

We have reviewed these and the discussion, in qeneralL
in the responses and this response indicates and understanding |
and an awareness of the various events that occurred in the
events and the transients that they're looking at. |

|

And we have identified in this cne particular typical

| review that we have done, this one, there was a transient or an

event that had occurred that was reported to us some time in
January. That wes not included in the response of the Licensee,‘
however, that event in itself is not too significantly different
than what he had already looked at, and we have not uncovered
ourselves any particular concern but are calling it to the
attention of the Licensee.

In these responses, as well as in all responses

that we are reviewing, I guess my personal percepticn is that

| I'm taking certainly a different approach nr a view from a

| new direction about statements like "resulted in no safety

23

significance"” or "this was terminated without adverse implica-

tions and that sort of thing.

We certainly are taking a very hard look at all

2 |

aral Reporrers, inc.

23

aspects of various events and occurrences that have occurred,

and it's being fa%?oreq,,af course, into the short-term program
1 ',"‘ ¥ ‘-
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22; protection of the health and safety of the public of that

23 particular event. I can't think of any, but there might be

ot performance of a non-safety grade egquipment that deviated from
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that is following.

Item Three --

DR. CARBON: A gquestiocon before yocu leave Number Two,
you say you feel they are awa:re of the guestion and so on.

But have they responded, indicating that there have been sig-
nificant deviations you didn't know about before?

MR. VARGA: Oh, no. All the significant deviations
that have been reported in the responses we have known about
before, except -- well, we have not completed our review, I
cannot say that straightforwardly, we have not completed our
review. In the review we have done to date, in general, across
the five and, in specific, across one, we have not identified
anything.

DR. CARBON: 1In the paragraph that says that there

have been significant deviations fromr expected performance

| provide details and so on, you would ordinarily know about all

those, you really don't expect them to be telling you of any

new ones, do you?

MR. VARGA: I don't expect so, except that of

| course it depends upon the equipment and the system involved,

| and whether expected performance has to do scmething with the

their expected performance that they may not have reported.

e7 €43
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They have certain obligations to report to us
deviations from expected performance where that deviation has
the potential to affect the health and safety of the public
and indicates some deficiency in the design or the operation of
the plant.

There might be some circumstances outside that

that chey may not have reported, and I'm not sure I have a feel

| for the broad spectrum of that at this point.

I'don't think any deviation that occurred in a
safety system that would affect the public health and safety
has not been reported, I don't believe that's the case. But
I cannot say that until we have reviewed all of the responses.

DR. CARBON: And you have reviewed only one so far?

MR. VARGA: We have reviewed all five in a, I would
say, in a read-through and a discussion. And we are reviewing

1l with cur own resource investigation procedures. You know,

| events transpire over a significant period of time and we're

| reviewing our own records as well.

DR. CARBCN: Thank you.
MR. VARGA: In Item Three of the bulletin, this had

to do with reviewing actions regquired by the operating procedu:res

: for coping with transients and accidents with particular

attention to forming the vaids in operator action to prevent,
an operator acticn to enhance core cooling.

And the responses were generally uniform. This

€702
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particular one indicated that they were reviewing the operating |
procedures as well as the instructions to the operator and that,
in addition to providing additional aids to assist the operator
in the recognition of this situation, they were also embarking |
upon a training program for the operators with the simulators |
in order to -- and simulating to the extent, in my view, to |
the extent possible, the sequence cf events at TMI 2 and training
and instructing the operators. |
In general, we find this an acceptable response.
The problem we have is the length of time the Licensee has
indicated for the completion of this review. He said that this
review and training will be completed in approximately 120 days.
We believe that that is much too long and believe that signifi-
cant reduction in that period of time should be made.
Item Four =--

DR. SHEWMON: Pardcn me, sir, is that really realistic

if you aren't sure what it is you're supposed to be retraining

| them to do yet, or do we know indeed what it is we want them

to train them to do now?

MR. VARGA: Well, if I were the simulator, I could

ycertainly on my own put various events in as to the capability

'of the simulator that I already know.

24 |
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But more than just that -- and probably any knowledge-
able person in this particular activity can probably do it.

But we had a meeting with all the simulator owners

€T’
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last week and went into detail as to th; particular events and
the capabilities of the particular simulators in order to

ascertain what acticns cculd be taken. what capabilities there
were, and I believe the results of that indicated that fcr i

the BéW simulator at least it appeared that that had significant

| capability to simulate that event, various aspects of the 1

event. '

I, myself, do not know the complete capability =--

DR. SHEWMON: So you think they should be able to

| cope with the Three Mile Island event and have everybody

trained to cope with it better after less than 120 days?
MR. VARGA: Right.
DR. SHEWMON: My impression was that you thought they:

should have thought up all other ramifications and contingencies;

have these defined and have everybody trained to cope with them

| in less than 120 days.

MR. VARGA: No, I'm speaking specifically of the

| T™MI 2 incident that we did, and I'm sorry I zidn't make that
| clear. But certainly there may be follow-on as our review

| continues and we may identify other training requirements.

DR. OKRENT: I would like to understand what it is

you think the 3&W simulator can do. D¢ you believe it is able

a reasonably detailed basis for the event which transpires?

MR. VARGA: I cannct speak from personal knowledge,

t 05
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agbé l! and I suggest -- I'll answer you to the best of my ability,
2i but I would suggest probably asking Ba&aW that at their particular
31 point might be appropriate as well.
“ But I believe that a simulator can simulate only,
si of course, it's a platitude, what is put in. I believe when
6? you have changing regimes, I am highly suspect from now on of
73 any statement alluding to natural circulation.
'; The two phase flow regime, I believe there will be
9; always significant problems in simulating the actual phencmena
10% in a computer -- in a simulator. You could approach it. I
‘1! cannot address the question of how well does the B&W simulator
]2{ simulate the accident.
lai DR. OKRENT: Now this meeting you say you held with
") the various simulator groups, is there detailed information
ISE available on what they believe their simulators can and cannos
‘65 simulate?
]7} MR. VARGA: I'm sure there will be information
]8; available, I do not know how detailed. A member of my group
wi that is back in Bethesda now reviewing these was the person
20: from the Operating License Branch who was, I think -- had the
2’} meeting and informed me about the detail as I have informed
! 22€ you.

23 |i i - : ;
| Now as acditicnal ‘nformation becomes availavle,
2 || _ '
_..”""mlm‘:we can certainly make that available.
25 ||
DR. OKRENT: Does the NRC Staff itself have, either at
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Bethesda or via any of its contractors, an ability to simulate
each of the four water reactor vendor plants?
MR. VARGA: I will have to defer to scmecone else

on the Staff, . ‘

|
|

MR. MATTSON: I take your guestion to be in the senseg
of the simulator or plant computer sense, not the computer
code analytical sense. Is that correct?

DR. OKRENT: Let me ask about the system behaviocr,
not in terms of all of the controls and alarms and so forth
that would be in a control room.

MR. MATTSON: Well it's my understanding late last
week they were beginning to see computer runs from our ceasult- |
ants in Idaho, simulating or reconstructing, i“ you will, the
pressure, temperature, flow scenarios for this accident.

So evidently the answer is yes, we have the ability
to calculate what happened given th: ihitiating events.

The Staff has no simulator under its direct control
which you could then input these plant parameters and follow
what the control panel or the simulator panel would do zs a

conseguence.

Now we have other contractural arrangements for

| working with simulators to understand plant transients and what
| have you. 1It's conceivable we could do that, we don't have

| that capability today.

"~ 3ersl Reporrers, Inc. |

DR. CARBON: Go cn, please.
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MR. VARGA: Item Four of the bulletin requested
actions about operators not overriding automatic actuation of
engineered safety features and went on to talk about the HPI,
the restriction on HPI, termination of operation and (c) was
reactor coclant pump and then (d), the not relying on pressuri-
zZer level alone.

The responses are due in and we are reviewing =--
essentially deal with 4(a) about reviewing the actions directed
by the operating procedures and training instructions to insure
that operators do not cverride automatic actions of engineered
safety features.

We have, in general, the response to this item is
indicated -- well not in general but in two instar. 2s, as I

recall, the responses indicated some particular problem with

| this unduly restrictive =-- their interpretation of this action

| as being unduly restrictive.

And in the one response we reviewed, we've had

subsequent communication from the Applicant -- from the Licensee

| concerning that.

In the bulletins that have been issued to the other

1PNRs,subsequent to 05-A, but to the other designs, there is

zz‘gwcrding that clarifies the intent of that particular requirement

23

24

jerai Reporrers Inc.
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about overriding.

And let me just == it's in the other bulletins and

we are going to provide that same clarification in our response

67049
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that we believe will be immediately transmitted back to the

i Applicants-as a result of our review that this clarificatfon

is that review of the actions directed by the operating pro-
cedures and training instructions to insure that operators do
not override automatic actions of engineered safety features
unless continued operation of engineered safety features will ;
result in unsafe plant conditions, an example of continued
operation of HPI which threatened reactor vessel integrity,

then the HPI should be secured as noted in Number Two Lbelow.

Two below also then alsc then clarifies the 20

minutes and the subcooling requirement that =-- either that the

| HPI must remain in operation until either both low pressure ?

injection pumps are flowing for 20 minutes or longer at a‘rate

| which would establish stable plant behavior or the HPI has been

| in operation for 20 minutes and all hot and cold leg temperatures

are at least 50 degrees belcw the saturation temperature for the

existing pressure.

The important qualification there, or clarification is

| the degree of subcooling beyond 50 degrees Fahrenheit and the

| length of time HPI is in operation shall be limited by

pPressure temperature considerations for the vessel integrity.
We will review then also tae remaining responses %o
4(b), (¢), and (d) in response to you tcday.
Finally, Item Five, which was verify that emergency
feedwater valves are in the open position in accordance with

7 (S
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Item Eight below and review all safety-related valve positions
and position requirements. L

In general, the responses track about the same.
They indicate the emergency features or systems reviewed, in
some instances give the list of the procedures and alsc list
the maintenance and testing -- review of the maintenance and
testing procedures.

In the review of the one partizular one we have gone
through in some detail, there 'vas an omission concerning the
maintenance and testing -- review of the maintenance and
testing procedures, which we are requiring and have indicated
that that must be done. We believe that, in our discussion and i
evaluation of this, we believe that this has been done but was
not indicated in the bulletin.

In the one we have reviewed in detail, there was an
implication in the response that the review of the valve lineups
and the procedures and the regquirements for ascertaining that
they are all in place and correct.

The response appeared to be tailored to a short-term

response, indicating that this has been done. However, certain

| valves could not be checksd because the containment was closed.

SO we're pointing out that certainly an immediate

response is required and a check is required, but important as

' well are procedures and acticns in place for the continuous

' operation and long-term aspects to assure that that situation

7 el



agbll '] does not change,

Particularly we are highlighting where shift changes

that there is no oversight in this particular review, or this

3? occur, that maintenance procedures or surveillance procedures
‘E occuring at a particular shift and ascertaining of certain valve
5! lineups or certain valves out of operation, that the Licensee :
‘{ indicate specifically his shift transfer procedures to assure
7]

!

8 | particular action.

| would be tripped only after there was evidence that you no

’! That summarizes briefly where we are and our per-

‘0! ception to date. As I mentioned earlier, we are deep in the

‘]! process of reviewing this, expediting to the extent possible

lzi this review. If you have any questions, I'll be glad to see if

'3g I can answer .them.

“E DR. CARBON: Any.qucstions, gentlemen?

‘Sf MR. MICHAELSON: Carl Michaelson, ACRS consultant.

’6: I believe you indicated that the reactor coolant pump
|

‘8; longer had flow. Would you expand upon that evidence?
i MR. VARGA: Well let me make some remarks and perhaps
20

some additicnal clarification can come from the Stafef.

| There are times where the indications may show that
22 the reactor coolant pump for cavitaticnal purpcses, loss of

23 | suction or sCme other reason, may be approaching the situation
2 |

Jeral Reporters, Inc,

25

where a temporary loss cf suction had occurred and forced cocling

was no longer occurring. This could be indicated by a sudden
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|
agbl2 ! change in the temperatures at a particular peint. ’

2i It's . ceivable to me that you would like to, |
3 momentarily, perhaps, stop to trip the pump, re-establish perhaps
‘i some head and essentially prime the pump, perhaps. That is ;
5| conceivable to me that you might want to be able to do that. '
62 However, certainly we have not given detailed |
7; definition of exactly when and when you cannot. As I said,
‘i this is an immediate response sort of action. Additional
9; information or requirements may flow from our continuing
‘0; activities.
”i Would anyone like to add to that?
1 MR. MATTSON: I don't think we have any reason to
'3: disagree with that answer.
"i Was th‘ro more you were looking for, Carl?
's; MR. MICHAELSON: Well, what I was really locking for
16% is, what does the operator do at the present time if he should
‘75 get into a similar situation, what kind of instruction have
‘af you issued?
Wi It appears from the wording of earlier instructions
201 that you run that pump, shall we say, to the bitter end. I
N'gassumc that's been clarified somewhat.
2 MR. ROSS: Let me read directly from Bulletin 06-3,
23

' Page 45, the tep six lines, which is paragraph C, 7C. This is
24 ||

the bulletin thst was sent to Westinghouse plants, and a
.eral Reporters, inc. | )

similar provision was sent to Combustion:

€7-053
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agbl3 ‘: "Operating procedures currently, or gevised

2% to, specify that in the event of HPI with reactor

3; cooclant pumps cperating, at least one reactor cool-

l ant pump shall remain operating for two loop plants,

si at least two reactor coolant pumps shall remain

65 operating for three or four loop plants, as long as

7; the pump or pumps is providing forced flow."

.% Now, the discussion that we had -- and there will be

9; some of this in the minutes of the meeting that we had with

‘OI Westinghouse, and those minutes have been published and supplied

- to the Committee as well as to the Public Document Room =--

- had to do with both the previous instructions given to the |

- plant operator to trip the pump in the event of a deviation such‘

“! as an aétion level on vibration of the pump. There are other

]5; instructions on manual tripping having to do with, oh, perhaps,

16; excessive current as well as some automatic trips on loss of

]7; coolant flow.

]8; Some of the analog charts that we saw for the

‘9; Three Mile sequence showed variations in the measured reactor

20{ coolant pump flow rates. The intent here was, as long as it

”i was perceived from the flow meters and other evidence that the

223 pump was pumping water, leave it on.

23: MR. MICHAELSON: I gather then that what you're
,.'.ﬂ»""ti:‘ saying is leave it on irrespective of the vibrational levels

25

| that are indicated and so forth, or the ammeters which might be

g7 00!
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22; a generalized bulletin which we refer to as the two-digit

23

24 |

- which was quickly followed by a specific 06-A for Westinghouse,
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swaying rather severely at that point in time. |
MR. ROSS: Well I think what vou said, the latter

statement, might be a contradiction in that vae ammeter might

be an indicator that it is not pumping water, but from whatever i

evidence available that it's puring water, leave it on, yes, :i:}

the vibration meter notwithstanding. _ i
DR. CARBON: Ivan, did you have a gquestion? ;
DR. CATTON: No. |
DR. CARBON: Any other questions from the Committee?
(No response.)

Thank you, Steve.

It seems an appropriate time to take a lO0-minute

break. T
(Recess.)

DR. CARBON: Let's move on. I think it would be

| appropriate at this time to discuss the bulletins which have

gone out to the other vendors, and I believe Mr. Ross is to
cover that topic.

MR. ROSS: Professor Carbon, a brief statement on
this: I want to point out for the benefit of the Committee that

bulletins have also been sent in the last few days. There was

06 that were action for Westinghouse and Combusion plants,

a specific bulletin 06-B for Combustion and then a day or sc

e v:—fae &
L’ \.l‘l)
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. |
| later, the day before yesterday, we got a General Electric =--
2 pardon me, a boiling water reactor specific 08.
3; We've talked about some of the differsnces already ,
| |
4| this morning. The main thing we want to do at this time is ;
5; just to notify the Committee of the existerce of these bullotins;
‘; The replies are not due for a few more days, and our evaluation |
7% will have to come after that, ;
‘; Sc other than pocint these out, we really weren't ’
9; prepared to discuss them, but we can answer gquestions you might
‘°§ have on the content of the questions.
]" DR. CARBON: Are there gquestions by the committee?
‘:g DR. LAWROSKI: I have one.
'3! In connection with the containments, have your
“; bulletins included an admonition to make sure tha: there are no |
‘55 unopened valves, because in this case we are fortunate that the
16; contzinment was apparently good and also that there were no
‘7; valves left open, so that once the containment was isolated it
|
‘85 kept the contents pretty well controlled.
;9ﬁ MR. ROSS: I believe -- Let me use Bulletin 06-A for
20 reference, that may come up several places on these instructions.
2’: Instruction Number Four has to do with containment isolation
22; initiation, so that you can, if necessary, isolate those features
23; not needed for ECCS or other safety features.
24 |

But there's also another portion of the same bulletin

'having to do with maintenance and tests. Point Number Eight has
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to do with reviewing safety related valve positions and

.

| Paragraph 10 is maintenance and test procedures when you're

taking features out of service and putting them back into

service.

So I think under one or more of those paragraphs

| your question is covered.

DR. LAWROSKI: Thank you.

DR. CARBON: Let's move on, then.

Mr. Mattson?

MR. MATTSON: Bob Tedesco is going <o tell you of the
short-term long-term activities that I described earlier.
Basically, Bob picks up where the immediate-term procedural

oriented bulletins leave off, recognizing that procedurés-are

| effective over a period of time but with time their effective-

ness decays and therefore you loock in the short-term or long-
term toward gquestion of design modifications, operator training
and those kinds of things that Bob will be summarizing.

MR. TEDESCO: Good morning, my name is Bob Tedesco,

| the Assistant Director for Reactor Safety in the Office of

| Nuclear Reactor Regulation.

I'd like to share with you briefly this morning

, the status of generic review that we are now going through with

| regard to the feedwater transients in B&W reactors.

(Slide.)

'™
ot
0

Starting out with the purpose of our evaluaticn,
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bl 1 in two parts, that this generic assessment will deal with ;
2|l  these transients in light of the Three Mile Island-2 event
3 (1) to establish the basis for continued safe operation of
4| these plants in the short term and (2) to determine the

5| review areas for long term re-assessment of the designs to

6| meet NRC regulations.

7 (Slide)
8 We've been started on this effort for about a
9

week now and are going ahead re-looking at various plants
10| that fall the category: the operating reactors at Three Mile

Island 1 and 2, Crystal River, Rancho Seco, Oconee, the three

121 units there, Arkansas-l and Davis-Besse-1l.
Now in addition to this effort on the generic
review of the B&W plants we'll also be locking at the other
PWRs of Westinghouse and Combustion, at least as an overlay,
| to see "where we are as far as the ocutcome of the BsW review and

7| what they might mean to the other plants.

‘8: We've made a survey based on the LERs of the

9 events related to the feedwater transients that may suggest a
0 precursor type of event to the Three Mile Island-2 incident.
21 Now the information that we have is based onthe licensee's

22

responses in the LERs, but there may be other types of incidents

of feedwater origin where a plant has responded as designed

24 |
A Jersl Reoorrers, Inc. |
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and, therefcre, it would not be the subject of an LER.

But with regard to the incidents that we're talking
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apout, there appear to be five related events, two of which
we have :found to be, in a way, similar precursors to the
Three Mile Island~2 event. Back in '75 Oconee-3 during its
initial program had an incident that actuated the power
operated relief valve. The valve subsequently stuck ogen, f
and then the injection signal was hit, ahd he hit the injection
as designed.

Then a year later at Oconee-2 there was another
event with the feedwater where the power operatéd valve was
actuated and the system stabilized as designed after that.

Davis-Besse in September of '77, during its
initial startup program was somewhat similar to Oconee-3 in
that the valve was actuated, stuck'open and you had injection.

Rancho Seco had a depressurization event during
1978 which caused an injection.

Oconee~l had a similar event that caused both
the power operated relief valves to be actuated and the high
pressure system actuated.

At Three Mile Island-2 we had the segquence we're
talking about right now where we had the valve actuated ané
it stuck open and you had injection.

So based on this preliminary comparative of +he
LER informaticn that we have there appear at this points two
events as precursors and were similar to the Three Mile,

Oconee and Davis-Besse. We're loocking into these further to

a1

LRl P



| |
% 53 ;
wb3, 1% to try to find out generic implications of the events, what
2%i had happened, and then to include them into our generic
3i| evaluation.
| (Slide) |
4 I'd like to spend a brief time now on the Three é
S| Mile Island-2, to kind of lay in the background of where we |
6% are in our generic evaluation, identifying the major areas
7% that we are looking at.
3; Prof. KERR: Mr. Tedesco, in connection with your
9? early slide, can you tell us whether, in those cases i which
’0; there were stuck-open relief valves, the operator was unaware
1]% £ the fact that they were stuck open?
‘2; MR. TEDESCO: Let me see if I have that.
‘3; (Pause) ' |
“j Let me put that slide back.
‘5; (Slide)
163 With regard to Oconee-3, the indication was that
771 the operator did cleose the block valve at reactor trip. But
:aj then he re-opened it because of the rise in pressurizer level.
19; So the action by the operator was to close the valve. So
205 there was an indicaticn in that one that the valve had stuck
z‘i open.
2 | PROF. KERR: Does ycur informaton indicate how he
- 23 knew it was open?
L J".n"”""tiil MR. TEDESCO: Well the information-- There is a
25

temperature readout at the valve thac would indicate an increase
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in temperature with the valve open.

PROF. KERR: And was information of that type
available to the TMI operator?

MR. TEDESCO: That information is available.
There. is a block valve downstream of the power operated
relief valve.

PROF. KERR: What about at Davis-Besse?

MR. TEDESCO: Davis-Besse was a--

PROF. KERR: Did the operator know then, in that
case?

MR. TEDESCO: Twenty minutes into the transient
the operator closed the power operated relief valve. But
also remember, on Davis-Besse we blew the rupture disc on the
pressurizer surge tanks. And so I'm not sure which was the
indication to him, whether it was the temperature or the fact

that--

PROF. KERR: But the evidence is that in both of
those cases the operator was aware that the valve was stuck

open?

MR. TEDESCO: Based on this information I would say

ves.

PROF. KERR: Thank you.
DR. SHEWMON: Cne would judge from this that it
seems to be the rule instead of the exception that the PORV

sticks open. Do we have any sort of reliability data on those

byl""(?"it
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things? Or is this the only way we can test them? '
MR. TEDESCO: As I get further into my generic

evaluation I'll be able to share further the equipment valve

function and how we're factoring that into the program.

DR. SHEWMON: Good.

MR. MICHAELSON: Would you care to comment now as
to whether or not these were identical power operated relief
valves, or were they of different manufacturers?

MR. TEDESCO: I can't answer that specifically
right now.

DR. CARBON: Bob, I'm confused on something.

I'm und;r the impression that at Three Mile Island-2 there was.
-no temperature indicator to show that the PORY was open.
What's--

MR. TEDESCO: Well so far as I know on the T&ID
there's an indication of it.

MR. MATTSON: Mr. Chairman, our understanding was
there was a temperature indicator on that valve.

DR. CARBON: A second guestion, then.

This temperature indicator presumably acts fairly
slowly. And I believe you indicated that maybe at Oconee-3
they closed the manual valve scmething like twenty minutes
after the--

MR. TEDESCO: Davis-Besse was twenty minutes.

DR. CARBON: Is that a typical time that it takes
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that long to recognize?

MR. TEDESCO: On the Oconee-3 incident the block
valve closed on reactor trip but reopened. That would have
been earlier than twenty minutes.

DR. SHEWMON: Max, it's a thermocouple hanging in
the fluid. It should respond in a matter of seconds, a minute
at worst.

DR. CARBON: 1Is it in the £fluid? And how much
time lag, I wonder, does it have. I'm told it's a very slow
thermocouple.

MR. TEDESCO: You should be able to tell if this
valve is stuck open. You're going to start getting a depres-
surization indication in the control room, and you'll know=--
If the valve iiould have reseated and you're still stafting
to depressurize I think it's a very reasonable, logical indi-
cation that scomething has happened. You either have a small
break or the valve hasn't closed. The operator should then
go ahead and try to secure it with the block valve if no
kind of information signals are available to him in the control
room.

DR. CARBON: I don't gquesticon that. But I was
wendering if the lag of the thermocouple in telling the
operator anything--

MR. TEDESCO: It won't be a twenty-minute lag,

I'm sure, on the thermocouple.

g7 0€3
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DR. PLESSET: I was concerned about the valve
hanging open When you've got loads on it due to flow out
through that valve which might have low guality then the loads
can be so that even though the valve wants to close it cannot.
I was just mentioning it to Darryl Eisenhut, and I'm glad to
know that they're worried abcut this, too, about this possi=-
bility. But I think the loads may be higher than we're aware
of.

MR .TEDESCO: Dr. Plesset, cne of the gquestions
we have is the adequacy of the valve to pass anything but
steam.

Remember, this is also part of the staff considera-
tion on ATWS. It's related to this.

DR. PLESSET: Yes. I think this is a rather
serxious question.

MR. TEDESCO: Yes, it is.

DR. OKRENT: 1In scme future listing of these
transients I think it Qight be helpful to have a fourth column
which indicated whether the operator had a basis for knowing
the status of the plant o~ whether there was ambiguous informa-
tion coming to the operator. That's separate from whether he
used all the information. =--if I make the distinction.

MR. TEDESCO: I would hope that in our report
when I talk a little more about it, maybe I will identify tl.e
appropriate area where this aspect will be discussed.

¢7-0¢4
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MR. MICHAELSON: Before you get off that I'd like
to ask one further gquestion.

You apparently have indicating lights in the
control room concerning the position of the power operated
valve. What position did the lights indicate?

MR. TEDESCO: Let me see if I can add some light
to that.

Based on the information that we are putting
together now on Oconee-3 the control room light did not show
open status of the valves. At Davis-Besse I can't tell you: I
don't have the information with me right now.

MR. MICHAELSON: On Three Mile Island?

MR. TEDESCO: Roger, do you know?

MR. MATTSON: I'm sorry; I didn't hear the que#tion.
Could you repeat the wuestion? We have a valve line up back
here.

MR. MICHAELSON: The questicn was, What position
was indicated for the power operated relief valve on Three
Mile Island after the event started?

MR. VARGA: I have a list of the instrumentation
available, presently available, %o sense opening or a leaking
PORV. On Three Mile Island-l there's a thermocouple indication
but no alarm. On Three Mile Island-2 there was also a thermo-
couple indicaticn but no alarm.

Crystal River has a thermocouple with an alarm.

67 0D
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Oconee-1l, 2 and 3 have position indicators, thermocouple
location, quench tank level, pressure and temperature. I'm
not clear vet whether those are all alarmed. But indications
are available.

Rancho Seco has a thermocouple, not alarmed,
quench tank level, temperature and pressure. I don'tknow
whether those are alarmed.

On ANO-2 it has position indicators only, not

alarmed. Davis-Besse has position indicator and thermo-

couples.

MR. MICEAELSdN: I guess I have to ask my ques-
tion again, then.

Is there a position indication at Three Mile
Island? They do not have'one, or you don't know?4

MR. VARGA: The review we have made, which is
subject to checking, indicates they do not.

(Slide)

MR. TEDESCO: Going back to my slide, it really
forms the basis for our generic review. We have feedwater
concentration at Three Mile Island. The sequence that fol-
lowed was that we challenged the plant design in certain
areas, namely, pressurizer level indicator, the one-through
Steam generatcr, the feedwater control system, and the con-
figuration of reactor coclant system.

In additicn to that, there were cperator procedures

.
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were available. Based on the informaticn I'm loocking at now,
it looks like it was the wrong operating procedure for that
particular situation, namely, in regard to what the operator
did with the high pressure injection system and what was also
done later with the reactor coolant pumps.

As far as equipment malfuncticn, we did have the
power operated relief valve stick open. And then the operator.
failure falls in the category of the aux feedwater system
being blocked out.

Now collectively these segquences are being reviewed
in our generic program, and we are:constituting what we call a
short term program to see what these are, to assess their
significance and impact on the other B&W plants.

So ﬁith that as backgrcund,'we then went ahead
and said, All right, we're going to look the plant design
features, the operational aspects and the licensing basis
of where we are. And then, with the I&E bulletin as our
acticn point, to make this assessment for the short +term
program.

The three categories we'll be talking about are
desion, the operation, and the licensing that we'll be emphasiz-
ing in our review.

(Slide)

We recognize that the review is really very early

in this progression. We don't have all the answers yet. 3But
&7 CLd
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I would like to at least share some of the areas that we are
considering for our evaluation.

D&. OKRENT: Before you leave that last slide,
you menticned something about the operational procedures were
not appropriate for that transient. And I assume that relates:
tc wir2ther or not the RCP should stay on or off, and so forth.'

MR. TEDESCO: Yes, sir, that's one of the gques-
tions, yes.

DR. OKRENT: And do you have any knowledge yet
as to whether the operator was very worried about overpressuriz-
ing the primary system? Was that a factor in his thinking?

MR. TEDESCO: Well, tliat would be on the hich
pressure coolant injection system, ;gen he went from an
ECCS mode of operation to the'level control mode. 2And I would
share on that that it was a concern about overrressurizing in

this instance.

DR. OKRENT: Have interviews established tnat this
was the case?

MR. TEDESCO: This is speculaticn. We were at the
initial exploratory stage of asking what did he do and why
with respect to this question.

DR. MATTSON: Could I interrupt just a minute,
please?

The initial stages of the investigaton of the

accident by the 0ffice of Inspection and Enforcement were

¢y CES
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wbl2 ] undertaken last week. And the kind of information that you're

DR. PLESSET: What kind of review of operator

2 loocking for to remove the need for this sort of speculation
3! should be coming in relatively soon. But the staff here in
4; Bethesda doesn't have it yet. :
5
|
|

é training, ope¢rator background, will be made?

7 MR. TEDESCO: That falls in the category of cur
ai licensing basis and the operaticnal aspects. And the people
9E in the Operator Examining Branch are going through the whole
10,| area. They are re-assessing operator training, operator

licensing requirements in light of the accident that happened

12% at Three Mile Island. That will be part of our report.

13; DR. PLESSET: It will be a searching re-examina-

14: tion?

15 | MR. TEDESCO; All the areas =-- design, licensing

16? basis, the operational -- they are all open now, all subject
|

7l o a complete re-assessment on our part.

13[ (Slide)

Now in the area of plant desion, here are some of

the matters thatwe're looking at.

We realize that during the incident the pressurizer
22 | level started to indicate a rising pressure. The gQuestion is,
‘3; Why was that so when we knew we were voiding in the core?

| So we went into three areas. We asked guestions

«3ersl Reoorrers, inc. |

23 of curselves about the instrumentatiocn itself, was it behaving
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as designed? ;

No. 2, we asked ourselves the guestion about the
loop seals in the pressurizer surge line, could it have
affected the reading of the pressurizer level?

No. 3 was the effect of the thermodynamics on
the whole systemn.

We came up with the following preliminary tenta-
tive finding, that we believe the level indication was proper,
that the instrumentation was responding as designed, that it
showed a rising level in the pressurizer. And from the event
that we had at Three Mile Island, wherein you had a - qucte -
small type of break in the pressurizer, the loop seal manometer
effect did not contribute to this indication.

| No. 3, as far as the thermodynamics go, we made
some preliminary calculations at Idaho using Three Mile
Island-type of input scenario with the RELAP run, and the
preliminary results are showing that you would, for this type
ef event, with a rising level in the pressurizer, with a
decreasing system pressure, would suggest strongly a
thermecdynamic process during ...depressurization.

Westinghouse and Combustion, and even ncw B&W,
have all made similar analyses and are coming up with similar
tyres cof findings.

Sc we believe the instrumentation was recording

right; we don't feel as strong at this point as to the

&7 Cv0
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contribution from the loop seals, and thermodynamics appear to
be predictable for it.

We're locking at the power operated relief valve,
its malfuncton history, what type of valve it is, the manu-
facturer, and so on. That will be part of our generic review.

The primary coolant system configuration. We
do have for the B&W plants the once-through steam generator
causing the loop configuration into a candy cane type of con-
figuration. We're looking at that to see what possible kind
oL design aspects exist with regard to the Three Mile Island-2
event. Alsoc what effect it might have on entrained gases
and the natural circulation capabilitv.

The once-through steam generator is unigue to the
B&W pPlants, recognizing that it has a much smaller heat
capacity compared to Westinghouse and Combustion Engineering.
We have tried to assess its impact on the whole seguence.

The feedwater s- stem malfunction: the principal
components, the history of it, will be included. And then also
the control and safety systems.

The BaW plants have an integrated control system
bDetween the primary and secondary loops for control. We'll
be looking at that.

The safety sstems, as far as their actuation goes,
what differences exist on B&W compared to the other pressurized

plants, and establishing the basis of whether or not we would

&7 T71
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have to do more on the basis of comparison.

DR. OKRENT: What do you really expect to look at
with regard to the control svstem for the B&W plants?

MR. TEDESCO: If you lock at the control systems
with regard to the once-through steam generator, how these
things are coupled, realizing that with the smaller heat
capacity that you have and the smaller size of the heat
generator, the control system nas to respond in a lot faster
way. It also involves the auxiliary feedwater system.

We found at Three Mile that the steam generator
went dry very early in the whole transient.

Now recognizing that for all these events, for a
small break, all pressurized water plants need auxiliary
feedwater systems.

And how does that tie into the control system?
The control system on these plants are generally not safety
grade. What effect does that have? That's just a kind of a
characterization of what we're looking at at this peint.

DR. ORRENT: I guess I'm not quite sure what you

think you'll do with regard to your look at the control

system.

MR. TEDESCO: The role of the control system for all these
transients really hasn't been considered in great detail.
They've been considered to be normal _lant cperatinm features
where one has not had to rely upen their function.
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Does the transient consider the anticipated event?‘
I think we have to re-think our whole process on that,
what role does the control system have. It may have to be
upgraded.

DR. ORRENT: Okay.

MR. TEDESCO: I just want to give you an idea of
the areas that we're looking at. Some of them may just not
be consequential, other ones may. We may have to add to it
and modify it as we go aleng.

DR. CARBON: A different guestion with respect to
Item 2 and your comment on natural circulation. Could you
sumrmarize briefly what sort of calculation is done for each
of the different B&W plants to show that natural circulation
is feasible? And would you also comment on how much testing
is done at each of the plants to Ademonstrate natural circula-
tion capability?

MR. TEDESCO: Let me take the latter gquestion.

Qur preliminary review has shcwn that natural
circulation tests have been run at Oconee and at Davis-Besse.
They have been included.

DR. MATTSON: I might remind the Committee of the
discussicn we had down here on RHR and the need to go to cold
shutdown on safety grad:e equipment. It must be two or th-:e
months ago at this point. Where we talked al: : state of

requirements for natural circulation testing and spoke to the
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need to do additional natural circulation testing for that 5
safety grade decay, or RHR concern. I think we summarized f
that for you at that point. That is, there are tests done
but they haven't been done on all plants.

Does that help?

DR. CARBON: It helps.

And specifically with regard to the plants under
discussion here, they have been run on Oconee and Davis-Besse?‘

MR. TEDESCO: That's my understanding, vyes.

DR. CARBON: And not on the others?

MR. TEDESCO: I don't know about Three Mile. I
haven't checked.

DR. MATTSON: The B&W side of the room is nodding
that that informaton is accurate; those two plants have natural
circulation tests and the otheré do not.

MR. TEDESCO: Your first question about the analysis,
Ivanhoe is in the process of performing an evaluation of the
Three Mile Island situation for natural circulation. I don't
know the results. Maybe later on when lLarl Berlinger comes
down he can share it with you. But I know we initially had an
evaluation of this matter.

DR. CARBON: Let me go back to a further guestion
to either you or Roger. Some of the BaW plants have the steam
generators quite high and some of them gquite low. Are the

two tests that have been run, natural circulation tests, are
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they believed to cover both the situations, the high steam
generators and the low2:

DR. MATTSON: Our answer is Yes, from over here.
We think it does. Let's see if BaW can confirm that so we
have the right information.

Yes, they indicate yes.

DR. TEDESCO: Occonee is representative of low
steam generator, Davis-Besse the high steam generator.

DR. PLESSET: Does the operator get adeguate
preparation for going to natural circulation from full power
condition? And is it at all made aware of the importance
of the pressure in the reactor and its effect on natural circu=-
lation?

DR. MATTSON: I think that's a little bit different
Question. I don't believe these kinds of tests are conducted
starting from a £full power, going through=-

DR. PLESSEI: I don't mean that. But I mean, is
the operator aware of the things he might have to go through
to get to natural circulation from full power?

DR. MATTSON: To my knowledge that is not a design
consideration in setting up these procedures. But it's subject
to check.

Does anylody over here have it?

MR. TEDESCO: We do know for loss of flow that
they have to tvack through. That would be loss of power or

r
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tripping of the pumps. 3So that is an effect that's analyzed.

DR. PLESSET: Well "analyzed,”" of course, is one
thing. It means that some sophisticated engineer -- let's
call him sophisticated -- has analyzed it. Does that mean
that the operator understands what he's going to have to go
through?

MR. TEDESCO: I really don't think at this point
I could give you a specific answer. As far as the detailed
operating procedure--

DR. MATTSON: We can get a specific answer pretty
quickly. Let us step out and make a call and we can get your
guestion answered on the record. o

MR. MICHAELSON: I believe you indicated some
preliminary findings concerning the gquestion of pressurizer
level. Would you clarify that these preliminary findings per-
tain both to the short term =-- and by that I mean maybe the
first thirty minutes -- versus the long term, meaning the next
10, 15 hours?

MR. TEDESCO: Dr. Michaelscn, I was speaking to
the initiation, the initial part of the transient.

MR. MICHAELSON: Well, do you have any comments
or preliminary observc‘ions concerning the longer term?

MR. TEDESCO: I guess as long as you are pres-
surized, veiding in the system, you would indicate a level.

Once you started with a simula:ed break up in the top side of

T o X
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~20 12 the pressurizer I think you're going to have -- you will
2i equalize somewhere in this time frame, and the level should
3? show a. decrease. That would be in the long term.
4! PROF. KERR: Mr., Michaelson, let me in on what it

LB is you're driving at. What are the significant differences

6} Dbetween short and long term?
i . ik e
7 MR. MICHAELSON: Well, I was rs=ally searching
at just for a clarification on a statement concerning the effect

9! of the loop seal on the pressurizer. I would fully agree

10' that the loop seal is immaterial in the short term, meaning
11| while the system is still essentially filled with water.

12; I would not necessarily agree with it be;ng immaterial in the
IJE long term.

141 PROF. KERR: Thank you.

15 | DR. ORRENT: During the recent interchange of

’6i questions and answers there was mention of loss of offsite

V7 power as a possible way in which you could lose feedwater,

and so forth. And I was wondering whether in either your

analysis of what you're doing and, even moreimportantly, in
your questions and advice to those who have cperating reactors,
whether you have included the examination of that transient

‘2= as something that the utilities should give attention tc,

23‘ and whether ycu have thought in that regard.

2 | MR. TEDESCO: 1In Bulletin 79-05, appended to it is

A ieral Recorrers, Inc. |

-2 a summary write-up on the Davis-Besse incident where they
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experienced a loss of offsite power, and the concerrs about
loss of equipment affecting the core are described in that
attachment.

The next step of where we are today on the generic;
review, when I get further into the licensing aspects I'll :
be indicating that we do have to open up the whole approach
on the evaluation of feedwater tranéient. We have not made
specific evaluations yet ith or without offsite power ques-
tions. But it will be part of our effort.

DR. MATTSON: Let me try to answer that the same
way but in little bit different words.

The bulletin's immediate on-going action is narrow=-
ly looking at the event at Three Mile Island to avoid its
repetition. What Bob is saying is that the short term
study tht he’'s doing would include an assessment of other
-possible initiators of this kind of event for study over the
long term, or for an identification of need to do something
if there's a need to do something in the short term.

We understand the importance of offsite power as
(@) an initiator of this kind of sequence, or (b) a contribu-~
tor to the difficulty if you have some other initiator of
this kind of sequence. And both of those thoughts will have

to be factored into the broader question that Bob is

address.ng.
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DR. OKRENT: But you haven't asked the utilities
to review their procedures with regard to tha%t specific
initiating event; is that what I understand?

MR. TEDESCO: Let me get the bulletin out and
read right from it.

DR. OKRENT: It may be there. I was loocking at
79-08.

MR. TEDESCO: 1Inclosure 2 is an evalua*ion of
feedwater transients in 79-05. And it says: A loss of off-
site power occurred zt:Davis-Besse -- and so on. And we're
transmifting this information. And the bulletin says: to
review the evaluation'by the Staff of the postulated severe
transient related to B&W PWRs as described in Inclosure 2.

Do you have it?

DR. OKRENT: Well I was locking at 79-08 and I
didn't see so specific a reference to this.

I mean, we've been talking about whether the
primary system pumps should be turned or something. They'll
bDe turned off automatically in that case. And you have a
rather different transient and you are rather guickly under
other circumstances. And if all the effort and thinking is
aimed in cne direction it might lead operators to be sort of
directed down one road, as they may in fact have been here
worried about overpressurization from lots of discussion about

overpressurization a year ago.
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wb2 1 If I can ask just twe other short guestions:--
In your opinion is there a difference with regard

31 to the probability of a transient like a feedwater transient

W

following or if it is running base loaded?

|

4; or a control transient, or so forth, if the reactor is load
\
t

MR. TEDESCO: A base loaded plant is a stable plant.

7| You're just producing a certain fixed power level and just

8 balancing for short maneuvering type adjustments. I guess
9! 4in my opinion a plant that's a demand type of plant it probably
10 |  would affect the probability. That's just an opinion. I
dou't have the hard data in front of me.

DR. OKRENT: I didn't notice anything in the dis-
13[ cussion about operating plants, whether one wanted to consider;
14: whether they should stay in the lcad following mode if they
‘5‘ were sc, or not. And I was just trying to ascertain whether

6 | you had given the matter consideration and arrived at a judgment

‘7| or nec.

iaE MR. TEDESCO: Ncot at this point.

19 | DR. OKRENT: All right.

:0; And just a gquesticn that relates really to the
21' previour discussion. I didn't. seem to see anything that

related to trying to make more available temperature informa-
23| tion from the core in any of the bulletins. Did I miss i%?
21 MR. MATTSON: No; it's not there. I think that's

A seral Reporrers, Inc,

o5 part of the broader guestions that we're locking at. The
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whole guestion of instrumentation to follow the course of an
accident is one that we view has to be relocked at. The
Question of gqualification of equipment not normally called
safety grade equipment is of higher importance today than it
was two weeks ago. Certainly within those two categories

falls a guestion of the sort you just phrased, that is,

temperature insf;giéntation from the co;;;- it's not in a
bulletin, but it is in our minds and it is in our scope of
inquiry; yes, sir.

While we're pausing a moment, if I could go back
to Dr. Plesset's qguestion, and I think, Dr. Okrent, your line
of inquiry was scmewhat related. The thrust of it was, a lot
of these things are analyzed by scphisticated engineers, I
believe they were described as, and safety analyses and
safety evaluations, but are there procedures. But certainly
for something like loss of offsite power, which is s.mething
that happens and you lsse reactor coolant pumps and you depend
upon aux feedwater, thers are procedures for bringing'that
pPlant into natural circulation and coocling with auxiliary
feedwater, and training of operators to do those kinds of
things is done, and operators are examined on their capability
to bring a plant into natural circulation following those

kinds of initiating events.

Now whether the gquestion of-- Well, that's enough.

Does that get to your peint?

P s |
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But what I was in particular concerned ab vt, world

w

< 1! DR. PLESSET: I think so.
|
f the operator appreciate the significance of getting to satura-
|

=

tion pressure in the core, or even close to it, what that ;

{
|

might mean for the condition within the core. I think that's--:

6i I don't know; it might seem subtle to some operators.
: MR. MATTSON: I think he would appreciate it.
8% I think it's also safe to say he'd appreciate it better today
9% than he might have before. And that's part of the review
that's going on.
i DR. PLESSET: .Thank you.
. ‘ 12| DR. CARBON: Steve?
DR. LAWROSKI: 1In connection with the question

that Dr. Okrent just raised about following scme of the

‘53 temperatures in the core, in the plants that have been in
Tél operation somewhat longer and perhaps have been refueled,
7| are all of those thermocouples present in those plants?
‘5? As I understand, sometimes they're not irncluded upon refueling.
19? MR. TEDESCO: Do you know if the thermocouples are
202 alsc in the clder plants that have been refueled, Roger? Do
2'! you know?

» :2i DR. MATTSON: I was lad to believe that this
23{ instrumentation was the in-core chermocouples were pretty gced

L j"‘n“n""liii in this plant compared to some others.

25 ||
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at this point. |

Recall that this instrumentation is not regquired
for safety purposes according to the way we normally do
business. This is plant monitoring informat -

DR. LAWROSKI: Could I get an answer to my gues-
tion?

DR. MATTSON: I'd have to turn to B&W to see if
they have that information. I don't have it off the top of
my head.

MR. McMILLAN: I'm John McMillan from Babcock and
Wilcox. We do have in-core thermocouples in all of our operat-
ing units. In not all cases are they connected directly into
the computer where the operator would have an immediate read-
out. bBut there are thermocouples installed in each of the
cperating units.

DR. LAWROSKI; Thank you.

DR. CARBON: Bob,in your review of loss of offsite
power, will you carry -this further to inélude a case where
maybe the diesels don't start up?

MR. TEDESCO: You're talking about a total black~-
out situation? At this point that's cne of the gene.ric
matters that we're looking at from the overall, you know,
Category A safety icers. Not at this point is it a specific
requirement. The generic review con this particular event,--

Remember, it's a short-term approach we're taking from the

€7 %3
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vbé 1 learning experience on Three Mile Island and what it means

2 ! right now. But the generic review on the longer term, we want'
to acanowledge the loss of power incident as an initiator.
i But at this point I do not see a total loss of power as being
Si involved specifically.
DR. MATTSON: 1It's important to remember also
that steam driven aux feed pumps do exist in all of these

8! plants, all the PWRs.

i DR. CARBON: Steve.
‘oi DR. LAWROSKI: In how many of these are they not
‘ig connected to “he computers?
121

MR. McMILIAN: There are fifty-two thermocouples

‘3; in all of the units. They connect to the plant computer on
41 the three Gconee units, Three Mile Island-2, Rancho Seco
and Davis-Besse. They do have them at Crystal River as a

16 computer input through a multiplexer, so that you can't read

77? them simultaneously. It's a little different configuration.

18< At Arkansas Nuclear-l the in-core detectors can

9 be read from the in-core detector tank. ~at that's inside the

reactor building and not accessible to :he operator.

DR. LAWROSKI: Thank you.

L]
—

DR. CARBON: Roger, could I go back to your last

comment here.-

Have you ever pu% probabilities together for
eral Reporrers, Inc.

plants like these on loss of offsite power and +h: diesels
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don't start, and this single pump =-- which I understand
really aren't very reliable sorts of pumps. Just in general
the sequence here.

DR. MATTSON: As I recall, that's Task A under
General Issue A-44, which is one of the unresolved safety
issues. It is to do just exactly what you're asking for.

DR. CARBON: To try to put some probabilities
together?

DR. MATTSON: Yes. That is, to assess the
reliability of aux feedwater from just the view that vou
propese.

Saul reminds me that the Reactor Safety Study
locked at that aspect. But, of course, that's only one
plant.

DR. CARBON: Yes. Do you have any idea what kind
o timing this particular generic item will receive?

DR. MATTSON: 1I'd suspect that that kind of infor-
mation in the normal coursc.of events we'd see some time next
fall. Whether the Three Mile accident adds or subtracts from
the capability to meet such a goal is unclear to me at this
point. 1It's going to depend in large measure on the results
of Bob's work in which he is, in essence, going to say, These
are theimpertant things to do now, and here are the things
that can be left to do a little later. And I don't know where

that one comes out for sure.
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DR. CARBON: Thank you.

DR. LAWROSKI: With respect to, I think it was
Dr. Okrent who asked apout maintaining the offsite power,
some of the hel’copters that were flying around this plant
were not all required in connection with monitoring this
plant, it's plumes, and so on. How long did it take to get
the others out of the way so that at least they wouldn't be
there to jeopardize that offsite power which might have been
needed?

DR. MATTSON: Dr. Lawroski, I can say that by the
time I arrived at the site on Sunday that I was told that the
plant had been placed in some sort of special status with
regard to assurance of offsite power from the grid if there
were difficulties withthe grid. I was told that there were
five separate cffsite power lines into the facility, so that
if one were lost it didrdt mean you were necessarily in diffi-
culty.

I also saw helicopters flying there. I don't
believe there were any at that time that were not connected
with monitoring efforts either by the government or by the
licensee. By Monday they had moved the landing pad to a
better location relative to cne offsite power line. And I
think that situation is under control.

DR. LAWROSKI: That was some time after, your ar-

rival was some time after.
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DR. MATTSON: Yes. I would suspect it's fair to
say it was under control by Saturday. I don't think it was
too far out of control ever.

DR. PLESSET: Can we move on, then?

(Slide)

MR. TEDESCO: This slide is the second part of our
review, which deals with operaticnal matters.

The equipment malfunction history. We are locking
at the LERs to see if we cannot assess the malfunction history
as far as the power operated relief valves. We're locking at
the operator actions during this event. We're looking at the
probable response to feedwater transient. ©Plus the human
factor in the whole situation, how he follows procedures, why
he did certain things. We'll see if there are not generic
conclusions that one might be able to establish from the

cperaticnal experiences that we derive from the Three Mile-2

accident.

(Slide)

The other part has to do with our NRC role on the
licensing basis that we follow in the evaluation of feedwater
type transients. We're locking a2t the vendors' message, their
models and capabilities, the general approach that one follows
in the evaluation of these types of transients.

We're reviewing the staff approach to transient

evaluation, namely, the general design criteria and the Standard
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Review Plan that describe the review areas, the review cri-
teria and the findings that we make in our reviews.

We certainly now have to go back and re-lock at
the whole process to see what's going on in the light of the
Three Mile Island-2 accident.

Along with this is involved a review of technical
:pocifications, What are we putting in as requirements aon
these plants? Are some areas perhaps too refineQ? Are we
being too specific in certain areas? And in other areas are
we not being specific enough with regard to pressurizer,
pressurizer level, aux feedwater systems and the reactor trip
system. And then folding that into the operator procedures
to try to better understand what the operator follows; What
is he told'to do in these type of transients, and how does
that fit into the Three Mile Island situation?

The last category will deal with the operator
training itself. What is the training that he gets to cope
with transients of the type we've just had, and others as
well?

So we're expanding our look into the whole area
on the licensing basis, what our regulations tell us +o do,
what are the areas of weakness now whiclh we could perhaps
beef up. That is part of our generic review.

So when we put the three parts together: one about

the design, one about the operational aspect, and the other
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§ about the licensing basis, then in the short term we'll be

; looking at the I4E bulletins, confirming the action taken

3| there, their adequacies: we may have to add to it in certain

4. areas éoponding on what we find out. And then launching into
5| a long term generic program that will look at all the aspects
6| that we're considering.

(Slide)

8 Right now where we are in regard to the three

9; areas: As far as design of the B&W plant, our preliminary

10| review indicates to us that we find no apparent major design

1 deficiencies on the B&W plants. This would not preclude

12 serious consideration of areas where improvement might be

121! accomplished to improve the safety capability of the plant.

As far as the operation goes, we certainly agree

that greater attention is needed on the plant safety egquipment
'6 | with regard to its operability and availability, and greater
7| assurance has to be placel on this matter.
18 |

emphasis on what we had earlier believed as a regular anti-

|

l

% ' With the licensing aspect we certainly need more

|

i

. cipated event. We have to look harder at operaticnal transients,
|
|

especially the feedwater type of event: what our tech spec
requirements are, the areas where they have to be augmented

231 or modified. And in conjunction with this whole review that
24 ||
#3l Reporrers, Inc.

-
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we are going through, we will be folding this into the IsE

bulletin action to confirm the actions that are being required.
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wbl2 'i We are working toward an action date of something
2 "l like the end of this month to try to get our preliminary
3; report put together that will speak +o the areas that we have _
‘; talked ~bout right now. |
Si That's the conclusion of my presentation.
6% DR. SHEWMON: If you ever got there, I missed just
7; what the testing procedure is on these relief valves on the
a’ pressurizer.
9; MR. TEDESCC: Right now there would not be any
‘oi tech spec requirements for +esting, periodic testing. That
‘]t question was folded into my tech spec review. We perhaps have
‘2! to rethink that requirement.
'33 DR. SEEWMON: Have you ever got to whether a
“? meaningful test could be done without having pressure, a
'sf significant amount of steam be released at the same time,
16ﬁ or without it being tested at 2200 pounds pressure in two=-
o i pha se flow?
‘8{ MR. TEDESCO: I indicated earlier that a lot of
19! this concern that's being expressed with regard to ATWS,
20% it's the same type of gquestion.
21! As far as the testability goes on the plants, the
) 2 safety valves and so on, they're all tested in accordance with
a3 the ASME requirements, which means bench type tests for
24

actuation.
Jeral Reporrers. Inc.
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- DR. SHEWMON: And they do that once, and that's cood
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forever?
MR. TEDESCO: I'm not sure what the frequency
is, whether it is only once, or after a certain modification

or maintenance procedure. I don't know specifically what

it is.

DR. SHEWMON: Who in the organizaticn is responsible
for *:is?

MR. TEDESCO: This would be in Engineering under
Jim Dyke.

DR. SIEWMON: Thank you.

DR. CARBON: Chet?

DR. SIESS: Bob, will you be lcoking at the pocssibil~
ity of whether the use of evaluation model analyses, say for
small break LOCAs, can lead to inadequate or incorrect acci-
dert scenarics, and, thus, to inadequate guidance to the
operator?

MR. TEDESCO: At this point, yes. I can say we just
made some preliminary calculations at Idaho on this type of
test and it did reveal the thermodynamic behavior that was
experienced. So I have to say yes to your question.

PROF KERR. Are these models being used in the
conservative mode or a best estimate mode?

MR. TEDESCO: Right now, Dr. Kerr, the evaluation
that we are in the process of doing is based on the Three Mile

Island input parameters; in other words, what happened at

€7 1
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E PROF. KERR: If one uses an evaluation model that
3 conforms, for example, to Appendix K the emphasis is on
conservatism rather than realism. Is the evaluation model
being used that kind of model?
6 MR. TEDESCO: Up until March 27th the evaluation
7 model was used on small breaks. It was not coupled to

8 transient type events. We just have to re-loock at the whole

9 procedure, the process. I understand what you're saying about

the conservative model passing out because of some of the

1‘% subtlties that happened. 1It's a precaution that we will
‘23 consider.
\ ' ‘35 DR. PLESSET: It may not be entirely pertinent
141 for what they were trying to do in their analysis, I believe,
5| whether .t was evaluation or best estimate. I think that in
’6} a best estimate mode they've gone beyond in trying to describe
'7i what happens, I think. Isn't that right?
- ‘, MR. TEDESCO: Yes.
19 Z I have a curve, if you would like tc see it.
20; DR. PLESSET: The only concern they would have would
I
21

', be what the decay heat would deo, and probably there they would

22| take the best value they would have.

23 DR. MATTSON: They took the parameters measured a+

Three Mile Island and input those to the code =0 see if they
A .era Reporrers, Inc.

. could reproduce the transient. And that, in effect, removes
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the conservatisms that are there for a loss of coolant accident
analysis that's done under the more traditional framework.

(Slide)

MR. TEDESCO: Here's a comparison of the Three

Mile Island event and the transient that's calculated by the

Idaho people. 1It's a preliminary thing. 1In the lower part

here--

DR. LAWROSKI: Could you use the pocinter and stand
to the right, please?

MR. TEDESCO: All right.

Here we go. The solid curve is our RELAP run. As
indicated down here, the dashed line is the Three Mile
transient. There are phasing differences. This plot here is
the peak saturation during the process, and following along
until we reach somewhere about this range.

This spike arpears about in the eight-minute point
at which the aux feedwater systm went cn, eight minutes into
the transient. The other curve I'll show vou is related to
this, it's the pressurizer level. This pressurizer pressure
is falling during this period.

(Slide)

Here we put the level on with the same type of
nomenclature. You se2e the solid means the RELAP-4 run and
ﬁhe dashed means it's the actual transient. And during this

pericd here we're showing a rising level, and the other curve
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shows the pressure going down.

Let me see if I can't put the two together.

It's a kind of a messy configuration, but let me see if I
can walk through it with you.

(Overlay)

This one here is pressure, showing it going down
during the transient, and then showing the level going up in
the pressurizer. And that's what the operator was responding
to. He thcught he had plenty of water in the system and
that everything was well under control. He was following
procedures in the shift_over to mainthining the level.

These are very preliminary runs. We haven't
gone through a thorough evaluation. They're running up to
about 12 and 20 minutes into the transient.

DR. SIESS: Is RELAP-4 an Appendix K approved
licensing zvaluation model?

MR. TEDESCO: Yes, that's what we used.

DR. PLESSET: That's not quite the understanding,
Chet. It's not used for evaluation model analysis.

MR. TEDESCO: I think it is.

DR. PLESSET: But that's not what was used here?

MR. TEDESCO: No, not here. This is the RELAP-4
code that was used to mock up Three Mile Island.

DR. PLESSET: It looks as though it's doing fairly

well.
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MR. TEDESCO: Trend-wise I think it looks pretty
good. There's a little shift on time segquences that we
haven't ironed out yet. But for a guick run to get some gquick
sense of what happened, I think it's pretty good.

DR. CARBON: Dave?

DR. OKRENT: Bob, I think you made a comment that
as of now you don't see any basic design deficiency.

MR. TEDESCO: I used the word "major."

DR. OKRENT: Major design deficiencies.

MR. TEDESCO: Yes.

DR. OKRENT: 1In what context are you making that
statement? Is it in terms of the specific transient or
accident at Three Mile Island, or is it a general one where you
consider response to small breaks of all sizes, or a range of
transients, or what's the context of the comment?

MR. TEDESCO: The initial attention is on the
Three Mile Island event, on what experience we've derived from
that. Folding that into the design of the plant, do we see
anything basically wrong with it? And as far as we can tell
at this point, from a short term look we have found no major
design deficiencies.

DR. ORRENT: How do you plan to ascertain whether
there could be, or may be design deficiencies, if there are
any, for other kinds of transients, including small breaks
or intermittent breaks or whatever?
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MR. TEDESCO: I have to rely on the cutcome of
our generic program for that. I tried to indicate our short
term approach. It clearly focuses on Three Mile. And then
we have to shift into the more generic aspects. The outcome
of our report will be a set of findings and recommendations
from whatever we learn, and not to be so narrow that we don't

lock at other aspects of it.
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DR. OKRENT: Has the Staff initiated a long-term
pProgram concurrently with the short-term program, or does it
have to wait?

MR. TEDESCO: That's what we're trying to do now.
That's part of cur effort.

MR. MATTSON: Part of the goal of the short-term
program is to define the long-term program.

MR. TEDESCO: We're only a part of the whole effort
on this thing. You know, if anything has taken priorities, if
it's one, twe, three or A, B, C, it's one and A, believe me,
on the whole thing.

MR. MICHAELSON: Bob, I have just cne gquestion and
that is I'm having a little difficulty yet sorting out the
short-term events at Three Mile Island and the longer-term
events. Yon addressed here the computer calculations and ob-
servations and also drew a preliminary conclusion concerning
I guess the short-term situation.

Would you care to surmise or at least indicate what
you feel concerning the longer term, and also indicate perhaps
when you really think the damage occurred. Is is a short-term
effect or a long-term effect, and if it is a long-term effect,
then that's the one that appears to be the desirablas one to
concentrate on.

DR. SHEWMON: By "damage" dc you mean core damage?

MR. MICHAELSON: I mean when did all the activity

e7 077
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eb2 ! appear to be releasad? Core damage of course is cthe thing of
2| major concern here.
3i MR. TEDESCO: When I contrast long term and short
|
4 term I do not include such things as the containment isoclation,
3 dealing with hydrogen, dealing with highly contaminated fluids,
) and stuff like that.
Y I'm in short term locking at initiating events
8| and now it propagated in the system, up to the time we had the
9; core damage which was, you know, within the two-hour period
10: when the went off, and just seeing what the reactor responded
"
to.
‘* 060 - As far as the long-term accident recovery, that's
e ‘35 another type of generic program that we'll be following.
“E MR. MATTSON: Maybe I can try.
‘SE Bob, I think twe hours is about the time that Carl
1651 is starting to get interested. 1It's between two hours and 15
17; hours that damage occurred, according to the information we
18: have today.
]9; Bob is saying he's locking at the transient up to
20 that peint that got vou into the situation where damage did
213 occur, and that's the kind of thing that we want to concentrate
A 22? on in the sense of the short-term for deciding what are the
23 |

proper things to do from a ;rocedure standpoint or a desigr
24
Ac . ecersi Recorers, ine. MO@ification standpoint Or an operator training standpeint to

not get in a situation where such damage would result.
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Clearly there has to be a goocd look at the mechanisms
of damage, how the system was behaving once you got into the
box that could cause damage. A lot of that is going on right
now, trying to characterize what the core looks like for long-
term cooling purposes, trying to understand the mechanism of
damage, the extent of damage; that sort of thing.

I suspect that that may in fact be finished before
Bob has got his long-term program underway. We're not ignoring
it. But Bob is saying he's concentrating on the safety of
operating plants.

MR. MICHAELSON: Maybe I can make One more comment
in clarification then.

I would have to conclude from what you have said I
believe that you have strong reascon to believe the problem
developed in the first 20 minutes «nd that that was kind of the
end of the analysis. 1Is that right?

MR. MATTSON: I think the sequence of operator actions
and equipment performance in the first 20 minutes is very
important and over the next two hours it is also important.

By the time you finish the first two to three hours, you're

in a position where the core is being damaged, extensively

two hours.

It's certainly important to understand what happened

after the two or three hours but with the idea being that you
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don't want to repeat that, then the focus right now, in our
judgment, has to be on how do you prevent the first two hours
from occurring.

MR. MICHAELSON: Are you intending to carry the
analysis out further than 20 minutes, say for the first two
hours?

MR. MATTSON: Oh, yes. I think eventually there
will have to be an analysis that extends not only the first
two or three hours but tries to reconstruct the physical situa-
tion within the reactor vessel over the whcle accident, right
up until today.

Sol reminds me that a lot of that is not done with
computer calculaticns. Once you get steady-state and stationary,
stable, a lot of it is done by hand calculations. Computer
calculations of the sort that Bob has shown won't go that long.

DR. SHCWMON: 1I think we're all concerned that one
doesn't get too enamoured about how well one can get the com-
puter to £it the irrelevant part of the curve, the marginal
irrelevant.

MR. MATTSON: Yes, sir.

DR. CARBON: Are there other questions by the
Committee?

(No respconse.)

Does that then conclude the presentation?

MR. MATTSON: Yes, that's all we had planned this
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morning. And the other things I mentioned we will be prepared
LY aiscuss later this afternoon.

DR. CARBON: Let's then take a ten-minute break.

(Rectss.)

DR. CARBON: Let's move on to the next part of the
agenda. I would like to call on Mr. Etherington to lead off
discussing the status of the Three Mile Island Station.

Harold, will ycu present your report?

MR. ETHERINGTON: Mr. Chairman, I spent two and a
half days with Dr. McCreless of the ACRS staff at the site,
from April 10th to 1l2th, observing the offsite activities
across the river from tle plant, attending meetings, and talking
to personnel.

Other Committee members and Committee consultants
attended at various periods and I presume they have alsc made
their own observations.

My cbservation is the two organizations, the
Three Mile Island Recovery Organization and the Industry Ad-
visory Group, comprise an exceptional assemblage of high-level
talent. It would be difficult to get together an organization
better qualified to steer the recovery.

THe chain of events has already ceen described by
Mr. Michaelson t2 the Committee at a previous meeting, and I
believe he proposes to update his conclusions.

We have also heard from the Staff and expect to hear
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further complete statements on the chain of events, and the
recovery procedures from others during this meeting.

With your permission, I would like to forego a
statement that would be fragmentary and prove repetitive, and
I would like to focus the attention of the Committee on two
basic, if obvious, requirements for natural circulation, one
of which appears -- and I emphasize "appears" =-- from the re-
cord -- Let me restate that -- one of which appears from the
record ~- and I emphasize "appears" -- not to have been met at
the Three Mile Island Plant, and this could well have been the
prime cause of the seriocusness of the accident.

If I may go into that description, Mr. Chairman?

The heat sink in the steam generator must be at a
higher level ghan ;he_corc of th;“reactcr. oﬁviously, if the
heat sink is at the same level as the core, we have a hot
leg which is balanced by a hot leg, a cold leg which is balanced
by a cold leg, and no driving force to promote circulation.

If the core is much below the heat sink or let me
say it the other way: If the heat sink is above the core, then
we have a balanced hot leg here, a balanced cold leg here, and
a cold leg here, which is also offset by a hot leg here, and

the driving force is the height of the cne~-inch square column

| of cold water minus the weig..t of a one-inch-square column of

hot water.

Now clearly the first requirement is that the heat

Rl by
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sink must be higher than the heat source. A conservative
interpretation would be that the heat sink should he as high
as possible in the steam generator.

Now, let us look at the actual conditions. During

steaming operation at full power, the level is 42 feet high

in a total cube length ¢f S52-cdd-feet. At full power
the level in the steam generator is about 42 feet.

At low power, down to 10 percent, the level is only
about 7 feet way down here.

Tom McCreless and I locked hard to find a statement
of what the condition would be during operation of the auxi-
liary feedwater system. We found the statement in either the
SAR for Three Mile Island cr in one of the PSAR -- I forget
which it was we found it in. We looked in both. And the state-
ment was that when the auxiliary feedwater came on, the level
is to be maintained at an unspecified high level.

However, the record appears to show that fcllowing
dryout after the loss of feedwater, the level remained ex-
tremely low, about one foot, way down here, about 20 minutes
and at the time the recirculating pumps tripped, the level was
only about five feet, st’ll way down here.

One obvious conclusion which o. would be tempted
to make is that there could be no possibility of a natural
recirculation occurring at that time. Now I will gualify that

statement later.
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Obviously another conclusion-- The first conclu-
sion would be that the level control appeared not to function

as stated in the SAR.

After the pump was tripped, the water l;vel rose
slowly in the steam generator and the secondary pressure droppea
to about 300 psig. This clearly suggested a continuation of
inflow of feedwater but with loss ot.hcat sink inasmuch as the
temperature -- pressure in the steam generator didn't rise at
all. It was actually falling.

At the time the satisfactory level was reached, and
this was very late in the transient after the pumps had been
tripped, the second requirement, which I will mention now, could
not have been met, and therefore, natural circulation couldn't
have been promoted at that time.

The second requirement is that the pressure of the
reactor coolant must be high enough to prevent breaking of the
circuit by gas accumulation at the top of the loop. If we have
an accumulation of gas here, clearly it will be a problem in
establishing recirculation.

A conservative interpretation of this criterion
would be that there should be no release of gas.

I believe == and I think if I'm not correct I would

| like the physical chemists to correct me -- if we have a gas

bubble in the system and the free service cf water, the pressure

' here we'll say is P, and we'll give that a saturation

P W &
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temperature, CP..t, then the pressure here will have to be P_,. .
The saturation pressure corresponds to the temperature of the
water plus the partial pressure of the hydrogen in the bubble.

Now for a bubble to exist the pressure must be equal
to Psat plus pnz, partial pressure of the hydrogen.

We can see what would happen. Let's suppose we in-
crease the pressure here and keep the temperature the same.
The saturation pressure of the steam would have to stay the
same. To balance this, the pressure of the hydrogen, the par-
tial pressure of the hydrogen will have to increase. For the
partial pressure of the hydrogen to increase, the hydrogen will
have to pass into the water in order to maintain the equili-
brium between the water and the gas phase, and that means the
bubble will shrink.

And ultimately when the total pressure exceeds these
two, there will be no longer any gas bubble.

Now I'm not a physical chemist, but I think that's
appro imately right.

Steve, can you tell me what your opinion is?

DR. LAWROSKI: I think you're very modest.

MR. ETHERINGTON: This is now a presumpticn. 3y
the time the level rose in the stram generator to where you
could conceivably maintain natural circulation, there had been
so much damage to the core that there was a very large quantity

of hydrogen generated, and the locp that I erased at the top
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ebl0 ‘! of the steam generator is completely filled with gas, and there
2?' is no possibility of recirculation.
3; Now please understand vhat I'm saying is not a state-
‘i ment of what occurred. It is something which I think the
5l Committee might want to think about in its deliberations of
6i the over-all problem.
75 I should say something about the possibility that
3; there might have been some recirculation in spite of the very
92 low heat sink. There are two ways heat can get over.
‘oi The first is the spray. 1In the auxiliary feedwater
" ! mode the spray is right at the top ¢f the steam generator.
n It's spraying on the tubes. I don't know to what extent it
N 13; penetrates the tube bank. I don't know how much water was
"i spraying, or how much heat could be removed; that is, what
‘55 temperature could be established in the cold leg.
‘6; The evidence, however, does seem to be that there
17? was no recirculation estaclished. Sc whether this mode was
bd effective or not, I think we would have to leave it to BaW to
lqﬁ give us an analysis of the degree of penetration that they
20! could expect into the tube bundle.
2]! The second possible mode of -- if I may call it a
= an degraded means of heat transfer to the steam generator. Shortly
23

after the pump trip the hot leg was 2t or above saturation.
2 |
A.  Jersl Reoorrers, nc.

25 | T .
| would ke bulk beiling, presumably, in steam, a crossover at

We had hot water in the leg above the reactor vessel. There
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that point and steam could pass over, condensing in the water
in the cold legs and give you some mode of heat transfer which
might establish recirculation.

This doesn't look like a very strong mode of heat
transfer. Whether this would be an effective means of estab-
lishing natural circulation, I don't know, but the evidence
is of course that there was no natural circulation. g

Now with these comments, it does. appear importantf
that for all pressurized water reactors there should be a
precise instruction concerning t .e conditions necessary before
transferring from forced circulation to natural circulaticn,
and secondly there should be a clearly specified means of veri-
fying the natural circulation has in effect been instituted.

These apparently were lacking and I say again
"apparently" cnly as an inference.

I don't know how fast “he steam generator can be
filled with the auxiliary pump. That alsc might be a factor.

If the reactor was operating with the water in the steam genera-
tor at a low level, then we would have to have a means of £ill-
ing it fairly fast in order to establish the circulation.

Mr. Chairman, I think I will-- Well, let me see....
I think the Committee might want t¢c have this in the back of

their minds as context material in considering the effects of

' the early abnormalitias. We could conclude that the early

abnormalities had no bearing at all on thesubseguent events,
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that in any case. as long as the transfer to natural circula-
tion was made, it was made‘with a low heat sink it could
not have been estairlished, or we might conclude that the early
abnormalities did in effect contribute to what developed
later, possibly by gas generation.

I think that's all I have to say, Mr. Chairman.

DR. CARBON: Thank you, Harold.

Are there gquestions for Harold?

DR. PLESSET: I don't see gquite how you can suppose,
if you had a fair amount cf hydrogen in there, that it would
disappear. Certainly the vapor will disappear if the pressure
is above--

MR. ETHERINGTON: If ycu get the pressure high
encugh sc that the concentration of the hydrogen in the water
is greater than the partial pressure that you would have in
the steam space, then of course there would be no gas bubble.

DR. PLESSET: But the hydrogen is going to have to
dissolve.

MR. ETHERINGTON: It would have to dissolve.

DR. PLESSET: And it might be a very slow process.

MR. ETHERINGTON: Oh, yes. Excuse me, this is
strictly at egquilibrium.

DR. PLESSET: Vapor condensation is rapid but the
hydrogen dissolution, that is==-

MR. ETHERINGTON: You're absoclutely right. I should

[
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have made it clear I'm talking about an equilibrium process
and the dynamics of it is something quite different.

DR. SHEWMON: To make sure I understand what you
said, on the first part you said not only do you need a solid \
primary system for natural convection, you also need the water
level in the secondary side high enough=--

MR. ETHERINGTON: == to provide a heat sink which
it at a higher level in the core. You need a cold leg on oOne
side that more than balances the hot leg on the other side by
the greater density of the water.

DR. SHEWMON: A different one, though.

Do you have any evidence that says there was a signi-
ficant amount of hydrogen ggneratod before, say, cne and a half
hours, which was after both the pumps had been turned off?

MR. ETHERINGTON: No, I haven't. But the water level
in the steam generator remained low for a long time.

DR. SHEWMON: Long? You mean before and after the--

MR. ETHERINGTON: Before and after. It rose
gradually after the pumps were tripped, but it didn't reach a
really high level until hours, I believe, into the transient.

DR. CARBON: Fine. Let's go ahead then.

Carl, would you present--

MR. ETHERINGTON: Could I ask whether the Staff has
any rebuttal to what I said?

DR. CARBON: Surely.

1 104
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The question was raised, do you have
any rebuttal to what Mr. Etherington has said?

MR. MATTSON: I think Harold understands the
situation quite well from the discussions he's had with the
pecple up there.

If I could try to summarize what I think the message
is, Mr. Etherington, then we can make sure we've understood
what you've said, because I think we agree with you.

I think you're saying that the success of putting
this machine on to natural circulation at the time the reactor
coolant pumps were tripped several hours into the accident
would have been a function of where the thermal center was in
the steam generator.

MR. ETHERINGTON: That's right.

MR. MATTSON: And the higher the better for that
thermal center.

MR. ETHERINGTON: Yes.

MR. MATTSON: But because the steam generatcrs had

| been through a transient where they boiled dry because of no

| feedwater and then were refilled, that thermal center at the

| time the pumps were tripped was low in the steam generator.

24
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And had it been higher, natural circulation may in fact have
been achieved in time to prevent serious damage to the fuel.
MR. ETHERINGTON: That sounds right.

MR. MATTSON: That is more succinctly said today

7110
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b2 '; than I've heard it said before, but I have no reascn to quarrel
2E with the technical facts that go into that kind of statement.
33 MR. ETHERINGTON: It doesn't seem to be very much
‘ factored into the discussion of the chain of events, does it?
5; It hasn't really been discussed very much, this particular
|
67 phase of the accident.
7; MR. MATTSON: WELL if I go back to Carl's point about
3: making sure that you look at the two to three hour pertion of
92 the transient, I think the emphasis has been on early in the
‘o? transient, where the loss of feedwater and the stuck open relief
“% valve were very important controlling parameters. I have not
‘2§ heard considerable discussion of what you're talking about.
]3% I think there ought to be more.
"5 DR. CARBON: Dave?
"i DR. OKRENT: Since this is not my field and I'm
16% trying to learn as I go along, I have to ask gquestions. And I
'73 earlier asked questions about the loss of off-site power and
‘ag whether you were thinking about that, and what you were |
19? suggesting operators be prepared to deal with.
2°l What I can't tell is whether, in the event of loss
2!1 of off-site power, you might be in a position where your
" 22} steam generator level was low and where, when you hoped to go
2 into natural circulation, for example, you met one of the
s pll e 3: conditions proposed by Mr, Etherington, a no=go condition,
as |

' in other words, too low a level in the steam generators.
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o3 ‘E MR, MATTSON: I'm not sure I can answer a gquestion
2? of whether we have confirmed that that's the case f.- the loss
3& of off-site power analysis. But certainly that would be an
o important consideration in the loss of off-site power analysis
’ transient. Where you lost the reactor coolant pumps, you would |
63 be on natural circulation in the primary system, you would have |
7i a small transient in the secondary system where you went from
ai normal feedwater to aux. feedwater and the movement of the
9% sink or the thermal center, as we've been talking about it,
‘oi would be an important consideration in that analysis.
l‘l But these plai.“s are analyzed for that event, and
‘2{ shown to be capable of sustaining that event without fuel . :
13: damage. .
14 |
! The question I think you're phrasing is that event
]si as normally treated in the safety review is not compounded with
16',samc of the failures that were observed early in the transient
'7§ at Three Mile Island and so how would some of those factors,
1&{ compounded with this normal transient,affect the course of that
‘9; transient.
20: DR. OKRENT: I guess I can't tell whether the short-
2‘T term program described by Tedesco earlier might benefit from a
- 22'E little bit of broadening in what he's thinking about.
i
23§ MR. MATTSON: Your gquestion is, is this kind of effect
@"“'”""ti:i to be included in Tedesce's program? The answer is, it is.
25 ||

! DR. CARBON: Dr. CAtton?
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agb4 ‘ DR. CATTON: 1I'd like to make a couple of more

|

| comments along the same line as EHarold.
|

I I don't think you could ever reliably establish

‘i natural circulation with saturated fluid, I think the head is
. just too high from the top of the steam generator down into '
¢ the core. Also, if you once bare the core and start to generateg
4 hydrogen gas, I don't think your condensor is going to work.
a% Even if you have the surface available in the tubes of the
9; steam generator, I don't think you're going to get much
]OE condensation. There will be blanketing by the hydrogen gas.
“‘ DR. SHEWMON: But the operator presumably could
|
‘2% have been akle, or hoped he was able to go to natural circula:io#
‘35 when he turned the pumps off, which was befére there was any |
14; hydrogen generated.
!5; DR. CATTON: But the fluid was saturated by that
lég,time. He was boiling at that time. I think if the operator
‘75 knew that you can't get natural circulation with saturated
18:g‘.‘.‘lu.’l.r:l, he might have done scmething else.
’9% DR. SHEWMON: Saturating to you implies certain
" iareas which are super-super-saturated and thus it's boiling,
' is tnat rigne
! 2| DR. CATTON: Right.
2 |

DR. CARBON: Let's go on then, Carl.
24
IYG
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%A agbl ’! MR. MICHAELSON: What I wanted to do this morning wasf
2/ to go over the data that is now made available to us for the
3T event at Three Mile Island and discuss just a few of the curves
4.440 ‘i with you. The handout has 19 curves. I'm not going to discuss
|
5% all of them because of the limitations on time, but certainly '
61 if you have a particular problem, I'll pull that particular
7; curve.
s I'd like to keep this kind of informal now, so just
9i interrupt as we go.
i (slide.)
" I'm afr..d some of this will be repetitious from :
121 what you might have discussed on other occasions, but I would i
’3§ like to go through with you, just to be sure we're all together.
4| The first slide shows the -- '
’5§ PROFESSOR KERR: Excuse me. Would you comment on the
‘6§ difference, if any, between these curves and the ones we saw
'7E earlier, aside from distinctness of them?
'ag MF. MICHAELSON: These are essentially the same
19| curves, the earlier ones were receivedi by Thermofax or electronic
20| transmission, so some of the scales got stretched out, I
Ntinoticed. You can't overlay them tco well.
: zzj These are pretty goocd curves, and they have a few
23Ecorrections already made on them. Keep in mind, of course, they
’"ununn"li:.jare still preliminary curves and may have other correcticns
25

'required. But this is the best we've got, and I think it is
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appropriate that we work with these until we get something
better.

PROFESSOR KFRR: Thank you.

MR. MICHAELSON: They have been redrawn and data
points have been plotted and you can tell now the difference
between strip. chart data and computer data so they are much
more useful than that first set which were guite difficult to
read.

I didn't have time to cover these up so it's still
a little hard to follow these, but basically here's the pressure
transient. that was cbserved. As the feedwater system was lost
and the turbine tripped, the pressure proceeded to rise on the
primary side until the relief valve opened, which was in the
vicinity of about 2250,

The reacior scrammed at about 10 seconds more or less,
and the pressure proceeded then to goc at a very rapid drop,
which is to be expected. However, the drop is somewhat more than

is expected in that it appeared to go down continuously, and I

| will show you later on the curves that have just kept on going

down, which was a littl2 unexpected and perhaps indicative of
an in-progress loss of coolant accident,

While cobserving the level, you can see again the

| level did a rapid turnaround. In fact, it turned around in

| less than a minute which, for scme people, was surprising in

view of the fact that the high pressure injection »umps were not

(' 1:15
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scheduled to come on until 1600 pounds was reached, which was
in the neighborhood of 2.5 minutes into the event. And you can
see from the curve here that there didn't seem to be any change
in shape when the pumps came on, which might be a little
surprising.

There is a fair indication -- and this is strictly
hearsay, I guess you would say =-- there is a fair indication
that the first‘pump, of course, was running, the B pump was
running at time zero because it was used for normal charging.

The operator has instructions, apparently, at Three

| Mile Island to manually start the A injection pump upon a

reactor trip in order to assure that you don't lose track of
where the level is in this transient, it helps to turn it around
much quicker. However, it isn't a safety requirement, since
that is only required at 2.5 minu%es.

There's a possibility that he might have even turned
on the C pump, but we have no way to establish that at this
time.

But at any rate, there's nothing on this curve to

| indicate pumps came on. There is an indication when the first

|pump was tripped. You've got a nice little discontinuity.

l

i This might have been the B pump, I decn't know. If it
|

|

|

was, it was probably well throttled back because the B pump

|
'was operating a level contrcl off the pressurizer and wouldn't

‘have been delivering much flow at that point anyhow.

¥ - ¢
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~gb4 “ Interrupt me now if you have any questions. 1I'll
2! just go on, because there's gquite a bit to cover.
3; | (Slide.)
‘i This is a plot of the temperature during the first
s! eight minutes. The temperature peaked at about 611 degrees on
6? the A loop on the primary side. It came down very quickly as
7; the cold leg temperatures rose and we see within cne minute
BE we're establishing very small delta Ts through the core, which
93 is what's to be expected with all the reactor cooclant pump
10: flow, and only reactor heat now to deal with.
4.530 - It's also interesting to note that the temperatures
- really digg't rise a whole lot for the first four to five
- minutes. They started rising very rapidly when the first HPI
“;Ipump was tripped at about 4.5 minutes. Then they took ¢off on a
]slipretty good slope here until about 8.5 minutes, at which time
‘6h the steam generator auxiliary feedwater was flowing.-and a new
‘7? heat sink was established.
1 :
18? Up to this point, the only heat sink that would be
o apparent would be the cpen relief valve itself.
20' (Slide.)
21; This curve extends out into a little further time
. 22; to again shcw the pressure now coming down and reaching the
73? 1600 pound setpoint scmewhere in the neighborhood of 2.5 minutes.
!
"‘.-nﬂwliir And dropping on down to this point.
25 ||

Now this is the point at which the system has

) T e e



‘ 111

'
gb5 || depressurized to the saturation conditions corresponding to the

2P T exit. of the core. At that point, the system proceeded to
3; reheat because, as you recall from the previous drawing, this
‘E is where the HPI pump was also tripped,and so the system :
si started to reheat and you're just seeing a saturaticn line here |
6; which I will show you in a minute.
g As soon as the steam generators became efiective as
a; heat sinks, it turned the temperature right arcund and =--
9i pardon me, it turned the pressure right around and it came
10; down again. The temperature was doing the same thing.
11% DR. CATTON: Was this following a saturation curve

| .
12% during the last portion?
‘3i MR. MICHAELSON: I'll show you the curve in a moment.]
“; It'll be easier to talk about it then.
15 |

: (Slide.)
16 | »

I This is just a brief rundown of what happened to
17% temperature during the first 32 minutes. Again we see this
1af period of time when the temperature was rising rather rapidly
19.!until the steam ge: srator became effective and it turned it
2ojlaround very nicely and you can see th:: hot leg temperature cn
21% the A and the B loop.
zzi Now the reason for differences here are probably
232 related to the steaming rates out ¢f the twc steam generators,

uulqnnuti:} they were orobably not steaming at the same rate for both

25

generators therefore one was running with a little larger
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delta-T on it than the other.

DR. SHEWMON: 1Is there any evidence of when pressure
-- steam generator B opened up? There has been repeated talk
about leaks in that steam generator. |

MR. MICHAELSON: I did not follow the '~ak situation,:
but I think I have some curves that might give some idea. ;

DR. SHEWMON: Thank you.

(slide.)

MR. MICHAELSON: This is the saturation curve you
were asking about. Here's the plot of saturation, pressure,
and here is the plot of the real system pressura. Of course,
it tracked very nicely until the steam generator became a heat
sink. At that point, there was a slight overpressure again
available on the system for up to about 15 to 16 minutes.

I would surmise that this overpressure was prowably
available because there was guite a bit of heat remaining
in the pressurizer yet because of hot walis and, of course,
porh#ps, the heaters were on. I do not know vet when the heaters
were lost to the event, but there was an overpressure, a very
slight one, during this period of time.

As you can see, it started losing at about 17
minutes.

DR. SHEWMON: Carl, is there any way that the operator
has of knowing where he is relative to saturation in scmaching

like this, any practical way?

&7 219
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MR. MICRAELSON: The operator knows his pressure,

which is this curve, he knows his system T exit temperature,

| which is measured up on the hot. leg partway up, near the flow

| elements, so he knows what tle saturation pressure is according i

to what temperature he reads and there's a set of these kind
of curves for each possible condition he could be in, I guess.

DR. SHEWMON: Well I guess my guestion is how does
he know it? He could go back and lock at a chart on the wall
and figure it out if he has time and inclination, is that it?

MR. MICHAELSCN: Thet would be it. If the chart
was readily available and it had been plotted up in a useful
form, he can pull the steam tables out and derive one. It's
not a difficult operation.

DR. SHEWMON: For an operator.

MR. MICHAELSON: Yes,

DR. SHEWMON: With three things going on.

MR. MICHAELSON: I don't think he would do this,

| very likely, but he could.

Now we should keep in mind that this is not a real

| fast transient, although it isn't exactly slow in terms of all

the kinds of things the operator is required to do.

DR. OKRENT: This is the scrt of thing you could
easily teach a computer to do, I would think.

MR. MICHAELSON: You could easily read into a

computer the conditions and it will keep plotting the saturation

-
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curves for you on a cathode ray tube or something, it would be
real handy.

(Slide.)

This is the auxiliary feedwater discharge pressure.
This is primarily simple evidence to show when the auxiliary
feedwater was likely to have started. The auxiliary feedwater
started up automatically, both the electrical and the steam-
driven.

Now there is a bit of conjecture yet as to whether
the electric-driven are automatic. But I have it on reasonably
good authority that they are automatic, but I'm not positive.
The steam-driven is automatic.

But at any rate, within 30 seconds or so they were

: all up and running. And then they just sat along here at a

| certain discharge pressure which is set by the pump characteris-

tic and the amount of minimum f£low that might have been falling

| back to same tank, enough flow to keep the pumps from boiling.

And they will set at a constant pressure until you

| Start to open up the valves, at which time the pressure will

drop commensurate with the increase in flow.

So you can say here, I guess, at eight minutes he

started to do something to increase flow on both the steam-

'and electric-driven, and at about 10 minutes he did some more.

This is nct real clear to me as to whether that

' was an operator acticn or some kind of an automatic action, but

o~ -y
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clearly scmething more was done to increase flow at arovnd

10 minutes. And then it was backed off again at around 1ll

| minutes, and I assume from then on they just got the flow he

thought he needed to put his steam generator wherever he wished
to keep it.

DR. OKRENT: Do you know if the valves that were
opened were cpened from the control room or from another
point?

MR. MICHAELSON: I did no* talk with the operator
who was in the control woom at that point, so anything I could

say would be purely hearsay.

So would you rephrase the guestion and I'll give you

the hearsay.
DR. OKRENT: At eight minutes the valves that were

closed and preventing auxiliary feedwater flow were opened.

! From where were they opened? Was it a manual or a remote

procedure?
MR. MICHAELSON: 1It's my understanding only £rom

hearsay that they were opened from the control rocm by simply

| Pushing a button and puvting it rL=ck in operation. But that's

not an established fact yut.
DR. OKRENT: 1Is there anyone here who can give me a

different impression of that? 1In other words, were those

| valves opened from the control room at eight minutes?

MR. MATTSON: I'm cperating on the same hearsay that

&7 12
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Carl is, that's my understanding.

DR. OKRENT: Does B&W know anything differeat?

MR. MC MILLAN: I don't know anything factual that
would be different from that.

DR. OKRENT: Thank you.

(Slide.)

MR. MICHAELSCON: This is the curve that's showing
what's happening in the once-through steam generator during
the first 32 minutes.

And it's kind of interesting also because you can
see that, of course, as is characterized by once-through steam

generator -- and I'm sure B&W can give us more information

| on this =-- when you essentially isolate the gene.ator, which

you do when you trip the turbine, the level of f£luid in the
system which is really originally running at kind of a froth,
it will collapse and settle down very quickly to some relatively
small level.

Here apparently it was something of the order of
10 to 15 inches in the steam generator which seemed very low,
but it may have to do with where inches are measured from.

And I'm trying to get the data now on what the instrument was

| really reading. 2Zero on that instrument dces not necessarily

' perhaps mean the steam _enerator is empty. I don't know yet.

But at any rate, it settles down to a very low level.

And according to this plot, the actual level was not changed

¢7 423
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bll | for 20 minutes.
22 Now this is only the level at the bottom, it has
3; nothing to do with the spraying of the tubes. This is only a
’ reflection of the accumulation of water at the bottom.
’ And it remained relatively fixed for 20 minutes,
6; at which time it started coming up and you can see from other
: curves that the operator was starting to raise this minimum
’ level.
9|
i However, the real action that occurred was somewhere =--
IOE after a couple of minutes, the steam generator could no longer
‘.i hold pressure. The reason most likely is it was running out of T
12} water and the autcmatic circuitry which attempts to control
l3§ pressure could no longgr hold it up, sc the pressure came on
“g down without control.
15& And it proceeded to come down to arocund 800 pounds
lég or.less. And I'm sure when the operator noticed this condition
17E developing, he recognized the need for getting water back in
]BE the generator, which he did at the eight-minute point. And
!91 this is another very nice check on the cther charts to show
201 that yes, indeed, at about eight minutes certainly something
2]@ rather dramatic happened,
o 226 DR. SHEWMON: This is secondary pressure?
23; MR. MICHAELSON: This is the secondary side of the
24 |

Jeral Regormers, Inc. | ONCe=-through steam generator, the steam side.
25
DR. SHEWMCN: Okay. Why is it when he turned the

L - P
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agbl2 1, pumps on -- and the bottom line here is indicating the level
2! on the primary or the secondary side.
3; MR. MICHAELSON: This is the secondary side water
! level on the bottom.
5§ DR. SHEWMON: Now Harold earlier was talking about
6ilwhore you wanted your level to get, I guess it is technically
73 called the thermal center, up in a nice high place. 1Is this
a’ bottcm line here a reasonable indication of what is called the
9; thermal center?
10% MR. MICHAELSON: I would not .think so. I'll show
“1 you a picture here, maybe it will help clear up your question.
‘2: (Slide.)
13 | .
s Th?s is a once~-through steam generator, and the level
“i we're talking about is this water at the bottom, as opposed to
lsi the water which is spraying in near the top of the steam
lééggenerator.
17 ||
q I would expect -- and I'm not qualified to discuss
18 |)

flthgse generators in detail, but I would expect the thermal
19 1|
| center is being controlled by the spray of the auxiliary feed-

20 ||

|water on the tube bank being up in here at some point. It
21

1§wouldn't convect too well if this were the nnly cocl section,
22 |

(it wouldn't even work. 1It's not toc likely, at least, to work,
23 i
' but thats what we're talking about -- is the situation we're

24 |
.eral Recorrers, Inc. &I
25 |
This water level is probably immaterial, I believe.
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!
bl3 "1 1 think it's the spraying of the tubes that is really the ?
zi effective part, although this could alsc be an effective cooler »
32 so0 long as you have reactor coclant pumps running, which we
‘! did in this case. i
S DR. OKRENT: Could the delay of the increase in waterf
6; level be due to evaporation of all of the water being sprayed :
7\ in because of an initially warm primary system? |
8; MR. MICHAELSON: I'm not sure I track your question.
9§ DF OKRENT: 1In other words, what you see there is
‘0; at eight minutes water started coming in but none was reaching
11! the bottom. And I'm asking, could it all evaporate before
‘2§ reaching the bottom or what?
‘3; MR. MICHAELSON: I believe that would be a likely
1‘5 conblusion, yes. I'm assuming that this steady level here
15: might be indicative of the fact that whatever was being sprayed
‘65 early in the game, for instance, was -- well, pardon me, early
’7E in the game is over here (indicating).
!83 This early in the game, the beginning first two or
]9ﬁ three minutes could only have been controlled by water re-
207 maining in the bottom of the steam generator, because there was
21% no auxiliary feedwater flow for that period of time.
- 22 DR. OKRENT: Let me put it this way. If you had had
22 full flow from the auxiliary feedwater system at eight minutes,
24 |

would you expect to star+ accumulating water at the bottom at
aersl Reporrers, Inc,

25

eight minutes?
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MR. MICHAELSON: Yes, I would have expected it unless
it were being heavily evaporated tc the extent of, perhaps, all |
of it being evapcrated. Yes, I would expect the water level to
start to rise because now you're spraying. ;

This was the condition at the beginning, there was nof
spray here. There is some water here that could have been
effective as cocling, perhaps, but you will also note in the
drawing it didn't seem to change in elevation.

So I said Well, gee, I guess we didn't beoil this
dry either. Maybe it didn't even communicate somehow with the
heat source, because this should have, I would have thought
would have dried out because you are in forced circulation.

But that sort of thing is amongmany loose ends which |
need to be tidied up.

(Slide.)

DR. SHEWMON: The steam that is -- the turbines
shut off and tripped, this goes directly into the condensor
and that's our heat sink ultimately?

MR. MICHAELSON: The steam that might have been
generated here goes to the =--

DR. SHEWMON: No, on the right.

MR. MICHAELSON: This steam is going through the

' bypass valves to the condensor, yes. The bypass valves cpen

up the control pressure and he appears to be on pressure control

' here which is about the right range where he might want to

t?}l” f ::'1’
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operate.

You remember the B generator was doing some earlier
strange things and he controlled it lower down. I cannot at
this time explain why these two were always consistently
different. It had to do perhaps with operating mocde but it
may have had to do with a whole lot of other things.

(Slide.)

This is the information relative to when the reactor
coolant pumps were tripped. This shows the, presumably the
mass flow in the reactor coolant loops, both the A loop and the
B loop.

The B loop was secured at about 75 seconds =-- I'm
sorry, 75 minutes. It was secured because there was apparent
problems with it.

Again, this is only subjective but the indications

I have were that the ammeters started to oscillate, and they

| were receiving alarms on vibration. The ammeter oscillation is

a real good indicator if the pump has decided to go into surge.
And the vibration, of course, is a good confirmation of it as
well.

As I understand it -- again from hearsay -- it was

, that the B loop got in trouble first in terms of vibration and

surge, possible surge. The A loop then proceeded to operate

until about 100 minutes, after which it started doing the same

! thing that the B loop had done earlier, and so the operator cut

W 458
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it off at 100 minutes.
MR. MATTSON: Carl, could I interrupt just a second?
Does the behavior you were noting in the B steam
generator on the previous slide coincide with the time of the
trip of the B locp pump, or are those totally different in time?j
MR. AJCHAELSON: Well, we'll have to find out.
(Slide.)
There's a lot of good informaticn in these things,
if we'd just have time enough to sit and think about it.
MR. MATTSON: I can't read it from here, but it
looks like it's earlier in time.
MR. MICHAELSON: I'm not s're now your guestion,
at what point in time are you concerned with?
MR. MATTSON: Well you were pointing out that the

B steam generator is apparently doing something different than

| the A steam generator and it's unclear whether that was operator

control or some ncrmal behavior of the system. But that locks

like, if I can read it, like about 20 minutes. Is that the

| scale now?

MR. MICHAELSON: Well out here, this is 20 minutes

out here.

MR. MATTSON: But you said that continued over a

fair length of time.

MR. MICHAZELSON: That's right. And I didn't attach

' toc much impertance to it because -- when looking at a bunch

€7 279
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¢f curves that are in the handout, but I just didn't want to

| talk about -- he apparently just decided to keep different

levels in the generator and so forth, so perhaps there's a lot of

illogical explanations, maybe not. I think it's a good area

to look at for whatever information you can glean from it.
MR, MATTSON: Well lower level in that steam generator

would coincide with quicker reaching of conditions in the |

B loop, saturation or what have you that caused the pump to

cavitate or oscillate and hence led to the securing of the

B loop before the A loop.

MR. MICHAELSON: Yes, but the B loop was running at

|

i

! a lower temperature than the A loop, which you will recall
| i
|

| was -~

MR. MATTSON: That's contradictory.

MR. MICHAELSON: Yes.

| (Slide.)

There may be other real good explanations but this
situation was here you ran along on the B loop, it's somewhat

lcooler.

DR. SHEWMON: Let me stay with that. The last one

jdoesn't have to go back on, but as I look at these various

|
|
|

curves the thing is that the reactor continued to be bled --
' of the primary system continued to bleed. And ultimately, we
then ended up with inability to pump water or things which

'made the pumps cavitate =-- or at least they couldn't pump

&7 4230
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enough water, I guess that's what the last figure showes.,
isn't that right?

MR. MICHAELSON: What I was going to do was, I'm
going through what I consider the facts first, and then I was
going to spend just a little bit of time om possible guesses
as to what is happening and how they might relate to the facts,
just so I don't -- you know, I don't want tc make that part
sound factual because it's not, it's just an idea.

DR. LAWROSKI: Do you know if before the accident
there was this difference in the behavior of the two steam
generators?

MR. MICHAELSON: I don't know, I just haven't bad
time to sit down and look at it carefully. I don't know.

I just don't know how much importance to put on it. It may be
very important, but right now I'm not -- my guess is that it's
not the thing we're looking for, but it may turn out later that
one would want to look carefully. I'm sure that all of this
will get worked over very hard. These are just first locks at
it without a whole lot of time yet to do it in detail.

(Slide.)

This is a curve of what happened to the reactor
coolant system pressure versus time. You can see the initial
depressurization curve coming on down and it drcpped to a
relatively low level at about 2.3 hours into the event, and

you'll recall that that was a little while after the reactcr

-"1‘“:.. : 1
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coolant pumps had been tripped, which was right along in here.
And the pressure just kept on coming down.

At this point, as I understand it from the chronology'
|

|

might expect then a very rapid, a relatively rapid repressuriza-:

of events, the relief valve was closed. And of course, as one

tion occurred. This isn't really all that fast when you loock
at the time scale. It was fairly slow as this part of the event
goes.

But it went back to full pressure. And after this
there is a large number of operations that were performed
for which I have little or no information yet and I would be
purely guessing as to what all this is about until we get some
information on when pumps are turned on and off, when relief
valves were copened or closed or when the steam generator
situations were changed or whatever.

But clearly it went through gquite a number cf opera-
tions all the way cut to somewhere around 15 hours more or less,
at which time, as I understand it, they finally went to the
full flocding and turned the transient around.

I am soliciting informaticn out here to 20 hours

| because I could not conclude that the event terminated yet on

this chart from looking at the numbers.
MR. MATTSON: Carl, a question, have you tried to

correlate the indicators from the self-powered neutron detectors

-
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agb20 ‘1 that that corresponds to when the valve was isclated.

Zi My chronology says that's about 2.3 hours. The
3i self-powered neutron detector strip chart shows that they
‘% indicate erratic behavior beginning at about 2.5 hours. i
5; MR. MICHAELSON: I thought it was earlier than that. :
6; MR. MATTSON: My technical people tell me that what

|
7% they're probably seeing is voiding in the core, gamma indication|
BE rather than neutron indication.
9; And that's a little difficult to understand with that'
W pressure ramp going on at the same time, unless we haven't
“: fully understood the timing yet which might put it out with the
IZE pressure decrease after that initial peak.
‘3; You haven't locked at that and compared it with
“g this chart? !
]55 MR. MICHAELSON: The data, as I understand, is
]6;‘available. I haven't seen it yet. Maybe Mr. Catton would want
‘72 to comment on it because he was locking at some of this and was
1af telling me a little about it last night.
19} DR. CATTON: Are you referring to Kaufman's exercise?
20} MR. MATTSON: I was thinking of the strip chart
2‘; recorders from the self-powered neutron dectectors.

|
22} DR. CATTON: I think he looked at those and he
3 felt between 126 minutes and 176 minutes, the core was essentially
25 |

MR. MATTSON: But the self-powered neutron detectors
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give the, I think, probably the best indication of when it
voided and you ought to be able to key the time of those in-
dictions to the time of these pressure indications.

DR. CATTON: I think that's what he was doing,
between 126 minutes and 176 minutes, he felt the core was dry
and that that's when all the damage occurred.

PROFESSOR KERR: You're interpreting that increase
in pressure as to mean that the core was not seeing voids. It
seems to me that depends a lot on how much water was in the
total primary system. One could have had an increase in pressure
like this just because of heatup, without very much change in
voiding, I think. :

MR. MATTSON: That's why I bring it up. The increase
in voiding could be read to say that you're collapsing voids
when, in fact, really what was going on was increasing voids
causing the increase in pressure,

DR. CATTON: I think you're right.

MR. MICHAELSON: I was going to do that part of the

| subjective material at the end, and maybe we can comment on it

some more at that time.

DR. SHEWMON: Before you leave that, will you read

| the £ine print down there "around two hours" to me again or

tell me what happened? The pumps came back on ==
MR. MICHAELSON: That's what was £illing the steam

generator to try to start natural circulation. I don't ==

¢7 424
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1
322 that's on the graph.

25 DR. SHEWMON: The primary pumps came or again, then,
3: after two hours, is that correct? |
¢ MR. MICHAELSON: No, they never came on again. It ;
. was somewhere around 16 hours. |
’ DR. SHEWMON: What is the other == ’
- MR. MICHAELSON: This was closure of the block
Bi valves. |
] |

! DR. SHEWMON: Okay.

»
s MR. MICHAELSON: Which would then bottl tle system
- back up and permit it to repressurize. During the repressuriza-‘
” tion process now you might ask, of course, what's happening to i
13' levels and what's happening to void formation and you'll see
]‘E some other interesting things in a couple of charts here which
‘sé give you more food for thought.
el (Slide.)
17 |

: This is the history of what the operator was seeing
]83 on his level indicator as a function of time throughout the
19} event. And, again, it's pretty interesting.
20; The period of particular concern, which seems to be
211 now related to other data that we're giving, is the periocd
22.§£r°m two to three hours, where it is possible that that's where
22t most of the damage was dcne but we really don't know yet for

Jﬂﬂlﬂlﬂ"li:‘ sure. But there are some pretty goed indications that interesting

25 |

“things are happening dzf%ng‘:hﬁf period of time.
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Now on his level indicator he was holding what is
ordinarily a very comfortable level, since the normal operating
level is somewhere down in the 220 range. Sc he had plenty of
water in the pressurizer if he wisnhed to believe it.

He did know though he was having a decreasing.
pressure. He was also seeing a decreasing level with time but
not a disturbing one, this is a very slow disappearance of
water from the pressurizer, and since there is so much level
I guess he wouldn't get real excited over it.

Now, when we get to the last part of the discussion,
I'll point out what I think might be happening in here. But
for now, I think we can say that as far as his apparent level
indication, it went back to off-scale or very near off-scale.
Off-scale, as I understand it, being about 400 inches.

You can see he is allowing it to wiggle back on scale

! occasionally, I suspect just to derive comfort that it's
17 |

working and things were loocking all right.
Again, I don't have any good history really beyond

this 2.3 hour point where things =-- in terms cf operator actions

| and equipment operations. I just don't know when they turned

things on and off, so there's an awful lot of guessing until
you get better data as to what caused the shapes that you see.

DR. SHEWMON: 1Is there a .og for this or are there

' continuing strip charts?

MR. MICHAELSON: There are logs for this. There is
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agb24 ‘! some amount of camputer data printout. There are some strip
Zi charts. A lot of what you see, of course, are off strip
3% charts, but some of it is off the data logger.
4l I think the information will become available as to i
SE the certain values on these parameters, although some of them '
62 are only printed by the computer when the computer is asked to
7% follow them and, of course, nobody ran downstairs to ask it
a% necessarily to follow all of these. So we'll have to do with
9; what we have got, but it is still pretty good information.
lof There's quite a bit to work with.
“! The real key though is when did he turn things on and
12; off and some of that is logged, some of it is not. |
122 13% (Slide.)
2B 14 | |
i As you can see, then, the last pump was tripped about
" 1-2/3 hours into the event. And before that, the temperature
!6iirise through the core and so forth was very nominal. The
,7i situation appeared to be well stabilized.
]8§ Then he had to trip his last reactor cocolant pump.
]9, The first pump trip occurred a little over an hour into the
20‘ event and it didn't seem to create a big problem, just a few
21! little wiggles.
— 22% The last trip, though, seemed to precipitate scme-
23% thing very strange. He proceeded to begin tc see very high
,,,.“”""li:. temperatures measured up near the flow meter in the vertical
25 i

het leg, which is where these loop temperatures are instrumented,

67407
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as I understand it.

And these very high temperatures, when you lock at
the pressure existing in the system at the time, are indicative
of superheating cf the steam and not the saturation temperature.

So he was clearly into some kind of a heatup
situation which is not altogether understandable in view of the
fact that therewas water in the pressurizer throughout this
entire event.

These proceeded to go off-scale and stay off-scale
for several hours, until they finally started -- one of them
started coming on-scale off out here and during the latter
part of the event.

Again now what the model is for this, I guess we'll
just have to think about and guess at. There are some good
possibilities, but I am sure there are many good possibilities
and I will discuss at least one in a moment.

You should notice here also that the cold leg
temperatures proceeded to drop to very low values. Now this

cold leg temperature is right underneath the bottom of the

| reacteor coclant pump, and these low temperatures then are

indicative of the fact that the fluid is no longer circulating

through the system because you are seeing encrmous celta-Ts

241 between hot leg temperatures andcceld leg temperatures and

Jeral Reporrers, inc.

you don't need anything like that to remove the.heat in the

| steam generator.

-
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agb2é ‘! So the situation is indicative of some kind of a
2? loss of circulation situation.
3 MR. STRATTON: Were these temperatures immediately

|
‘; available to the operator?
5| MR. MICHAELSON: I really can't say. I weould think
6! that they were available, but I can't -- maybe somebody knows
7; whether these were reading out in the control room at least.
ai MR. MATTSON: Certainly all of these are on the
9: computer and some of these are on the control panel. T-hot and
1°i T-cold are on the control panel, pressure is on the control
“f panel, level is on the control panel. I suspect most of what
‘21 you have up there is on the control panel. Certainly it's all
‘3i on the computer.
]‘E MR. MICHAELSON: I think they have on the computer
]5} a few more points than they have on the panel, but I had
]6;‘assumed that they read these out in the control room but I
‘7? never really asked.
]GT So that's it.
19 | Now there are several more in the handouts, but I
2°i won't go into them unless somebody is really interested.
3 ‘| MR. ETHERINGTON: Would you show Figure 17, Carl?
i o : MR. MICHAELSON: Okay.

3| (Slide.)
24%

MR. ETHERINGTON: That figure shows the extremely
cerat Reporters, Inc. |

2
-

low level in the steam generator at the time of the coclant pump

7239
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agb27 ' | trips.
2% MR. MICHAELSON: Yes, right.
3 MR. ETHERINGTON: On the extrems left. And then you
‘i can see as soon as the trip occurred, they started to £ill.
5 MR. MICHAELSON: I asked the operator about .is, :
6; and he said there's nothing unusual about operating at those
7| low levels as long as everything seems to be all right.
8 But at this point he was starting all the desporation:
9: moves, I would imagine, and one df them was to Let's get more
0, water in the steam generator and see if that helps some. And
! then later on he appeared to do the same thing with the B
12 generator, except he set it up to control at a lower level.
13 These are percent of range, I believe.
"; MR. ETHERINGTON: Right.
‘Sg MR. MICHAELSON: And I believe, as I recall, 50
16 | percent range was -- I've forgotten now =-- 200 or 300 inches
17 | in the steam generator, a very high level.
18 | MR. MATTSON: Cari, I can't read your graph again.
‘9  Is the B steam generator the cne whose level comes up second
20 or the one whose level comes up first?
217 MR. MICHAELSON: It gces up second. He waited 'till
22§ 2.5 hours to bring the level up. The A generator, which was
23? where he had his operating reactor coolant pump just shortly
24 |

before, was brought up apparently abcut the same time the
sersl Reporrers. Inc.

‘5? reactor coclant pump tripped.

SRl |
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agb2s ‘f MR. ETHERINGTON: It remains a gquestion of whether
2; he brought it up or whether it just climbed when he lost the
3; recirculation.
‘; MR. MICHAELSON: These are on level controcl, though.
5| I don't believe he has to change to setpoints to bring the
°g level on up. He can set these where he wishes to control
7! level in terms of percent of operating range. I assumed he
’E turned his level controller up to set a new range here,
9: 50 percent. And then he fiddled with it a little bit and finallf
19 over here he decided to go full range.
”! MR. ETHERINGTON: That was long after the trip.
2 MR. MICHAELSON: That's right, yes.
: 13! Initially on trip, about coincident with the trip,
i‘? he decided or perhaps it's automztic, I don't know. The fact is
153 it's possible that it's automatic, I'm not sure because I think
16i‘it has to do with scme characteristics of this generator that
7; makes it desirable to start filling it if you lose the pump
18; on that loop.
lqﬁ At any rate, the level popped on up.
20; Are there any others you would like to see?
21% MR. STRATTON: BHow does he control the level, Carl,
2 22? is it by means of -- does he change the pumping action?
23& MR. MICHAELSON: The level of the steam generator?
P :‘: MR. STRATTON: Yes.
25

' M’ MICHAELSON. It was my impression in talking with

| v 221
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<he operator that it's sort of like a dial indicator, you dial
the level ycu wish, the percent of control. But that's only
an impression I got.

PROFESSOR KERR: It's probably valve contr..led,
isn't it?

MR. MICHAELSON: I think there's some automatic
control of this as well relating to scme number of pumps that

might still be operating. I think he told me and I just den't

| recall, but I believe he was saying that if you tripped certain

combinations of pumps then he would want to bring this level
up to certain values and that may be what we see.

DR. OKRENT: But is it your impression that before
an hour and t+o-thirds or whatever it is, the point at which

the level started rising for a steam generator, that the flow

| into the secondary was the maximum possible or that it was

throttled?
MR. MICHAELSON: I'm assuming that the auxiliary
feedwater control was throttling to whatever you needed.

Now keep in mind, loocking at all the temperature

| charts, there's no reascn to believe that there's any problem
21 |

with heat removal. You remember the previcus cne I showed you,
the temperature, there was only a few degrees through the core
between the hot and the cold legs and there was no -- I, at

least, could £find no reason to believe there was any trouble

'at one hour, you know, from locking at numbers on charts.

€242
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MR, ETHERINGTON: Carl, the pool of water at the
bottom of the steam generator does seem to be‘sufficient for
removing small quantities of heat. At 10 percent power, the
SAR gives the level as three feet, and that is the normal
supply, so apparently they're getting enough heat transfer at
10 percent of power with seven feet of water at the bottom of
the steam generator. And 'in this case we're talking about

1-1/2 percent of power, lb it shouldn't take much.

MR, MICHAELSON: That pool of water down there should

be an effective means of heat removal so lcng as the reactor
coclant pumps are operating. Once they stopped operating,

of course, then it was lost. However, the spray power at the
top was still working, but now we have to go into the sub-
jective part about what all this might mean.

DR. CATTON: Shouldn't they have been a little bit
suspicious when the saturation pressure was gr .ater than the
actual pressure, and that occured at 17 minutes? In fact,
from 17 minutes out to about three hours.

MR. MICHAELSON: The saturation pressure based on

| what temperature now?

DR. CATTON: Your curve.

MR. MICHAELSON: Which curve are you lcoking at?
DR. CATTON: Number 12.

DR. OKRENT: In the primary.

DR. CATTON: Yes. Tha

-

;g};§3me you've had boiling
§ -~
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from about 17 minutes on.

(Slide.)

MR. MICHAELSON: Is this the figure ycu'r2 loocking
at?

DR. CATTON: Your PFPigure 12.

MR. MICHAELSON: It is eradicated on here, I can't

E read it.

DR. CATTON: You must have a different cne.

MR. MICHAELSON: That figure didn't have a number
on it.

PROFESSOR KERR: The superposition of the actual

pressure of the =-

MR. MICHAELSON: Oh, you want the saturation curve,
all rigat.

(Slicde.)

And now your guestion?

DR. CATTON: It seems to me that at 17 minutes you
sﬁould have known you haé a problem.

MR. MICHAELSON: Yes, I would agree. But he wasn't

23

aersl F.eporrers, Inc. |

25

tracking any -- he wasn't tracking something that was printing

this out for him necessarily. The information was available

|ag it is now. He knew his temperature and he knew his pressure
|

| and he maybe had a steam table.
|

24

DR. CATTON: You made the ccmment there was nothing

'you could see that would lead you to believe there was a problem.

€724
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I can see this and it leads me to believe there's a problem 2t
17 minutes.

DR. SHEWMON: But he couldn't see that.

DR. CATTCON: The operator couldn't, no.

MR. MICHAELSON: If he locked at what he normally
would monitor, namely, the level of the pressurizer and cold

leg temperatures and hot leg temperatures, he didn't seem to

| be all that bad. -- and pressure. Unless he went back to think |

| about where he was on this curve here and he was, I believe,

riding a saturation situation probably all this time.

MR. MATTSON: For what it's worth, the drain tank
ruptured at about 16 minutes, so there may have been a lot of
things on his miand at that time.

DR. CATTON: I'm sure there were.

MR. MICHAELSON: I believe you're referring to this
figure here.

(Slide.)

MR. MATTSON: Right.

MR. MICHAELSON: Early in the game, we believe
this is the relief valve opening to try to relieve the
pressure, but the pressure continued to build up. I'm not
guite sure whether this is a change in system pressure that

caused the dump tank pressure to drop for a while or not, but

at any rate scmething happened at about 12 minutes and the

pressure took off and very shortly thereafter ruptured the

€7 245
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agb33 'l diaphragm. This must have gotten him -- gotten his attention,
Zi although I don't, know how, in alarms or readsout or whatever, .
3; maybe none of this information is brought readily to his
‘; attention, I just don't know.
’ (slide.)
‘; At this point, I would just like to go through a
7I little discussion now of the subjective part of the business.
8 What I'm trying to do is to guess at, from the
ol

| data we see, what the possible model of this situation might
'°, be. To do that, I first looked at time zero, which was the
| condition wherein there was no auxiliary feedwater in the spray

121 on the tubes. The reactor coolant pumps were running, fluid

13 wvas circulating prugerly. There was a level in the pressurizor.‘
"i There wis considerable flashing in the pressurizer because
]5; we are assuming that the relief valve was stuck cpen.
lb! So this was the early first few minutes situation

1
17; in which there is say proper heat removal out here -- well,
‘ag excuse me, there is no proper heat removal out here except as
19i.might be a contribution of the water in the bottcm of the
20: generator, and I'm not sure whether it was really doing any
ZIEcoolinq or not.
22& But for the first several minutes safety injection
23;was available, and it was adding cold water to the otherwise

Eaan .2.:. Twamor water. And this situation was riding along for a while.

g

g (Slide.)
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The next thing that one sees, then, is the addition

of auxiliary feedwater to start an effective cooling Ebb which

! I tried to sketch up here.

The water is now pouring out of the auxiliary
feedwater sparger and presumably properly cooling the fluid

in the tube, so it is not immaterial what is happening, I think,L

to the level in the bottom. That's on the assumption, of course,

that this spray up here is more than adequate for decay heat
removal.

Now the level in the pressurizer is coming on up.
It's still flashing up here, it's still losing the water out
through the pressurizer. And I believe on this plant, the
block valve is prior to the heat relief valve, but th;re seems
to be some question about that. I think this is the ~~-rect
one, according to the SAR, at least (indicating).

So he was still rocking aleng fine here. But the
pressure wascoming down very quickly, as you recall, to

saturation. And when he reached the saturation pressure, his

| pressurizer was no longer really controlling the events in the

| systenm.

Wherever there might be a higher elevation and
associated with a higher temperature, it is possible that he

starts to get void formation in such location, perhaps. At the

there probably it was getting swept out for a while, at least.

E¢ 227
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agb3s ! The reactor vessel is a real good candidate because
,2§ it sees T-exit of the core but it is at . semewhat lower ele-
3? vation so if T-exit of the core is a degree or sc higher than
‘: the rest of the system, of course, it can form a very nice void |
5; there and support all the other columns. :
62 So this seemed to be the next situation. Again,
7| still quite adequate core cooling, and probably this situation
ai existed for maybe 20 minutes or so into the event.
’; (Slide.)
‘Oi The problem, though, that he didn't perhaps appre-
1'i ciate was he was losing mass from the system perhaps faster
‘2= than he was making it up tc the sys;em because he wasn't really
‘3i monitoring his inventory but, rather, wz:ching level, so he
“i could get in trouble if he was losing water faster than he was
'5; making up and he was watching the inventory and he held a very
'6§i£in¢ level in the pressurizer, which he could do, there was
'7?‘plcnty of pressure to support this column of water. But in the
]8; meantime, he was losing a net amount of mass from the system,
» :so the void in the reactor had to grow larger and larger.
2OT At this point, the pumps were beginning to work
N!;harder and harder, trying to somehow find sufficient suction
2 ihcad down here to force the £fluid around the system and at least
23;splash it over the top of the steam generator connection.
24

Now I think this is what happened out at 100 minutes
seral Reporters, Inc.

.
3 into the event. It was working very hard to try to £ind
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16 |
17| ;
| case. This whole leg acts as a monometer and the water from

8
| the higher points of the system want to come down here and

19

20!
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sufficient suction head.

Now, I don't know how these pumps behave in a
situation like this, I don't know how far you can draw this
elevation down before this pump would simply cease to pump.
I'm surmising here for the moment that it was able to draw
a fairly low elevation in the steam generator and still somehow
shove the water over the top.

If you assume that that is the case, you can still
draw -- you can still adequately cocl the core, because the
heat rates are getting quite low so you could even trip a pair
of pumps and be all right, because the other pair of pumps
were still working.

Now it's when you trip.the last pair of pumps that

| things begin to happen. And one of the reasons is that, at
15

that point, when the pumps are tripped, that this negative --

ithis low elevation in the steam generator isf no longer the

| settle out and £ill the lower part of the steam generator, so

that pulls a lot of water out of the system pretty quickly and

v]stores it in the steam generator.

| He did the same trick, I believe, when he tripped
the first set of pumps and stored some of the water in the
- other steam generator. And by the time he tripped these, he

' had stored even more water.

! €229
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|
agh3? “ Now it depends upon what the elevation is here.
25 There's more than enoughe capacity between the pump elevation
3t in the bottom tube sheet to store all the water in the upper
[

‘i part of the system according to a little quick and dirty '
5! calculation.
6; So now it's a question of where was really the
7‘ elevation in here? I think he pulled a fair amcunt of the
ai water out of the system, and that is the reason then he started
93 seeing things happen pretty gquickly thereafter.
10% DR. PLESSET: Carl, could I ask you a questicn
1‘% about this? You've kind of described 2 small LOCA.
1 MR. MICHAELSON: That's right. |
!3” DR. PLESSET: * And a small LOCA, I guess, is about |
'4j like 200ths of a sguare foot.
‘5§ MR. MICHAELSON: That's about right.
ol DR. PLESSET: And you mentioned that he was very
]7; possibly not realizing that he was losing coolant faster than
18? he was able to make it up.
ol MR. MICHAELSON: Faster than he wanted to make it
20 up, yes.
21 ;! DR. PLESSET: Yes.
22% Now has this kind of thing been adegquately analyzed?
23% I think you have studied this.

,.‘.«nn"l5:: MR. MICHAELSCON: Yes. That doesn't make it adegquately
25

12

analyzed by any means. But I did loock at the possibilities o

&7 280
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this happening, yes, and it does appear that you could get into

such a situati®n with very small breaks.
DR. PLESSET: But it seems to me that this should
have been more strongly emphasized to the designers of this

type of plant, or any kind of plant.

|

!
MR. MICHAELSON: Well the situation is not identified.

by the normal ECCS type analysis that was performed. The ECCS

| analysis shows for this type of plant that scmething around

0.05 square foot is the largest -- the smallest break at which
y~u1 still may uncover a small portion of the core. As you go
to smaller breaks, the core coverage is equal to or better

than that critical break size which, as I understand it, is

i about 0.05 or thereabouts.

MR, MATTSON: But wouldn't those analyses have
inventcry being made up by the high pressure coolant injection
system while you're reducing the inventory from the small
break, isn't that the reason the core stays covered?

MR. MICHAELSON: Yeah. The key question of those

| analyses, of course, is whether appropriate credit has been

given for the effects of repressurization that occur during

the period of time when you dc the analysis, keeping in mind

. that for an ECCS analysis you dc not assume the pumps are

23 i

' running, you have to start with natural circulation to begin

28 !
lersi Regorters, Inc. |

25

with and you have to go through some little gyrations trying

to communicate with the heat sink.

i 454
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agb39 And all those factors need to be in the analysis to
2% be swre that you have appropriately tracked the pressure history;
3; because the injection rate is a function of the pressure
‘| history. The higher the pressure the lower the rate.
SE MR. MATTSON: 1It's not just the pumps, either. I
6; It's the overriding of the ECCS because of a perception that
7{ the level is okay, rather than letting the ECCS do its makeup
8; function all by itself, independent of what the level says it's
9; doing.
‘°-| MR. MICHAELSON: Right. It is important, of course,
1‘% to make sure that one performs the software analysis that
]2! verifies that if you don't intercept the safety injection and
'3! if you lose off-site power and so forth, that this thing w%ll
": ride through properly.
!Sg It is important to do that analysis and presumably
165 the analysis shovwed that you do ride through properly. And you
'7i only might get in trouble if you come and intervene, fer
18! instance, and adjust the safety injection rate to a value other
]9; than used in the analysis.
" MR. MATTSON: Well cone of the early things this
21

kind of thinking says to us is that there needs to be a

Soupling between the normal transient analysis and the normal

' loss of coclant accident analysis which brings to bear the
24 | 7,
ersl Resorrers, ine. | WO kinds of thinking.

25
' Some of this thinking had gcne into the transient
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analysis, a lot of it has gone into the LOZA analysis, and the
coupling between the two seems to be the interesting thing to
study at this juncture.

MR. MICHAELSON: Yes, I think that's right,

And what makes this unusual, of course, is that it's
all geing on sc slowly that you can do it, you know, on the

back of an envelcpe, you don't need a large computer to study

what's happening, but you do need to appreciate what's happeningf

to be sure that you have proper communication to your heat
sink, keeping in mind that a hole this size cannct take out the
heat as fast as it's being generated for some period of time.

DR. PLESSET: I don't taink this was explored
sufficiently, Carl, this situation you've descri?ed as a small
break LOCA.

MR, MICHAELSON: Well, I've locked at a few of these
small break LOCA analyses that are turned out by the NSS
suppliers. I did not find this sort of thing as a part of the
analysis. Perhaps it was done by the people and discounted
on scme basis, I don't know.

PROFESSOR KERR: Carl, when you say "this sort of
thing,"” what do you include?

MR. MICHAELSON: You simply have to be sure that

' in the very slow moving events, that you know where the water

| is and where the levels are and whether or not you communicate

with the heat sink, since the heole in itself is not adeguate

&7 20
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agb4l ‘! to take out the heat for a rather prolonged period of time.

2’ PROFESSOR KERR: But if you have a pool water makeup

g flow that is more rapid than the water outlet, or at least

‘i equal to the water outlet, at least you aren't going to have

’? void formation, are you?

6; MR. MICHAELSON: Yes, you'll still have void

7% formation, if the break is large enough to drop the pressure

ai down cto.the saturaticn conditions for the system, yes.

9% PROFESSOR KERR: No, but that can't happen unless

Io; the water outflow is greater than the water inflocw, can it?

“; MR. MICHAELSON: Yes, it can happen. For instance --:

2 a hole in the pressurizer will do it. It drops the pressure

’31 very rapidly.

]‘Y The pressure dropped all the time.

‘5; PROFESSOR KERR: But that pressure drop we saw

‘6? initially was occurring before the =-- or at least apparently

]7j before the HPCI system came on.

]8}' MR. MICHAELSON: Would you repeat that? I didn't

'9fihear it.

201 PROFESSOR KERR: It's my impression from your

2“iearlier statement that that initial rapid pressure drop was

o Eoccur:;nq before the high pressure injection system came on.

= ;Frorn your ccomments that may not be altogether clear and there

,,,.-,""tii.;may have been a pump running or something but at least befcre
25 |

{ the full flow came on is where you got the big pressure drop,

€724
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1gb42 ‘! isn't it?

2% MR. MICHAELSON: Yes, and that's to be expected.
Ji It's to be expected, to some extent, and was shown in the
‘i earlier analyses today on the basis of the transient alone,
53 without necessarily a hole even.
6; If you look at the FSAR analysis for Three Mile
7% Island, you will see -~ you'll find such a curve in there for
8; loss of feedwater with one auxiliary feedwater pump.
9; PROFESSOR KERR: 1In this particular incident, isn't
‘O; the indication that one did not get into a flashing situation
“i until after the HPCI pumps were turned on?
Izi MR. MICHAELSON: The flashing started about the
‘35 time the first pump was shut.oft, yes.
“; PROFESSOR KERR: Right.
lsi DR. SHEWMON: Carl, a different way to phrase that
" questiocn, could one say there would have been nc flashing if
17 |

the operator had controlled on system pressure, or controlled

|
18!
‘ his HPCI flow on system pressure instead of by water level in
|
|
|
|
|
|

"’ the pressurizer?

o MR. MICHAELSON: ©No, I think it was just a

21; coincidence, but I'm guessing a little bit here. I believe
- 22: it was a coincidence that he happened to reach the saturation

i

23? point at the exact same time he decided to trip his pump.
,..nq‘""ti:‘ DR. SHEWMON: That was not my guestion.

25

He could have kept his pumps on and kept the pressure

t’.*’(‘ «—f f- f)
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agb43 | above 1400 psi or scmething, could he not have?

|
ZE MR. MICHAELSON: Yes, if he had kept his pumps on
3i and if the pumps were making up fluid in the system faster
‘! than it was being lost from the system, then he would proceed :
5; to refill -- he wou.d proceed to pump the system back up,
6; essentially, with the high pressure pumps.
7£ DR. SHEWMON: If you keep the pressure up, then you
8; could do what you said, Bill, but if you don't, then ==
9E MR. MATTSON: 3But that makes it the traditional
‘oi small break LOCA analysis. You've got the pumps on and they're
‘]{ larger than the break sufficient to keep the pressure up and
12{ keep the core covered, even without the pumps.
‘3! MR. MICHAELSON: I have to disagree with you. If
“f you lock at the small break analysis, you'll £find that the
]Si level drops with these kind of breaks all the way down to the
16: top of the core, at least that's true for the B&W plants.
]7; MR. MATTSON: That's all I was saying, that-it
]87 keeps the core covered.
qu MR. MICHAELSON: It keeps the core covered, but.it
20; doesn't keep overpressure on, they aren't able to keep up with
21{ the break sc there is no overpressure. They're following the

~ 22? saturation pressure on down. There's no overpressure on it.
23? But they are keeping the core covered, which is really all that's
n«uﬂqnnati: necessary.

This event is of nc serious consequence if you keep

| U
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the core covered. It's the uncovering, and that's thé last
picture.

(Slide.)

Again this is subjective, but here's a possible
situation late in the game.

Auxiliary feedwater is still working fine. After
tripping the last pumps, then there is some egqualization of
level and loss of inventory by storage in the steam generator.
Safety injection is still coming in. Condensation, to some
extent, is still perhaps occurring out here, in which there's
a small return of water.

Again, though, for a while yet he was still worrying

about contrel on inventory, as indicated by level in the steam

| generator -- pardon me, in the pressurizer.

At about this pecint in time, of course, then he

| closed the block valve and now you have to go into some other

| things which -- we did see some amount of changing in the level.

And one of the things that one has to keep in mind

here is that, although ycu could readily support a water column

| of this sort with only steam pressure over here, provided that

it has got a degree or sc higher saturation temperature, if

you do lose inventory from here, you can't make it back up

' again unless you somehow raise the level back in here at some

time during your story and get some water back in there.

You can lose it but you can't get it back without

67157
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|
agb4s 1' flooding, at least as I see it, without flodding the entrance
2| or alternatively doing a whole lot of condensing over there,
3i and that doesn't seem likely.
i
" But after that point of closing here, then one
5% needs to go back now and I think you might have a backward
6; way of telling how the water might have been going up and down
l
7H . . :
| in the core, depending on what they were trying.
8; Now, a puzzling thing to keep in mind is the tempera-
9
| ture, that off-range temperature for about 10 hours was
10
|| measured up here on the hot leg. If their reflooding efforts
11
| from time to time ever reacl.ed that temperature iandicator, I'm
1
. sure you would have seen it. We saw nothing on it for 10
1
3} hours to indicate that it was being quenched.
14 |
; So perhaps the whole game was being played in here.
15
| And on occasion, I suspect the occasion was at first two to
16 |
| three hours, it was when the uncovering occurred in the very
17
|| higher temperatures at least -- occurred in the tcp of the
18|
| core.
19 |
g DR. SHEWMON: The cold leg indication is taken
20 ||
’iwhe:e?
21
: MR. MICHAELSON: My understanding -- I'm getting
22 |
' the drawings but I haven't gotten them yet -- it's not very
23 )i

far from the bottom of the suction of the pump. 1It's supposed
24

wrei Regorrers, ine. | ©O be right along in there.

-
-
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Now we saw on occasionj}hosc temperatures rising
and I believe that occurs when you bring the water level on up
and you start backing the hot water into the pump, and I should
see these temperatures going up again for a while, and then
coming back down, and there is nothing to stir it around. And
there was gquite a bit of that sort of thing going on here, too,
on the cold leg side.

So my own initial opinion is that there was a pre-
liminary ccre uncovering which is further evidenced by some
of the monitoring work they did, perhaps of the order of ~--
something of the order of less than an hour. And after that
time there may have been occasions when the water was going up
and down, but it appeared tﬁat the water never got up very high
intc the hot leg until some time way later. And I'm trying to
get the strip charts on out to 20 hours to find out when they
did appear to quench these thermocouples.

So that would be cne possible mcdel of what happened.
There are other possibilities, but one thing to keep in mind is
we must decide whether the level indicater is really working
up there or not. If it is, then you've got to explain som~ .ow
water being up there and working its way around.

PROF. KERR: When you say preliminary damage may
have occurred in less than one hour, this implies that it may
have occurred before the first pump was turned off.

MR. MICHAELSON: If I said less than cne hour, I
PR T8 o
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didn't mean it. I think” the damage occurred somewhere after the
last pumps were shut off.

PROF. KERR: Thank you.

MR. MICHAELSON: At cone and two-thirds hours, or
later.

DR. CARBON: Dave?

DR. OKRENT: A little earlier Roger Mattson indi-
cated that he thought there could be value in loocking at situa-
tions which involved a coupling of small breaks and transients,
and I agree. I think we should also keep in mind a second
question which has been raised by Mr. Michaelson about whether
there is a class of small breaks for which you have a problem
maintaining core inventory and adequate coocling of the fu;l for
some significant period of time, aside from other complications.

So I just don't want you to lose sight of that ques-
tion. It may or may not turn out to have significant applica-
tion.

DR. SHEWMON: Could scmebody convert the size of
leak we think we had into square feet, which seems tc be the
argot of the ECCS pecple?

DR. PLESSET: .025 I think.

DR. SHEWMON: And the numbers I've heard bandied
around here are that .05 is usually the lowest analyzed because
that's what the pumps will keep up with if they're cperating,

or scmething like that?
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MR.,MICHAELSONz The pumps won't keep up if the
break-- For this type plant, I don't know what the break point
is; generally of the ordcr of one-half to cne inch pipe break
is about the largest hole that the pumps can keep up with,
assuming only one pump of course operating.

DR. SHEWMON: And that's .ess than .01?

MR. MICHAELSON: Oh, ves.

Now I'm sure B&W has the numbers on what the small
break is. Breaks larger than that are defined as LOCAs then
because the pumps cannot keep -- the normal makeup system cannot
keep up with i«.

DR. SHEWMON: I'm talking about the HPCI.

MR.‘MICEAELSON: Well, the normal makeup system for
a plant of this type is the charging pump which is also the
high pressure injection pump. There are three such pumps in
this plant. One is running normally for charging. One is--
And the other two are on standby for high pressure injection.
So the normal charging is the operaticn of one pump.

If you exceed that ability-- 1If you have a hole

| which exceeds the ability of that one pump, then it becomes a

LOCA, as I understand it.

DR. SHEWMON: .025 is the generally agreed=-on size

of the leak?

MR. MICHAELSON: No. I got the drawings cn the valve

and it is somewhat smaller I believe than .025. It is a two andé

e7—1¢61
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a haff inch relief valve, but the port opening, as I recall,
appears to be more like about one and a half inch, and it would
be the port opening of the valve that you would lock at.

DR. SHEWMON: And we're talking about the valve which
is either open or shut. If it is stuck open it didn't come
back halfway and hahg up someplace?

MR. MICHAELSON: Well, you'd have to guess. I'm
assuming that it was stuck wide open. Anything in between just
varies the hole -- the break size.

DR. PLESSET: Did you communicate your concern with
these small breaks to the vendor?

MR. MICHAELSON: Yes. We had some discussions and
correspondence from time to time, yes;

DR. PLESSET: Were they responsive? That's a term
we like to use occasionally.

MR. MICHAELSON: Well, these are kinds of events
which have not necessarily been looked at carefully by the
Regulatory Commission as well, the reason being because they
seemed to be of such a size that they are already covered by
the present ECCS analysis, keeping in mind that the analysis
shows that as you go to smaller breaks, the core is always
covered.

So it's a little more difficult then to get pecple
interested in very small breaks when they lock at the calcula-

ticns and it says Well, the ccre is covered, and there's nothing



|
xzxzxzxzxz‘i
S|

6

1

!

7|

I
!

513 8

156

to worry about.

DR. CARBON: Let's move ahead with Dr. Catton's
report.

DR. CATTON: Actually what I would like to do is
make a few comments about where it's at now, and I'd like to
start by having read the newspapers before I got there, I
thought I was going to see a disaster. The combination of the
industrial associate group, GP, and NRC really comprised, as
far as I could tell, an excepticnal pool of talent. I was really
amazed by the way things were going.

I'll start with cocldown.

A couple of days ago they decided they were going
to bring it from 280 doqreo; downr to 230 degrees by just chang-
ing the steaming rate. It turns out all they've been able to
reach is 250, and at the present time the heat transfer is
limited on the secondary side. I personally really see no
problem with this. I'm not sure why they felt they had to get
to 230 before they could go to natural circulation anyway.

Another thing, I really think that if the operator
knew that going to natural circulation with a saturated system
meant that he would have very little ccoling he would have done
something differently.

The present or the next series of events that are
going to occur is the first thing, the B steam generator is

out because of leakage problems. I don't think they are serious.
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I just think that with the highly contaminated water they feel
they'll get into a problem so what they're going to do is to
use the turbine o0il cooclers and a little bit of raplumbing and
that system will be takh -1 to solid water.

At that time they will switch off the A steam genera-
tor onto the B steam generator which is now solid watar. They
are then gcing to take the A loop and modify the routing into
the condenser so that the condenser will act better as a liguid-
liguid heat exchanger.

They then will bring the A lcop solid water so they
have both the A loop and the B loop sclid water through the
steam generators sitting at 1,000 psi.

Tﬁey'li go to natural circulaticn, then they're going
to drop it, the pressure in the primary system, down to some-
where between 20 and 50 psi.

The question about gas content has been checked. The
results that came back from Idaho show that at the low pressure
they could have a hydrogen bubble of 350 cubic feet and at those
low pressures that's not very much.

The final step in this aspect is they will build

another cocling system that will be designed to 650 psi. This

: will replace the two steam generators, the reason being is that if

they get into a problem and they have to come back up and

pressure, they'll have a secondary side that can withstand it.

DR. SHEWMON: I'm lost here someplace. You talked

e7164
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about 1,000 psi. That's your secondary system pressure.

DR. CATTON: No, the primary system is now at 1,000
psi.

DR. SHEWMCON: Yeah, but you talked about-- And I've
heard 20 or 30, which I thought was where they wanted to take
the primary.

DR. CAITON: Yes.

DR. SHEWMON: Now we come back to 650 and that 650
applies to what?

DR. CATTON: To the secondary, You see, the inter-
mediate pﬁrt of it in the near term, the secondary will be a
low pressure system, and so you have high pressure in your pri-
mary an& low pressure in your secondary, and that's not a good
situation to stay in. So they're bringing the 650 psi for the
secondary system. The primary will be at 50, hopefully, but
if something happens to get ocut of line they can bring the
pressure back up and still have the high pressure on the second-
ary side.

DR. SIESS: You said there was a leak in the B steam
generator.

DR. CATTON: I believe so, ves.

DR. SIESS: How do they know?

DR. CATTON: I think they were picking up very high
levels in the secondary side.

MR. MATTSON: Could I add a couple of pecints that

€7 265
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might clarify two or three things here?

First on that one, there was evidentally leakage on
the B steam generator early in the accident before it was
isoclated. Indications are now from radiocactivity measurements
in the secondary that the leakage has not continued. One ex-
planation for that might be that it leaked because it dried
out and then as it cooled off, being isolated and getting down
to these cooler temperatures, it doesn't leak as bad at colder
temperatures as it did at higher temperatures.

That's encouraging because it means when they go
to the water solid B steam generator the amount of fission
products carried tc equipment they'll be pumping with will be
smaller.

Two other brief comments.

The Idaho analysis showed an amount of gas currently
existing in the primary coolant that would expand to scmething
like 300 cubic feet at 20 to 50 psi. It didn't show that it
was all hydrogen, however; it showed that it was meostly nitro-
gen, a little oxygen and a little hydrogen. 1It's just what you
would expect in a normal degassed system of this type during
normal operations.

Now we're confirming that f£irst analysis. One was
done at Idaho and there was a second pressurized sample taken
of the primary cocoland. I believe it's being analyzed at D&W

right now. There are several more planned, and they will go o
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different laboratories also, so that we get a check of the
veracity of the measurement. Early indications are guite good.

One final point.

The modification of the B steam generator to take
it solid that was just described is one of two alternatives
actually being pursued right now. The other alternative would
be to do the skrit-term and long-term B steam generator modi-
fication all at once.

They've been analyzing the PERT charts for the con-
struction process and it loocks like you can actually achieve
both of them on the same time scale. If that's true then you
can go to the pressurized B secondary side in the first step
rather than having to wait for a seccnd step.

I think those kinds ¢f decisions are being made at
the site today. 1In the meantime, construction ‘=z -ning ahead
with piping and piping drawings and things like that. It's not
on the critical path. You'll hear more of this this afternocn
from Carl Berlinger.

DR. OKRENT: You indicated that that amount of gas
didn't seem to be a problem. In what sense?

DR. CATTON: There's 1500 cubic feet I believe in
the upper dome of the vessel.

DR. OKRENT: Do you know that that's where it will
go and not into the candy cane?

DR. CATTON: Not for sure.

207
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~bl0 " DR. OKRENT: 1If it is in the candy cane is it a
zfi problem?
3; DR. CATTON: I think it could be, yes. That many
‘! cubic feet might be able to vapor lock=--
5; MR. MATTSON: It's going to be on the basis of these
6: analyses that the pressure is chosen for the primary system
72 in natural circulation. There is nothing that says it has to
'; be 20 pounds or 50 pounds or 100 pounds. I think it's pre-
9: ferred to be lower but if the gas could expand and give you
666 w; difficulty and you can calculate that, then that's how you
"ni choose your eventual pressure.
" What is clear is that the system has been degassed
; '3, to a pressure of 300 psi, which means that anything that would
“; expand at 300 psi already has, and it has been brought into
'5: solution cut of the control rod drive housings or where-have-
16% you, high in the system. And that was the purpose of the de-
674 ]7§ Jassing operation for a period of some days last week.
e? ]8; DR. SHEWMON: What evidence do you have that yocu're
l’; beginning to get outgassing? I mean there are two sorts of
20% guestions.
2‘! One, let's say you do £ill the candy cane. 1Is it
225 just a matter of increasing the pressure to get yourself back
i solid again?
24

- o | And B, what evidence do you have before all of a

-
-

sudden you've got a large delta-T someplace and ycu're getting
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into trcuble?

MR. MATTSON: Those kinds of t:oubles are being
worked pretty hard. Essentially what you're asking are what
are the indicators of successful achievement of natural circu-
lation and maintenance of natural circulation.

You've got tempcrature.indicatcrs. You've got
pressure indicators. You've got core thermometry. Those kinds

of -~

DR. SHEWMON: . m asking about the unsuccessful
attempts.

MR. MATTSON: I'm sorry, I'm saying it in the same
sense. What would you be looking at to tell you first and
Quickest that the natural circulation wasn't working?

MR. ETHERINGTON: Are the flow meters off;scale?

MR. TATTSON: Now, Oor in natural circulation?

MR. ETHERINGTON: In natural circulation.

MR. MATTSON: I would think they would be. Much too
low a signal is what Steve Hanauer is saying for the low flow
rates of natural circulation.

MR. ETHERINGTON: There'd be no difficulty in putting

in a monometer or scmething that would register it, would there?

MR. MATTSON: I won't say there's no ""If.culty in
installing post-accident monitoring equipme-: agh sample
lines ocutside the containment. It is diff:s l%. That is the

kind of thing people 2 looking at now, and designing axnd

f 7269
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2bl2 ‘E putting in place.
2! For this iatural circulation process to work you must
3; of course keep the primary system full and pressurized. There
‘i is a system being designed and constructed for solid primary
5; pressure control from outside of containment. That will be
6; constructed and installed in the s;me time frame as the modifi-
7% cations to the steam generator.
o MR. ETHERINGTON: Well, of course "difficulty” is
9% relative. Do I understand that people are loocking to the
‘oi possibility of ..ing the flow meters for an indication of flow?
“; MR. MATTSON: I think they decided that they won't
‘2i work.
13; MR. ETHERINGTON: No, I meant with-- Oh, not even
‘4{‘ with the more sensitive....
ISi MR. MATTSON: I see your point. The transmitters
16 | LINL
| are inside the reactor.
,7; MR. MC MILLAN: And there's no way to get access to
‘8? those.
]95 MR. ETHERINGTON: I see.
s l DR. CARBON: Go ahead, Dr. Catton.
21! DR. CATTON: I might just mention socme of the con-
~ 22% tingencies that have been mentioned in case natural convection
ol doesn't work, and I guess there are three or more.
,"‘,“”,",i: The first was just to turn back on the reactor coolant

pumps .
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And the second was to use feedwater in and bleed it
out of the pressurizer system.

The final one that I've heard is the reflux boiler.
I frankly don't think the reflux boiler will work with all those
gases; the non-condensables are just going to shut it off,

Also, Westinghouse is in the process of building a
residual heat removal system that's going to sit cutside the
building on skids and sit in a Quonset Hut that's all properly
controlled. They're also, as I understand it, checking out the
existing residval heat removal system and doing things like
trying to figure out how to ramote the lubrication so that if
it gets kina of messy in there they won't have to go in.

I understand they are also dcing something with all
the drains and so forth so that ig there is any leakage it can
be pumped and put back into the system.

That would give them three systems, each one of which
I believe could take care of the heat load.

They are also designing a permanent system that
would go in a building outside that itself would have to be
drained.

So that means there would be five methcds, five dif-
ferent drains, each of which could do it itself.

MR. MATTSON: I'éd add cne more to that.

It is always possible for a short period of time at

least, on the order cf days, to feed and bleed. You use low
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pressure to prime high pressure.

DR. CATTON: I mentioned feed and bleed.

MR. MATTSON: I didn't hear it. I'm sorry.

DR. CATTON: I mentioned the reactor coolant pump,
feed and bleec :nd the reflux boiler, which I don't believe ==~

MR. MATTSON: Okay.

DR. CATTON: =-- and then the Westinghouse systems
of which there will be eventually five.

The time scale in all of this stuff is really
amazing. Of course the days keep slipping, but it's always that
in five days away it's going to be running.

I'd just like to finish by mentioning-- When I

| talked to the Westinghouse people Saturday afternoon, they

indicated next Friday which is pretty soon, I think.

I'd like to just mention the status of the core. It
does feed back onto the natural circulation in that you have to
circulate the fluid through the core in whatever state it's in.
Koffman from LOIT did a very nice analysis I think. What he
care up with seems to agree with everybody else‘s. I guess
there's been an analysis done by B&W, one by the Staff them-

selves, and then Koffman's, and then there was another group

. with the Industrial Associates.

And basically what they-- The conclusion they come
to is that 30 to 45 percent of the zirconium is gone, it
oxidized, and that the central pcrtion of the core which is

{ - AN
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about one~half radius and maybe a half down intc the core is
pretty beat up and is probably in particles of a size that
they're unsure of. I've heard arguments all the way from dust
to each pellet being six pieces laying on a grid spacer. I'm
not sure where it's at.

Some of the work done by Ed Zebroski, I think from
EPRI-- He tried to make some calculations that would tell him
what temperatures are reached. And based on the xencn release,
he felt that the temperatures that were reached in the fuel
were like from 1600 to 1800 degrees Centigrade, or 2600 Fahren-
heit to 30000 Fahrenheit.

The interesting thing is that Koffman's. analysis
was based on ;n-core instrumentation. I don't know exactly what
he did but he was able to interpret it as if it were a densi-
tometer, and from this he concludes that between 126 minutes
and 176 minutes, the core was dry, or pretty dry. And it was
in the middle of this periocd when they saw the big radiation
spike in the effluent coming cut of the relief system.

And so it was his conclusicon that most of the damage
was done auring that period, and in the subsegquent period there
was actually some boiling in the core so it really wasn't really
fully dried out.

MR. MATTSON: I would like jus'. to add to that
description of the core that there is a spectrum of opinion

on what its exact configuraticn is. We've been pulling together
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here in Bethesda work dcne by the Industrial Advisory Group in
Middletown, the work done in several national laboratories,
and the work done here in Bethesda, trying to draw down that
spectrum of opinion and make it consistent with all the facts
as they are becoming available.

I think the description that has been given here is
probably toward the more extreme end of the possibilities. The
lesser end of the spectrum certainly doesn't have dust.

This is important from the standpoint of projecting
what the indicators of successful natural circulation should
be, and we expect to have that information pulled together this
week some time, and of course would want to provide it to the
Committee for your review and consideration. |

DR. CATTON: As I understand it, the measurements
show that the resistance to the flow in the core has increased
by a factor of nine. And I believe the BsW study with regard
ta whether circulation would work assumed a factor of 60, and
they came to the conclusion that natural circulation would be
okay.

350 it seems to me that if it is only nine, that
there's plenty of margin. I do believe you may get local

boiling in the debris beds but I don't think that's any signi-

. £icant problem. You'll just condense.

One other thing. In talking to some of the pecple,

ncbody seemed to know how long=-- Thare was scme guestion as to
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"17 'l what you should do first. Maybe the Staff can clear this up.
2| If you decide you have to go on one of those RHR
3i systems, and Westinghouse's system is s;tting out on the skid
‘1 and you've got the one inside that probably works, which one :
si do you choose first? ‘
6; MR. MATTSON: The ones inside.
7i DR. CATTON: Well, that's not the opinion that I got!
e% from some other people that were at the site. They felt that T
9i the one inside, you had no way of knowing how long it was going
105 to run and further, that the grit in the water would burn out
” all the mechanical bearings and you may only run for eight
a hours.
~‘ : 13 MR. MATTSON: I think that's a severe speculation.
1‘5 I don't know who you're talking to, but that's being looked at
155 very hard. Clearly the chcice is the one inside.
‘6; DR. CARBON: Let me interrupt here. I would like to
]7! try and stay on schedule, or close to it if possible.
18% Can we go to Steve? DQ you have a report that you
19? would like to make?
203 DR. LAWROSKI: I think relative to what the agenda
2r* says I don't have any, because I visited much earlier than
- 22f Harcld or Michaelson or Catteon.
23: I would like to ask, however, a guestion with res-
,,‘,“”n"liilf pect to the most recent -- the more recently taken primary
25 !

sample.
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Is there evidence of much suspended zirconium oxide
that would suggest problems of blockage?

MR. MATTSON: It is my understanding that there is
not evidence of zirconium oxide.

DR. LAWROSKI: I had heard there is not much uranium,
if any, but I didn't know with respect to the zirconium oxide
which is a lighter material and would be more easily suspended.;

DR. SHEWMON: 1Is there any evidence of suspended
uranium oxide?

DR. LAWROSKI: That's a lot denser material, Paul.

DR. SHEWMON: I know.

MR. MATTSON: The answer is yes, there is some indi-
cation of uranium, small, small amounts and -- correct me if
I'm wrong -- lesser amounts than have been found with other
local damage situations in the past. The signs from the pri-
mary coolant sample of what kind of particulates are involved
and what the extent of uranium involvement and zirconium in-
volvement were are encouraging signs in the sense of material
outside of the core.

DR. LAWROSKI: And how about with respect to fissicn
products which, at the pH's we have here, would be more scluble,
as an indication of what might have h' 'pened in the core beycnd
the severe high temperatures but short of any melting?

MR. MATTSON: I'm not sure I understand your gques=-
tion.

Y | V"a,
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DR. LAWROSKI: In the most recent sample of the pri-.
mary, are there fission products detected which would be easier
to identify and quantify than uranium, because all the concen-
trations will be low pH's involved here, strontium, for :
example?

MR. MATTSON: They're locking at--

DR. PLESSET: PFission products diffuse very slowly.
That's I think what Dr. Lawroski was concerned about, in part.

MR. MATTSON: If the question is are we going radio-
chemical analysis, looking for all these fission products, the
answer is Yes.

If you haven't seen the piece of paper that summarizes
them and from which pecple are drawing conclusions about the
extent of fuel involvement in the temperature transient, then
we'll get them to vou. They are available.

But the correlate well, the first sample to the
second sample, lab to lab, a fairly good radiochemical charac-
terization of the core involvement.

DR. LAWROSKI: I haven't seen them.

MR. MATTSON: We'll get them to you.

DR. LAWRCSKI: I know they had problems getting
additional primary samples out within the time they had hoped
to get them ocut.

MR. MATTSON: That prcblem has been sclved and

samples are flowing rather routinely at this peoint; not many,

&'y 2y



eb20 ll because it's a hot area, but as many as we need when we need
2|
i them.
7
! DR. LAWROSKI: When I was there, which wa: Saturday
‘ and Sunday -- Friday and Saturday, I should say, there was
’ concern about having enough volume for the liquid waste parti-
6i cularly. Has that problem been alleviated?
. MR. MATTSON: Yes, two ways. One was to stop some
sl leakage in the auxiliary building of non-contaminated fluids
9% that were being used in secondary cooling systems outside o:
loé containment. They shut those systems down for a brief period
“i of time, repacked the valves, repacked pump seals, and sc that
12% non-contaminated leakage, which of course picks up some of tpe -
|3§ contaminated fluid which came into the auxiliary building
]‘; early in the accident and spreads it arounrd, that problem has
‘si been put under control now.
‘6E In addition to that, there is work going on to add
‘7; liquid waste sinrage capacity in the plant, a significant addi-
‘ah tion of tankage, a tank farm in the spent fuel storage pocol for
.
‘9; Unit 2. Those tanks wer:2 being installed yesterday and should
20 |
@ be piped up and ready to go in another few days.
‘11 DR. LAWROSKI: Because they were somewhat handi-
22; capped as to what they could do at that time with the additicnal
o
‘3, quantities of effluent.
-«-ﬂummn.zgﬁ MR. MATTSON: That was a management difficulty, a

ligquid waste management difficulty a week or so ago, and it

67-2%
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seems t0 be under control at this point.

MR. ETHERINGTON: There was an indication of silver,
presumably frqm control rods in the water. Any indication of
how much?

MR. MATTSON: I'm not sure that's correct. There
may have been a misimpressicn from the first primary coolant
sample done at Bettis. What was said was they looked for silver
from the control rods and the detection capability of the equip-
ment and with this kind of sample would mean that they couldn't
see anything less than three control rods involved in the
coolant; that is, if there were less than three they couldn't
detect it.

They didn't detect any so they said the&e certainly
weren't more than three, is what I understand the results of
that sample to be.

That's not the same thing as saying there is silver
in the coolant, and I don't think anybody has detected silver
in the'coolant yet.

CR. CARBON: Shall we move ahead then to Jerry,
your report?

MR. RAY: A couple of very brief comments due to the
shortage of time. The gentlemen before me have covered guite
thoroughly the situation ocut there, but I do have to repeat
in all justice the observations of Harold and Ivan in tribute

to the organization that was set up here and the participants
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‘b22 ! in it that were participants, as you know, from all the reactor

2{ vendors, several of the utilities, and of course all compo-
.

3; nents of the NRC organization, and GPU also. And their con-
‘: centration appropriately was on the contrecl and cooldown cof f
5 the plant, and maintaining it in a safe condition. l
6; And do think that their work was outstanding and we
71 all owe them a tribute.
Bi I was interested in the continuity of service of the
9§ electrical facilities and I was very much impressed that so many
10 of the thermocouples were still in service. I think as of
" Wednesday when I left there were 49 or 52 thermocouples still
" in service, which was gquite an accomplishment recognizing the
- extreme environment to which they had beén exposed. And simi-
1‘! larly for the rest of the facilities.
lSi Dave Okrent raised the gquestion of offsite pov.
]62 and while I was there, Roger, I had the impression, as you
]73 stated, that there was an understanding with the PJM inter-
‘8! connecticn management And operations that this site would get
19} preferential service.
20@ And I might comment that you couldn't be in a better
21@ position insofar as PJM's 230 Kv network is concerned for gecod,
22; reliable offsite supply. It's a very well-integrated, very
21 closely~-coupled system, and you have lines coming into the
28

wal Resorters, Ine. Susgquehannah Valley from north, south, east ancd west, so it's

>
-

228 ideal from that standpcint. And the Susgquehannah Valley is
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eb23 ! very well sprinkled with generation capacity so that you're not

2‘. geing to == you're not likely to be isolated.

3 And having a multiple series of channels of trans-

4 mission into the site, it's in very good shape from that view-

3 point.

6 The real --

? MR. MATTSON: Could I interrupt just a second, please?

a; The problem with offs.te power we ought to also men-

9% tion, that auxiliary power supplies have been brought to the

‘0; site and are being hooked up, so this guestion of reliance on

\]‘ onsite power is rapidly coming to a conclusion. 1I'd expect

i within this week that most of the backup power supplies are

9 being hoocked up, and that that.kind of problem will cease to be

L

]5; MR. RAY: I understand they're going to have their

‘6h own drive. They are either diesels or small diesels or gas

‘7; turbines and that sort of thing. It will be divorced ultimately

‘aé from reliance on offsite.

w; MR. MATTSON: That's right.

205 MR. RAY: The decentralizaticn of those supplies is

2‘; good, too, because then you're less vulnerable to on on=-site

- incident that would take out a transformer.

23 Steve mentione.! concern about the heliccpter traffic

24

1~ 1 3 : 1 -
orsl Aecorters. nc. | Pattern. Carl Michaelson and I discussed that while we were

‘.51
= there and I didn't see it, but he said he saw one helicopter
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flying over the island.

My cbservations were that the traffic in and out of
the paths was from the east and northeast and really what they
were doing was staying clear of the 500 Kv substation and they
were staying clear of the island and they were going off at
an angle and going north to get away from the site. And it
looked like someone had gotten to the pilots and they under-
stood where their channels were to get in and out.

DR. LAWROSKI: That was the situation later.

MR. RAY: Yes. That was Wednesday, yes.

So that from that viewpoint it seemed to be well-
organized.

I did get.a chance to discuss with several of the
NRC pecple this question, in view of the operating incidents
that precipitated this and developed during the incident,
their impressions of the capabilities of the operators of MetEd.
And incidentally I was told that at least two NRC personnel,
and sometimes three or four will be in the control roem at all
times, tﬁree shifts a day.

The preliminary impressions that had been formed as
of then by %“he NRC people who were in close touch with these
operators was that there was no really basic lack of competence.
Of course the incidents that developed here, being an excepticn

to the situaticn, but it seemed-- The impression was that they
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knew what they were doing. They were well familiar with their
plant and were able to perform.

There may be changed in that respect in the mean-
while but I don't know. That was as of Wednesday.

Also the NRC people indicated that there had
been immediate attention to the need for fire protection and
that steps had been taken by the operating persamnel to insure
that all the alarms and all the hoses were in position, and
that there was a 24-hour fire watch with personnel on duty
around the clock, all of which indicated to me that they had
addressed themselves to the really urgent situation, and with
good responsiveness.

T was very much interested in B&W's presentaction on
Wednesday afternoon as to their studies of what had happened
in the core with respect to fuel damage, and also their concern
about the transition to natural circulation. They obviously
had analyzed it quite thoroughly, and I would hope that you're
going to tell that story this afternoon in your presentation.

They aad gone to the pocint of establishing benchmarks
to guide cperation in the course of the transition and while
on natural circulation, so it seemed to me that it was Quite
thoroughly addressed.

One last point was that they had considered, in view
of the disarrayed condition of the fuel elements, the Question

of criticality, and I gathered from the story that they gave us

& 7153
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eb26 ! that with the proper boron content -- and they't;e indicated
2| the quantitative measure of that as of then -- you were in good:
3; safe condition for all possible fuel configurations including
‘; a total core slump.
5% And I hope, Mr. McMillan, you're going to tell us
6: that story this afternoon.
7| That's all.
B: MR. MATTSON: I might just add scme further elabora-:
9§ tion of that.
‘O; In engineering analyses sometimes ycu take things
" to the limit to make sure you can't be in a situation that gets
- you in trouble. And one limit, a hypothetical limit, is to
" ]3‘ assume that the rods are gone, as you've described. There is
l‘i no evidence to indicate that they are, or that they are not =--
]si are in any way different than where they started.
‘6E Even if they were all gone and even if you took
‘7% theoretical packing densities and things like that, boratéd to
lal the extent vou are borated now you would not have criticality.
]9% That has ceased to be a concern.
20: DR. CARBON: Dr. McCreless?
2‘; DR. MC CRELESS: I just wanted to bring this to the
22: Committee's attention, the report you have on the site visit,
23; which then devotes scme written detail, everything I think
,"..nﬂ"li:f you've heard today, but the current status of the plant, the
25

recovery organization, and recovery plan, and the answer to
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ab27 ! several questions that variocus Committee members have asked
before that we were able to get the answers for while we were
there.

DR. CARBON: Any last questions from the Committee?

(Nc response.)

Let's recess for an hour for lunch.

(Whereupon, at 1:40 p.m. the meeting was recessed

to reconvene at 2:40 p.m. the same day.)
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- l! AFTERNOON SESSION
2;l (2:40 p.m.)
3;i DR. CARBON: Let me bring up an extraneous topic
4; before we get into the afternoon session. We're having some
Sz difficulty scheduling a common time for the Commissioners
6! tomerrow afternoon. Their schedule doesn't £it ours and
7i vice versa.
Bi I'd like to check and ask what time are people
9; leaving tomorrow afternoon? Specifically, who needs to leave
105 by 4:00 o'clock?
“? (A show of hands.)
.
12; DR. CARBON: One, two, three, plus Dr. Kerr will
13; leave this evening. So that after 4:00 tomorrow, we wou.d have
14 | two, three, four, five, six of us.
15 DR. OKRENT: How do you define "after 4:00"? I have
‘é} a 5:40 plane from Dulles, and can you tell me?
'7; DR. CARBON: I'm not sure.
18* MR. FRALEY: They have propcsed a meeting from 3:30

191 to 4:40 instead of 2:30 to 3:30. I'd like to know how many

20 ' can be here at that meeting?

21' (A show of hands.)
22 i DR. CARBON: The three cf us, I guess. Okay.
23 Let's go ahead, then, to the afternoon sessien. I'll

24  call on Mr. MacMillan,

era Reocrrers, Inc.
ol

«s MR. MAC MILILAN: Thank you, Mr. Chairman. As I look
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around the table, I've seen many of you in the last two weeks
l
|

I'm going to read a prepared statement. I believe

2! at Three Mile Island as vou've been visiting the site there.
2 I'm pleased to hear the reports that you've brought back and
|
4 | reported this merning.
|
5|
|

6| you all have copies of that statement. I understand that

7% there may be some logistical prcblems in the sequence in wﬁich
f the figures are attached to that statement, and so I will be
z
% showing slides, overhead slides, as the appropriate time in the
104 statement comes up, and you may have to be working backwards
111 through your figures rather than forwards.
12 My name is John MacMillan. I'm Vice President of

13)| the Nuclear Power Generation Division of the Babcock & Wilcox

i Company. The Division is responsible for marketing, enginee:ing,
; project management and related services of the nuclear steam

‘6! systems supplied to the utility industry by Babcock & Wilcox.
‘ Today I will discuss the incident at Three Mile

‘BE Island 2, with special emphasis on B&W's activities which we

have currently underway or shortly will have underway as a

iC | result of that incident.

21! I have with me today a number of support perscnnel,

many of whom are familiar to the Committee, to assist in

<3 answering questions. These peocple are arraved arcund the

it table there on the other side of the room.

seral Reacrrers Inc

a5 From the time that BaW was first notified of the
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TMI-2 incident, B&W's number one priority has been to provide
support and assistance to bring the plant to a cold shutdown
condition. Closely paralleling that have been efforts tc
assure continued safe operation of the other B&W operating
plants. As the situation at Three Mile Island continues to
improve, we will be strengthening our efforts related to the
other plants.

On the basis of what is now known about the factors
affecting the incident, we believe that appropriate measures
have been taken by the utilities, B&W and the NRC to ensure
the continued safe operation of those plants.

My remarks today will be prefaced by: One, an overview
of the BaW nuclear steam system, with emphasis on those plant
features of ruvlevance to the incident; two, a'summary of the
specific actions taken by B&W to support and assist the
licensee in connection with the TMI-2 incident; and three, our
preliminary views on the six factors identified by the NRC in
its I.E. Bulletin 79-05A as significantly affecting the course
of that incidant.

In that context, I will then proceed to address:

First, the immediate actions taken by B&W, the utilities and the

NRC to ensure continued safe operation of the other B&W reactors;

second, our planned near-term and long-term actions to provide

further assurance of continued safe cperation.

For the purpose of our discussion today, I will

(( "‘ (9
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provide a brief overview of typical B&W design features.

(Slide.)

You'll see this attached figﬁre to the prepared
testimeny. Shown here is a reactor vessel and the reactor core
is located in that vessel. There are two steam generators,
one shown here and one here, each served by two reactor coolant
pumps. The flow comes from out of the bottom reactor steam
generator into the reactor vessel, through the reactor core,
out of the reactor vessel and back into the steam generator.

On the A loop of the Three Mile Island unit is
located a pressurizer. And this is a schematic. This does .
not show the elevation of the components.

In the top cf the steam generator, there's an electro-
magnetic relief valve, which we'll talk 'a great deal about
during the discussion, an isclation valve on the pressurizer
side of that power-operated relLief valve. There are also two
code safety valves located in the top of the pressurizer.

All of these valves discharge into a drain tank which
condenses the steam and keeps that steam ocut of the reactor
building.

There are a number of cther features shown here. The
normal line to the letdown cooclers comes off the bottom of the
steam generators nere. High-pressure injecticn comes back into

each of the four reactor coclant loops on the cold side, on the

‘0

ump discharge side cof that locp. And the makeup controi

7259
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1| valve normally supplies makeup through that sam= path.

There are two core flood tanks, which are pressurized
32| with nitrogen and which tie into the reactor vessel through

4 check valves as shown here.

5 (Slide.)

) Looking at an elevation of the nuclear steam system,

7| you will recognize this as quite similar to the diagrams that

Carl Michaelson had all colored up for you this morning. This
is the reactor vessel in the center, the reactor core in the

10 | middle of that reactor vessel, one steam generator shown here.
High-temperature water comes out of the reactor, goes up through

12}l the top of the steam generator, flows down through the tubes on

1
13; the inside of the steam generator, discharges through two lines
: coming out of the bottom of the steam generator, which feed

15| the circulating pumps, back into the reactor vessel.

151 The position of the pressurizer is shown here, the

17 | surge line tieing into the hot leg, the high-temperature leg

|
|
181 of the A loop, and the surge line feeding into the pressurizer.
I
| The pressurizer electrical heater is located at the bottom of
!
|

20 | hte pressurizer. The relief valve is located on the top of

the pressurizer.

22 DR. CARBON: And these are to scale as far as

23 | elevation?

24 MR. MAC MILLAN: VYes, these show +the relative
eral Reocrrers, Inc,

35 elevation of the components.
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,‘ Let's look, then, at the secondary system.

20 (Slide.)

3 This secondary system is schematic, and I say a

4; simplified schematic of the Three Mile Island 2 system. The
5% steam generatcrs you see on the right-hand side of the chart,
6i each, of course, tied in with the reactor coolant system.

7 Steam comes out of the steam generators, flows over to the

g! turbine in normal service, and the turbine into the condenser.

9| Suction is taken on the condenser by the condensate pumps.

10 | The condensate polishing equipment, located upstream of those
11§ pumps, feeds the condensate booster pumps through a series of
12; heaters to the feedwater pumps, through high-pressure heaters
,3§ and back into the steam generators, througbh the main feedwater

14 | nozzles of the steam. generator.

15 | For emergency service, there is a series of feedwater

16 | pumps, two half-size electric motor pumps and one whole-sized,

17 | steam-driven pump. These pumps can either take suction from
the main feedwater header here, you see, or from the condensate
19 1« Storage tanks.

I weuld hasten to say, these check valves are shown

71 | diagrammatically as installed backwards. They allow free

w

ss . suction from the suction cf the feed pumps, from these feed
=7, Pumps through the control valves which modulate the Ieedwater
24 ' £low from the auxiliarv pumps through block valves =--these are

erai Reocrrers, Inc,
25 | the block valves that were closed in the early phases of the

ty—*0
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|
|
l! incident -- and then into the steam generators at the
2;: auxiliary header, which is located at or near the top of the
3 secondary side of those steam generators, as you saw this
morning in Carl Michaelson's diagram.
I didn't mention that when the turbine is out of

6; service there is a turbine bypass valve which allcws steam to
7; be taken directly from the main steam lines through bypass
3{ control valves and dumping into the condense;, and in fact,

9! that's the mode in which the A generator is presently operating
10! at Three Mile Island 2.

As designed, this arrangement will satisfactorily

12| accommodate a loss of feedwater transient. This is confirmed

13| by our safety analyses and experiences with a nﬁmbe: of loss

“ﬁ of fee&water transients which have occurred at this plant and
|

15@ other B&W-operated units.

16 | With that background, then, let me turn to a summary

17| of the actions that we've taken in support of the incident at

18? Three Mile Island 2.

19 || Earky in the morning of March 28th, 3&W management

in Lynchburg was notified of the incident. Immediately there-

21! after, we convened a meeting of experts to identify specific
22, information and manpower needs for providing support to the
23 licensee.

24 As a result of that meeting, five people were

sral Reocrrers. Inc.

25 | dispatched to the site, and by early afternoon a communications
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center was established in Lynchburg, which was staffed by our
senior management and technical people.

By the second day, Thursday, we had established on
organization to provide round-the-clock support within that
organization. Specific responsibility was assigned for evalu-
ating data-.obtained from the site and developing a postulated
sequence of events for conducting simulations of the events
on the B&W control room simulator and for developing and
recommending contingency procedure; for performing comparisons
of the paysical plant data, for conducting specific analyses,
as requested by the licensee or the NRC, and for reviewing
reports of other loss of feedwater transients.

As the course of the incident progressed and the
need for support increased, we dispatched additional people
and equipment to the site. I perscnally went to the site to
head the B&W on-site team. At the peak of the Ba&W effort on
the incident, we deployed 47 people to the site and 218 people
in Lynchburg were assigned to the communications center and
related support activities.

Out of this initial effort grew an organizational

framework which gave us the capabilitv to shift our emphasis

to efforts to assure continued safe operatiocn of the other B&W

a3
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25

operating reactors.
(Slide.)

Let me turn now to a discussion of the significant
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factors in the incident. For the purpose of today's discussion,
we accept the sequence and the list of six significant factors
identified by the NRC in its I.E. Bulletin 79.05A. Thus I
will not retreat ground already covered, but instead, will
summarize our views on the significance of those factors and
their e=juence.

First, after the loss of feedwater transient was
underway, the absence of auxiliary feedwater to provide
secondary side cooling for a period of in excess of eight
minutes resulted in delay of residual heat removal and tempera-
ture increase in the reactor coolant system. The presence of
auxiliary feedwater, as designed, would have stabilized reactor
coolant temperature earlier in the transient and eliminated a
complicating distraction to the operator.

Second, as a result c¢f the system pressure increase,
the pilot-operated pressurizer relief valve opened as designed,
but did not reseat properly, thus allowing reactor coolant
system pressure to continue decreasing. In our view, the
significance of tnis factor is not only the failure of the
valve to reseat, but more importantly, the time which elapsed
between the failure tc reseat and the recognition that this
had occurred.

Third, the high-pressure injection system, which had
been autcmatically actuated, as designed, on low reactor

coolant system pressure, was prematurely terminated, even

720,
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though there were indications of an opening in the reactor
coolant system pressure boundary, such as increasing quench
tank pressure and decreasing reactor coolant system pressure.

Fourth, the containment did not isolate at the time
the emergency core ccoling system was actuated. This is in
accordance with the licensed design. This led, through a
series of circumstances, to radicactive water in the reactor
building sump, and the lack of containment isclation allowed
this fluid to be pumped to the auxiliary building, from which
subsequent radiation releases occurred.

DR. CARBON: Question. Could I go back to Item 3.

MR. MAC MILIAN: VYes, sir.

DR. CARBON: 1I've asked several times in the last
two weeks whether there is or is not an indicator in the
control room that the PORV is open or closed. 1Is there or is
there not?

MR. MAC MILLAN: Let me answer that very specifically:

There are indicators in the control room which indicate whether

| or not che solenocid on that power-coperated relief valve has

been energized or de-energized. And in the event that it is
energized, it indicates the valve is open; and when it's
de-energized, yvou would assume the valve was clcosed.
However, that does not measure the position of the
seat on the pressure-coperated relief valve. So the cperator

is not seeing an indication of whether the valve is open or

e koL
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1l shut; he is merely seeing whether the solenoid which operates
2|l the pilot on that valve has been energized or de-energized.
| So he could get an indication that the solenoid is de-energized,
4 | presume that the valve was closed whea in fact the valve was
open.
6 Now, there are other indications which would lead
him to an indication of open valve. We talked thi. morning
8. abou; thermocoupling the tailpipe. That's in the line that
9? comes from the discharge of the power-operated relief valve
‘°é to the cuanch tank. That tells him whether he's got hot fluid
“i in that tailpipe.

.
12 T think you raised a question this morning about the
13| response. It was a very fast-responding thermocouple.
14| DR. CARBON: How about in a small leak, if the valve
15 closed 95 percent or something and you still had steam going
‘6j out. Would the thermocouple show it?

17 1 MR. MAC MILLAN: The thermocouple has a couple of

18 | purposes. One is to show that the valve is open, if you go and
19! look at the thermocouple. A second one is also to tell whether
20| the valve is simmering, and when it simmers you get a higher
2’; temperature on that thermocouple than you do in the other, tle
..- tailpipe of the other valves. But it's not at the temperature
23 of the steam in the pressurizer.

2 If the valva is wide cpen, then the temperature you

eral Repcrrers Inc.
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< see in that thermocouple is essentially the pressurizer steam
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temperatuie.,

Now, in addition to that, there are indicators on
the gquench tank for both pressure and level. These are
audible and visible light alarms in the control room. So
there is that backup indication as well that the valves may
be open.

DR. PLESSET: Has consideration been given in the

design of that pressurizer valve to its withstanding exit flow,

| particularly if it's not of high gquality? D» we know that it

would still close if the solenocid were de-energized?

MR. MAC MILLAN: The valve is designed primarily for
steam service., We've had evidunce that it will operate with a
mixty ~ of steam and vapor.

DR. PLESSET: But have they analyzed it to see what
kind of loads that low-quality flow might give which wcd act
SO as to make it less likely that the valve would close?

MR. MAC MILLAN: I can't answer that gquestion. I
den't know. But we'll get you an answer for that.

DR. PLESSET: Thank you.

MR. MAC MILLAN: Yes?

DR. SHEWMCON: 1Is there anything in the record -- I

don't know whether this is from you or the staff -- as to

, whetlier or not the operator had in the operating room an

iadication that the solencid had been de-energized?

MR. MAC MILIAN: No, I just don't k:~w. I don't know
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what the operator had available to him at the time of the
incident, and I couldn't confirm that.

DR. SHEWMON: Thank you.

MR. MAC MIILAN: Fifth, high-pressure injection was
evidently manually operated, based on high pressurizer level
indication. |

We have conducted reviews of data from Three Mile
Island and performed analyses that lead us to conclude that the
indicated pressurizer level was not significantly in error.
Plus or minus one foot, we believe that the pressurizer was
essentially full during a long period of this transient. But
a portion of the reactor coolant system was void. Conseguently,
termination of high-pressure injection flow should not have
been based on the single parameter of pressurizer level.

Sixth, all four reactor coolant pumps were secured.
Although securing one coclant pump in each loop in response to
indications of low coolant flow may be advisable, securing all
pumps under the circumstances then present caused an uncovering
of the core.

PROF. KERR: Excuse me. Under the £ifth itam, I

presume "operating"” refers to, at least initially, the pumps

. being turned off?

MR. MAC MILIAN: Yes. Let me understand, Bill, what
your point is there,

PROF. KERR: You say high-pressure injection was
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manually operated?

MR, MAC MILLAN: Was manually initially turned on.

PROF. KERR: Thank you.

MR. MAC MILLAN: The high-pressure injection pumps
weit on at 1600 pounds, as designed, and the evidence was that
they were secured, one or more were secured srortly there-
after.

DR. CARBON: One more gquestion on that thermocouple.
Does it read out on some instrument?

MR, MAC MILLAN: I know it reads out on the computer.
I don't know whether it reads out on an instrument. But we'll
£ind that out.

Would you make a note of that?

DR. CARBON: And if it's in the computer, an associ-
ated quer ion would be: Does the operator routinely see it or
does he . 12 to look for it?

+ 3, MAC MILLAN: He would have to call for that
information from the computer.

MR. CASE: John, dv you know if HPI was turned on and
if so, when, again?

MR. MAC MILLAN: =4, I ought to say right here that
one of the missing pieces of evidence in this incident is a
time~phased understanding of what actions were taken in the
control room, including the timing of securing HPI and

re-initiating HPI and whether or not it was being throttled,

W 49
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and 1f so, to what extent.

I think the comment was made here earlier that we
ought to try to go through and try to reconstruct an analysis
of the events as they actually took place at Three Mile
Island 2 in ords:r to understand the transient better. I would
say one of the important missing pieces of information in
conducting that analysis is the amount of high-pressure injec-
tion or makeup flow that was being pumped into the reactor
coclant system as a function of time. That's a very vital
piece of information in order to make that analysis.

I'd like now to turn to actions implemented for our
operating reactors. Our analysis of the foregoing factors has
led us to conclude that the B4W systems can be operated safely
for a spectrum of equipment failures, including those experi-
enced at Three Mile Island 2.

However, the severity of the Three Mile Island 2
incident warrants timaly actions to encourage proper operator
performance in these events. Our recommended actions can and
should be implemented in chronological stems to ensure and
enhance continued safe operaticn. Thus, my discussion consists
of addressing: A, the actions already taken; B, the near-term
actions to be taken; and, C, longer-term actiocns appropriate
to meet the above cbjectives.

Before proceeding to a discussion of the specific

actions, I would like to establish a context for those

LV“ZCO
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discussions with our initial view of the lessons learned from
the incident.

(Slide.)

Our analysis of the six factors identified by the
NRC has yielded a set of three basic principles which we
believe warfant emphasis in considering any future actions.

First, renewed emphasis must be placed in the near term
on administrative controls to assure that plant systems impor-
tant to safety are available. In the longer tarm, considera-
tion should be given to whether plant systems to augment those
administrative controls should be devéloped and implemented.

Second, renewed emphasis must be placed on maintaining
the individual operator's focus upon the fundamental physical
processes which assure core cooling and on determining that
our systems complement or increase the likelihood of maintaining
that focus in any event in the near term. This means placing
emphasis in operator training programs and instructions on the
fact thet the most stable and foréiving condition in a pres-
surized water reactor is one in which the reactor coclant is
subcooled and core cooling is maintained.

As a corollary, a saturated lcop must signal in the

mind of the opera:or: One, extreme caution before securing

any means of maintaining primary system inventory; two, a

warning that a system opening exists; and three, a prohibition

against any action which might diminish core cooling.

e7 201
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Third, any actions or modifications implemented must
be considered in the broader context of total plant safety.
Hasty and ill-conceived actions which might be partially
responsive to the TMI-2 events could, in certain cases,
produce adverse impacts in other safety systems which were not
isvolv-d at TMI-Z.

Now, with that introduction, I will proceed to
discuss the actions already taken and those anticipated for
the near and longer term. Let's look at those that we've
already taken.

B&W contacted representatives of its other operating
plants by telephone between March 29th, the day after the
incident was initiated, and March 3lst, to provide them with
the information regarding TMI-2 and to recommend that they
have station personnel check the configuration of their
auxiliary feedwater svstems and make such inspections and tests

as necessary to confirm that the systems would initiate flow

' of auxiliary feedwater upon actuatien.

i
|

By April 1lst, Sunday, B&W had further data regarding
TMI-2 which we believed would be helpful to other B&W operating
plants in understanding the causes and the course of events of
that incident. I personally contacted each of the utilities,
the management of each of the utilities, and invited them to
send representatives to a meeting in Lynchburg scheduled for

Tuesday, April 3rd.

t?“?ﬁz
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Soon thereafter, I guess almost concurrently, NRC
issued its Bulletin 79-05. The meeting was held ‘n Lynchburg
on April 3rd and 4th, with each of the utilities having
representatives present.

At that meeting, B&W presented the data we had on
the incident and discussed with the representatives similacities
and differences in their equipment and procedures from those
of TMI-2.

I might say that much of the information that
Carl Michaelson presented to you this morning on the curves
and graphs formed the basis for that presentation to thcse
utilities.

Additional information was provided and specific
guestions by customer representatives were answered.

Bulletin 79-05 was discussed ard Bi4W provided assistance in
responding to Bulletin 79-05, both during this meeting and
subsequent thereto.

The first é&w advisory was forwarded by telecopy to
these utilities on April 2nd. It recommended as a precautiocnary
step that the operators perform a thorough review of the
auxiliary feedwater system, associated support and control
systems, and normal maintenance and emergency procedures to
identify potential problems that might lead to failure of the
auxiliary feedwater system when it is reguired. It also

recommended that the design of the auxiliary feedwater system

7203
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and the operating, maintenance and emergency procedures
associated with this system be reviewed with all operators,
maintenance and supervisory perscnnel, with special emphasis
on the importance to plant safety.

The second advisory was forwarded by telecopy to
operating plant customers on Appil 4th, 1979. It recommended
that if the high-pressure injection system has b¢ 3In actuated
because of a low pressure conditicn, it should remain in
operation until specific plant conditions exist. The conditions
stated are that the operation of the high-pressure injection
continue for at least 20 minutes ar ' as long thereafter as

nece ssary to obtain temperatures in the loop which are at

least 50 degrees Fahrenheit below saturation temperature, or

that operation ol the high-pressure injection continue until
both low-pressure injection pumps are flowing at a rate »of
at least 1,000 gallons per minute each in a stable condition,
and have been s¢ flowing for at least 20 minutes.

The advisory also called for continued operation of
at least one reactor coolant pump per loop if the high-pressure
injection system has been actuated and the reactor coolant
pumps are in operation at the time of the actuation.

Cn April 6th, aaother meeting between B&aW and the

. owners was held specifically to discuss information available

and B3&W recommendations regarding the responses the utilities

| were preparing to I.E. Bulletin 79-05 and -05A. We provided

SR B |
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further assistance in regard to Item 1, involving undorstanding‘
of the sequence of events, and Item 3, involving operating
procedures for coping with transients with a potential for
introducing voids in the reactor coclant system.

We understand that the actions implemented and the
audits conducted in response to NRC Bulletin 79-05 and -03A
have been positive, This, coupled with the NRC staff's review
of utility responses to these bulletins and its ongoing review
of the incident, provide high confidence that the significant
factors in the TMI-2 incident have been properly addressed.
Thus, we believe that the actions taken to date by B&W, the
utilities and the NRC provide adequate assurance of continued
safe operation, while considering additional near and longer-
term actions.

Let's now lock at those actions which we categorize
as near-term. Although we believe that the steps taken by the
utilities, the NRC and B&W assure safe operation of the nuclear
units, Qe recognize that additional measures must be taken so
that operators are better able toc manage transients.

I would like to summarize the actions B&W currently
has underway or will be commencing soon to further enhance the
safety of B&W units.

First, BaW is preparing a supplementary advisory
requesting that all operating and supervisory personnel review

the indication® ¢f an opening in the reactor coolant system
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boundary resulting from an open relief valve. The supplementary
instructions will be issued this week to all our customers with
operating r actors.

Second, during the April 6th meeting with represen-
tatives of our other B&W operating plants, B&W suggested a
special training program for operators, to be conducted on our
simulator, so that they would be more familiar with the TMI-2
sequence of events. On Monday, April 9th, B&aW began conducting
training for operating and management personnel on the events
involved in the TMI-2 incident.

(Slide.)

The training consists of the following: A discussion
of the TMI-2 transient from the information available to B&W.

Secondly, a demonstration of the incident on the B&W
simulator. We have modified our simulator so that we can
fully simulate the events that took place, including our best
knowledge of what actions were taken by the operators during
the course of this event.

MR. MICHAELSON: Would you clarify whether that:
simulation is the long-term or the first, say, 20 minutes?

MR. MAC MILILAN: 1It's long-term.

PROF, KERR: Excuse me. I d4id not hear

' Mr, Michaelson's gquestion and I would like to.

MR. MICHAELSCON: The guestion was simply a clarifica-

tion as to how far out in time the simulation went.

(S i
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l! MR. MAC MILLAN: The simulation deals primarily with

the early events in the incident. I think there was a question

“

earlier -- perhaps Dr. Okrent asked the guestion =-- about just

li how well we could simulate the various features of the reactor
| system and the reactor core. We believe we have a valid

6! imalation of all of these features involved in the thermal

7E hydraulics of the reactor system and the reactor core up to

8? the point where there migh% be the introduction of

9 | non-condensible gases or some type of major cladding inter-

10:t action. But the basic thermal and hydraulic characteristics of
1‘; the system and the core, we believe we have.

12% A training session on the simulator, having students
lai recover the plant from a depressurization event which involves
14| the formation of steam voids in the reactor coolant system

15 | outside the pressurizer. This is characteristic as to what

16; was shown at Three Mile Island. It could also simulate other
!7£ events which could get the nuclear system into a similar kind
'8 | of steam void condition in the reactor coolant system,

Six operators are included in each training session.

<0 | The training session lasts one day. At the present time, 33

21 | operators have been through the course, and 99 more have defi-
22‘ nite schedules established, including operators from all the
:2_ operating 3&W plants,.

24 We believe this course will significantly contribute

teral Reocrrers Inc

25 | to the ability of operators to respond properly to transients
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in general and the loss of feedwater transient in particular.

We also believe it will serve tc emphasize the procedures to

be followed in identifying a small reactor coolant system leak
ari particularly an open pressurizer relief valve,

The third near-term action item: Based on informa-
tion currently available to B&W, the equipment in both the
primary and secondary plant, with the exception of the pilot-
operated pressurizer relief valve, performed as designed.
However, considering the unanticipated events at TMI-2, design
improvements should be considered in order to assist plant
operators in controlling nuclear power plants during transients.
Scome potential design imptqvemcnts are currently being studied.

DR. CARBON: Question.

DR. PLESSET: Mr. MacMillan, ~ould you send to us
some description of this simulator program and how the training
is carried out?

MR, MAC MILLAN: VYes, sir,

DR. PLESSET: That would be much appreciated, I

| think.

MR. MAC MILLAN: I would even offer, if you would
like, for scme of your Committee members to come to Lynchburg
and try it yourself. 1I'll leave that as an open invitation.

DR. CARBON: What level of operators have you been

- having? Senicr operators? Supervisors?

MR. MAC MILLAN: Yes, all of the above.

7 T8
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MR. MATHIS: One other question: How does the
simulator present the formation of voids so the operator can
recognize it?

MR. MAC MILLAN: He has to determine that from the
in-plant instrumentation that's insta}led and displayed on the
control panel. FE2 has system pressure, he has pressurizer
level, he has the hot and cold-leg temperatures, all of these
on one segment cf the control panel right adjacent to one
another. By looking at the pressure and the temperature, he
can determine whether he is in a subcornled or saturated
condition. And in the event he is showing saturated conditions
and he has to assume that there are voids in the system at
some place, that should trigger him to be concerned about
whether or not he's getting a valid pressurizer level indica-
tion.

Yes?

DR. SHEWMON: How does he know whether or not he's
saturated?

MR. MAC MILLAN: That's a good question, and the only
way that he knows right now is to either lock at a chart that
has been drawn for him -- some utilities have put the pressure
versus temperature on their computer, so he can call that up and
look and see what it is. Other utilities put a little chart,
just pasting it right on the control panel.

It would not be difficult to make that kind of a

€7-7C9
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display available to the operator right adjacent to the gauges
2 he has.

K DR. SHEWMON: Before the Three Mile Island incident,
4| did your computer have the ability to simulate the significant
5| part of the primary system going into a steam system, and thus
6 | what would happen by way of pressure pulses when he starts

7‘ trying to refuel that again?

8 | MR, MAC MILLAN: We had built into the simulator

9 | fault conditions, including the loss of off-site power and

‘01 obvicusly the loss of feedwater flow. And we had built into
the simulator various breaks in the reactor coolant system,

12|l which would be equivalent to having a valve left open. And
then he had to respond to those in his training.

14 | Now, I guess I would have to say =-- I would have to
15| qualify that at this point by saying, I'm not sure that we had
6 | the simulation perfected to the point of getting into a posi-
’7f tion where he had substantial voiding in the system and then

18| trying to work his way out of it.

DR. SHEWMON: Do you now?

MR. MAC MILLAN: That's what we are trying to do in

»
o

21 | the course of this training program.
2 DR. LAWROSKI: Has there been any feedback yet on the 332
a3 MR. MAC MILIAN: Dr. Lawreski, I have not been in

24 Lynchburg very much lately and I don't have any feedback. I
sral Redcrrers, Inc,

25 don't know whether any of the others have it or not. We an
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get some feedback for you, if you'd like.

Again, turning to the item of design or equipment
improvement, in the near-term we ;xpect to recommend design
improvements which do not affect other plant systems or require
extensive analysis to improve operator perfcrmance during
transients similar to TMI-2. In this category are such things
as more positive indication of pilot-operated relief valve
position, an interlock that would isolate certain containment
penetrations, including the containment sump, upon emergency
core cooling system actuation, and instrumentation which will
indicate to the operator whether the reactor coolant is
approaching the saturated condition without his having to
consult steam tables or curves. And this gets to the point,
the gquestion you raised just a minute ago.

We anticipate that recommendations of this type will
be made within about six weeks. Implementation would be possi-
ble during almost any outage.

We are also reviewing the implication of these design
improvements for other B&W 145, 177 and 205 fuel assembly

plants now being designed and constructed.
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MR, MICHAELSON: I notice the absence now of level
indication in the reactor vessel as a parameter of possible
interest. ’

MR. MAC MILLAN: I'm getting there.

MR. MICHAELSON: Okay.

DR. LAWROSKI: You're in a big hurry, Carl.

MR. MAC MILLAN: The fourth item of near-term action.
I have appointed a special task force to advise me within three
months concerning other implications for plant design as a
result of the TMI-2 incident.

The charter of this task force is shown on the next
overhead.

(Slide.)

I have hasked them to review the technical aspects
of the occurrence, to developed recommendations on equipment
improvements, operator interface or intelligence made available
to the operator, recovery requirements, and what would we do to
make the reccvery and support a recovery -- mcre effective =--
and what incident support mcdifications we might be looking at
in the event that a similar occurrence might transpire in the
future; :then, finally, assess the impact of the cccurrence and
prtential resulting changes in the regulations -- on our divi-

cion, technical activities.

This task force is comprised of a diverse group of

| technical personnel, both within our nuclear power division and

€722
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from other divisions of the company, including our research and

»

develcpment division. -

(]

Let me turn now to what we classify as longer-term
4. actions. Beyond the immediate~ and near-term actions, the
5| longer-term actions will be undertaken. The ACRS has recommend-
6| ed a major reanalysis effort cn transientes and pressurized
water reaciors that involve initially, or at .scme time during
8| their course, a small break in the primary system, and expressed
its belief that the TMI-2 incident has -- and these analyses
’Oi will demonstrate that additional information regarding the

i status of the system will be needed in order for the plant
‘2i operator to follow the course of an accident and thus be able

i to respond in an appropriate manner. .

|
‘4§- Although we agree that the TMI-2 incident has shown
'5? a need to consider on both a near-term and long-term basis the
16 | feasibility and the desirability of potential design modifica-
17| tions to improve the information available to operators, we do
18 | no believe that major reanalysis is necessary for these near-
19| and longer-term design decisions.

20 At this juncture we intend to undertake of those

21 || anticipated transients which result in the cpening up of the
<¢ | pilot-cperated relief valve to confirm that an open-up, pilot~

23 | operated relief valve, in conjunction with this antiicipated

24
sursl Regorters, Inc.

transients is coveved by, or enveloped by existing, small break

25 | analysis.
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It these reviews =-- our own and the NRC's Staff's
ongojing reviews of the TMI-2 incident -- and our planned
efforts to assess proposed near- and longer-term modifications
should indicated a need for additiocnal analyses, obviously, we
will promptly undertake to perform that.

With respect to further criteria for design
modifications, beycnd that being immediately addressed, we will
be examining such other criteria, but with the caveat that each
must be carefully evaluated with respect to any impact on other
design requirements within this area.

We will consider the merits of reactor vessel fluid
level indication instrumentation and reactor trip on loss of
feedwater flow. .

More extensive consideration will be given to
containment isolation upon actuation of the emergency core
cooling system to review particularly which systems should be
isolated and which should be maintained as necessary to enhance
plant safety.

An additional direction for concideration of furhter
criteria involves recovery from and mitigatiaon of the transients.

Obviocusly, prevention is now, as before, the foremost ccal of

. design, but consideration will be given to such items as

' isolated and shielded long-term decay cooling, reactor vessel

24‘

lersl Reporrers Inc.

25

venting, more formalized structure, and procedures for

communication between the site and outside support, and the
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handling of hydrogen generation.

In conclusion, it is B&W's view‘}hat the BaW-designed
31 plants can be safely operated. The severity of the TMI-2
incident warrants reemphasis of, first, near-term upgrading of
administrative controls, and longer-term consideration of
6| system modifications to provide additional assurance that the
safety systems will be available on demand.

Secondly, near-term operator training and instructions
9 | and longer-term consideraticn of system modifications to
10{ provide additional assurance that the operator will recognize

11| the importance of maintair.ing sub-cocled, loop conditions and

—
w

conditions.

I
121 core-cooling capability for a broad spectrum of transient
i
|
|

In response to the TMI-2 incident, B&W has, first,
15| expended major priority efforts to support and assist the

16| licensee in brining TMI-2 to a long-term, shutdown condition.
17: Secondly, taken immediate action to review the

18§ incident with operators of other B&W plants, issue instructions
19i and advisories to these operators, and to provide support and

20| assistance to zhe operators of B&W plants, all with a view to

21! assuring that incidents similar to TMI-2 will not recur.

22 || Third, undertake efforts to continue its review of
23 the incident and revise w\nd update instructions and advisories
24 | as necessary, and to implement an operator-training program,

25" with specific reference to the TMI-2 incident.

67215
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- 1 1' Fourth, BaW implemented efforts to evaluate potential
2} near term design modifications which do not otherwise impact
35 other elements of plant safety, with a view toward providing
4! further assurance against recurrence of incidents similar to
5 TMI-2.
6i Fifth, we've developed plans for consideration of
7: longer term improvements in the capability of B&W plants, to
8 prevent, mitigate and recover from incidents similar to TMI-2.
91 While the TMI-2 incident was serious, we believe there are
30; constructive lessons to be learned and that timely, responsive
n actions have been taken to assure the safe ope:ation of BaW
12 reactors.

( ) 13 We believe that the additional actions which I have
4 outlined today will further enhance that safe operation.
15i In closing, let me emphasize that we will remain open
lbi to any suggestions that the Committee might have at this time
172. and as the results of our near and long term actions become
132 available. In the meantime we will endeaver to keep the
197 committee and the NRC advised at each significant juncture in
205 our efforts.

21 That concludes my prepared statement. I'd be glad

22 | to answer any questions that you might have.

23

DR. CARBON: Dr. Catton, in most of your presentation

24| it wasn't ocbvious to me that you're doing any human engineering
Jeral Reporters, inc,

25 | with resgect to your control roem. Toc much information can be
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pmnc 2 1 as bad as too little. Have you looked intc how best to

2 display the information so that the operator of the reactor

31 can respond properly?

4 MR. MAC MILLAN: In the comments that I made relative
S to the issue of modifications that might encourage the |
6 operator to take the correct actions I was really driving at

7 exactly that peint. How can you display information to the

3 operator so that he can guickly assess what the situation is

9 and take the appropriate action. I would call that human

10 | engineering, the operator-machine interface. 1I believe that's

1 an area where we can do substantial work to enhance, encourage
12 him to make the right kind of decisions.
& 13 What has to be recognized is a very hectic environ-

14 ment in the event of one of these major transients.

15 DR. CARBON: Dave?

DR. OKRENT: I have several guestions. Could you

|
|
17‘ tell me why the core thermocouples are connected to the
! computer in such a way that, when you go above a relatively
|
|

19| low temperature, you get a question mark, instead of continuing

20| to read the actual temperature?

21| MR. MAC MILLAN: I think I can answer that. The
22| core thermoccouples are put in the computer and are used

23 primarily for getting some confirmaticn cof core power

24

ersl Regorrers, Inc. |

25 | management and <o confirm the in core detector indications

distribution during normal operaticn, to assist in the fuel
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relative to power distribution.

They are put into the computer sc¢ that, I believe,
they peg it somewhere around 800 degrees, which, of course, in
the normal operation of the unit is a substantial margin above
the temperatures we'd expect to read on those thermococuples.
The thermocouples were not installed in the plant originally
as a means of following significance transients of this sort.

DR. OKRENT: VYes. But is there anything that
prevented these thermocouples from reading to a higher range?

MR. MAC MILLAN: Strictly a case of the limitations
that were put on the computer in its interface with the
thermocouples. In fact, during the sequence of the transients
some of those thermocouple readings were checked that were
indicating that they were being pegged at 800, were checked in
fact to find what higher temperatures were indicated.

DR. OKRENT: Again, if I understand correctly, it
didn‘'t even say high. It said question mark.

MR. MAC MILLAN: That's correct. When it gets up
in that range, it just prints out a gquestion mark.

DR. OKRENT: Yes. Now, it seems awkward, to say the
least, that in the two events that have led to significant
damage to the ccre in a power reactor, namely Three Mile Island
-2, and many years ago Fermi-l, there was thermoccuple infor-
mation available. The thermoccuples were installed, and in this

case in fact the information as to temperatures was unavailable

6721
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to the operator.
In the other case it was not in a place where he

would see it, and it wasn't built into any alarm system, and

it seems to me at least that for the future I might have heard

an interest expressed in getting this additiocnal piece of
informaticn built into the system in a way where it could be '
useful for safety purpcses. Well --

MR. MAC MILIAN: I respect your comment.

DR. OKRENT: 1I'll leave that for the moment.

Could ycu tell me something else?

PROFESSOR KERR: Mr. Okrent, I want to hear your
comments, if you could use your mike.

DR. OKRENT: I'm wca:inq it, but it may be set down
low. 1If I understand what I've been reading and have read
about the behavicor of the contrcl system that relates core
power and feed water flow and demand and so forth, and I'm
quickly going to get over my head, since my area of knowledge
is not reactor control. I'm trying to understand how BaW
decides what constitutes an acceptable contrcl system from
the point of view of how many times it challenges the operator
or the safety system to do scmething to get the reactor shut
down safely.

Is the guestion clear?

MR. MAC MILIAN: 1I'm not sure I understand what

you're driving at.

7219
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DR. OKRENT: Well, let me put it this way. If you
had a contreol system that every day required a reactor -
protection system to work to keep the reactor safe, I think
you would feel that you were challenging it too frequently.
Or if every day the control system required the cperater to do
scmething not routine in order to either get the reactor shut
down safely or to restore it to some acceptable steady state
condition, I think we would both agree that this was too
frequent.

Now, as I look at the number of events that have
transpired in the last few years, there have been several
situations where the operator was pressed one way or another
to restore the reactor, where in some cases the control system-
received faulty information because of some malfunction, a
short circuit or whatever, or the operator got misinformation
or both.

And I'm trying to understand whether this in any
way relates to the particular mode of control used, whether it,
in your opinion, a reascnable number of challenges, a reasocnable
number of anomalous situaticns, whether all reactors should be
expected to have this kind of behavior or just how do you
evaluate the safety implications of the control system
emploved on the B&W reactor.

MR. MAC MILLAN: If I understand what you're saying,

do we have a criterion that says, if your contrcl system has a

¢ 220
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v—at § 1 fault more than three times a month, that's unacceptable, the
ﬂ answer, to that question, we don't have such a criterion. Our

33 integrated control system reliability is an area where wa're

4! working to improve its reliability. I'm sure you'll under-

5 stand that that was not a factor in the sequence of events

6| which we are discussing today relative to Three Mile Island-~2.

14 DR. OKRENT: I understand it very well; however, in

3 looking through the history, I can see other transients that

9| might have transpired into a complex or more complex event

10! than they were, situations where, at least for a period of

1 time, full information concerning the status of the reactor

12| was not available to the operator, and situations where the
\\ 13 | cperator needed to do things far from what he ordinardily does

4 to return it to a state of normalcy.

15 | And again I'm trying to understand whether in some

16 way the control system has been or should be reviewed as a

17| contributor to, let's say, the initiation of possible acci-

18|| dents. I guess that's a way of putting it.

9 MR. MAC MILLAN: Let me answer that, if I could,

20| with a couple of comments. First of all, let me say that we

21! are not satisfied with the reliability of the integrated

22

|
l
22 | control system and are working to improve that reliability.
E Secondly, the safety of the equipment, the safety
|

24 of the operation is not controlled by the ICS. It's controlled
Jersl Reporrers, In..

25f by the reactor protector system and the engineering safeguards
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rwmee 7 1 features actuation system. I agree with your concern that we

do :... want to have an integrated control system that is

2| challenging your operator on a daily basis to see if he's on
!
|

4| his toes, to handle abnc:rmal events.

5 And the thrust of our reliability program would be

6| to reduce the number of those instances.

7 DR. OKRENT: Let me ask a related gquestion. There

8 is scme history of what you might call feedwater transients,

o one way or another, that tianspired prior to Three Mile Island.
10 | None of them, to my knowledge, was associated with, for

n example, isolation of the auxiliary feedwater system or other
12| things here, but there sometimes might have been other things

\ 13 associated with them.

4 Do you review the frequency of such events and judge

15| whether there is some pattern that needs consideration, or is

16 | that outside the scope of the BsW area of responsibility? 1Is
17|l it the architect engineers who are supposed to worry about
18 this or just what? Where does this fall? |
MR. MAC MILIAN: Let me address the issue of loss of

20 | feedwater experience. We've had a number of those t:ansients

211 on the BaW systems. I don't know the exact number, but it's

{

il

22 5 in the range of 60 instances of loss of feedwater.

231 I guess I ought to set the recocrd straight. 1In
|

24 | direct answer to ycur question, the design of the feedwater
jersl Regorters, Inc.

25 | system primarily is not a B&W responsibility; however, we do

Fr e AR
b & s E



QO
@

-
L)

enc

w

=

w

o

~

23

24

S ——

sersl Recorrers, inc.

s

216
place certain requirements in terms of the quantities of
feedwater, the temperature of the~feedwater, the guality of
the feedwater, which must be satisfied in order to assure the
appropriate operation of the B&W equipment.

Most of the loss of feedwater transients that have
occurred have been initiated through factors which are involvod;
in the design of the feedwater system. Some designs are much
more susceptible to loss of feedwater than other designs, and
it's closely related to the number of safety features and
interlocks and protection devices that are built into the
feedwater system.

And the features of the feedwater system that deter-
mine, seem to determine the freguency of these events, where we
see an abnormal number of those events, it's been our
practice to work with the utility or his architect engineer,
depending upon any particular customer, to try to understand
what it is that', causing these transients, and are there
things that can be done to reduce their frequency?

I have to say to you in most cases the corrective
measures associated with that are involved usually in changes
in the feedwater svstem rather than changes in the egquipment

which B&W supplies.

Y
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DR. OKRENT: 1If I can ask a few more questions. You
indicated that you thought you c.3='i have a need for major
reanalysis. I think those were your words.

By the way, I don't think they're in the ACRS letter.
Maybe the; shculdn't have been,

MR. MAC MILLAN: Maybe I inferred that from the
third paragr2ph of that letter, Dave,

DR, OKRENT: But I'm a little bit curiocus. I have
to assume you didn't analyze any transients like Three Milie
Island transients before it occurred. 1It's an unusual segquence
of events,

Had you analyzed any at B&W and documented them, at
least internally, which lec to overheating of the fuel?

MR. MAC MILILAN: All of the accident analyses we've
done, including the spectrum of small break analyses, including
loss of feedwater transients and loss of off-site power, we
have documented, and in each of thrse instances we have

demonstrated that, given the continued opc:aiion of the emer-

' gency injection system, the high-pressure injecticn systems,
| water is maintained in the core and the core condition is

| maintained in a safe configuration, and you do not see the kind

of temperature transients that we have seen here at Three Mile
island <.
The answer to your earlier question is, we have not

previously analyzed the sequence of events that transpired at

Y
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Three Mile Island 2, nor do I think wﬁ could have predicted
ahead of time the seguence 2 operations that transpired
there at the time the incideit occurred.

DR. OKRENT: No. My question was: Have you
analyzed any that led to overheating of the core?

MR; MAC MILLAN: On the design-basis accident,
the core is overheated.

DR. OKRENT: Ah, but only in a modest way.

I naean, to something that resembles this degree
of degradation-- I'm just curious -- as part of your
simulation studies.

MR. MAC MILLAN: The most severe transient in terms
of core temperature that we have analyzed is th2 design-
basis accident.

OR. OKRENT: Do you think with your current
simulator ycu could have put in these conditions as actually
occurred, and let's assume we'll be able to find out with
sufficient detail, into your simulator and predicted formation
of hydrogen gas bubbles and where it would be?

I'm just trying to understand the power of your
current methods.

MR. MAC MILLAN: Our present simulator =-- nor do
any of our analytical methods in our computer accocunt for the

formation of noncompressible gas or hydrogen, or try %o say

| where that would be in the system.

67225
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DR. OKRENT: Do'you think you could have described
the matter, including the formation of voids in some detail
:hat:s beiling in the core and so forth with your carrent
simulator?

MR. MAC MILLAN: Yes, sir.

DR. OEKRENT: low as you know, there are some
questions about whether for very small breaks there is the
possibility, if you don't have the primary system pumps,
chat there may be a mismatch of heat input from a shutdown
core and heat output from the small break, and so forth.

Have you done calculations covering the full
spectrum of that specific accident at various break lccations
throughout the primary system in the pressurizer, in the pipe,
the ;old leg, hot leg, and so forth?

MR. MAC MILLAN: We have looked at and have
documented an evaluation of a series of break sizes down to
and including a .05 square foot break, and we have locked at
that sized break at various locations around the reactor
coolant system in order to determine which may Le the most
severe condition that we have to be prepared to address.

And in each of those cases, as I indicated earlier,

we have determined that we maintain water in the core and

» would not expect to see significant fuel cladding temperatures

under those circumstances.

DR. OKRENT: I can't tell, though, whether geocing
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down to .05 is a way of answering the guestion I posed,
because my break starts at 0 and goes up. And it may be the
interesting sizes are below .05. lave you looked?

MR. MAC MILLAN: We have looked at smaller break
sizes, yes, and concluded that they are not as severe as the
ones around the .05 square foot size.

DR. OKRENT: So you've looked exhaustively, <then,
for sizes below .05. 1Is that what I should assume?

MR. MAC MILLAN: I'm very hesitant on %hat word
"exhaustive."

DR. OKRENT: There should be ro surprises below
.05?

-MR. MAC MILLAN: We don't believe the{e are, from
the work that we have done.

DR. OKRENT: Just one other guestion.

There are other kinds of instrumentation that one
might think of that could have been useful here, had we had
it. Some of it would fall within the scope of the NSSS
supplier, I would think, or at least some of it might fall
in the area that the balance-of-plant man would supply.

I wonder if you have developed any cpinions about’
whether and what other kinds should receive seriocus
consideration?

MR. MAC MILIAN: I think I ought to answer that

this way: We're in the early phases of analyzing this event.

A
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As I indicated in my testimony, the primary thrust of our
efforts has been directed toward the support of the activities
of Three Mile Island 2, and any of those immediate actions
which we deem to be appropriate in terms of supporting the
continuing operation of our other nuclear plants.

Obviously a lot of people are doing : lot of thinking
about what other sources of information might we have? What
kinds of design modificaticns might we make based on the
lesscns to be learned at Three Mile?

I believe that's something we need to do in a very
orderly and a very, I'd say, cautious way, as we look at the
events therein, as we try to get more information about what
took place in that incident.

I do not have at this point .any suggestions or
recommendations about other kinds of instrumentation that we
ought to have as a consequence of a detailed analysis of TMI 2.
I think that will come in due course.

I'd bc.interested in suggestions, if you have scme
ideas.

DR. CARBON: Dr. Kerr?

PROF. KERR: John, I think earlier you indicated
a rather extensive loock at systems, uot an exhaustive
reanalysis, and I am sure you're concentrating on this kind of
transient, as I think one has to.

All of us, I think, are conscious of this as an

¥l ae TNEY
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example of the fact that we may have overlooked scme other

things, as well.

Is there any systematic way =-- do you have any
plans to try to look perhaps a bit further than this kind of
transient for -- I don't know how to describe looking for
things that one hasn't thought of -- but do you have any
plans tc do anything that would be a systematic approach to
perhaps a finer sieve than we have used?

MR. MAC MILLAN: You do pose a very difficult
question: How do you lock for things you don't know about?

DR. PLESSET: Let me throw one your way. May I?

MR. MAC MILLAN: Yes, sir.

DR. PLESSET: 1I'll give you a "for instance."

Supposing you have delayed scram. Have you looked
at that?

MR. (IAC MILLAN: Ve do lock at the effect of
various delay times before scramming and the impact.

DR. PLESSET: I was just trying to help Bill.

PROF. KERR: As a matter of fact, on this
transient, they did have delayed scram.

DR. PLESSET: I was thinking of a more significant
delay than the one they had.

MR. MAC MILLAN: OQur system is designed so that we
do not normally -- it's not part of the safety system to scram

a reactor when either the turbine trips or there's a loss of

N oL

lf}‘ o Mo &



4-6 jwb

223

‘E feedwater.
2% In this particular incident, as designed, the
3; reactor tripped on high reactor coclant system pressure, and
‘i that toock place, if my memory serves me right, somewhere
Si around 12 seconds after the initiating incident.

;
6; The guestion could be asked -- and I think I
7i mentioned in my testimony =-- that one of the things we are
8? looking at is whether or not it would be more appropriate for
9i us to build the system in such a way that the reactor scrammed
‘oi on the loss of feedwater £flow.
o . What I said in my testimony alsc was: I didn't
21 think we ought to rush in any hasty or ill-conceived solutions
’3i because we need to lock at what the implication of that
"i would be relative té all the other operating phases that the
]5; reactor may be subjected to.
"L T believe, Bill, the other thing I .:id in my
!7;’ testimony that gets at something of the point that you are
18% making is that we have -- we are gocing to look at all of the

|
]9'; transients that we are aware of that cause the power-cperated
2°j relief valve to open. And there are a number of them. And
2‘1 then evaluate, if the valve sticks open in the course of that
22€ transient, what is the impact on the system? What happens in
23 4

! the system? What actions are automatically initiated by the
24 |
eral Reporters, Inc. |

-

safety systems? What kind of actions would be expected by

the cperator? And what would be the extent of the effect of

: t:;tfﬁg()
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those transients?

Now that's a very specific area of looking at, on a
systematic basis, those things which could cause that valve to
open, and what happens if it sticks open? And what happens if
that open valve goes undetected by the operator in the
subsequent time?

PROF. KERR: You mentioned "feedwater" earlier, and
I don't want to belabor it, but it has been my impression that
feedwater control systems in some cases may be somewhat
primitive, especially in the way in which they react to
feedwater flows at low power levels or low loads.

Is any additional analysis of the system == I
recognize.that this is probably never, or at least not
normally your direct responsibility, and you said that you
supply specifications -- but specifications are not very
useful if they can't be adhered to.

Is it your experience that specifications you
provide are generally met? Or is that scmebody else's
responsibility?

MR. MAC MILLAN: We have the responsibility, Bill,
co check the design to assure that the secondary system, the

feedwater system as designed accomplishes the requirements

| that we have established.

But I have to say to you again, those requirements

relate primarily to how much feedwater flow you're going to

&d—221
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get at what kind of temperature and what kind of guality,
and don't necessarily address how many heaters are in the
train, what kind of interlocks do you put on the feed pumps
so that if you lose some inlet pressures =--

PROF. KERR: I'm not thinking so much of inter-
locks as I am whether you specify steady-state, or gquasi-
steady-state, which it seems to me must freguently be the
case, and don't really have much of a specification on the
transient operating performance.

That doesn't seem reasocnable to me. But from
looking at the experience with these systems, one could almost
get the impression that not much attention is given to the
transient performance, especially at low loads, because that's
;here the difliculty seems to occur.

MR. MAC MILILAN: we do have some limits that we
put on the system relative to how rapidly it can change
temperature, because that has some impact on the temperatures,
the transients in the steam generator itself.

We also have requirements on =-- in which we would
accept a change in steam flow as a function of time, and that
affects the rate of feeding of the feedwater. So there are
some transient requirements that are required, uut I sense
that what you're driving at is: At low flows, you sometimes
get some oscillations in the feedwater flow.

PROF. KERR: I can remember an instance in which

i
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we were looking at water hammer, ¥h contrast to this
particular transient. And on this plant, it seems to ae, it
was discovered that at low flows the design of the valve was
such that cne, in effect, got a very iaigh gain in the loop
gain of the control system, and it simply was unstable,
apparently.

Those things don't show up in a quasi-steady state
analysis, but they're very important to the transient
performance of the system.

MR. MAC MILILAN: I guess my response would be that
where we see a high incidence of loss of feedwater, and this
was the case on Oconee 1, we sat down with the designers and
said, "Now what can we do to decrease the fregquency of these
incidents? What were the causes? How can we eliminate those
causes and have a more assured continuity of feedwater flow?"

Again, that's not our design responsibility, but
we feel, when we see that kind of repetitive performance,
we need to get together with the designer and try to work our
way through it.

PROF. KERR: 0On another subject, both the NRC and
you have urged operators to lock at their administrative
procedures for maxing certain that either of the safety systems

are available when needed, yet unguestionably there must have

' been other cocbjections to review this same sort of thing, and
sers! Recorrers. Inc. )

we found the situation in which the auxiliary feedwater was
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available. P

One could try to move in a direction o. additional
interlocks on the operator startup unless these were
available, but then one would have to have interlocks on the
interlocks, I suppose.

Do you plan to give any thought to whether one can
obtain appropriate operation if these auxiliary feedwater
systems are manual? Maybe we're going in the wrong direction.

I'm not asking you tc design the system today. I
would urge that at least that possibility not be neglected.

MR. MAC MILLAN: That's an interesting thought.
I'll have to say that's one we hadn't thought of. Clearly
we'd thought of other ways to make sure those shut-off valves
are opened at the time that they need to be open, but going
into manual --

PROF. KERR: It may be irrelevant or impossible,
but at least if somebody had to do something and had time to
do it -- well, it strikes me as an alternate apprcach which
it seems to me ought to at least be locked at before it's
completely discarded.

MR. MAC MILLAN: We'll make a note of that.

PROF. KERR: I have no more guestions.

DR. CARBON: Paul?

DR. SHEWMON: Yes, a couple of comments.

Do you have any idea of why the primary feedwater

7724
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failed in this ,case? There was some talk about demineralizers,
or something else coming out of the rumor mill. I'm not sure.

MR. MAC MILLAN: I heard the same rumors you did.

I don't really know what happened as the initiating event in
the loss of feedwater.

DR. SHEWMON: Okay.

In the handout that Tedesco had this morning, he had
a list of six feedwater transients. The PORV was activated in
five of them. It stuck open ‘n three of those five.

MR. MAC MILLAN: Yes, sir.

DR. SFEWMON: That's not a batting record that
anybody outside of the Major Leagues would be very pleased
with. And I wonder if you could say =-- I assume, since that's
on the top of the pressurizer, that it's something you people
specify, if you don't build it.

Could you tell me something about how these are
tested, and whether we can see any improvements down the road?
It's nice to tell the operator, to train him to tell him that
it always sticks open, but that doesn't quite seem like the
way to whip it.

MR. MAC MILLAN: Let me respond to several of --
where I think your gquestion is at.

I think the implication was that three out of five
we had the valves stick. That isn't really the right
statistic. We've had somewhere -- and I don't have an exact

&7 22 )
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numbeY, but it's in the range of 150 events in the histoxry of
the B&W units 'aich have caused the power-cperated relief valve
to open. Out ~£f that 150, in 3 instances the valve has stuck
open, for one reason or another. That is not far from the
kind of statistics that have been generated in the evaluation
of reactor safety, about a .02 probability. It seems to be
right on target.

Now there was some guestion this morning about
whether all of these valves were the same valves, or whether
they were different suppliers.

The valve at Oconee and the valve at Three Mile
Island 2 are Dresser valves and are essentially equivalent,
identical valves. The valve at Davis;Besse is a Crosby valve
of a different design.

These valves are used extensively not onl& in the
nuclear business, but in the fcssil steam business, for

pressure relief, pressure contvol.

S et]
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T 4051 21 The testing of these valves involves a hydro test.
’MAN t5
pmce 1 23 The normal manufacturing involves a hydro test. And then a
3; subsequent cycling test of the valve, where the valve is
Ai relieved, the pressure cocmes down. It's allowed to sit for
5| five minutes, blown again.
6! DR. SHEWMON: What's going through the valve?
* 7% MR. MAC MILLAN: Steam.
ag DR. SHEWMON: At 2200 psi.
93 MR. MAC MILLAN: The steam at the design relief
|

10 pressure, and this is cycled three times to check the relief
11| pressure and the re =ding pressure and to assure that in a

12| receded posit._on that the valve -- the seal is not simmering.

(’ 13 DR. SHEWMON: That happens when?

MR. MAC MILLAN: At the time the valve is manu-

15 factured.

l
Iél DR. SHEWMON: Did that ever happen again in the course
é
| of the semi-annual review or the decennial review? 1Is there

18| any in service inspection c¢a these?

19 | MR. MAC MILILIAN: I don't know the answer to that

20| guestion. Do you know what the annual inspection reguirements
21% are?
|
: MR. TAYLOR: Jim Taylor of B&W. After each of the
23| two instances that Mr. MacMillan referred to in the cases where
24| valves stuck open, in the first case it was at Oconee. That,

P +eral Reporrers, Inc,

235 | I believe, was in 1975. An investigation was made of the causes
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of the problem. It was determined to be corrosion and ;
improper clearances in the valve. These valves were reworked.
Field changes were put out to all the plants that had these
valves installed, and they were tested.

In the case of the Davis-Bessie transient, which was
a Crosby valve of a different design, it happens to be the only
B&W plant that has the Crosby valve. The rest of them are
Dresser valves. It was an electrical problem quite different
than the cne that occurred at Oconee. And that electrical
problem involved a relay having been left out of the circuit,
which was not a part of the egquipment that we had supplied, and
that valve was corrected and tested after that also.

So in each of the cases where a difficulty with a
sticking valve had occurred, an investigation of the cause was
made. The valve was retested, and all the other subsequent
valves were also reworked. We have recently develcped a
thorough pericdic test procedure which has been sent cut to the
field on each of the plants, which involves a very extensive
test, both each time the ~lant goes into the cold shutdown
condition and during each heatup. So that the cold tests are
run iavolving a sclencid voltage positicn indication.

The input of dummy signals into the valve operating
circuits and a host of other tests are .iade during the cold
cendition. And then the valve is lifted during the pre-

critical heatup phase. And so there has been a suggestion

(Seaidtl
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passed on to each of the plants to make these periodic tests,
where the Dresser valves are involved.

DR. SHEWMON: And that pre-critical heatup is after
you've got your system at pressure?

MR. TAYLOR: Yes, Dr. Shewmon, it is. That's when
you can blow steam through the valve into the gquench tank,
and they will not only check the operation of the valve at
that time but also check the response of the thermocouple on
the pipe and the pressure in the surge tank. Those are just
very recent test procedures.

DR. SHEWMON: And these are things the operators
would do as part of their startup. They would know what that
downtail}or whatever your word is, for the indicating thermo-
couple locks like when the steam is going through.

MR. TAYLOR: Yes, sir.

DR. CARBON: Harold?

MR. ETHERINGTON: Mr. MacMillan, jyou reccmmend on a

contingent basis using the high pressure injection to

continue for at least 20 minutes. In this particular incident -

at Three Mile Island they would probably have gone solid in
about nine to ten minutes. Would that concern you?

MR. MAC MILIAN: It would not concern me to the
extent that that is the expected result of high pressure,
continuing high pressure injection, and we'd expect to relieve

the pressure tarough the open relief wvalve in that particular
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way.

MR. ETHERINGTON: Would the relief valve take the
water hammer, if any?

MR. MAC MILLAN: We believe so, yes.

MR. ETEERINGTON: I have cne more gquestion. You're
planning, I expect, at some time to address in detail the
conditions required before going to natural circulation.

MR. MAC MILLAN: I hadn't planned to talk about that
this afternoon.

MR. ETHERINGTON: I didn't mean that.

MR. MAC MILIAN: I'm sorry.

MR. ETHERINGTON: You know, I consider it a pretty
important item, and you don't address it here. But iﬁ's
scmething you have under consideration to instruct the
operators of B&W plants?

MR. MAC MILIAN: Let me answer that in a couple of
parts. You remind me that I wanted to respond to a comment
that you made earlier this morning relative to the importance
of maintaining the cold part of the steam generator, the
driving force for natural circulation in the tcop of the steam
genera‘or.

And the question that was asked is has this been
locked at without reactor coolant pumps, for example, in a loss
of off site power? The answer to that is, ves, we have loocked

at that esent in loss of off site power, and in that event the



The auxiliary feedwater comes on in that circumstance
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5 1l reactor coclant stopped. ;
|
|

31 and is admitted at the top ¢f .he steam generator and provides
cooling of the reactor cooclant in the upper region of the

|
Si steam generator, in order to provide a driving force to
|
%
|
|

6 induce the natural circulation and sustain the natural
7 circulation in the post-loss of power sequence. |
8| Now, I believe in the discussion this morning of

9 what was happening at the Three Mile Island-2 in the first

10 eight minutes of the transient we saw a demonstration there

1 of what we believe the steam generator is beoiled dry, and then
12 the auxiliary feedwater came in at the top of the steam

13 generator and was evapcrated as it ran down the tubes, and

4 no water was accumulating in the bottom of the generator.

15| But we did see a very significant turn-arocund, you
recall, in reactor coolant system temperature. As soon as
that water was intrcduced in the auxiliary feedwater on the
18 | steam generator, that reactor coolant temperature turned

19| around and starteéd back down.

20; So we believe that, on the basis of our calculatiocons,
21} that in this accident condition without reactor cooclant pumps
22

we do in fact through the auxiliary nczzles in the top of the

23| generator get the driving force for heat removal anéd for
24 induced natural circulation at the proper level.
ol Reporrers, Inc. |

23 MR. ETHERINGTON: That's our closely packed tube.
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Does the pernietration of the spray =-- how far does the spray
penetrate?

MR. MAC MILLAN: There's a header on the inside of
the steam generator which goes around the tube, with holes on
the inside of the header which direct the water right at the
tubing in the steam generator.

MR. ETHERINGTON: The bundle is more like this,
isn't it?

MR. MAC MILLAN: Yes, we're getting this impact
mostly in the ocuter few rows of tubes.

MR. ETHERINGTON: And you're relyiiag on those as
your heat sink?

MR. MAC MILLAN: Yes, sir. Aﬁd I believe =-- well,
we saw in the results today that in fact you do get
significant coocling in that condition.

MR. ETHERINGTCN: But in this case,when they went to
natural circulation, the spray was not effective.

MR. MAC MILLAN: In this case, by the time they

decided to turn off the reactor ccolant pumps, as was indicated

earlier, we were in a situation where we had such a rate of
temperature in the hot portions of the reactor and would not
have anticipated in that condition.

MR. ETHERINGTON: Almost saturated, I think you
referred to 150 pounds per square inch below, didn't you?

MR. MAC MILIAN: It was fully saturated and had been

y - Aaf
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for some time. In fact, you can see on the curves where tche

saturation temperature and reactor outlet temperature, they're

3i right on top of one another. I think to the second issue that
4 you raise, maybe I misunderstcod. We are in the process now
S of developing the information required to make a transfer at
8| Three Mile Island to =-- from forcec circulatibn to natural

7|l ecirculation.

8 MR. ETHERINGTON: My gquestion really related rather

9i to your other plants besides Three Mile Island.

10 DR. CARBON: Bill?

1 PROFESSOR KERR: I don't want to interrupt Harold.
12 DR. CARBON: I thought you were done.

13 DR. SHEWMON: Let me ask the guestion which may be

14 rephrasing his. 1Is it part of operating procedure or training

15 procedure for an operator to be asked to take a plant into
'6; natural circulation? Doces he go through that operation?

{ MR. MAC MILLAN: 1In the event of loss of ocutside
‘33 power that's exactly what he does.

.

: DR. OKRENT: 1If I can pursue it a little further,

20| it seems to me that where we find difficulties in operation,

21| this represents the most serious one, but we've seen others

that were, let's say, one step short of this or two steps

ra
L]

short of this.

24

wal Revorrers, Inc.

It's when the situation was not like the one in the

25 | FSAR. 1In other words, you didn't just lose off site power and

é 7743
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pmcc 8 1 then everything transpired normally. But there would be

2 another complicating factor, whatever it was, either some

2| dinstrumentation read wrong or a wrong signal point scmewhere
tl and so forth.

5 And what I'm still unable to tell is whether for

6| small breaks or for loss of off site power or for a leoss of

7| feedwater or for various other transients one could identify,
8 whether in fact there has been a hard look at what you might
9!l call degraded functiocnal conditions and how the system then

10| loocks different. 1It's not clear to me that you're having

1 trained the operator to respond to a situation involving just

12)| the loss of off site power and getting to natural circulation

13/| will prepare him for a compounded set of circumstances.

And I think in this sense I reall& questicn your

=

15| confidence that you've done enough analysis. I really gquestion
that you can now train the operator for these other things if
17? you yourself haven't studied them in some detail and thought

18 | about them under differing sets of circumstances.

19 | I think in fact my own feeling is it's two or three

20| weeks after the event. We can sort of sit here and say, well,
21: he should have seen that the temperatures were all giving a

gquestion mark, and he should have seen that the pressure was

dropping, and he should have seen that it was high in the hot
24 leg and cold in the cold leg and so forth.

eral Reporrery, inc, |
25 | But I'm reluctant to say that, had I been an
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operator with the training that they received, I would have

been able to see an ever:. I don't kncw abcut you.

MR. MAC MILILAN: Is that a gquestion?

(Laughter.)

DR. OKRENT: Yes, indeed. I'm trying to see, for
example, with regard to natural circulation, whether in fact
we are in such good shape. You provided assurance that the
operator is trained to get it into natural circulation from
a loss of off site power. But I don't know whether I should
feel all that assured from your having told me that this has
been tested on a simulator.

MR. MAC MILLAN: Okay, Dave. Let me see if I can
perhaps come at it this way. 1In the testimony I did indicate
that there were some principles of operation that we felt were
very important to reinforce with the operators, and those were
that he needed toc be aware of what his temperatures are doing
in the reacteor cocling system, what their relationship was to
saturation temperatures and what his water inventory was as
indicated by the pressurizer level under a circumstance where
he has sub-cooled conditions in the coclant system, and then
to take those actiocns which would drive his system in the
direction of maintaining those kinds of core coocling conditions.

Now, that's a general principle of operation, and I
don't know that I can tell you cut of 100 éifferent circum-

stances how he might get himself intoc an unusual or abnormal

Ci2a5
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omac 10 1 situation if he maintains his focus on those principles. It's;

2 our belief that he will be able to maintain the system in a

w

safe condition.

k=

DR. OKRENT: Let me put it another way. What are
L] the circumstances in which there would be need for some

6 unusuzl insight or some unusual path to get to natural

7|l ecirculation? 1In other words, which of those that are not

8 routine, so that you can see whether there are any places

9| where the operator, trying to do what you just said, in fact

10! ended up down the wrong path?

1 MR. MAC MILLAN: I have no answer to that.

12 DR. OKRENT: I think if you don't try toc look for

13 those situations, you're in less than the optzmum position to
14§ be confident that thcrc are none or to give adequate instruc-
‘5{ tions, and I'll leave it there.

‘6; DR. SHEWMON: You're suggesting a single failure mode
‘7i for training operators?

18? DR. OKRENT: 1I'm not sure I want to put it that way.
‘9: MR. MICHAELSON: 1I've got a follow-up gquestion.

20% DR. CARBON: You're going to have to wait a minute,

211 Bill, I guess. Just go ahead, Carl.

22 | MR. MICHAELSON: Perhaps what Dr. Okrent is alluding
23| to is a very likely situation that you could get into, wherein
24 | the system experiences one of these very small breaks of

aral Reporrers, Inc.

3 ufficient size where its natural circulation is lost fairly
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pmece 1l 1 early in the evint. But now you have to resort to some sort
of a boiling condensing mcde to remove the heat. If at that
3! peint in time the operator discovers where his break is and
has the capability of isolating it, a natural thing for him to
s want to do, and the instruction which often exists is to close
6| the break.

7 In that case one has to explain how to get back to

3 natural circulation, since you may not be able to get into the

9| beoili:r ; condensing mode at that peoint.
10 ! MR. MAC MILLAN: Well, I den't know how to answer
1 that. I think you would have to loock at the segquence of events

12| that would lead to that and determine that your higher pressure!

13 injection system was capable of handling that kind of a small |
14 | break situatién. |
15; MR. MICHAELSON: The probliem you get intc is, unless
16? you have pre-analyzed such a situation, it's very difficult

% for the coperator to make an appropriate judgment.

lal MR. MAC MILIAN: 1In that event where you aie still

19 depending on your reactor protection system, the ECCS systems

20 | to respcnd, to get the high pressure injection water into the

system, in that sense it's egquivalent tc a small break analysis

that has been done.

The essential element again is one of keeping water

24 | in the core, and I think, as I said ezrlier, that those are the
jeral Reporters Inc.

25| results that have come from the analyses that we've performed.
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pmee 12 1 DR. CARBON: You indicated earlier to Dave's

2] question that you do tell the operator how toc get into

3f natural circulation with something like loss of off site

4| power. Do you carry that one step farther and tell him how
S to do this with loss of off site power and, for example,

) diesels failing?

7 MR. MAC MILLAN: I may have put you under a

8| misccnception here. ©On a loss of off site power the mode of
9! cooling is natural circulation. So the events that transpire

10! in that case and what he is trained tc do in that case, you

n in fact put the reactor system into a natural circulation mode.

12 Now, your question was do we then also look at what
P 13 happens if a diesel fails?

4 : DR. CARBON: It failed to start up.

15 MR. MAC MILLAN: 1If all the diesels don't start up?
end %5 165 I don't believe we've loocked at that.

|

!

18:

19?

2|

22 }

23|

2 |

eral Reporrers, Inc.
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DR. CARBON: Could you tell me what kind of tests you
run? Well, how often do the plants get into natural
circulation? How often are tney called upon?

MR. MAC MILLAN: Very seldom. [ don’t have any
statistics on that. [t’s not a very frequent occasion. We did
do that at Oconee, 3s I mentioned earlier.

DR. CARSON: But that was probably a special test, as
I understood {t, at Oconee and Davis-Bessle. [s that correct?

MR. MAC MILLAN: [ am not sure about that. W#as that
special test in both those cases?

MR. ROYt Yes. For Ocanee in dealing with natural
circulation tests.

DR. CARBONt Are there cases where, aside from those
tests, that the plants due to some shutdown condition have jone
on to natural circulation?

MR. ROYs [ believe there have Deen cases. [ believe
theére have been casess in the loss of offsite cower, something
like six or eight. But I don“’t know the duraticn, you know,
for which the power was lost.

DR. CARBONs [ have another question or two along
this line if [ can get my thoughts straight here. #hen you run
the tests, are they sort of steady~-state tests, or is there any
transient {nvolved? And when ycu have the situation. do you
try and take into account the effects that would exist as a

result of Deing a transient somewhat Jdiffarent from vour

\ » ."‘ '.9
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steady-state test?

MR. MAC MILLAN: The test is run as a transient
because you start with the reactor coolant pump on and you turn
the reactor coolant pump off, and there {s a transient flow
condition going from forced circulation into the natural
circulation mode. And what we’ve done in that circumstance is
to try to get a correlation or a benchmarking of our
calculational method to say does our calculation method
predict, in fact, the kind of transient condition that we
observed in the plant. And so that test has really been 2
benchmark to confirm the validity of the transient analysis
technigue. So, it is transients i{t’s not just one steady state
versus another. We run the actual transient from inclucing the
flow coast down to the sump and then the thermal effects which
cause the natural circulation to start.

DR. CARBONS And [ understood this morning that the
Davis-3essie and (conee represented the extremes of the
Davis-3essie having the highest steam generator and the (Oconee
the lowest of all your plants.

MR. MAC MILLAN: There ar< two basic confijurations:
The arrangement [ showed you today is what we would call the
"()conee arrangement,” and is typical of all our nperating
plants excest Davis-Bessie. Davis-Sessie has the steam
generators elevated relative to the reactor vessel, and that

configuration is characteristic of our later plants, including

s | e
.
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our standard 205 fuel assembly.

DR. CARBO.4: You have put some sort of flasper valves
in the core barrel somewhere, have you not, to perhass help on
this? The tests that you’ve run on natural circulation at ooth
(conee and Davis-3essie, do they have these?

MR. MAC MILLAN: We cail them "vent valves." not
wflapper valves." 3oth (Oconee and Davis-Sessie have internal
vent valves, and, of course, they were operational during the
transient from forced circulation to natural circulation. If
there {s any tencency to open or to short=circuit flow, we
would have seen it in those tests. As far as we can determine,
they did not.

DR. CARBOWs 3ill.

PROF. KERR®* 4r. MacMillan, I think earlier you
indicated general agreement with the NRC Bulletin and
instruétions which were being sent to operators. 3ut [ wantad
to make certain that you did not have any reservations or, {f
you did have reservations, what they were, concernins your
interpretaticn of any instructions and any adverse bearing
these instructions might have on safety. If you had any
comments, [ would like to have them.

MR. MAC MILLAN: ie“re in agreement with tne
recommendaticns that were made in the 3Bulletin relative to
maintaining high=-pressure injection for the 20 minutes or until

the low=pressure injecticns are established at a thousand
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pv | gallons per minute each and stabilized, and maintaining in the
2 case of the high=-pressure injection 20 minutes, maintaining the
3 temperature at 50 degrees below.

R PROF. KERR: | understand that these recommendations
S had been discussed with B&W.

8 MR. MAC MILLAN: They are consistent with the

7 informatives we have sent to our customers. The NRC Bulletin

8 and the informatives are consistent.

? PROF. KERR* Thank you.

10 DR. CARBON: Milt.

A DR. PLESSET: [ think we realize that after the event
12 and further, in view of your training program, that operators

13 are all sophisticated relative to this kind of transient. 3ut

14 if we think back before the event, do you think that an

% 15 operator would rave to be particularly sophisticated to know"
N 16 what was going on during that transient? Did he have the
17 instrumentation he needed, or would he need to have oeen an
18 engineer or something?
19 Mi. MAC MILLAN: You“’re asking me to speculate on
20 something which [ really would rather not speculate on.
21 Perhaos [ can answer your question this way: |

22 believe that this information as displayed in the reactor

23 control room should have been adequate for him to assess the
24 situation and appreciate that he had conditions under which he
25 should not have turned off the high-pressure injection pumps

a.\t;le
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and should not have turned off the reactor cooclant pumps.
These enginecrs, these operating engineers, are very
sophisticated personnel, and ! think that they should have had
that degree of scphistication.

DR. PLESSET: Can you tell me, as a matter of
curiosity, what you told the people at TMI=-2 during the first
few hours that vou were i{nvolved?

MR. MAC MILLAN: I was in Florida at 4:00 in the
morning on March 28, and by the time [ got reservations to get
back to Lynchburg, it was Thursday afternoon, so that [ really
cannot tell you from firsthand experience what instructions
were given to the operating staff in that situation.

The degree of communication that we had from
Lynchburg to the site was very restricted, particularly during
the first two, three, or four hours of the incident. And I
would have to say, even going out much further in time, that
communication was a very loose conmnection. And when [
mentioned in my testimony that one of the things [ am asking
this task force to lecok at is what recommencations should be
made for closar coupling with our operating reactors in the
situation, that’s one of the things that [ believe <o need to
aadress and see what .-~ssons can be learned from the TMI-:c
experience.

DR. PLESSET: Thank you.

DR. CARBON: [ would like to ask a gquestion that’s

i 7o3
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similar to what Dr. Plesset was asking. When you think of the
operator there and you design the instrument panel and so on
for him, what kind of knowledje do you assume he has? How much
physics, for exampie? Do you assume he’s taken 2 high school
course in physics 1) years ago or that he’s given an extensive
sevaral-weeks, several-month course on some basic principles?
Just what do you assume? And do you assume that the
supervisors have more knowledge of physicsi whether they get it
formally or informally, it doesn’t matter? What kind of
assumptions do you make there?

MR. MAC MILLAN: Let me first say that [ am not a
control room designer. As Or. Okrent said, [ am gquickly over
my head in this arena.

But as you know, in the process of {icensinq senior
reactor operators and reactor operators, they.qo through an
extensive program of training which includes basic fundamentals
of phvsics, as it”’s agpropriate to the operation of a nuclear
plant. And then, beyond that, of course, they go through very
detajiled training in the specific egquipment that thev’re going
to be operating, and they observe operations of other units in
service and go through simulator training where they have a
chantCe to operate the simulator which acts just like a real
plant.,

So, they do have some compra2hensicon of bdasic chysics

and engineering principles as it applies to the operation of
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nuclear plants.
Now, [ can’t answer your juestion specifically, when
the control room is laid out, Just what degree or what level of

specific training is presumed. That’s not my fiald.
MR. ETHERINGTON: [ don’t want to belabor

particulariy this question of whether the water was at
saturation at the time of the recirculating pump trip, but
there might be a misunderstanding. The figure which showed
coincidence of saturation temperature with actual temperature
covered the first 30 minutes, and at the time of the pump trip
the hot leg temperature is showing at 550 degrees.

I don’t have steam tables here, of course, but |
pelieve that that is being about 1050 psi, and the actual
pressure 1s 1300 psi. So, there would appear to have been an
overpressure. | may be wrong in my numbers, but that may be
worth looking at at some later time.

MR. MAC MILLAN: Harold, the curve | had in mind was
Figure 12.

M. ETHERINGTON: VYes, that’s right. That’s the
first 30 minutes.

MR. MAC MILLAN: Which does show that even in the
first 30 minutes of the transient, while the reactor coolant
pumps were operatingj, we had saturated temperature in the hot
leg of the reactor coolant.

MR. ETHERINGTON: Even {n the first 30 minutes, with
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no water entering the steam generator.

MR. MAC MILLAN: He had water in the steam generator
after 21i3ht minutes.

MR. ETHERINGTON: mWell, let’s look at the rFigure 3.
It shows the temperature as a little under 550 degrees.

DR. PLESSET: The saturation pressure is 1047,

DR. LANROSKIt You’re wrong three degrees, Harold.
You’re slipping.

(Laughter.)
MR. ETHERINCTONs The pressure curve, long term —-

DR. CATTON: Harold, {f you’ll look at Figure |9 =

MR. ETHERINGTON: That“’s the wrong list.

DR. CATTONs [t looks like the pressure is somewhere
between 1000 and 1100. A

MR. ETHERINGTONt No. At the time of the trip and
before the drop, it’s, | guess, 1300, between 1300 and 1400,
Then {t drops off at the time of the pump trip.

DR. SIESS: That scale i{s guestionable.

MR. MAC MILLAN: Figure |9 shows pressure inside of
the one~hour time frame of somewhere around a little under
1100, 1050.

4R. MICHAZLSON: 1080, I think, is pretty close to
what it was.

MR. ETHERINGTON: [ would assume that that dropoff

occurred at the pump trip.
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MR. MICHAELSON: Mr. Etherington, | can give you the
numbers, if you like. [ did look them up last night.

At that point in time, when . e pumps were trioped —

MR. ETHERINGTON: Here I have a cifferent curve
altogether for the same data,

MR. MICHAELSONs You should find about 1080, thouszh,
in the system pressure, which was about 554 degrees saturation.
The hot lej at that time was at about 540, So, apparently, we
were about |4 degrees sub-cool.

I think your observation {s correct. It aopeared to
be sub=cooled from the time the pump was tripped.

DR. SHEWMON: [In your Jjargon, "sub=cooled"™ (s where
You want to be. Is that right?

MR. MICHAELSON: That’s the right side, at least,
yes. [t aopeared to be about 14 degrees sub-cooled. It“s hard
to read these curves that preciselys but, certainly, it appears
they were sub—=cooled, yes. [t’s getting closer than you would
like. In fact, you’ve got to ke2p in mind that, you know,
where the thermocounle or the RTD {s and things of this sort —
but it aocpeared to de slightly sub=cooled. -

MR. ETHERINGTON: The thing that [ am a little
surprised at is a lack of {nsistence to plant operators that
they maintain the pressure as hizh as possible at the time they
go into natural circulation. This has not been, acparently —

they have not, 2pparently, been 2lerted to thi- And [ don’t

&7 7r
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know whether there”s any feeling that they need not de.

MR. MAC MILLAN: We obviously would rather have them
at high oressure, that they get with the sub~-cooled condition
before they would attempt a natural-circulation condition.

MR. ETHERINGTON: But you don’t think it sufficiently
important to include it in your instructions to them?

MR. MAC MILLAN: Yes, we do.

MR. ETHERINGCTON: This is something you plan to do,
then?

MR. MAC MILLAN: Yes, sir.

MR. ETHERINGTON: Thank you.

DR. CARBON: Ivan.

MR. MAC MILLANs That was one element cof the training
program that [ outlined in my presentation, that they would oe
looking at jettina it from a voided condition to a recovered
condition.

DR. CATTON: [ have a juestion that has to do witn
the layout. [ noticed your pressurizer is tied in with the not
leg through the loop. Is that on all of the plants? And is
there some design resason for doing that?

MR. MAC MILLAN: The answer to the question is: [t’s
that way on all the B&W plants.

DR. CATTONS: Yes.

MR. MAC MILLAN: The principal reason for {t being

that way is to provide flexitility in the running of the pipe.
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I don’t know of any other real fundamental reason for it being
that way,

DR. CATTONs Thank you.

DR. CARBON:® Dave.

DR. OKRENT: Why don“’t you get Carl.

MR. MICHAELSON: I have a question, and then [ would
1ike to solicit a comment on natural circulation.

In the case of Davis-Bessie is the auxiliary
feedwater fit from the top of the steam generator, or does |(t
flood from the bottom? And {f it floods from the bottom, then
what would you have to say concerning natural-circulation
problems?

MR. MAC MILLANt The guestion to your gquestion {s
that at Davis-Bessie the auxiliary feedwater header Joes not 30
in at the top of the generator as it does in the (conee
configurations it goes in closer to the bottom of the steanm
generator.

The reason we felt we could do that at Davis-Bessie
was because of the relative elevation of the steam g:nerators
with respect to the cors, and.with the steam jenerators well
above the core, bringing the auxiliary feedwater in at the
bottom of the =ts2am generator provides enough thermal head to
get natural circulation.

The reason the auxiliary nozzles are at the top of

the (Oconee steam jenerator confijuration i{st in order to get
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pv | cold auxiliary feedwater in those generators at an elevation
2 well above the core, in order, again, to have natural
3 circulation.

DR. CARBONt® Dave.
MR. R0Y:t Excuse me. Even though that’s a raised

loop, the natural-circulation situation is even better because

once=-through steam jenerator, rather than the [EQ with the

4
5
6
7 the aux feedwater i{s in at the top, Davis-Bessie being the
8
? compromiser.

Q

MR. MAC MILLAN: I am sorry? You‘re saying

11 Davis-3essie has it at the top?

12 MR. ROYs It does have the auxiliary feedwater flow

13 at the top. It was also one of the plants tested under natural
B 14 circulations with a very gocd natural circulation flow, by the
| 15 way.

16 MR. MAC MILLAN: Our gtandard plant has the feedwater

17 at the bottom.
18 MR. ROY: Yes. For the raised-loop plants with the

19 205 fuel assembly model, the aux feedwater is at the lower.

20 MR. MAC MILLAN: I am jlad you corrected me on that.
21 WR. MICHAELSON: Does that mean, then, that there is
22 a spray tower at the tr> of the steam generator? [Is that

23 right?

24 MR. ROY: Yes.

25 DR. CARBOWs Dave.

A" .:— "",(VO
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PFOF. KERR: Excuse me. Then that really seems to
mean that t ‘re has not been an experimental test of standard
plant kind configuration for natural circulation. You
mentioned Davis-Bessie.

MR. ROYt No test vet. The first will be the
Bellefonte unit.

PROF. KERR: Okay.

DR. OKRENT: Earlier in the discussion you indicated
that you could provide or perhaps had already provided
documentation of the simulator programs. Is it “could" or
Yhave®?

MR. MAC MILLAN: We could. We have not.

DR. OKRENT: Is this in detail so that (t describes
fully all the equations and so forth?

MR. MAC MILLAN: We could make {t that way. We
wouldn’t normally.

DR. OKRENTt And {s this a proprietary program?

MR. MAC MILLANt [ douot it.

LA B, |



CR 4051 l 255

HOFFMAN

nr-ane - 1' MR. MAC MILLAN: Is it proprietary?
2&; JR. ROY: I would say ves.
3? DR. OKRENT: Does proprietary mean that the NRC
;; doesn't have access to it?
s! MR. ROY:. -No. e
6! DR. OKRENT: Could they put it on their computers if
7i it were proprietary?
3! MR. MAC MILLAN: 1I'd have to guess that the answer
9; to that is yes, they have that authority.
103 DR. OKRENT: All right. Also, you indicated that you
lli thought that you had done a sufficient amount of small break

e 1:% analysis, including breaks below the point of five sguare foot.

13% Do documents exist that I should have seen on this?

b 14? MR, MAC MILLAN: I doubt it. The oniy information
15} we've presented in our licensing dockets has been down at the
165 .05,
17£ DR. OKRENT: But since you've done these, this is
:ai something that you presumably have then in internal reports

and could provide?
MR. MAC MILLAN: We could.

MR. ROY: We have done the .04 square foot case, and

22 | we have done the 0073 square foot case, which corresponds %o
27 the stuck open pilot-operated relief valve, and extensive
2¢ <qualitative review of the expected response to small breaks at

ery Reocrrers nc.
25 | various other locations. And that material can certainly be

'(, 44' '?';,2
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DR. OKRENT: Well, I gather from Mr. MacMillan's
answer that, by either gualitative or guantitative analyses,
you have assured yourselves that there were no untayard situa-
tions in any break sizes. So I think I for one would like to
see such documentaticn in the near future, to see what does
transpire and be satisfied in that regard.

A different question. I've heard it suggested that
level instrumentation in the hot leg might be practical and
might be a way of getting information on the level in the
vessel, albeit not directly. Have you looked at that specific
alternative as a possible way of providing further information
for a B&W plant? Is it practical? 1Is it impractical? Can it
be done only on plants to be built? 'or what can you say about
it, if anything?

MR. MAC MILLAN: That suggestion has been made. We
have not locked at it in any detail. I can't tell you wiethe.
it's practical or not practical, cr whether it can be ir.corpor-

ated or net. I would put that, Dave, in the same category as

' looking at the reactor vessel level measurement alternatives.

DR. CARBON: Chet?
DR. SIESS: Would it be possible to explain to me in

a relatively short time the principle on which the pressurizer

- level instrumentation works?

MR. MAC MILLAN: I can give you a very simple

€7 €3
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description, and if that isn't good enough I'll have to call

on somebody else.

DR, SIESS: Simple will be short.

MR. MAC MILLAN: Basically, we're reading the
pressure difference between the steam space and the water space
in the pressurizer and taking that delta P as an indication of
the hydrostatic head. The reference, the line comes outside
and it gets cooled just by heat loss, so that in the event you
get a rapid depressurization in the reference leg or the instru-
mentation leg, it will not flash and lose that.

Very simply, that's what we're doing.

MR. MICHAELSON: To follow up that comment -- and
this is just a question maybe you need to look at to put to
bed -- and that is, depending on exactly how that instrument
line is routed, it appears that for certain types of breaks in
certain locations, it would be possible to heat the -eference
leg by the fluid emitting from the breuxk.

I was wondering, do vou know if anybody has checked

| the instrument panel which is near the relief tank to see if

| this instrument by chance is routed near there or located on it?

MR, MAC MILIAN: I can't answer that. Dces anybody

know?

DR. PLESSET: I think that Dr. Hanauer has a view-

graph that maybe he could show to us. Would that be worthwhile,

if it's all right, Mr. Chairman?
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DR. LAWROSKI: 1It's worth a thousand words.

DR. HANAUER: Mr, Chairman, I'm Steve Hanauer of
Regulatory staff. The subject of the level instrumentation
seems to be of great importance, and so, anticipating these
questions, I have a couple of pictorial representations.

(Slide.)

This shows the general principle. One puts a dif-
ferential pressure instrument with two legs, the one in the
steam space, the cne in the water space. Cne measures, there-
fore, the mass per unit area of the liguid, with the mass of
the steam being negligible.

Clearly, the situation in these pipes is crucial. The
most obvious thing that could go wrong is that this pipe could
£ill up with water exactly this high and the differential
pressure transmitter would read zero. In point of fact, it
doesn't look like that; that only shows the principle.

(Slide.)

In point of fact, it looks like this. This was

obtained from some Burns & Rowe drawings at some considerable

(Laughter.)
DR. HANAUER: You can't believe how much effort.
(Laughter.)
DR. HANAUER: All of this is inside containment.

The containment wall, not shown, is here, and scme feet inside
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the wall :s the cylindrical, approximately, shield wall. And
the actual differential pressure transducer is located in this
annulus, so that the instrument man who goes in and makes
adjustments and callibrations is shielded from the primary
system.

The pressurizer sits maybe 40 feet off the floor,
and the taps are approximately 33 feet apart. And instead of
the transmitter being located as shown in the schematic diagram,
it . is in fact 50 or 6C fer~ away, and the rou&ing is approxi-
mately correct and approximately to scale.

The question then is: What's in th:se pipes? The
answer is: These pipes are full of water. This low:r one is
full of water, because when the transmitter is install~d there's
a collection of valves, drains and the like, not shown, which
you manipulate in order to get it full cf water, and then
there's no further difficulty.

This line is also full of water and has to be filled
at the time the transmitter is installed, or monkeyed with,
after which condensation will keep it full, because this line

is ccoler than the pressurizer. This is shown in still more

| detail in this viewgraph --

(Slide.)
-= which is a view of just the pressurizer. The
pressurizer itself is this cylindrical object with hemisgherical

ends. The pink stuff is the thermal insulation arcund the

V|
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cylinder, about which we obtained much more information than
anybody here wants,

(Laughter.)

DR. HANAUER: The yellow thing is the lower pipe,
the blue thing is the upper pipe, both drawn to scale., The
important question is whether it's inside or outside of the
insulation. 1It's outside.

We've done some conduction-convection heat transfer
calculations, and in fact, within a few inches of the blue
pipes runs at the containment temperature of about 100 degrees,
rather than the pressurizer temperature of 650 degrees.

DR. SHEWMON: To help me understand that scale
drawing you've alleged to have up there, the red insulation
is. 6 inches thick and the space between the blue pipe and the
ocutside of the insulation is one inch?

DR. HANAUER: So it says.

DR. SHEWMON: Thank you.

MR. MICHAELSON: Steve, did you check to see where

f t @ panel is relative to where the dump tank, the reactor

i cowlant drain tank, is?

DR. HANAUER: No, sir, I didn't. It could be ascer-

; tained, but 1 didn't do it. It is in this annulus outside and

24}
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you would have toc tell me where the dump tank is. t's known.
I just don't have it at my fingertigs.

MR. MICHAELSON: Do you know the panel number?
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DR. HANAUER: Not standing here. We wrote a report
on it, which will tell you more than you could possibly want
to know.

MR. MICHAELSON: Okay.

MR. TAYLOR: Dr. Michaelson, I believe it is true,
however, that the dump tanks, if it were near one cf the
transmitters, would only be near one of them, because of the
physical separation requirements. And there are three separate
transmitters, wilich, whcn.they were all working, were reading
identically.

DR. CARBON: Steve, some £lashi§g is said to have
taken place in the pressurizer line. How much did, or what
do you theorize because of the 100 degrees?

DR. HANAUER: We've done some calculations on that,
and the temperature there is just the point I was making.
Initially, the fluid inside, water and steam, is at 630 degrees
at 2155 pounds per square inch. There's a temperature gradient
in the ligquid in the first few inches of this line, this
horizontal piece. And as far as we can tell it is horizontal.
This horizontal piece will presumably be empty. There will be
a stagnant column of ligquid, approximately £full, from conden-
sation. And there will be a temperature gradient in these
£irst few inches of line.

We made a calculation and only for the first small

number of inches will the £fluid be subject to flashing, even

v TLS
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during the initial pressure dip down to about 13 pounds per

square inch, since the total span is 33 feet. We conclude
that less than a foot will flash.

We also did calculations on the “issolved gas content
and on the potential for sucking fluid out of here by virtue
of the velocity past the end of the pipe. Neither one seems
to have the potential for significant lev:l instrument errors.

DR. SIESS: Steve, mention was made of three trans-
mitters. Doces that mean there are three reference legs?

DR. HANAUER: There are three reference legs, three
measuring legs and three transmitters, done at different
azimuthal positions in the annulus.

DR. CARBON: Are there other guestions of
Mr, MacMillan?

(No response.)

DR. CARBON: Mr., MacMillan, could you provide me some
documentation on the natural circulation tests that you have
run and on the associated documentation where you extrapolate
or whatever from the actual test to other ccnditicns, as well
as information on the cases where B&W plants have relied upon

natural circulation, where they have gotten into natural

. circulation?

MR, MAC MILLAN: Yes, sir.
DR. CARBON: Are there other guestions?

(No response.)

€7 769
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1 DR. CARBON: If there are no further, let's take a
] .
:f; break.
fi
3;‘ (Bzief recess.)
‘) DR. CARBON: Dave?
S| DR. OKRENT: Mr. Chairman, out of listening to the

6‘ discussions this afternoon and trying to remember what I had
7; reac that the staff had recommended to virious PWR operators,
8|| it wasn't clear to me whether the staff had dealt with whether
9| cperators had sufficient guidance with regard to when and how
10 | they would go into the natural recirculation mode, should this
“% be required because of some future transient. And I wonder if
12% the staff could help me in that regard?

13 DR. MATTSON: Well, the loss of power transient is

14 | a transient that's required in the course of licensing review

15| to be analyzed and accepted for licensing purposes. And loss
‘61 of power requires the plant to go into natural circulation

|

| from full power.
18 | I'm not sure what ycur question is. To the degree
we've looked at that, or co the degree we're goir~ to look at
it in the future? which is the thrust, Dr. Okrent?

DR. COKRENT: Well, I suspect I probably could have

22 | said one menth ago, a situation where a relief valve was stuck
23 | open in the primary system is a situation that's been analyzed
24  and for which the operator is prepared. VYet, we had a combina-

teryl Rescrrers, Inc

< tion of circumstances where things didn't go like the FSAR.
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Now, I'm trying to understand whether the staff has
looked in sufficient detail at possible instances in which one
might need to go into the natural recirculation mode and looked
at the kinds of things the operator might have to do and when
and has decided that adequate procedures exist .at 'all operat-
ing PWRs, and just what is the situation in that regard.

DR. MATTSON: At this point in time, we haven't
loocked at those transients that lead to natural circulation
and compounded then with the kind of failure which occurred in

the power-operated relief valve at Three Mile Island 2, to

answer that question for all PWRs. Clearly, that's a question

that has to be addressed in the generic program that was
described this morning.

DR. OKRENT: You know, I've never been able to tell
when something that's generic is going to be resolved., We've
only very recently been talking about a l0-year-old generic
problem.

DR. MATTSON: I would recall for you what Tedesco
said this morning: that the report on his generic activities,
saying wh:t's been done and what needs to be done, is due to
be published the end of tii2 month. And I say with some cer-

tainty that resolution of that question in the near term is a

, very important thing to accomplish. I can‘t tell you that it

will be answered tomorrow.

DR. OKRENT: If I can put words into yvour mouth, are
e |
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you telling me that the gquestion ¢f what constitutes adegquate
interim guidance for operators with regard to natural recircu-
lation load of cooling will be handled as part of the Tedesco
study to be published by the end of April?

DR. MATTSON: It'll either be in there or a reason
given as to why it's not necessary in the short term, or a
date set in the near term for accomplishing that, with a basis
as to why it's safe to do that in the meantime. I can't
prejudge the outcome of that. All I can tell you is that the
question will be very seriously and forthrightly addressed
over the next two weeks as part of the charge.

DR. OKRENT: Harold, did you have anything?

MR. ETHERINGTON: No, I don't think I have any
questions. I would have thought that whether or not the
problems possibly are real or not, we could make some reguire-
ments in a safe direction. That is, we could insist that there
be higher pressure prior to the time of going into natural
circulation. We could specify some limits on the temperature.
These would be in the safe direction and would seem to impose

no problem.
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DR. MATTSON: ur. Okrent, :ir. Etherington, I would

agree with that.

The guestion that's in my mind is the one that's
come up a couple of times today, that you have to set those
cunservative limits with some caution to make sure that you
don't exacerbate another safety concern. And to the extent
we can derive such limitations or such guidance within the
next several weeks, l1'm sure we will.

And if it's found to be necessary to set them, and
it's impossible to set them, then you'd have a recpened
question of continuing plant operaticn.

So it's in that sense that if it's necessary and
they can't be developed in that short time, then you have to
reopen that question.

The indications are sc far that that won't be the
case, but as I said at the start this morning, there is no
guesticon that there are guestions that remain unanswered.
That's one of them we're working on.

MR. ETHERINGTON: 7The warning that the low
temperature at Three Mile Island cculd have contributed a
little to the prcblem, would this be in order?

DR. MATTSON: I think I understand what you're
saying. As a result of reviewing the information that's come
in for the moment, the things that Steve Varga was talking

about off the bat this morning, and as a result of continuing
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to review the information that we're gathering from you here

today and things that are still coming in from the plant, if
such warnings can be derived -- it may very well be that they
can -- then of course we'd act promptly through the bulletin
process to get that information to the operating plants.

DR. OKRENT: But I didn't see anything in the
responses I've read that addressed the gquestiun of natural
recirculation. D2id you?

DR. MATTSON: Well, that's why I said the informa-
tion we're gathering here today. I think one of the things
I learned this morning was the significance of the attempt
to establish natural circulation some hours into the accident,
and the relevance it played to being able at that late
juncture to turn the accident around.

Those awarenesses are coming with each passing day,
and certainly if the bulletin needs to be augmented to go to
that point, and if on further scrutiny that turns out to be
an important issue, then we'll deal with that issue.

I think I said this morning that our concentration
up to this point in time has been to avoid -- to £ind ways to
assure -- I'll say that again -~ to £ind ways to assure that
the initial segquence of events that eventually led to the
need to establish natural circulaticn with this depressurized
system with some loss of coclant, :that you don't get to that

situation.

VO
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I think what we're talking about now is that even
if you did get to that situation, there may be other guidance
3| devices that could be developed. That's certainly a good idea,
4; and we'll be working on them.

5: MR. ETHERINGTON: There is a premise that is
; probably correct, but I don't wholly accept that the early

|
| events are the reason that we couldn't get into natural
|
|

8 | circulation.

9i I would like to postulate that it's just possible

10| that we'd of had the same trouble even without the early

Ml events.

12 DR. MATTSON: Well, I think I might argue with vou
3]l on that,

"? One of the early events is the failure of the

‘55 auxiliary feedwater delivery valves to be open, and the

'°i subsequent boiling dry of the steam generators, and then the

‘7; slow recovery level of the steam generators.

‘9! dad we tried to go to natural circulation without

those events having transpired, it would be my judgment that

| we'd have gone to natural circulation quite normally and quite

2'1 straight forwardly.
22 MR. ETHERINGTON: You're presuming gross damage, or

serious damage to the core during those early transients.

4
eral Reporters, Inc.
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ODR. MATTSON: No, sir. I was talking in the same

| sense that we were talking this morning: that after the pumps
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were tripped at the time the plant tried to go into natural
cirrulation and didn't make it, and subsegquently the core was
damaged.

MR. ETHERINGTON: So you assume there was no damage
after that point, then?

. DR. MATTSON: That's my understanding in reconstruc-
tion of the transient, ves, sir.

MR. ETHERINGTON: Then I would agree wholly with
that. But wasn't an hour and a half enough time for it to
recover?

DR. MATTSON: 1I'm scrry?

DR. OKRENT: Why did the steam generators not £ill
up, and so forth? You know, in eight minutes they were turned
en.

DR. MATTSON: I would point you to a figure =-- my
figures are the same as yours, although I've got different
numbers, and I don't know which one your number is =-- but it's
the figure that depicts steam generator level in A and B as a
function of time after turbine trip in hours. The one that
locks like this (indicating). I don't know what your number
is. I got these about the same time those were sent down
here.

By my reckoning, the B pump, the B loop pumps were
tripped -- I shouldn't put it on the record without the numbers

in front of me. The B loop pumps were tripped at l-1/2 hours,

Pl
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and the A loop pumps were tripped at 1.8 hours.

If you look at this figure, you will see that the
B loop pumps were tripped when the steam generator level was
at about 5 percent of the operating range, and shortly after
the B locp pumps were tripped the A steam generator level
began to rise rather rapidly.

Yet, the aux feedwater to the A steam generator and
the B steam generator had been flowing since about 8 minutes
into the accident; but the level in the A and B steam
generators hadn't risen out to more than an hour and a half
into the accident.

MR. ETHERINGTON: Yes, but we don't know how that
level was being ccntrolled -- or at least I don't.

UR. MATTSON: And I do not, either. And when I
said the appreciation was dawning on me this morning of what
you were talking about: Was it an operator action that caused
the level of the A steam generator to “egin to increase
abruptly after the B pumps were tripped? It may very well be
that when the B locp pumps showed that they needed to be
tripped and the cperator tripped them, that he tock some
action to begin to £fill the secondary side of the A loop.

MR. ETHERINGTON: Or, alternatively, for some
reason the water might have continued to £flow in, but it was
all being evaporated for some reascn.

DR. MATTSON: For some reason. 3But, if he was
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attempting to establish natural circulation -- which hczz%uld
attempt to do after he turned pumps off, or after he turned
the first set off, he would know that he was in the potential
jeopardy of having co turn the second set off.

And if he was reading his A and B steam generator
levels, he knew they were low and he would know from his
operating procedures for loss of off-site power that he needed
high center of heat, as we were discussing this morning, to
establish natural circulation.

So he had begun to £ill the A and B steam generators
to the best of his ability at the time the pumps were tripped.

MR. ETHERINGTON: He needed the higher level of
the water, but there's no evidence that he had thought of it
before 1.8 hours. So why did he suddenly get smart and decide
to do this?

DR. MATTSON: It may be that he didn't anticipate
that he was going to lose the pumps.

MR. MAC MILLAN: Mr. Chairman, I believe the
reason that the water level was increased at that point was
that it's an automatic function of the integrated control
system, chat when you lose your active coolant pumps, the
demand is to increase the water level to approximately 50
percen: of the operating level.

So I believe that was an'automatic function resulting

rom the securing of those reactor coolant pumps.

67278
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'l DR. MATTSON: Which would be an automatic function
2! associated with getting optimum conditions for starting
3| natural circulation.

‘) MR. MAC MILLAN: Getting the level up for aatural

5} circulation.

6 DR. MATTSON: But, John, do you know the answer as

7{ to why the level was low up to that point?

8| MR. MAC MILLAN: I don't.

9‘ MR. ETHERINGTON: Roger, I don't think there's any

10 basic disagreement between us. I think there's just a slight

" differerce in our feeling of the urgency of getting word to

12 the operators at least to watch this situation and give them

'31 some kind of a guidance or warning, that's all, the urgency

“i of it.

‘5; DR. MATTSON: We'll take it in tomorrow morning

16% first thing, sir, and we'll address that question right off.

'7; DR. OKRENT: It seems to me there's some obscurity

‘ei at least among those present here as to why the steam generator

‘qj level stayed low up to that point. 1I'm not sure again that

20 this has been factored into your thinking about "are there

211 adequate instructions with regard to natural recirculation

22 | modes"?

al DR. MATTSON: It may not be in the top of my mind,
,'..-”""li:; Dr. Okrent. We may be unQprestimatinq the work that's going

25) on while this meeting is going on. Certainly there is a lot

Y 2
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of it.

MR. ETHERINGTON: I know you didn't mean an, " " _ug

by it, but I would like to dispel one possible misunderstanding.

You mentioned that I had heard this discussed out
at the site. This is true. However, I was concerned about
this before going to the site, and Tom McCreless and I spent
a couple of hours the night before I went out tryint to find
out from the SAR actually what the levels were.

And as far as concern over natural circulation is
concerned, this is an old interest of mine. It was addressed
in the chapter in a book that I wrote on furnace technology
in connection with natural draft, and as far as solubility of
gases is concerned, this is also an old interest back in the
'30s in connection with steam condensers when I was assistant
engineer to the Engine Condenser Department.

The book was written in 1937, so I'm not quite a
Johnny-come~-lately in this thing.

(Laughter.)

DR. MATTSUN: I understood that background as I

| was talking to you, sir.

One feature we can't lose track of, I think, in

trying to understand this is that the first several hours of

| this transient were evidently believed by the operating stafs

' to be a rather normal sitlafion that they were dealing with,

 with an intact system.
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It wasn't until 2-1/2 to 3 hours into the transient

that they realized they had something different than that. And
in that sense, there may not have been an urgency to raise
that level.

I think those are the kinds of guestions we have to
answer rather gquickly ih reconstructing that event.

MR. ETHERINGTOiI: I in no way blamed the operators;
I just suggest that we try to warn other operators in as timely
a fashion as we can.

DR. MATTSON: Yes. The point is very well taken.

DR. CARBON: Paul?

DR. SHEWMON: To make sure I understand the
situation, Harold, the things which B&W has urged, and that
the staff has urged, would make this a third line of defense
if the pressure had been kept up so there had not been flashing,
and they had better analyzed whether or not the relief valve
was open or shut, then we would of not had to get to the
natural circulation.

It's just that this is an essential fallback
position? 1Is that the interest in it?

MR. ETHERINGTON: <“hat's the interest. I don't
think the intention would ﬁe to go to natural circulation if
you had full zower. Just in case you didn't, then you might
be forced to precip’tously.

DR. OCKRENT: If they cut the first line, you lose

67281
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the power to your coclant pumps, possibly -~ not necessarily,
but por ‘ly.

DR. SHEWMON: ©Then you've still got -- you may have
pressure, yes, but the guestion is whether you are going to
have 20 percent of your system, whether you're under-
saturated or over-staturated, or which way is up on the scale;
whether you've got steam in part of your system may not be
the situation there., It is here.

Having enough pressure is the first line.

ZR”. CARBON: Does that finish that topic, then?

(No response.)

DR. CARBON: Lctfs move Qn, then, to the next
subjc&t.

Roger, are you the spokesman for the staff?

DR. MATTSON: The next two subjects are:

One, the status of the plant today; and then a
summary of the activities that are underway in the plant that
are in motion for placing the plant in the long-term cooling
mode.

Vic Benaroya, Sranch Chief of the Auxiliary Systems
Branch, is going to give us a summary of plant status, some
numbers and things like that, to bring you up to date. That
shouldn't take more tpan about 15 minutes or so.

Then Carl Berlinger will talk about the ongoing

| work.
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MR. BENAROYA: lly name is Victor Benaroya. I am

Chief of the Auxiliary Systems Branch.

First let me give you a brief overview of tﬁe
NRC organization at the site. There are about 100 NRC
personnel at t;e TMI site, most of them £rom I&E.

‘There is the NRC Command Center un“er Harold
Denton.

There is the I&E operation at the TMI site.

There are two main groups of I&E persconnel. There
is the plant operational surveillance and the radiological and
environmental surveillance, which coveis both health physics
and environmental surveys.

The enQironmental surveys group has a helicopter
at’thei: disposal, and a mobile lab.

NRR has several groups at the site. In the turbine
deck area, there is a group that reviews and approves all new
plant procedures, including emergency procedures.

The procedures are alsc reviewed and approved f£rom
the ALARA point of view. There is a technical review team
to review and approve plant modifications.

One group is overseeing waste management activities.
All emergency technical specification changes are being
reviewed and approved at the site.

Then Bennie Rcss coordinates the industry group

activities with NRC. However, most of the analysis is being
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in Bethesda. As of 9:00 a.m. today, che heat removal path

is from the reactor to the reactor coolant pumps to a pump
2-A through steam generator A. Steam lead is through bypass
around the MSIV of steam generator A to the condenser.

The condensate return to steam generator A is
via the condensate pump. The pressure in the reactor is 810
psig. The inlet temperature to steam generator A is 250
degrees, and outlet is 246. 7

The pressurizer temperature is 534 degrees. The
boric acid concentration in the primary coolant is approximately
3400 parts per million.

The five highest in-core temperatures as of 9:00
o'clock this morning are location H-5, 342 degrees -- that's
the highest; H-8, 335; G-5, 312; M-9, 299; and L-6, 275 degrees.

The letdown flow is varying betwaen approximately

10 and 24 gpm.

One HPCA pump is running in the makeup mode, and
two are on standby.

The containment is at -1 pound and a temperature of
82 degrees Fahrenheit.

Three of the five pumps with a capacity of 170,000
cubic feet per minute in emergency mcde are operating.

One of the two hydrogen recombiners wi.. a flow rate
of aprroximately 95 cubic fe;t per minute is in service. ‘he

other recombiner is on standby.
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The latest hydrogen concentration is around 1.4
percent. There's about 17 to 18 pﬁ;cent of oxygen and 80 to
8l percent nitrogen. It's estimated that between 150,000 and
200,000 gallons of primary coclant, with 5,000 gallons of
caustic, is in the containment.

A second primary coclant sample, unpressurized, was
taken on April llth. The sample was sent to four labs --
Savannah River, Oak Ridge, Bettis and B&W. The analysis from
the different labs differed by less than a factor of two.
That's pretty good.

But unfortunately, any caustic in the water might
affect the iodine and cesium. As an example, the Oak Ridge
analysis shows that the iodine 131 is 8.2 times 103 micro-
curies per cc; cesium, 137, 330 microcuries per cc; strontium
90, 50; barium, 140, 219.

The pH of the primary coolant is arounc 8, and there
was no detectable uranium or plutonium. For a 15 mile radius,
2 million populaticn, the totalbdore was calculated to be
approximately 3000 milirem for an average dose of 1 to 2
milirems.

HEW calculated 23500 millirem, and DOE, 2000 to 2500.
The calculation is based on 50 to 100 millirem per day,
that higher value based on the highest release during the

accident.

All three crganizaticns, namely HEW, DOE and NRC,
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agree that the maximum dose to an individual is less than
100 millirem. Most of the gaseous rad waste is in the
containment. The two waste gas decay tanks were vented to the
containment after some plant modifications.

Today there is practically no gaseous rad waste from
degarsing. The pressurizer is being dejassed into the
containment of the reactor building, as it's called in the
Plant. The pressure in the makeup tank is being increased.

As a consequence, there is nothing at the moment going into
the waste gas decay tanks.

The main activity today is to locate the sources of
iodine releases and to change the charcocal filters. There are
240 filters that need to be replaced, 160 of those in the
auxiliary building ard 80 in the spent fuel building. A
charcoal filter bank has been installed on the exhaust of the
condenser vacuum pumps to reduce the potential iodine releases
from that source.

A backup charcoal filter to the auxiliary building
vent is under ceonstruction. There is approximately 50,000
galleons of primary coclant in the bleed tanks and approximately
10,000 galloas in the m.scellanecus waste stcrage tank from
post-accident conditions in unit 2.

5600 gallons of post-accident primary coclant was
transferred t» unit 1 ligquid rad waste tanks. All the primary

coolant that was in the auxiliary building sumps has been
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transferred into tanks. A solution of ten percent caustic,

ten percent thiosulfate and 80 percent water was sprayed in the
sumps, tied on ;,ne iodire. |

At the beginning the generation rate of liguid rad
waste was about 100 gallons per day. By cutting down pumps
seal leakage liquid rad waste has been reduced tc 25 gallons
per hcur from leakage and 35 gallons per hour from sample
decontamination. I should say 100 gallons per hour, not per
day. I'm sorry -- for a total of 60 gallons per hour.

Under those conditions the holdup volume that's
presently available is good for 17 to 20 days. The main
activity tod&y is the installation of tanks in the spent fuel
pool with a capacity of 100,000 gallons and facilities to
accommodate tanks.

A multitude of schemes are being considered for
modification of the chemical cleaning area to eventually
process the primary coolant. That's all I have.

DR. SHEQMON: The primary coolants you're talking
about is alsc the stuff that goes in your sumps, not neces-
sarily inside your primary system.

MR. BENEROYA: No, there is quite a bit that was in
the sumps. All has been transferred into tanks.

DR. SHEWMON: And they will try to lower the volume
or condense it, or how will tha't be taken off site?

MR. BENERCYA: They are propesing to make

07 <287
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modifications in the chemical cleaning area, the chemical

cleaning secticn of the plant, where they're going bi be de-
stroyed eventually.

DR. SHEWMON: Does that end up with solid plus pure
water eventually?

MR. BENEROYA: It depends on the scheme that they
select. It might be clean wate.. It might be solidified at
some pecint. It could be dagasified at some point. This is
under cons.deration.

DR. SHEWMON: How do they normally do it in an
operating plant?

- MR, BENEROYA: In many plants they use evaporators,
taking the overhead, demineralized, particularly in Ehe
bottom, sclidified in many areas in many cases.

DR. MATTS. ¥: Vie, I think you're talking about the
cap gun. Isn'é that right?

MR. BENEROYA: The cap demineralizers. They have
heen demineralizing also, which is one of the ways of doing it.
They have demineralized quite a bit of coclant already.

DR. MATTSON: There's a portable cap gun that was in
unit 1 that's been running now for, I guess it must be close
to two weeks. There is a larger scale, permanent processing
facility being built in the auxiliary building of unit 2, I
believe, for processing these wastesi

MR. BENEROYA: In the ‘chemical cleaning section,
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chemical cleaning builaing.

DR. SHEWMON: With this demineralizer you then
take normally with the demineralizer on th: primary circuit,
at least you backflush. You'-e decing with this one what you
normally, obviously don't - you then take demineralizing
material out.

DR. MATTSON: Scme of the tanks have low level waste
in them from normal cperation. Process thut and dispcse of
it in the normal manner. Then you capacity for higher level
waste in those same tanks. The processing of the higher level
waste, I think, as Vic said, there's a variety of schemes
being discussed, and that kind of activity will be underway
soon.

DR. SIESS: What's the status of the instrumentation
that you need to monitor the present mode of cooling?

MR. BENEROYA: The pressurizer has one good level
indicator and one so-go. Also they tried to install a gauge
as a'backup, and that line was being tested, and it didn't
come out very well.

DR. SIESS: What other instrumentation deo ycu need?

DR. MATTSON: Thermoccuples and thermoccuple
readings in the hot leg are things that are especially
important as you go forward into natural circulatinn. Those

are thought to be good for the indefinite future because the

transmitters' instruments are hardened in the sense of
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radiation. They've been performing well. There's no réason
tc expect those to be lert.

DR. SIESS: That'll tak: you into transition to
natural circulation, and after you get in natural circulation,
is there any particular instrumentation that you need that you
have any concern about?

DR. MATTSON: Yes. There's another instrument on
the primary system I should mention, which is primary system
pressure. A system is being designed-- I think Carl's going
to talk about it briefly -- for positive pressure control over
the long term as a backup to that instrumentation.

DR. SIESS: Do you know where the instruments in
site containment are located with respect to water level in
unit 1, I guess it is?

DR. MATTSON: As Victor said, there's some uncer-
tainty as to where the water level is because of the uncertain-
ty as to exactly how much water was delivered from the primary
system to the containment floor and exactly how much was pumped
over into the aux building early in the transient. .

But the best estimate says that the water level is
in thé vicinity of the transmitters that have been failing.
Now, those transmitters are also non-safety grade transmitters
in the sense that they're used for normal operation, not for

safety systems, and they would be rredicted to have radiation

sensitivity at the stage of the accident, in fact, socme time

07290



pmce 7 l!

10

11

12}

( 13

14 |

z24

wry Resorrers, Inc.

25

284
age. That's why backup level instrumentation was one of the

high priorities early on, in the event that level transmitters
were lost. The water level is probably over those transmitter
locations today.

DR. SIESS: The instrument Steve menticned are
separated. 1Is there any separation vertically?

DR. MATTSON: No, maybe a couple inches, but
nothing significant. They're in instrument racks in the
bottom of the containment.

DR. SIESS: You mentioned that those instruments
were not safety grade. The reactor coolant pumps aren't safety
grade, are they?

DR. MATTSON: 1In the run modes the reactor coolant
pumps are fine. In the start mode there's a sensitivity of
one element in the starting circuit when we tripped the pump
and had to start a second one, and it started without
difficulty. And there's reasonable expectation that, if you
had to start another one, it would start.

DR. SIESS: But they're not safety grade. This is
gratuitous.

DR. MATTSON: They're safety grade to a certain extent
because of their location relative to the primary coolant
system during normal operation. So that they're hardened
more perhaps than some cf these transmitters that are located

way outside the cutside containment wall outside the shield.
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DR. SIESS: The loop system, the electrical systems,

are they cxpeﬁfed to survive an accident?
DR. MATTSON: The design basis accident doesn't

4| establish the regquirements because they're not used for it,
5! but they have some margin because of the location.
DR. LAWROSKI: What kind of decontamination factors
7; are you getting on your charcocal filter for iodine removal?
81 MR. BENEROYA: I don't know. Roger, do ycu know?

: DR. MATTSON: It's not high. Calculations of how
‘OTi much iodine should be in there say that there should b: plenty
of charcoal left, but there was a moisture problem because of

all the water that was in the bullding, and so for scme reason

131 the CFs are not very high. That's why they went back to a

‘4-1 backup charccal system on top of the auxiliary building.

15 It's been a little slow changing out the filters,

and we're disappointed that it's taken so long, although we're
convinced they're doing everything they can to get them changed.
It's probably going to ‘urn out that the backup system is

going to available at about the same time as the changed one.

20 ; So we'll have a double filter system. But it's taken a few

2'! days longer than we had hcped to get 1it.

“e DR. LAWROSKI: The ones from the WPPPS site were

23 ' delivered last -- a week ago?

L

24 DR. MATTSON: There were 26,000 pound filter banks
srai Recorrers. inc.

v ;
a3

transferred by CSA from the state of Washington. They're still
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pmce 9 l‘ being installed on the roof of the building.
2 DR. CARBON: Other gquestions of Mr. Beneroya.
3. (No response.)
4; DR. CARBON: Thank you very much.
5% DR. LAWROSKI: Could I ask one more gquestion? What

8 else is in the primary sites of boric acid at this time? What
7i else is in the water, the primary coolant, besides water?

ai What is the boric acid concentration?

propesed to use natural circulation for long term core cooling

9% MR. BENEROYA: 3400 parts per million.
‘Oh DR. LAWROSKI: 1Is it boric acid?
n MR. BENEROYA: Boric acid.
12% DR. LAWROSKI: I didn't know how serious it ==
IBL ) MR. BENEROYA: It is still boric acid. Okay.
- 143 MR. BERLINGER: Gentlemen, I'll be discussing the
Isi} proposed TMI-2 long term cooling plant.The licensee and 3&W have
6

17 ; for decay heat removal. The proposed plan is known as the
I
J base case summary plan ana is shown in my first slide. It
i

9 | should be noted that the base case plan involves several

B
|

20‘; preliminary plant maneuvers and plant modifications.
211 (Slide.)

- The procedure will start at point A, and initiall

<

the system will be degassed by lowering the system pressure %o
¢ | peint A prime; the deéassing procedure £rom A to A prime is a
eral Renorrers Inc.

25 maneuver which is needed to remove noncondensables from the
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primary coolant and also to eliminate any gas bubbles that may
be trapped in th2 control rod mechanisms in the upper part of
vessel.

Tthis operation from A to A prime has been completed.
A prime pressure was ultimately reached at around 300 psi, so
it's lower than is shown on this chart. The plant was then
brought back up to point A and from point A to point B is a
procedure where the reactor coolant system temperature will be
reduced to approximately 230 degrees. I say approximately.
At the present time this procedure is ongoing, and the mode of
operation is tJ> run the A steam generator in a steaming mode,

in which the steam through the main steam line bypasses the

turbine.

You do have one reactor coolant pump running. You
are using for pressure and level control normal pressurizer
operating mode, and this procedure going from A to B has
reached approximately 250 degrees as far as that cool-down is
concerned, and at this point I'm not certain how much further
towards the 230 degree mark they'll be able to achieve, but
this mode is continuing.

DR. MATTSON: It's my understanding that the 250
seems to be the natural limitation cn this mode of operation.
They estimate that they can get to 230. It looks like i s
going to bottom out at arcund 250.

MR. BERLINGER: Thank you, Roger. In going £ro
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point B to C the plan is to fill the B once through steam
generator water solvent. This will be done on a clos2d cooling
secondary system. Also steam generator A will be isclated, and
by operating con only the B steam generatcr, plan to reduce the :
reactor coolant system temperature to approximately 100
degrees.

The reduction from 250 to approximately 100 degrees
is made possille by going to the water solid mode of operation
on the secondary side. During this mode of operation the A
steam generator, which will be isolated, will have a
modification, a major modification made to the A steam
generator, such that a closed cooling loop type of system will
be made available for the A steam generator.

In addition this mode of opeéation is p.eferable
because it enables modifications to be made to the A steam
generator and the B steam generator allows the water solid
operating point to be reached;rather than from a steaming mode,
it will be more or less from an isclated mode and eliminates
the pctential problem of watier hammer.

Now, by the time we get to mode pcint C there will
have been modifications to both the B steam generator
secondary side, the A steam generator secondary side and, as
I'll point out later, there will be some cther plant modifica-
tions which will ce :ompléte.

At point C this will be the initiating point for going

67295
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into the natural circulation mode. The react. coclant system
will be approximately 100 degrees. It will be ....ig normal
reactor cooclant system pressure control. A and B steam
generators will be operating in a water solid mode on the
secondary side.

The flow on the secondary side from feed pumps will
be in the three to 5,000 gallons per minute range, at some-
where in the vicinity of slightly below 100 degrees
fahrenheit. 1Ir initiating natural circulation mode of
operation the reactor coclant pumps will be tripped. Once
natural circulation has been established, the reactor coolant
system will be brought water solid by turning off the heaters
in the pressurizer and allowing the system to be brought solid
using makeup;wnile operating.ix a water solid mcde, the primary
system will use a new pressure and veclume control system which
is being planned for installation, and the system pressure
will be progressively reduced in steps, slowly maintaining

a stable, subcoocled margin and operating in the core region.

0 =296
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In acddition, [ should socint out that the

modifications that [ have mentioned in general are snort-term
modifications. For long=-term mode, there is an additional,
more reliasle modification which is planned which will cermit
the seccondary side steam generators to be operated at a
pressure in excess of the primary system pressure. This will
act to reduce any primary to secondary leakage. This
high-pressure system will be transferred into operation when it
is available. And it also is 2 closed cooling loop svstem, and
it will operate at aporoximataly 750 psi and provide flow of
apcproximately 5200 3zpm.

As I have mentioned, in presaratiocn of going into
this preferred mode of operation =—— "preferred" beinc defined .
by the base case operating plant - the licensee i{s performing
several plant modifications. And I will describe these at this
point:

These modifications involve the short-term A steanm
generator modification and the snort-term 3 steam jenerator
modification, the long=term A and 3 steam jenerator
modifications and modifications to the decay heat remcval
system, crassure control svstem, And at the cresent time there
is an evaluation in process or in orogress in which tney will
pe evaluating the potential elimination of the short-term 3
steam jenerator modification = and I will explain that

shortly.
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It should be noted that these modifications are in

various stages of design and faorication and installagion. and
that the ultimate configuration that will exist at tne plant
when natural-circulation mode is initiated will dDe dzpendent on
availaoility and on schedules.

The licensee has besn advised by E&W that these
modifications should be completed prior to clant transition to
natural circulation. But, if necessary, in the event that they
hava to 30 to natural circulation before they are plaming 21
go0ing to natural circulation, the available systems nave Jeen
reacdy, and they are capanle of sustaining natural-circulation
operation.

MR. MICHAZLSONs Question: Maybe I missed it, but
would you exglain ajain in th2 snort term how you arz keepinj
the overanressurz2 on tne primary side?

-MR. BERLINGER: In the short term?

MR. MICHAZLSON: Presently, for instance, now are ysu
keeping the overpressure?

UYR. BERLINGZR: The orimary side is maintaining a
bubble in the oressurizer.

¥3. MICHAEZLSON: Okay. Now, as you g0 on %o tne
natural circulation, how ac you intend to maintain the
overgressura?

MR. BZRLINGERs dhen vou 30 == Defore you ;o into

natural circulation == no, after you 30 into natural

0298
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pv | circulation, you will remove the bubble from the pressurizer
2 and run the pgrimary system water-solid. :
3 MR. MICHAELSON: The question is., then: How are y2u
4 keepins an overpressure on the system? Are you gein; to put a
3 small pump in? Are you using the main charging oumps?

MR. BSRLINGEZR: Okay. This is the new pressure and

volume control systsm, which is in design at the present time.

5

7

3 I don’t know exactly what staje of construction they’re in.
3 OR. MATISON: [ don’t believe they“re in

d

construction. [ delieve they’re {n procurement. And the

11 central nart of the design was complete ssaveral days ajo. 3ut

12 it’s a makeup pump with surje tanks on the outlet with the

13 nitrogen overpressure to maintain pressure control.

14 MR. 3ERLINGER: Right. And the surge tank i{s really
13 a series of surze tanks, the last one of which has the nitrojen
15 Subcle on it, nitrojen overpressure.

17 4R MICHAZLSON: [s the system recundant?

13 D3. MATISON: [ don’t remember the answer to that

12 question, Carl, but it’s a jood juestion.

20 MR. SZERLINGER: The system has two positive

21 displacement pumps. In that respect, it’s redundant. As far
22 as the other flow paths are concerned, it does hook into the
23 normal makeup system. [ will take that back. [t doss heok

24 into the normal makesus system, 2ut through the pressurizer

<3 spray. [ don’t know {f {t’s redundant: [ really don’t know.
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pv | DR. CATTON: As I understand it, there are going %o
2 be two loops on the system, as wefia isn’t there? And {f there
3 are, as | understand it, either one of the loops can have ths
4 low flow,
5 DR. MATISON: Let“’s stick with the pressurs contral
5 Just for a minute.
7 Now.‘the aressure control system is redundant in the
3 active sensej that is, there are two pumps available to do {t,
- and they“ve been originally desijned to work in tandem. T[he
19 isolation valves would open and all that joocd stuff. The

11 passive portion ¢f the system, and the degree to which {t’s

12 redundant, is, [ think, what Carl had aimed at. And [ don“t

13 remember the drawinjs. To the extent ' could say to you. Carl,
14 it was a gooc question.
15 MR, BERLINGERt Aesll check it throush.
| : 15 J. MATTSON: [ think the other ooint here was that
17 the two solid seccor,iary systems are raduncant, one to the
18 cther: and that’s true.
19 (Slide.)
9 4R. BERLINCER: Well, let’s start ovar ners. Okay.
21 Depicted on this slide is the short=term A steam jenerator
22 modification. This modification will utilize existing
23 condensate and feedwater systems. FrFrom the main steam line,
24 from the steam generator, there w«ill e 2 bypass system through

the condensor maveus line to the concensor. lhe ovpass line

o
(8 1}
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pv | will bypass the turoine. From tne hot well in the condensor,
2 it will 50 through 92ne o; three condensate pumps. Now, one
3 Qump will be run, and two will be kept in standby. ~From thare
B back through the =—— [ take that dack. These 2re the heat
S exchangers, | think. Let me rejrouo for a second.
] (Okay. From the condensate pump % will g0 through
P i these pumps, which is a booster osump, and the.main feedwater
3 pump. The impellers on these two pumps will be lockec in place
J and then backed up through the main feedwater line for
12 injection via the steam generator.
i MR. 4ICHAELSON: Questicn: [s the main feedwater
12 pump 30ing to be steamdriven, or ars you just driving throush
13 it?
14 MR. 3ZRLINGER: The main feedwater pump will be not

15 in operation, it will be idle.

15 4] . MICHAZLSO:N: But you will be rumning the booster?
17 MR, BZRLINGER: TIhe booster will not run, 2ither.

13 It’s just relying on the condensate pumps.

19 DR. MATISON: And tney will have emergency power?

20 MR. 3ERLIJGIR: That’s correct., In the event of loss
21 of offsite power, .ne condensats pumps will have 2 packup

22 diesel power system, which is, I think, a 2=1/2 megawat:

23 diesel, which will provide power in the event of loss ¢f

24 offsite ocower.,

ri On the service water system, which is used to cool

301



v | the condensor, we’rs going to be using the normel cooling
2 system. But 1; the event of loss of offsite sower, there will
3 be available from a river watsr source, again, dliesel dower, 2an
B additional source, to take over in the event of loss of offsite
3 Dower.
- MR. MICHAELSON: On that slide, is the new line you
7 show up at the top of the condensor going to the soray towers
3 on the condensor? [ assume this condensor probably nas a spray
7 tower at the top.
10 MR. BZRLINGER: [ really don’t know the answer to
1 that guestion.
12 JR. WATISONS: [ should, because [ heard it discussed

13 the other night.

5 14 (he 2oint of the guescior. is relative to the

( 15 location. The point of celivary is, one, to bvpéss the
15 turbine, and, two, to sut {t 3t the point where you know that
17 the condensor can stand the a<ded load of the solid secondary
13 sytem, That’s been looked at, and that’s the reason.
Iy 3ut where it joes, [ just can’t remember at the
22 moment exactly which location {t goes to. [ heard that
2l discussed the other nijzht.
22 MR, MICHAZELSON: S0 how much elevation water do you
23 have i{n the condensor?
24 J2. MATTISON: [f I could answer that cuestion, [
25 coulc answer your first one.
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Bu“ it was chosen on the nasis of the elevaticn being

an efgvation. and they were certain that would not cause any
damage to the tubes in the condensor.

MR. MICHAZLSON: Okay.

DR. UATTSON:t And there was scme discussion of that
because one entry point was evidently at a place where they
thought there might be potential for that. Another antry point
was at a place where there wasn’/t sotential for that. [ don’t
know which two they were talking about, but they chose the
lower one.

MR. BSRLIWGER: Any other auestions up to this ooint?

(No response.)

(Siide.)

MR. BERLINGER: This slide depicts the short-term 3
steam generator moudification. Up to this point there s a
suspicion that the 3 steam jenerator may be leakings anc,
therefore, the licensee and B4d have nroposed to use 2
closed=cycle coolin; system to contain any contaminants that
might have leaked into or woculd continue to leak ints the
secondary system,

This modification will utilize existing closed
cooling system neat exchangers and sumps. 1Lhese are
cross-connacted from trhe main st2am line usstream of the
turbine into the feedwater line, downstream ug the feedwater

oump.
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In the event of loss of offsite power, diesel power,

again, is available through the closed cooling pumps. And this
will be as a backup in case there {s a loss of offsite power.
The water in this system will be deminerallzed water, and a new
miXed=-ped demineralizer will oe installed.

YR. MICHAELSON: nhere are the pumps and heat
exchangers located?

DR. MATTSON: The basement of the turbine ocuilding.

MR, BERLINGERt That is right.

MR. MICHAELSON: s that right?

M. BERLINGER: Yes.

DR. MATTSON: This might be a good slide, rather tnan
going to the next one, to talk aoout the point that’s in
controversy at the moment, not in the sense of antagonistic,
but in the sense of planning.

The closed cooling heat exchangers are 150 degree
Fahrenheit design. The manufacturer stated that thev’re good
to 200 withcut leaking, but they’re nonwelded tubes.

MR. BERLI.ICER: Pres od fitting in the tube sheet,
yes.

DR. MATISON: So, we i{nitially hacd a concern that
that wasn’t a high=quality system in the sense of secondary .0
tertiary leakage, if you will. About the same time w~e raised
that concern several days ago, they found some heat exchangers

and some pumps at the APPPS site, same 2lace they got the
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filters, which are jcod enough for the lnog=-term modification

which he“s about to describe.

So, the question is now whether vou can actually
achieve the long=term mcdification of the secondary side steam
generator B at the same time you could have achieved the
short-term medification and at the same time et a better heat
exchanger and better oumps. Ihey’re jood for 750 pounds. TIhe
next one is much better.

MR. BERLINGER: Let me point out, Roger, tnat one of
the reasons they“re able to get this equioment more readily
available, 2s onposed to the short-term modification, is that
this system could be s:iid=-mounted, and it is very much similar
to the skid-mounted system that’s being develored for the decay
heat removal system.

DR. MATTSON: That’s anothor alternative also. The
point 2eing that the critical path in the construction of this
modification is the welding of piping, not the placement and
the installation of the heat exchanger at the pump. So it’s
quite likely they/l]l make a decision to do the long term and do
it in the same time frame that tnhney were criginally 30ing to do
the short term. That isn’t on the critical path yet, as we
say. [t could take a little time. I would expect it in the
next day or so.

But the piping layout, the pizing procurement, the

piping installation is oroceedini on the assumption {f vou put
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it in the same place it reguires the same piping. The pump and

the heat exchanger have actually oeen procured and were
supposed to arrive at the site nednesday.

MR. MICHAZLSON: Would you care to comment a little
bit now on what would happen {f you, for instance, had a tube
rupture in the steam generator in this situation?

DR. MATTSON: That’s w..y {t’s attractive to go tr the
high pressure, because then the leakage would be inward instesad
of outward; and tne design that they’re proposing is an
alternate to the short term. [t’s a preferables design, there’s
no question about {t.

MR. MICHAELSONW: 3But aosparently, you can’t go to high
pressure with these heat exchangers and pumps.

DR. MATTSON: These particular heat excnanzers, no.
Nith the long-term medifications to both A and 8, you can 3o to
high pressSure, and that was expected to take on the order of
four to five days until this novel concept dawned on people
apout Friday of last week.

YR. MICHAELSON: This {35 a short=term guestlion.

DR. MATTSON: Well, A ste2am gensrator is a pretty
goocd steam generator, the way {t looks. B may not be as bad 2as
we originally thougnht. [t was in operation for three months.
And A looks like i{t’s holding up pretty good at this point.
There’s no sign that there’s {ncreasing leakage there.

I think 1it’s more of a plant contamination problem

’

67306

7



151,10, 11

pv | than an offsite-cose problem. If you make calculation::fwhat
2 if you start to get leakage and what if you went to the B steam
3 generator in its current status for steaming, the sijns are
- pretty positive. It looks like, as far as onsite is concerned,
5 that 1t’s not a proolem. [t would be a problem onsite in the
] sense of contamination at some low level, certainly, of the
7 turbine building and the condensor. [t could, you know, just
5 axacerbate the eventual cleanup proolem. We“’re trying hard to
J avoid that.
10 (Slide.)
1 MR. BERLIWGER: [ would like to pcint out that, as
12 noted on a previous slide and on this one, provision is bein3

13 made to hook up the long=-term cooling system, which will be a

14 igh=pressure system. And that system will look something like
15 this.

16 (Slide.)

17 Again, you come into the system as shown on the

18 previous slide. You go through two new heat exchangers, which

19 are welded heat exchangers: they’re high pressure. There wi'l

290 be parallel trains. They will be cross-connected, as noted

2l here. The encircled items would not be required if only one

22 steam generator i{s reguired for cooldown.

23 DR. MATTSON That was the ooint we were just talking
24 about a minute ago. [ think we’re about to come together on 2

25 conclusion :hgt the two steam jenerators, solid, are redundant
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of one anothert hence there {s no neced to make the secondary

cooling system here redundant. 30, the boXx wo;ld be removed {n
the sense that it“’s not needed for long-term cooling., 2nd in
the sense that it cuts down the construction process to get
this whole thing finished bv quite a lot.

MR. ETHERINGTON: Would it be conmnected alternatively
to both steam generators?

MR. BERLINGER: Yes. This system would be hooked up
to both A and 3 steam generator.

DR. MATTISON: One such system for each of A and B.

What | was talking about a few minutes ago is that
that one such system for B i{s in the air on its way to the site
no¥w. It will probably be installed first on B, rather than
short term, if the schedules and the constructors and the
perle whe have to worry about getting construction people in
there and what have you can agree that the two, in fact, can be
delivered on the same time frame. There is a need to get on

with the secondary cooling system, and time is of ths essence.

g,
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MR. BERLINGER: Okay. As Y menticned earlier, the
decay heat removal system is also going through modification.
This is being done in two stages, with a third stage to follow.
The first two scages are ongoing simultaneocusly. They consist
of taking a lock at the decay heat removal system that exists

in the plant, running precoperational tests, and if any leakage

7, is determined to exist, to seal the heat as best as can be done.

And if that means welding flanges together, that's the way it'll
be done.

In addition, pump vibration monitoring instrumentation
is goling Lo Le installed. And at the present time, there is
an evaluation ongoing of both the valve and pump seals to
determine their radiation resistance.

There is also a new decay heat removal system which
is being designed and installed. This syste~ will tie into :he
. DHR cdvop line and the two cold-leg injection lines. It will

use skid-mounted pumps and cooclers, whic: will be mounted

| outside the auxiliary building at ground level.

The secondary side of the new decay heat removal
system will be a closed cooling system. The new heat exchangers
. and pumps will be connected to new decay heat service wate;
icoolo: systems, which are in turn connected :hrough to the
tertiary ultimate heat sink, which would be river water, which
is river water caoling heat exchangers.

In addition, there is what I call a long-term decay

6309
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heat remcval modification, which is really part of tne cleanup
system which is being developed at site, and this is going to

be mounted somewhat underground alongside the auxiliary building
foundation. As I E.nntioncd, it's primarily for deccntamination
Purposes later on.

DR. CARBON: Let me interrupt just a moment and
remind the staff and guests that if you have cars parked in
this building, they have to be removed from the garage by
7:00 p.m. or I think you don't get them back until tomorrow.

Is that correct?

(Laughter.)

DR. CARBON: If you do have them in this building,
get them out by 7:00 o'clock. Go ahead.

MR. BERLINGER: pThat's assuming the meeting ends
before tomorrow morning.

DR. CARBON: Which it may or may not.

MR. BERLINGER: I'm finisned with this portion of my
presentation.

MR. MICHAELSON: I thought that was the case.

In considering the present DHR system, that type -.

! pump that is normally used in this system uses centrifugal
. separators for seal-water cooling, very often, at least. In

| this particular plant, are they using the so-called cyclone

separators for seal-water cooling off the discharge pumps?

Let me just say, you may not know. The only point
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here: that those,cyclone separators have throat diameters of
about an eighth of an inch and they're very easily clogged
with particles circulating in the system, and you want to be
real careful, because if you use the cyclone separator the seals
go very fast.

DR. MATTSON: Carl, are you referring to the
Westinghouse?

MR. MICHAELSON: I'm referring to the present DHR
system already installed in the plant, which I understand they
may consider using.

DR. MATTSON: Westinghouse is putting in an identical
system which uses skid equipment,

MR. MICHAELSON: I might add that the Westinghouse
system is also using centrifugal separators.

DR. MATTSON: They're not Westinghouse pumps; they're
B&W pumps. Let me turn to the B&W people.

Jim, do you know the specifics of the design?

MR. TAYILOR: They have centrifugal separators.

MR. MICHAELSON: Yes, but you've got to be careful.
You can't put it in that little bypass circuit for the seal
cooclant, because you'll clog up the filters in a hurry, unless
you put a very large one somehow in such a very small circuit.
It's a very small byvass flow, about a gallon a minute, more or
less, and it clogs. very e?sily because of the very small throat

in the centrifugal separator.
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, DR, MATTSON: I understand your point, Carl. The

preferred mode of operation doesn't involve this decay heat
removal system. This is sort of a tertiary backup, if you
will. Several steam generators, plus the ability to inject
high-pressure coclant. 1In the preferred mode of operation of
this system, you'd be drawing from the hot leg of the reactor,
and chances are pretty good, I think, that you woulédn't be
drawing crud at that location, especially since, from the
samples that have been taka2n, you don't find crud. Sc the
chances are pretty good that, operating with the decay heat
removal system, drawing from the hot leg where it normally
Operates, the system would work.

I think it might be more of a concern if you were
drawing from the sump.

MR. MICHAELSON: Generally, I think that the systems
draw off the bottom of the hot leg. I don't know in this
particular case. If it does, you've already got a beautiful
crud trap that might be full of crud before you ever get started.

S0 just a precaution. 1If vou're going to go that way,
keep it in mind.

DR. MATTSON: It's been in mind for a couple of weeks.

MR. BERLINGER: At this point, I'd like to give vou an

1 - idea of the ongoing staff review of the proposed natural circu-

lation mode of operation. We are reviewing presently informa-

tion which has been provided by B&W. We have been in contact
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more or less constantly with the licensee. We have people at
the national labs who are performing calculations for us, as
well as consultants.

The situaticon, as you are well aware, is a rapidly
developing and changing situation from the standpoint of which
configuration we're going to end up in when we do go to natural
circulation. The NRC has identified issues in the proposed
plans and these will be required to be resolved before we go
into natural circulation.

DR. OKRENT: Unless you lose your pumps,

MR. BERLINGER: That is correct.

OR. MATTSON: The issues have to do with some nuance
and a difference between emergency procedures going into
natural circulation and let's call them more conservative
procedures for going in intentionally, and things have to do
with what are the proper indicators that natural circulation
has been achieved and you stay with natural circulation, as
oprposed to trying to return to the present mode.

MR. BERLINGER: At the present time, we are preparing
a report. The report will include these general topics: The

description of the core will be characterized; an evaluation

, © core flow resistance on the basis of both in-house and

out-of-house calculations; an evalzation of natural circulaticn
with one or two steam generators in operation, with either of

them both solid or both steaning. Core coolability will be

ov 313
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‘ discussed in the natural eirculation mode. Effects of bubplies
i on core ccoling and natural circulation operation; review of
1 E base case summary plans, as I have described here. 7T'.is is
being reviewed in great detail, not only in Bethesda, but also
at the site,
6 In addition, it will be an evaluation of alternatives
7i and contingency plans. As an example of alternatives, looking
ai at the use of the A generator steaming with the B isclated;
¢ | the B solid, A isclated; A and B both steaming: and other
1o | combinations similar to that.
n We're also looking at contingency plans from the

12| peint of view of what-if's, that type of question: What if we

12 lost the pressurizer level or we lost off-site power, or we

14 | lost natural circulation cooling conce it had been established?

s | We're looking at fall-back positions as to whether or not the
161 licensee or B&W nas considered all alternatives, and we are
; trying to understand now they've made their recommendaticns and
laﬂ make sure they've considered what we feel is an all-inclusive
! potential problem.
' We also will address in th» safety evaluation the
;1 | acceptance criteria for establishing natural circulation, the
53 control of primary system prassure and level, and water chemistry,
«3‘ the potential for bornn dilution and recriticality, and radio-
24 logical consequences such as leakage, off-gas and others of

ersl Redcrrers Inc.
25 that nature.
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Any questions?

DR. CARBON: Dave?

JR. OKRENT: How many curies are in the containment
atmosphers now, approximately?

MR, BERLINGER: If anyone here ha that number, it

would be Mr. Beneroya. The number of curies in the contain-

ment?

DR. OKRENT: About.

DR. MATTSON: a lct.

(Laughter.)

DR. MATTSON: We'll get the answer, Dr. Okrent. I'm
sorry.

DR. OKRENT: A lot is sufficient.

Now, you've been thinking about differen: ways of
keeping the core cool cver the long term, which you properly
should. And obviously you're very interested in keeping this
radicactivity in this containment. And, if I understand cor-
rectly, you're maintaining the negative pressure valve and
so forth.

Have you developed anomalous possible situations
that might raquire you to change what you're currently doing

with regard to the containment? Have you tried to anticipate

. what events, if any, would lead ycu to some changed mode of

doing what you're currently doing with the cortainment and so

forth and so on?
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DR. MATTSON: Carl, I think I'd like tozggswor the
guestion.

MR. BERLINGER: I defer.

DR. MATTSON: The:question of whether steps ought to
be taken to azlter the configuration of che containment is one
that's been in the back of people's minds since early after
the initial accident, It's our judoment at this time -- and
we've locked at some ways of doing that, primaxily at Sandia
Lcooratories -- it's our judgment that we have time available
today, given indicators that we could watch for or are watching
for, that if the multiple ways now available to cool this core
for long-term should somehow become unavailable, we still have

time to consider such modifications. And it's our judgment

. that, although the probability of a core melt in this plant

which has seen this accident is higher than in a new plant, a
healthy plant that hasn't seen this . ccident, the consequences
of such a core melt, given the amount of decay that has occurred
in the core, are limited. They cannot be as extreme as they
coulld be for core melts in a different plant starting from some

other initiating event.

Furthermore, it's our judgment that the core melt

process itself would take on the order of days, and that the

potential for hurting the containment would be something that
would take several days. So, given the amount of time that

we're convinced we nave available, using the backup cooling
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systems to natural circulation -- first of all, we're convinced
natural circulation is geing to work. We're convinced we've
got margin. But in the event we didn't, there are backups to
that. There's high-pressure injection, borated water, storage
tanks., There's low-pressure injection from the same point.
There's high-pressure recirculation, piggybacking off the decay
heat removal system. There's low-pressure recirculation from
the decay heat removal system.

There will be available, within a very few more days,
three tfains of decay heat removal systems. You only need one
at a time.

So that, in the very unlikely event that there would
appear negative indicators, at this point in tire we believe
the.e is still time to take steps, if warranted, to Qodify the
containment.

DR. OKRENT: Actually, you're answering a different
question. But nevertheless, I think your answer is reassuring
with regard to the quesi.ion you answered, that you think you
have time in that regard.

But I was wondering in regard to the activity that's

: already there, you've tried to think through whether there are

any situations that could change what is now a very favorable

situation where you have inflow, if I understand correctly, and
negative pressure, just to assure yourself that some modified

situation couldn't arise o £ whatever it is, I don't know,
é’i"’ 177
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J an electrical short or the combination of electrical short with
r tomething else, or whatever. So that you have given it the
same kind of thorough thinking that I'm hearing is being given
4| to different modes of removing decay heat.
5 MR. BERLINGER: I think it was mentioned earlier
4 this afternoon at the site, we do have a team of NRR NRC
people who are removing emergency procedures and contingency
g | plans. These are being very thorcughly developed to handle
9 ! potential failures that might occur at the facility which

10 | would degrade the present operating mode.

Included in these are alternatives to getting the

i
12% plant to a safe shutdown condition, cold shutdown.
12| DR. MATTSON: Carl, I think maybe if I missed the
- 14l qucsti;n, you just missed the guestion, toé. The question is,
15f what if you lose the containment penetration seal or something

|
!
|
|
s
16 || like that.
|
|
|
|

Two things I know have gone on. If you've got sug-

13 | gestions, maybe there are more that could go on. But two that
|

| I know of is that the gquestion of the potential for shorts in

20? electrical penetrations, leading then to a failure of the

electrical penetration, hence a breaching of containment --
72 , that's been examined, was examined days ago. And with the
23 | eQuipment that's operating and with the qualifications and

24 ' penetrations that are there, it doesn't loock like a prcblem.

.
erai Redgrrers Inc

25 There was alsc 2 gquesticn over a week ago as to the
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1! status of the containment isolation signals: Were bypasses

2| placed on any of those containment isclation signals? Were
any of the valves that didn't need to be armed in fact armed,
4| so that they could be opened inadvertently? A very thorough
review was conducted of all containment penetrations, one here
6 in Bethesda, one at the site, one by the licensee at the site,
7i and an independent one b, the NRC at the site. And I believe
gi the industry advisory group even got a set of drawings and

¢ | went through that themselves. It was a couple days of hurried
10; activity on that some time ago.

" That also was verified as being in an okay condition,
12{ a credit to the operator. They had already considered it taken

13|| care of.

A third thing that has‘gono on in this general’area
is that the licensee has been urging the installation of a
method of measuring the water level in the sump, for several
17 reasons. One, to get a better fix on the location of that
water level relative to the instrume:nts, the idea being that if
19 it's very close, it might be possible tc drain off a small
20 amount of it and store it in tankage that's now being installed,

|

2:? tankage that's still available, and remova that source of
23 | instrumentation failure, if it is one.
23 Another thought being to get these nhigh-level liquid
24  wastes inside of containment under contrecl socon, and an idea

wai Redgrrers, inc. .
2§  of what precisely the level is is a first step to doing that.
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There are some difficulties with proceeding with
theose things., One difficulty is that to take such a measure-
ment, you have to cpen a valve inside containment. If you open
a valve, then you ..ave to answer the question, are you sure
you can close it. That's being very carefully reviewed, with
some backup provisions for backflush and that kind of thing.

Other than those three, I don't believe that =--
nothing, to my knowledge, mcre has gone on for the event in
which you lose the containment, which has performed magnifi-
cently in this event, other than the isolation difficulty early

in the event.
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We know that the leakage from containment -- none can be found.

r g . zilrhcre was some worry earlier but it turned out to be water that

|
22
2

24

spilled over from the AuxBuilding, upper Aux Building. The
galleries are dry and there's no source of leakage that I know
of.

DR. LAWROSKI: A : you going to be obliged to remove
the filters, the charcocal filters?

DR. MATTSON: Everybody's gotten a little out of his

league today at one time or another. I'm afraid that's a

question I can't answer, Steve. That's not my Jield. I don't
know if we've got pecple here who can.

DR. LAWROSKI: 3Have you thought about removing crvo-
genically the charcoal for the noble gases?

DR.MATTSON: It's a good question. I can't answer it.

It's something that ought to be factored in. I do know that at

additional management structure for waste management, as we move
now from the more urgent times to loocking forward to the long-
term cleanup of TMI-2 a new management structure was supposed to

have been in place there today with just that kind of focus. So

| perhaps those kinds of ideas are best handled there. I'll see

that yours is factored in.

| MR. ETHERINGTON: Roger, how soon will it be before

|you can stop cooling altogether and just let it sit?
i .
i

DR. MATTSON: Thre are varying estimates. Certainly,

Jeral Recorters inc.

25

'such a time does occur and 60 to 100 days, depending on who you

i G 321
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1l talk to and his state of optimism. Stop cooling in the sense
2} that it's just a swimming pool.
3: MR. ETHERINGTON: Just letting it go through the
. insulation in the building.
s DR. MATTSON: That time is shorter if you conceive
6; of flooding the containment which is also a backup in some of
7| these far out scenarios == flooding at least to a certain level. |
3% MR. ETHERINGTON: Can it stand the pressure?
’{ DR. MATTSON: That's being lcoked at by people who are
‘oi proponents of that particular scenario for the long term, if
"l you got into difficulty.
12‘ DR. CARBON: Are there other questions?
.‘31 (No response.)
“i DR. CARBON: e thank you.
]sé (Brief recess.) -
]6: (Executive Session.)
17% DR. CARBON: Let's continue in Zxecutive Session at
“! this time.
‘9i Open executive session.
20; I think perhaps the best thing we can do at the mcment
21?13 to try and lay some plans for the remainder of our meeting.
22

eral Reporters, inc.

as ||

Z And the logical, I guess, cbvious question that comes up is, Do
!

1

‘we want to prepare a letter at this-meeting, and if so, what
‘general topics do we want to put in it. We, of course, did

write a letier I guess about a week ago -- 10 days ago =--and we
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.lwill meeting again three weeks from now. I'd like to get ex-

| pressions of opinion from you as to whether we should prepare

a letter tomorrow morning specifically.

DR.
next week, is
DR.

laid out with

PLESSET:

Ye are having a subcommittee meeting

that correct?

CARBON:

Yes. The current plans that have been

respect to continued activities in this general

| vien are,cf course, our meeting today and tomorrow. Then we
| have a subcommittee set up which will meet a week from today and
|a week from tomorrow -- a two day meeting. Depending on whether

| we get airline reservations, maybe no one will be there

I'll go back and say that we're trying to fat up a

| meeting here in Washington a week from today and a week from

| Mark, Michaelson, and myself. Mr. Michaelson is a consultant

" and the intention is that this will be a discussion session. We

8|

do not plan an presentations by any group, but rather a discus-

| sion of the implication of what's been going on =-- the inter-

' mediate and longer term kinds of things. That's in answer to

|
!

| Dr. Plesset's questicn.

Part of the purpcse of that meeting a week from today

will be to lay out longer term plans to serve as sort of a

' screening steering committee, make plans to bring to the full

24
eral Renorrers, inc.

as

committee for activities continuing on down the road.

m-

FRALEY:

You menticned that is going to be here

0323

. tomorrow with the subcommittee of Mssrs. Okrent, Plesset, Siess,
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'= in Washington. We announced it originally in Los Angelos but E
zi,we'rc trying to change it to Washington

3. DR. CARBON: At the moment, I think no one has =-- j
‘i DR. SIESS: 1If you can get to Denver, you can get to :
5;'L03 Angelos. !
6? DR. OKRENT: I have no trouble getting to Los Angelos.:
7i (Laughter.)

85 DR. PLESSET: If nobody else is going to say a word,

9% I would say that at the moment I tiiink the letter that we
‘OE!alrcady sent to the commissioners seems better and hetter, at
‘iilcalt to me, as time goes on. I don't know whether we should

12

drcally try to write another letter at this time or wait until

| :
n?!attcr the next subcommitte meeting, to see what the full commit-

I
- tee would like to do on the basis of that.

15 |

|

I However, I would defer to more knowledgable people;
gl
é‘,that was my view. I like that letter now very much -- better
-jand better.
18 |

(Laughter.)

.

; DR. CARBON: Dave?

} DR. OKRENT: I'm not sure whether I know how to answer
2 ¢your question without having some discussion abcut things like
‘the following: Are there specific measures related to the 3aW
plants that the commissioners would like to‘have comments on?
If we can decide that there are none of these that would need to

eral Reoorrers inc.

-=- one possible inclusion if we would decide that there are some
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|

|
'! -- might lead the other way, as an example. i
2% _“6§ju;i2553 Can you: remind me what the staff was sup- E
3;;pOlCd to have a position on, by midnight tomorrow night? '
‘; Darrel Eisenhut was going to have something done by
5; midnight tomorrow night. ;
6? MR. FRALEY: I thought he said the rest of the answcrsi
7; went in by midnight tomorrow. Wasn't that it, to the remaining
3: questions that I&E posed?
° DR. MATTSON: Yes. And then I think they said that
' | the review would be complete by Friday.
‘:; DR. TARBON: i thihk in ansﬁer-;o éhet's question, «
12?we¢k ago Darrel had indicated that the responses to 0509A were ;
13 ;

'due in last Thursday or thereabouts. And by tomorrow night,

1‘_;midnight of the 1l7th, you pretty much have your position on

15 %things that you're recommending in response to the words that

| ;
came in.

1 DR. MATTSON: So Mr. Vargo's presentation this morning

1g i
'8 %reprcsents somewhat of a slip trrom what Mr. Eisenhut estimated.

I would hope the summary you heard this morning would suffice

|

for the general nature of what we're receiving so that we can
|

I . :
Ekcep pushing to get the thing done by Priday, or socner if that's

22 pussible.

- DR. SIESS: Well, the point is that one thing this
2
Jeral Reporrers Inc.
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-

committee does is to give the commission advise relating to

positions the staff has taken. We also give them advise where

67325
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; the staff has not yet taken positions. But it appears that the

i DR.

:!rhrec Mile?
i

|
)

i DR.

DR.

DR.

DR.

I DP.

staff will have no formal or new pcsition regarding other B&W
| plants or other PWRs, other than what has been put out in the
I&E Bulletins so far.

But we have seen I&E Bulletins related to other PWRs
i since last week. And the staff has no formal position yet cn
the procedures for going to natural circulation other than the

; earlier things we've heard. 1It's still under review.

MATTSON: Which natural circulation -- the one at

DR. SIESS: At Three Mile. I think the two immediate questions

are operation of other plants, and what's being done at Three Mile. We've

heard all you know about that and what you plan to do?

MATTSON: Right.

SIESS: And you're still reviewing and approving?
MATTSON: Yes, sir.

CARBON: Dave?

O'RENT: One of the items in IE Bulletin 79-05A

9
: !ralated to the review of any transients similar to the

21

-~

44 ||

"
)

24
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| Davis-Besse event. Any others which contain similar elements --

’ !

! I guess that's what's called Item 2.

I must confess I had thought that sometime during

today either from the staff or from B&W, we might have had some

detailed discussion as to what the input of these events was,

and so forth.

Not that the time wasn't spent very interestingly

L3206
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‘ & |
but somehow we didn't get to that area. 1It's, I guess, not
; inconceivable to me that we might still hear from one or both
3! of those groups before tomorrow noon, in this area, that might

or might not provide a basis for some committee thinking. So

thcoie's, at least to me, an example of one of the things that

6| we didn't do, ‘and there might be others of this sort that at
|
7i least we might reflect on.
i
| DR. SIESS: Could we ask the staff to what extent thcyl

9| reviewed the utilities' submittals on that item?

|
10} DR. MATTSON: I think !Mr. Vargo summarized that this
”{ morning, saying that he didn't think that the staff was going
0;:/? 12% to find in the 05A responses, any startling type transients
13% that they weren't already aware of and in the process of evalu- |

4 | ating under the program that Mr. Tedesco is responsible for. I

15 | thought he indicated this morning that he is not at a point yet

'6 |where he can draw conclusions from looking at those transients.

Clearly he would be at a point by the end of the month
18 | to report. It might be, that meeting with him again tomorrow

19 imight be counterproductive to generating that information. It

20‘might also be a few days down the road. It wouldn't be counter-

Zluproductive in the sense that after he's had a chance to lock at

|
22 jit a little more and his people have, it would be a good oppor-

<J jtunity to have an exchange with this committee or some subcommit-
24 tee and let him say what he's learning and what his thoughts are,

‘eral Reporrers, Inc.

35  sc that you can have input to that process before it's finished.
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21

22

23

a

I'm certainly not reluctant tc 4o that. I think if

| we bring him down here again tomorrow morning, he's not going to

; be in a positicn to say anything much different than he said

this morning on the same subject.
DR. PLESSET: We didn't have a meeting scheduled with

Imowmuumuswmnw? *

DR. CARBON: Yes, we do =-- unless it's impossible for
| us to get together at the agreed upon time. But yes, we have a
| meeting scheduled.

: DR. SHEWMON: What time is it scheduled for?

! DR. CARBON: The end of the afternoon. We had had it
E scheduled for 2:30 to 3:30. They wanted to postpone it until
;3:30 to 4:30, and that won't work for us. Currently, we're try-;
% ing to see if it can be 3 to 4.

DR. OKRENT: Well, if I can pursue it a little bit,
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