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PROCEEDINGS

JUDGE SMITH: On the record.

You may proceed, Mr. Blake.

MR. BLAKE: Our next witness is Edwin Zebroski.

Mr. Zebroski has not been previously sworn.

MR. McBRIDE: Mr. Chairman, members of the Board, my
name is Michael F. McBride, with the law firm of LeBoeuf,
Lamb, Leiby & McRae, 1333 New Hampshire Avenue, Northwest,
Washington, D.C.

JUDGE SMITH: 1Is your microphone on?

MR. McBRIDE: Yes. Did you hear me?

JUDGE SMITH: Yes, with tcme difficulty.

MR. McBRIDE: My name is Michael F. McBride, with the
law firm of LeBoeuf, Lamb, Leiby & McRae, 1333 New Hampshire
Avenue, Northwest, Washington, D.C., 20036.

I simply wanted the record to reflect that I am
present this morning as personal counsel for Dr. Zebroski.

As the Board knows, I have previously entered an
appearance on his behalf because of some procedural issues
that have arisen.

I don't expect to have to participate this morning,
but I simply wanted the record to reflect that I am present.

JUDGE SMITH: Dr. Zebroski, would you stand and

accept the oath, please?
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Whereupon,
EDWIN L. ZEBROSKI
was called as a witness and, having been first duly sworn,
was examined and testified as follows:
DIRECT EXAMINATION

BY MR. BLAKE:

Q Dr. Zebroski, would you please state your full
name and business address?

A. My name is Edwin --

Q. Dr. Zebroski, before you commence, there is a
button on the microphone in front of you which, if it is
turned in the ricght direction, turns on a red light; and then
you will want te pull the microphone as close to you as
possible. It doesn't pick up over a distance at all, so put
it very close up.

Again, if you will just state your name and business
address.

A My name is Edwin L. Zebroski. My business
address 1s Electric Power Research Institute, 3412 Bellevere
Avenue, Palo Alto, California, 94303.

Q Dr. Zebroski, do you have before you a copy of a
document dated November 1, 1984, and entitled "Testimony of
E.L. Zebroski"?

A. I do.

Q Was this document prepared by you?
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A Yes.

Q Do you adopt this as your testimeony in this
proceeding?

A I do.

MR. BLAKE: Mr. Smith, I ask that the document
entitled "Testimony of E.L. Zebroski" comprised of 12 pages
be accepted as Dr. Zebroski's testimony in this proceeding
and be physically incorporated into the record just as though
read.

JUDGE SMITH: Are there objections?

MS. BERNABEI: Yes. 1 at this time move to strike the
testimony in its entirety. I don't think it is relevant to
any issue before the Board.

Mr. Zebroski, as is clear from his testimony, did not
arrive on site until March 31. The only possible relevance
that I see is the conversations with Mr. Dieckamp after he
arrived on site on March 31.

I think given that other testimony has not been per-
mitted on that subject, his should not be. Therefore, 1
would move to strike the entirety of his testimony on the
grounds of irrelevance other than the specific portions on
his conversations with Mr. Dieckamp, which I would move to
strike on the grounds of irrelevance.

JUDGE SMITH: The testimony is clearly relevant.

There may be portions of it specifically which you might have
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legitimate objections to, but in its entirety the overall is
clearly relevant and your objection on that basis is over-
ruled.

Do you have further objections?

MS. BERNABEI: I had two objections. One was on the
grounds that it was not relevant; the second is that his con-
versations with Mr. Dieckamp should not be permitted in the
record if Dr. Gilinsky and Mr. Bradford's recollections are
not.

JUDGE SMITH: 1I'm sorry; I thought you said that his
conversations with Mr., Dieckamp should be accepted.

If that is your objection, that is overruled, too,
and the testimony is received. It will be bound into the
transcript.

(The document follows:)
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November 1, 1984

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of
METROPOLITAN EDISCN COMPANY Docket No. 50-289 SP
(Restart-Management Remand)
(Tree Mile Island Nuclear
Station, Unit No. 1)

N S st St S

TESTIMONY CF E. L. ZEBROSKI

My name is Edwin L. Zebroski. My current position is
Chief Nuclear Scientist at the Energy Study Center, a part of
. the Electric Power Research Institute (EPRI) in Palo Alto,
California. EPRI is the research arm of the electric utility
industry. Prior to joining EPRI, I held various design and de-
velopment positions in Stanford Research Institute, (Physics
Department), and in the General Electric Company, Research Lab-
oratory. and in the Nuclear Energy Division. My training in-
cludes degrees in Science from the University of Chicago and
Engineer, and a member of the National Academy of L.. neering.
I have authored or co-authored over 129 technical publications

and patents relating to the basic and applied science of nucle-
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and systems of Nuclear Power Plants. (Mr. Dieckamp was gener-
ally aware of these programs through his participation in prior
years in two of the advisory committees which serve EPRI.) At
a Research Advisory Committee meeting in Scottsdale, Arizona,
Dr. S. Bartnoff of GPU reported to the Committee on March 29
and again on the morning of March 30, that an incident had oc-
curred at TMI-2. Later in the morning of March 30, Mr.

Culler, the President of EPRI, reported to the same meeting on
a phone call from Mr. Dieckamp which indicated that the situa-
tion had deteriorated relative to the perceptions on the previ=-
ous day and that technical support help from EPRI was needed.
Mr. Culler agreed to send technical assistance to TMI, ini-
tially consisting of Mr. Milton Levenson, then Director of the
Nuclear Division at EPRI, and myself. Mr. Dieckamp outlined
four basic tasks which needed technical support; I was asked to

undertake the first task which was Core Damage Assessment.

After a conference call on March 30 with Mr. Robert Keaten
of GPU, I traveled to TMI, arriving on the morning of March 31.
Office and conference space was made available at the National
Guard Armory adjacent to the Harrisburg airport. An initial
meeting to review the situation was organized and the technical
review discussion was led by Mr. Dieckamp on the afternoon of
March 31. Sometime during March 31, I became aware of the

pressure spike which occurred shortly before 2:00 p.m. on March

28, 1979. 1 remained at TMI intermittently for the next four

¥

weeks, serving as co-leader of the Industry Advisory Group

o3e



28441-D

which was assembled to provide calculations, and evaluation of
options for maintaining control and safety of the reactor sys-

tem.

My investigative efforts on core damage at TMI during the
initial days following the accident centered on several ques-
tions: namely, (1) the postulated hazard from the gas bubble in
the reactor, (2) the pussible extent of core damage, ani (3)

possible means for removing the gas bubble.

The gas bubble evident in the reactor was postulated to be
potentially subject to ignition and explosion creating a sense
of immediate potential for catastrophe. This potential appar-
ently was first postulated about March 30th, and was reported
in the national media with banner headiines. Various people
from national laboratories discussed the explcsive potential.
The President's Science Advisor was reported to have commented
that New York City and Philadelphia might be exposed to severe
radiation if the bubble were to explode. A helicopter re-
portedly was dispatched to bring sacks of oxXxygen-absorbing

chemicals (like sodium hyposulfite, a chemical used in photog-

raphy).
In the telephone call with Mr. Robert Keaten of GPU on
March 30 (mentioned earlier) he noted that he had become aware

of a gas bubble in the reactor vessel but did not know its
source or its full composition. He hypothesized that it might
contain 3ome air, from air dissolved in the borated water used

to assure saf: nuclear shutdown of the reactor.

-
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concerns of possible explosion were due to overly conservative
calculations. (It was later evident that the earlier inguiries
to the national laboratories did not indicate that hydrogen was

present in the reactor vessel.)

During the same days I was also continuing my efforts to
@2stimate the extent of cor2 damage. The prevailing state of
knowledge on possible reactor core damage as of 1979 was the
énalysis in the report Wash-1400. This report, and the related
NRC calculations used in licensing, postulated that if cooling
water was lost, the fuel would fail (distort and leak) due to
high temperature, and that the reactor core would then proceed
to melt down with extensive spread of the bulk of the radioac-
tive elements in the fuel (up to 70% of the total). The infor-
mation available to me March 30 through April 4 did not corre-
spond to such a degree of severity. The observations available
March 30 and 31, (including the pressure spike and the indica-
tions of high levels of gaseous radicactive elements, but enly
small amounts of iodine and cesium) was that a significant
fraction of the fuel was certainly perforated, releasing most
of the rare gases. The apparent evidence that only a small

fraction of the iodine and cesiuvm w

o
14

re released was consistent
with perforation of fuel cladding, but not necessarily gross
disruption or melting of fuel. If major core damage were

present, a large fraction (up to 70%) of the indine and cesium

would be expected to be vola
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The pressure spike was evidence of the probable presence
of enough hydrogen to burn, but of itself was not evidence of
how much had been produced. Small amounts of hydrogen -- as
low as 4% in air, are known to be capable of ignition -- which
would result in a pressure pulse, even if there was simply
burnin¢ rather than explosion. I was aware that hydrogen gas
from gas cylinders is routinely used to provide a small amount
of hydrogen dissolved in the reactor coolant. As noted earli-
er, the dissolved hydrogen is used to prevent “he decompcsition
of water by r: liation (radiolysis), which would otherwise form
oxygen and hydrogen. There was an evident need to determine
whether some hydrogen cylinders or piping might have leaked hy-
drogen into the containment, which then could be ignited when a

relay or moteor was actuated or started.

Another possible source of hydrogen was recognized to be
from the reaction of zirconium with steam at high temperatures.
This was also plausible but did not of itself necessarily imply
more extensive fuel damage than just perforation from localized
overheating. Localized overheating alone could cause clad bal-
looning and rupture, with or without the added effect of oxida-

tion of zirconium.

One of the major technical surprises of the subsequent in-
vestigations of the TMI accident has been the low extent of mo-
bility of iodine and cesium, despite what we now know to be

major core damage, with oxidation of a larc
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e part of the
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After the situation at TMI had been stabilized, late in
April, 1979, the EPRI Board of Directors authorized EPRI to set
up an investigation team to assess the facts, causes, and les-

sons learned from the accident.

This led to the organizing of the Nuclear Safety Analysis
Center (NSAC) at EPRI in May, 1979, for which I was named the
Director. In the next few months, a total of 80 technical peo=-
ple were enlisted in the investigation for a total of 12
man-years of effort. This effort produced a report (NSAC=-1)
issued July, 1979 on the sequence of evants, with supplements
in succeeding months. A final report including the supplements
was distributed in March 1980. Many other investigations were
proceeding which involved exhaustive interviews with plant per-
sonnel. These interviews apparently were finding a consider-
able range of conflicting recollections and perceptions. it
was decided that the NSAC study should rely on the detailed
analysis of instrument records and to avoid reliance on recol-

lections or interpretations by plant personnel.

Accordingly, we did not interview any of the plant person-

nel. (We did have full support and help from GPU and plant

personnel in finding and copying any instrument records and
logs. This eventually amounted to over 50,000 pages of
records).

Some months later, in Palo Alto, analysis of the

ment records brought out awarenes

(in NSAC)

w

of an apparent
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thermal shock to the reactor core, possibly from a rise of
water level in the core at about 7:47 a.m. on March 28. The
nuclear instruments also showed a change in readings which
could be interpreted as relocation of fuel by slumping or col-
lapse of fuel rods previously embrittled by oxidation of the
cladding. (I was aware of the results of two incidents in
which experimental fuel was operated without adequate cooling

and which resulted in fragmentation of the fuel rods.)

The NSAC analysis reported in NSAC-1 suggested that
roughly the upper two-thirds of the core had been uncovered and
subsequently overheated. Given that about 50% of the total
zirconium was converted to oxide, the local oxidation in the
upper part of the core would have to be near 100%. The fuel
cladding in this region would be almost completely converted to
a ceramic oxide. The sudden cooling of a hot brittle ceramic
can result in fragmentation. The likelihood that core struce
ture was preserved in this region was then recognized to be
small. From this emerged the hypothesis published in NSAC-1
report, that a region of the core shaped like an inverted bell,
reaching to within about 3 to 5 feet of the bottom of the core,
was most likely fragmented into a rubble bed. (This analysis
was confirmed conclusively only in July-fugust 1982, when a TV

camera was lowered into the reactor core region. )

During the period that I was at TMI, Mr. Dieckamp contin-

ued to keep in touch with me and Mr. Levenson and to
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best interpreters of that objective evidence. I not only
would not object, but I woulid encourage the parties to take
this opportunity to ask Dr. Zebroski of that sequence and
what occurred in the afternoon regarding pressurization, re-
pressurization, et cetera.

Ms. BERNABEI: I appreciate Mr. Blake's concern, but
I think we should be allowed to present the case we wish, and
. think the report is clear on its face. And while I appreci-
ate Mr. Blake's concern for proving our case, I think we can
do it better ourselves.

So, thank you, Mr. Blake, but we did not have the
intention to question Dr. Zebroski on the report. Obviously,
that is open to the Board.

MR. BLAKE: I think it's open to the other parties and
the Board., And, as I have indicated before, to the extent
subsequent to Dr. Zebroski's appearance here today there are
attempts made to argue from that objective or, more impor-
tantly, to call other witnesses to talk about the NSAC report
in which Dr. Zebroski played a role, I will object to the
calling of those witnesses if Ms. Bernabei does not take
advantage of the opportunity here today to determine whether
or not == with the witness here in the room she can elicit
what she needs.

MS. BERNABEI: It appears to me that I am free, just

as Mr. Blake, to question any witness which appears, who has
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A Less than one-fourth.

Q. It is a large part of your work, is it not, sir?

A It is a large part of my work.

Q You were the director and principal author of the
National Safety Analysis Center or industry report on the
accident; is that correct?

A If I may correct your wording, it is correct; it
is Nuclear Safety Analysis Center, not National.

Q Okay, Nuclear Safety Analysis Center.

A Yes.

Q You issued a report in July of 19792

A That is correct.

Q You'll have to speak up, and I'll try to speak up
a little also, Dr. Zebroski.

A I'11 get a little closer to the mike.

0} You are here today, are you not, as part of the
undertaking of that investigative endeavor and report, that
is, the NSAC analysis?

A Yes.

Q When did you learn of the Three Mile Island acci-
dent or transient?

A I heard radio accounts of an accident driving to
work on the 28th, I believe. There were newspaper accounts
on that same day.

Q When did you next learn of any information about
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the severity or seriousness of the accident?

A There was a more extended nvwspaper account on the
29th and then I received phone calls from Arizona from my
immediate superior, Mr. Milt Le 2nson, who said that we
should plan to get some staff together on the following day
to discuss the situation.

Q There was a meeting of the Research Advisory
Committee of EPRI in Arizona on March 29 and March 30; is
that correct?

A That is correct.

Q You reference that in your testimony on page 3;
is that correct?

A. That's correct.

Q You were not at that meeting, were you?

A. No, I was not there.

0 You were not there on the 29th or the 30th; is

that correct?

A, Correct.

Q You made note in your testimony about a certain
statement made on the 30th about the TMI accident; is that
correct?

A. It would help if you would refer to the place in mﬁ
testimony. '

Q Page 3; specifically, a report by Mr. Culler of

EPRI to the Research Advisory Committee meeting.
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words on that date, at least as reflected in these minutes?

A "FLC" are the initials of Mr. Culler, Floyd L.
Culler -- "re: 3-Mile Island -- very serious." That's under-
lined.

The next lines are somewhat garbled in the copies, but
I think I can make them out and I believe it's correct. The
next line reads "significant core damage apparent.”

The next line reads "I," which is the chemical symbol
for iodine, "leakage likely."

The next word is very hard to make out, but I inter-
pret it as "emergency think teams on-site and in California."
Of course, the last word is abbreviated."

Q Now, if my understanding is correct, this was
Mr. Culler's report to the EPRI group of his previous conver-
sation with Mr. Dieckamp; is that correct?

A, Correct.

Q S0 one could assume that what appears in these
minutes is Mr. Dieckamp's assessment that he communicated to
Mr. Culler of the situation at Three Mile Island?

A That is an inference, but I'm sure Mr. Culler also
heard the radio and newspaper reports which had been going on
for two days, and he also had heard from the earlier discus=-
sion with Mr. Bartnoff, which 1 also referred to.

It is not clear to me that this would be exclusively

derived from that telephone conversation. But if I may carry
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1 on a little bit, the "very serious" words are a very distinct
2 change in signal from the presentation which Mr. Bartnoff had
3 given the previous day, the 29th, and also earlier in the
4 morning on the 30th.
5 We have subsequently gotten the time of that telephone
6 call as being around 9:00 Arizona time on the 30th, and
7 Mr. Bartnoff had talked to people earlier that morning,
8 apparently, and the previous evening, and there was clearly a
9 change in perception.
10 That is my interpretation that I have in my testimony;
1 that between the Bartnoff information and the later call from
12 Mr. Dieckamp, there was a clear change in perception. Those
1B || were my words in the testimony.
14 | 0 That's not quite what you say, though, is it,
15 E? Dr. Zebroski? On page 3 you say "Mr. Culler...reported to thdg
16 I; meeting on a phone call from Mr. Dieckamp," and then pre=-

{l
17 %; sumably the clause which follows indicates what Mr. Dieckamp
18 ii reported to him, "that the situation had deteriorated rela-
19 | tive to the perceptions on the previous day." 1Is that
2 } correct?
2 I A That is correct that that's wuaat the words say,
22 j but 1 have to say that at least part of that is my projection
23 S from reading the record of the minutes of the meeting. I'm
U y not sure that 2ither party actually said those words.
o |

0 Now, it is fair to say that part of the report
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of Mr. Dieckamp was "significant core damage apparent;" is
that correct?

A. That's Mr. Elsaesser's notes; correct.

@ And "icdine leakage likely;" is that correct?

A. That's Mr. Elsaesser's notes also.

Q In your testimony you did not state, did you, that
Mr. Culler had received this assessment of the situation from
Mr. Dieckamp and reported it to the meeting on March 307?

A, (No response.)

Q That portion of the report you did not include in
your testimony, did you?

MR. BLAKE: Objection. The testimony speaks for it-

self. We all have the testimony in front of us.

| MS. BERNABEI: This is cross-examination.
;; MR. BLAKE: I know it's cross-examination.

THE WITNESS: 1I'm sorry; 1 don't understand the

question.

JUDGE SMITH: 1 guess that disposes of it,
I MS. BERNABEI: That's fine; I'll repeat the question.
' BY MS. BERNABEI:
J 1) Dr. Zebroski, you did not include in your descrip=-
| tion of Mr. Culler's report to EPRI that Mr. Dieckamp had
| reported significant core damage apparent or that iodine
leakage was likely?

A That was the purpose of appending the minutes and
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the handwritten notes, to make that point. I didn't put it
in my =--

Q For your reference, that is not a portion of your
testimony; that is not included as a portion of your testi-
mony in this proceeding.

A I'm sorry; that's a technical distinction I don't
understand.

Q What I'm asking you now is about the written testi-+
mony, which is the only evidence we now have before us in
this proceeding from you, Dr. Zebroski.

A Yes.

Q What T have stated to you is that you nowhere in
the written version of your testimony, which again is the
only thing before the Board at tliis point, =-- we nowhere have
a description of the meeting, that is, the meeting which
indicates what Mr. Dieckamp said to Mr. Culler, which states

that there was significant core damage apparent in

Mr. Dieckamp's assessment.

A I don't believe there was a meeting with
Mr. Dieckamp.

0 No; no. I'm saying in the Culler rendition of his
conversation with Mr, Dieckamp, as reported in your testimony,
you nowhere state that Mr. Dieckamp told him significant core
damage was apparent,

A (No response.)

|
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Q Those words do not appear in your testimony.

A. That's correct.

Q And, in fact, the sense of those words do not
appear in your testimony; is that correct?

A I don't agree with that statement. "Deteriorated,"
"call staff together to work on it," it seems to me, was a
very strong indication of seriousness. We were all aware of
the newspaper and radio reports.

Q¢ And you believe that that includes an indication or
an implication that Mr. Dieckamp had indicated that there was
significant core damage at TMI on March 30 or by March 30?

A To me the word "deteriorated"” has that indication.

0 Were you informed of Mr. Dieckamp's assessment of
significant core damage at TMI at the time you began your
assignment?

A [f youdefine the time of the assignment I can
answer your question,

0 Yes; March 30,

A I would say that would only be a possible infer-
ence, but not a knowledge.

Q S50 Mr. Culler did not tell you Mr. Dieckamp's
assessment at the time he outlined for you your role in the
analysis?

A, That is correct,

0} Do you today know the basis for Mr. Dieckamp's
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341 1 assessment on March 30 that there was significant core
. 2 damage?
3 A Not really. T can infer it from a great deal of
. 4 the testimony that has been transcribed, but not directly of
5 my own knowledge. I don't have a basis for that.
6 Q0  When did you receive an assignment to undertake a
7 core damage assessment? That is referenced on page 3 of your
8 testimony.
9 A, I think in the sense of a general asrfignment to
10 participate or at least to get knowledgeable, that occurred,
1 well, in a limited extent in the call fram Mr. Levenson on the
12 evening of the 29th to basically get a team together and
. 13 start working.
|
| 0 What did Mr. --
15 ii A May I finish the answer, please?
16 j? Q. I'm asking for the first time now.
|
b t A. That's what I'm trying to define. As I understood,
" %! however, at that point it may have amounted to no more than
- 'i to spend a couple of days at the blackboard and accumulate
® ;: the information to do something about it. There was no
21 |

necessary implication of spending some time at Three Mile

Island or the extended study which actually followed. Those i

# i
|

s assignments came in stages. So, strictly speaking, the
24
25

|
I
!
|
assignment -- there was not an assignment; there was a series
| "
| of assignments.

|

i
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I am responding to your question on the first assign-
ment, which I think is really limitea to: c¢et knowledgeable
and get a meeting together tomorrow morning.

Q¢ What did Mr. Levenson say was the condition of
TMI-2 on the evening of March 29 when he spoke toc you?

A, We had nc technical discussion. He was aware that
was aware of the radio and newspaper reports, and he said:
let's get together and get more informed on it.

Q I believe -- what did he say was tne condition of
TMI-2 at that time in terms of core damage?

A To my knowledye, there was no technical discus-
sion at all in those telephone calls.

Q No technical discussion.

A, No.

Q What did you understand your assignment from
Mr. Levenson to oe?

A, Tc gather information.

Q On what?

A, On the situation at Three Mile Island, which had
had many confusing reports in the media.

Q So you were supposed to talk to the newspapers
about the condition of TMI-2?

A. No; to gather information directly from the plant
sources.

Q For what purpose?
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A It was related -- EPRI, among other things, had
testing programs on fuel behavior under both normal and ab-
normal conditions, so this related to that.

Q Were you to do any assessment of core damage? Was
that any part of your assignment as given to you by
Mr. Levenson?

A At that time that was not men:ioned. There was no
technical discussion in those telephone calls.

Q So the idea, according to your testimony, is you
were supposed to do general research activities at EPRI some-
how related to the incident or accident at TMI-2 on March 29?

A In a sense, yes. Our research objectives are de-
fined by real world observations, and in that sense Leing
informed will enable you to direct the research better. So,
initially that was the objective.

Q Were you to provide technical assistance in any
sense to the site?

A That step came in the telephone call from
Mr. Culler, who recounted that he had a r2gquest for assistance
from Mr. Dieckamp.

Q. Did Mr. Culler, after his call to Mr. Dieckamp,
then give you an assignment, a second or different assignment?

A Not really. I think he simply echoed the "get
informed." It is hard to define an assignment when nobody

really knows the situation.
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Q At what time did he tell you to get informed?

A I'm sorry.

a At what time did he tell you to get informed?

A I haven't been able to place the time of that call.
I can place Mr. Levenson's call as rather late in the evening
on the 29th, but I can't place the time of Mr. Culler's call.

Q Was it on the 29tk or on the 30th?

A I believe it was on the 30th.

Q Do you remember whether it was before or after his
presentation to the EPRI Research Advisory Committee?

A I didn't Xnow the time of that meeting, so I can't
answer your question.

0. Do you know if it was in the morning or in the
afternoon?

A I can't really place that either.

Q0. Now, after Mr. Culler gave you the instructions to
get informed, what did you do?

A I believe we placed some calls to people at GPU.
I am not clear whether I called there or they were calling us
because they alsc had instructions to work with us, I believe.
But, in any event, a conference call with Mr. Keaten developed
as my notes show.

Q. Do you know what time that call from Mr. Keaten
was?

A. My notes submitted also in the testimony -- I have

~
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to refer to this -- it's around 9:00 in the morning Californig
time, or about noon New Jersey time.

Q. Dr. Zebroski, for your information none of these
notes were submitted with your testimony; these notes were
submitted in the discovery portion of these proceedihgs.
They are not before the Board unless they are entered in the
record.

A. Then I will answer directly.

MS. BERNABEI: I would like to have marked as TMIA
Exhibit 7 a portion of the 3/30/1979 notes of, apparentcly,
Dr. Zebroski's morning conversation wich Mr. Keaten.

(Whereupon, the document re-
ferred to was marked as
TMIA Mailgram Exhibit No. 7
for identification.)

THE WITNESS: On those notes I marked the time as

9:15, March 30, 1979. I presume that's a.m.

BY MS. BERNABEI:

|

Q It is fair to say that whatever time you talked to|
Mr. Culler was prior to your conversation with Mr. Keaten?

A Again, I am not quite sure of that. I had already
had sufficient indicatior from Mr. Levenson to expect that we
would be discussing with the people in Pennsylvania and
New Jersey ==

Q Let me just interrupt for a moment. What was youri
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Q0 Some assessment.

A Spending time at the island and so on was not
defined.

0. But some assessment you would do.

A That's correct

Q During this conversation with Mr. Keaten, he gave
vou a briefing on the status of the reactor; is that correct?

A, Yes.

0} And it is fair ‘o say that he wanted to bring you
up to speed on what had cccurired up to that time?

A. That was the purpose, vyes.

Q To that degree you were told of the sequence of
events up until Friday morning?

A. At the time I would have said yes. I think in
retrospect I have to say it was fraagmentary.

0 Mr. Keaten was also -- one of the purposes was to
inform you about the bubble in the reactor vessel; is that
correct?

A Correct.

0 And the state of information about that bubble?

A, Correct.

Q And that is reflected in your notes, TMIA Exhibit
7; 1is that correct?

A Yes.

Q. You have certain information noted here, and I
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would like to ask you for what period of time this informa-
tion was gathered.

There is a notation in the beginning of your notes
which says: one RCP, reactor coolant pump, was running; one
5/G, steam generator, was running; is that correct?

A That's correct.

Q And then there is a notation that that was true on
Thursday; is that correct?

A That 1s my interpretation of my scrawi, yes.

0 Was it your interpretation at the time you wrote
these notes that that was the situation on Thursday?

A. That's what I had been told, yes.

Q There are certain notations that appear, certain
parameters that appear later: 1000 pesi; 260 to 280 degrees
Fahrenheit; is that correct?

A Yes.

Q What are those parameters.

|
|
A I would interpret them as applying to the same ’
i
Thursday night time interval that applied in the previous twa;
lines: during the night, large quantities of gas in primary
system. I presume that means Thursday night, but he's
talking Friday morning; so that's the implication that that
1s as current as his information was.

Q. Do you have any more specific information or

knowledge about when those parameters were mentioned, that is,
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the 1000 psi, the 26uv to 280 degrees Fahrenheit?

A. I do not, except from the later investigation, of
course. At that time the answer is I did not.

0 Dr. Zebroski, what was your understanding of what
these pressure and temperature readings indicated? Could
those be the reactor coolant system pressu.. and temperatures?

A, That would be my interpretation.

MS. BERNABEI: I would like to have the parties anc
the Board refer to TMIA Mailgram Exhibit 2, which is a part
of Mr. Seelinger's loag for March 29, 1979.

BY MS. BERNABEI:

Q Dr. Zebroski, I think I may show you my ccpy of
this exhibit and ask you to refer to what has been marked as
page 7 of TMIA Mailgram Exhibit 2.

JUDGE LINENBERGER: Are you referring to the joint

exhibit?

MS. BERNABEI: No. It's one of the exhibits we intro- |

duced, I believe, with Mr. Lowe. We introduced it and then
entered into a stipulation, so it is not in evidence.
JUDGE SMITH: Where are we on this exhibit?
MS. BERNABEI: I believe it's marked page 7. 1It's
the fifth page of the exhibit, but it is marked page 7.
There is pressure and temperature at the bottom of that page.
Judge Smith, may I be a'lowed to share the exhibit

with the witness? We did not make additional copies.

|
|
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)30 1 JUDGE SMITH: Let's see if the Board can't share.
. 2 (Document passed from Judge Smith to Ms. Bernabei.)
3 BY MS. BERNABEI:
‘ 4 Q Dr. Zebroski, the entry which appears on the
5 bottom of page 7, that is, the reactor coolant system temper-
6 ature and pressure, appear to be the same readings which
7 Mr. Keaten gave you on the morning of March 30; is that
8 correct?
9 A. May I take a little time to look at that?
10 | Q@ Certainly.
1 (Witness perusing documents.)
12 A. Well, there is partial overlap. There is a number
' 13 | of things on page 7 which are not in my telephone notes.
14 ” Q Right, but I am just sticking right now to the
15 ii reactor coolant system temperatures and pressures =-- excuse
16 ; me; temperature and pressure, the 280 degrees and the 1000 psi
|
17 ‘, A. That seems to coincide.
18 “ 0 It appears from the notes, does it not, to be the
19 !; conditions or parameters of the reactor at 1330, that is,
20 ! 1:30 p.m., on March 292
21 %r A. I can't really make that out on my document.
. 22 :: MR. BLAKE: I'm sorry; are you reading that as 1330?
|
2 ﬁ MS. BERNABEI: Yes.
24 “ THE WITNESS: I would interpret it as 1830.

25
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BY MS. BERNABEI:

0 As 15307

A 1830 I think it would read, because the previous
entry is 1745.

Q 1830.

A Yes.

Q In any case, 1830 would be 6:30 in the evening;
is that correct?

A Yes, but I can't tell from this what day.

0 On the front of the notes it says March 29, so we
will assume for the moment that it is March 29.

A. These aren't my notes. I'm getting very skittish
about trying to interpret somebody else's notes.

Q No. I understand that. I'm just saying that
these are the same reactor coolant system temperatures and
pressures as noted in your notes; is that correct?

A, Two of the numbers coincide; there are many others
which don't appear in my notes.

0. You have a notation in your notes, returning to
somewhat more solid ground, your notes, which is “MIA Exhibit
7 == you have a notation that at that time there was an underJ
standing chat there was approximately 1500 cubic feet of gas
in the pressure vessel and pressurizer?

A That's what my notes show.

0 I believe it is your testimony that at that time
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neither GPU nor others understood the composition of that gas
bubble; is that correct?

A On the fourth line from the bottom it says: "don't
know what is in gas." I presume I got that from the telephone
conversation.

Q Was one of the considerations that this bubble
could be a steam bubble? Was that a consideration at this
time?

A. I wouldn't interpret it that way. I think when
people say gas, that does not usually imply steam.

Q. Is it fair to say that the consideration at that
time was that the bubble was non-condensable gas, possibly
hydrogen?

A Yes. Again, if I could clarify, I think there are
two levels of understanding here, the level of understanding
which I had at the time that I wrote these notes --

0 I understand.

A, -- which left that question very ambiguous. Our
later knowledge made it very clear that it was hydrogen, or
substantially a mixture of hydrogen and steam, and perhaps
traces of other things.

Q At any time in your analysis did you come to learn
that there was a concern about a steam bubble prior to March
30, that is, prior to the time you learned of the status of

TMI-2?
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A May I repeat the question to make sure that I
understand it? You're asking me if prior to March 30 I knew
that there was a steam bubble in the reactor?

0 No. At some time during your involvement, up to
the present, did vou learn that there was a concern on site
about a steam bubble in the system or in the reactor vessel?

A. Taking knowledge up to the present?

Q. That's correct.

A. Oh, yes, indeed.

Q Did you understand this concern to exist on March
29, or do you understand --

A I have no direct knowledge of that.

[0} I asked you if you had any knowledge up to the
present time.

A, From the analysis?

Q Yes.

A. I think our analysis sugy~sts that by the 29th,
yes, that was understood to have been a steam bubble.

Q. That was a steam bubble in the reactor vessel?

A Somewhere in the vessel head certainly, and

possibly, in the steam generator.
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Q It's fair to say that it would not always be
clear whether a bubble in the reactor vessel were a steam
bubble or a hydrogen bubble, is that correct, or non-condensibl
gas is perhaps a better way of phrasing it?
A, Strictly speaking, you could have both simultane-
ously; the bubble could be partly gas and partly steam. In

fact, at all times it was a combination of gas and steam.

W 0 What I'm talking about is primarily a steam bubble,
la primarily hydrogen non-condensible gas bubble. 1It's fair to
say that knowing there was a bubble in the reactor vessel, cne

could be unsure as tc whether it was primarily a steam bubble

or primarily one of non-condensible gas.

A, Could you add to the question. Understanding as

fof now or as of March could be very different.

0 As of March.
1 A. As of --

0 Perhaps I should clarify. My question is: on

|
|
|
1

March 28 or March 29, one could be unsure whether a bubble that

was seen in the pressure vessel was of hydrogen or non-

fcondensible gas primarily or was a steam bubble.

A, I am having a hard time coming to grips with that
|question.
|
| 0 There was a concern about the bubble in the

|pressure vessel on March 29; is that fair to say?

f A. That's correct.

|
|
|
\
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pump wouldn't ensure that. It would also require the heat
pump be running and ncc be throttled back.

0 Now, you're talking about HPI?

A Yes.

0. What flow in HPI would be necessary in order to

cause this condensation of a steam bubble?

A. Any flow in excess of the letdown would eventually
laccomplish that., If it was only slightly in excess of letdown,
it would take weeks. If it was done at full flow of the pump,
it could take perhaps half an hour.

0. Full flow of one pump?

A No, three pumps.

0 Full flow of three pumps. What pressure conditions

would be necessary?

q A I believe the pumps are capable of providing

ipressures up to 2,600 psi. So they have the capacity of

ﬁcollapsing the bubble, the steam bubble, regardless of the
l

&system pressure.

ﬁ 0 So it's fair to say that if all three reactor
ﬁcoolant pumps were running at full flow for about a half an
;hour, they would be capable of collapsing a steam bubble?

I

r

J A I have to back off on the half hour. It depends
I

|on how big the bubble is. Let me answer the guestion this
|
lway: if the bubble is of X cubic feet, then three times the
|

Il

ﬁmaximum pump flow divided into the X cubic feet will give you

|
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the minutes approximately of the collapse.

MR. BLAKE: Ms. Bernabei, would you agree to just
correcting the record at this point in your question that you
meant high pressure injection pumps rather than random fuel
| pumps when you referred to all three pumps running?

THE WITNESS: 1 referred to high pressure injection.
1 agreed with Ms. Bernabei when she identifiec the pumps and
specifically --

MR. BLAKE: Excuse me, Dr. Zebroski. Ms. Bernabei,
would you agree that that was what you were referring to in
your gquestion?

MS. BERNABEI: Yes.

BY MS. BERNABET:

0. In terms of the reactor coolant pump, could the

flow from the reactor coolant pump similarly collapse the

steam bubble in the reactor vessel?

A I1f you specified a great many more conditions, it
| is possible; but in general the answer would be no, that alone

would not do it.

0. What condition would you need to specify in order

|
|
]
H
|
|
]|
|
i
1

1
l to make that determination or evaluation?

;?
w

i
E!
f vessel -- how much make-up flow ycu were providing from high

1

ﬁ pressure injection, how much letdown flow was occurring and
I
l

A. You would have to specify the amount of residual

heat in the system -- that is to say the heat capacity of the
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tQ ==

A Well, qualitatively, let me see if I can get the
intent of the question. 1If T miss the intent, please correct
me .

Q. Sure.

A. I think that scenario of high pressure injection
to collapse a steam bubble I believe had already been tried
before, and the fact that the bubble had not collapsed and
condensed indicated that it was the non-condensible gas.
|presumably hydrogen.

So had it been a steam bubble--I think I can bypass

the gualitative subject-- it would have collapsed already.

Was that the thrust of your question?

il 0. Yes. When had that attempt been made to collapse
I;the bubble? Was it sometime on Thursday; is that fair to say?
% A Well, the make-up pumps, I believe -- let me refer
Lto another exhibit here.

\ Q. Sure.

A. The block valve was closed and remained closed at
| about not quite 15 hours into the accident, and the high
;ipressure injection pump was turned on -- and this still

| leaves me at a loss because I dor't have the March 29th
information here. But it is my impression that at one point,
' the high pressure injection was left on for a fairiy long time

| and the reacter coolant pump was started.
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Had you had only steam there, then certainly by some-
time on the 29th a steam bubble, if that was the only gas
that was present, would have been collapsed. The system pressu
was raised sufficiently. Enough water was going in.

Q There is evidence that the reactor coolant pump
started I believe at 7:20 or 7:40 in the evening of March 28th
and stayed on at least through the eveninjy period of March 29th

By what time would you expect the steam bubble to have

|collapsed on March 29th?

A. That's ar extremely complicated question. It also
would deperd on the condition o. the steam generators as to
heat sink. So you would really have to specify a lot more.

0. Assume that there was at least one steam generator
running.

A If you had a steam generator filled and the pump
that was running was feeding that side, and if you had only
the steam bubble, then you would expect the steam bubble to
collapsa fairly quickly.

The operation has been done a number of times since
then in similar instancec.

Q wWhen you say "very quickl/," how much time?

A. Again, it would depend on th~ parameters. I think

I gave a rough way of estimating it befcre. C(ertainly it won't

collapse any faster than you supply the volume of watcr

equivalent to the bubble. It may collapse more slowly than
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‘juggle them ell.

the evening of March 28th as well as the fact that a reactor

| 1ike the Crystal River incident in 1980.

| I believe it's your testimony that at this point Mr. Keaten
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that if the caparity is higher.

0 Assuming that the reactor coolant pume is started
in the evening, 7:20 or 7:40 p.m., on March 28th and that there
is one steam generator running in that period or shortly
thereafter, when you say "very quickly,”" how gquickly could you
expect the steam bubble to collapse?

A Please define the conditions once again. I can't

0. Yes. Assume the conditions you knew existed in

coolant pump was started I believe at 7:20 p.m., 7:40 p.m.

that evening. Assume ..1lso that there was HFI th~t was on and

remained on and increased to the extent that you know at

5:30 p.m., and that there was one steam generator running.
How long would it take to collapse the steam bubble?

A. To make a gualitative estimate, it would be less

| than a couple of hours. That is really not based upon any
E

direct calculation of that system but knowledge of other systemF

Q Re-urning for a moment to your notes for March 30th|,

at GPU knew or indicated to you they knew that the bubkle was
a non-condensible gas bubble and not a steam bubble; is that

correct?

A. That is partly inferable from my notes, but I
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A. As an investigator --

0. I'm talking about what was expressed at that
meeting. Have you ever testified that expressed at that
meeting was an assessment that core damage in the sense of

fuel damage was at least 15 percent?

A, I am trying to answer that question.

|
|
% 0. Can you answer it yes or no, Dr. Zebroski?
|

A No, ma'am, I can't.

|
i
iof possibilities discussed at that meeting in terms of core

fdamage defined as fuel damage was 15 percent with an undefined

higher range?

|
|
} A In my understanding of the word "assessment," I

{would have to say no. As an investigator, we consider a range
|of possibilities, and certainly in that sense of the word a
il

| range of possibilities was expressed. As an assessment,
' clearly no.
I
Q That range of possibilities which was expressed
;

\was for 15 percent core damage defined as fuel damage upward;
i
ilis that correct?

A I believe, if 1 recall what I said was that I had

| no reason to dispute a number which everyone recognized to be
i
Il very vaguely based on a guess.
i

As a working number to start with, clearly there was
|
i

i
H
|

a radiation level and clearly there was some fraction of fuel

i
i

|

Q Did you ever testify at a prior time that the range
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leaking; and when you hear people who are acquainted with the
situation some days longer than you have giving a number, you
lhave no reason to dispute it, but I also didn't believe it
particularly.

0 Mr. Dieckamp appeared in agreement with this
\possibility of 15 percent or upward of failed fuel or core
|damage defined as failed fuel.

MR. BLAKE: Was thac a question?

MS. BERNEBEI: Yes, it is a question.
} MR. BLAKE: Can you repeat it, please?
|
‘ THE WITNESS: I have no way of --

JUDGE SMITH: Wait a minute, please.

MR. BLAKE: Could you repeat the question?
” JUDGE EMITH: I didn't understand that as a question.
MR. BERNEBEI: It was a question, but I'll lay some
ﬁfoundation to alleviate Mr. Blake's objection.
J BY MR. BERNEBET:
0. Mr. Dieckamp was at this meeting, was he not, on
|March 31st?
G A (Witness nodding affirmatively.)
0. You will have to say yes or no, sir, for the record
A Yes.
l Q Was he in agreement to your knowledge with this

lestimate of 15 percent or greater fuel damage or core damage?

f A. [ can't really tell. I can only say he didn't

.
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either agree with it or disagree with it. It was discussed,

and I presume that had he felt strongly about it in either

assumption recognized by all as being highly uncertain.

15 percent fuel damage; is that correct?

The number was bandied about with recognition that it was on

a very conservative basis.

assumption was 15 percent ranging up to an undefired upper

limit of core damage?

A ¥ - s

JUDGE SMITH: Wait a minute, plecase. Ranging --

MS. BERNEBEI: Up to an undefined upper limit. That is

' ranging upward without limit. The words were not goond, I agree

THE WITNESS: I believe ==

BY MR. BERNEBEI:

Q Is thet youor prior knowledge? 1Is that your prior
testimony, Mr. Zebroski?

A May I decompose the question? As a» assessment,
As a working basis for an investigator, ves.

Q. So your working basis was at a minimum there was
15 percent core damage?

A, No. I can't even say as a minimum. That was a

direction, he would have made that known. There was a working

0 The working assumption was that there was at least

A 1 am not even sure that the "at least" was present.

0 Have you testified at a prior time that the working

no

-

|
|
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Q You are not stating in your testimony, are you,
that the inguiries from the staff to the national laboratories
were wrong in that they indicated hydrogenr was present in
the reactor vessel?

A In that they failed to indicate that hydrogen was

present.

0 Your testimony is that those inquiries failed to

indicate that hydrogen was present in the reactor vessel?

| A I --

|
h Q I'm just asking for an explanation of your

| testimony.

|

A Yes, I'm coming to that. There were two related

|
I
1
|
|

guestions being asked and there wasn't sufficient distinction
g

ﬂmade between them. One is the radiolysis in the sump where
#there is also known to be radiation from the failed fuel and

| radiolysis in the vessel where the presence in the atmosphere
P

tof hydrogen was very different from the situation in the sump.

!
|
|
|

|

ﬁAnd the answers that they received clearly indicate that those
i

|| two conditions were not well discriminated in the posing of

|| the gquestion.

i 0 But insofar as this sentence states the NRC staff
E:did not indicate hydrogen was present in the reactor vessels

|
|
|

{

they did, in fact, so indicate that, did they not?

|
}in inquiries to national laboratories, that is not correct;
|
|
{

:l A. In the context of the question on the expected

|
‘IT

|







820

10

11

12

13

14

15

16

18

19

9

21

22

23

24

28490

O And if I understand --

.8 Well, including whaiever information we had on
the 28th and 29th, of course, also.

Q I am talking now about your assessment of the
seriousness of core damage. You base that assessment, as
described in your testimony, on what was available to you
from March 30th to April 4th?

A. Yes. The assessment at that time was based on the
knowledge at that time.

Q It was not the information available to GPU
generally or site personnel generally but to you. That's what

I'm trying to --

I A. Oh, I see what you're saving. Well, I think we
{l

|were granted access to most knowledgeable people. So I had
;to at least assume that we had the information.

I Q Right; but whatever opinions you express in your

I ; " : g
|testimony 1s on the basis of what you had available to you?
A Yes, ma'am.

0 Now, I believe you say that based on the informatio
i
|availzable, you came to an assessment that core damage =-- and

|

f‘I'm talking about your assessment in the early period through
I}
QApril 4th -- your assessment was that the core damage was not

it : L
| as serious as would be expected from the analysis in Wash-1400

|and the NRC licensing criteria?

A Correct.

|
|

|
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A I tried to answer that several times. As my
personal speculation, because I have done test work which carrie
fuel through extensive damage, I haven't considered that as
a real possibility for the investigation. But as a reasonable
thing that one would write down as a conclusion or an assessmen
at that time, we didn't have the information yet.

0 Isn't it true that a new Department of Energy
study has indicated, in fact, a portion of the fuel at TMI
melted?

MR. BLAKE: Objection.

THE WITNESS: That was also --

MR. BLAKE: Objection, Dr. Zebroski.

JUDGE SMITH: When an objection is made, we want to

Mavoid your answering until there has been a resolution on it.
THE WITKESS: All right.
MR. BLAKE: The nature of my objection is relevance.
QI don't see it.

JUDGE SMITH: What is the relevance?

MR. BERNABEI: 1I assume 1n the context of his testimony
Lis. Zebroski -- his testimony is being offered to show the

wlow rate of understanding -- not rate -- the low level of

|

|
i

understanding of core damage at the time of the TMI-2 accident.

It appears to me that some of the NRC reports and

calculations he criticizes in his analysis were, in fact, close

to assessing and understanding the extent of core damage at

'
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TMI than his own. And I think given that he has chosen to
criticize the NRC staff's understanding of core damage and
understanding of the accident that that is fair ground to ask
him: given what we know today, weren't thcy perhaps closer to
the mark than you were in your analysis. That's really the
extent of it.

JUDGE SMITH: The way you jump around in time periods,
it is very, very hard for me to follow‘the logic of your
question.

MS. BERNABEI: I frankly don't see the relevance of
a great deal of this, but since it has been at least for
|questioning allowed in this proceeding, I think it's fair to

]lask Dr. Zebroski whether or not those NRC regqgulations and

reports which he criticizes were, in fact, cluser to assessing

| core damage than his own assessments at this period. That's

| what I understand the import of his testimony to be.

|
‘ JUDGE SMITH: Even if that were the case, then of what

jivalue is it to you, to the witness and to the Board, a news-

;Epaper clipping of last week?
i

{

I MS. BERNABEI: I don't think it's a newspaper clipping.
|

'It's a Department of Energy study that was =--

I JUDGE WOLFE: In any event, what is the importance

| of it?

MS. BERNABEI: I frankly don't see the impcrtance of

! : ! ) thdibd .
this testimony, but it seems to me that the credibility of his

4
|
|
l
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1 Counsel for Licensee, short of abuse of the witness,
' 2 |[will be the only one having standing -- well, of course, the
3 | parties will be the only ones who have standing. So I would
. 4 appreciate it if you would reserve your comments about his
5 status and his believability and credibility until you
6 | perceive personal abuse, and then by all means when that
i |
7 !lhappens, please bring it to our attention.
|
|
8 | MR. McBRIDE: I will just say that I am not trying |
I !
9 | to interject. The only reason I did it is =-- |
: |
| |
10 | JUDGE SMITH: Wait. We've run out of tape. We'll
11 ﬁtake a l0-minute recess.
12 I (Recess.)
i
. 13 |
14 |
15
16 l
!
17 !
18
19 | ‘;
|
& 1
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JUDGE SMITH: On the record.

Mr. McBride, you may complete your remarks.

MR. McEBRIDE: I don't see any need to say anything
further, Judge Smith.

BY MS. BERNABEI:

Q. I would like to refer you down to the portion of
your testimony on page 6, the middle of the first full para-
graph in which you speak about the information available to you
March 30 through April 4.

You had available to you in that period information
about the pressure spike and the related hydrogen calculations,
is that correct?

A That is correct.

0 I believe you also had available to you some
reactor coolant samples?

A. I would have to consult the re~~rd to know exactly
what the timing of that is. I recall the timing on the gas
samples. I doa't recall -- oh, I do recall that there was
somewhat conflicting information on coolant sampl:s, so that
there had been some analysis. The test value was not resolved.

0 Is it vour testimony that you do not know what
reactor coolant samples you had available to you in that period
that is from March 30 to April 4?

A, In the literal meaning of your question, the answer

18 no. In the sense of having some idea of the result, the
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answer is yes.

0 Did you have available to you all reactor coolant samples
that had been taken prior to March 30, and during the period
March 30 to April 4?

A The word "all" in that question, I can't certify
whether we had all or some. I clearly had some. Whether 1 had
all is unknown.

Q. Isn't it true that today you cannot identify which
reactor coolant samples -- that is, which reactér coolant
samples were taken at one time -- you had available to you
during this period?

~

MR. BLAKE: Objecticn., Asked and answered. The witness

Il has answered the question. He said, without consulting the

record =--
MS. BERNABEI: The question wasn't whether he had seen
them all, but whether or not he knew those that he had seen,

that is the da:es for the reactor coolant samples he had

| available in the period March 30 to April 4.

My question was a leading question; that is: you do
not know the dates of the reactor coolant samples you had
available to you during that period.

MR. BLAKE: 1 agree with your statement of the question.
My objec..on stands.

MS. BERNABEI: I haven't asked the question. Maybe

someone else has.







10

11

12

13

14

16

17

18

19

21

23

24

that --

JUDGE SMITH: Wait a minute.

MS. BERNABEI: I would appreciate a yes or no answer,
if possible.

JUDGE SMITH: See, the real harm in asking a gquestion
again which has already been answered is that the witness
perceives different in a question he has already answered. If
it is put to him again, he perceives that there is a different
purpose .

MS. BERNABEI: No, no. It was the same gquestion; I
don't believe it was answered the first time. What I am

actually requesting is a yes or answer: does he know today

!whether he had available to him in this period all reactor

Il coolant samples taken up to this date, April 4.
I think a yes or no answer is appropriate to that
ﬂquestion.

JUDGE SMITd: That's not the point. The question is,

was it asked ard answered before. And I don't believe that

| that particular subset of items was asked before.
|

i But if we go much farther along this line, I am going to
ijbc totally confused, as opposed to partially, the way I am now.
‘i MS. BERNABEI: What I addressing is, what information
l{was available for him to make his opinions on page 6.

| JUDGE SMITH: You may answer.

l} THE WITNESS: When you put the word "all" in, there is
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no way cf knowing by anybody whether all information on any
subject, even near and dear to his heart, is available. It is
an unanswerable gquestion with the wcrd "all." However --

0. Dr. Zebroski --

A. If you would allow me, I would like to answer the
thrust of your question.

JUDGE SMITH: Let him finish.

MS. BERNABEI: I would like him to answer yes or no.

JUDGE SMITH: No. I will allow him to finish in his way
because the problem has been brought about by your series of
questions, the confusion about the series, the distinction
between one question and another.

And the only way it can be prevented is to allow him to
answer narratively.

THE WITNESS: My improssion was that the sample handling

transmittal and analysis was being supervised by the NRC, and

| work was being done at the national laboratories.

It would be extremely implausible to me that that
information was not fully, comprehensively made available ‘o
everybody.

So, my inclination, without the direct chapter-and-verse
knowledge, is that "all" is very probable. The answer to the

"all" question is in reality, in all probability, yes, even

| though I can't prove it.
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during that period?

A I received no samples., I did receive results.

2 Is that your prior testimony?

A I made that distinction in the deposition. We
received zero samples --

Q Let me start over =--

A -=- but we did receive results.

JUDGE SMITH: Don't cross-talk. Let him finish his
answer.

BY MS. BERNABEI:

0. Is it your prior testimony or is it not your prior
testimony, Dr. Zebroski, that you do not know today that you
received all reactor coolant sample mcasurements or results

that were taken in the period of March 28 through April 4

during the period of March 30 through April 47?

MR. BLAKE: Objection, on two grounds. First, we are

not here merely to test the witness' memory. If there is some
prior piece of testimony that she wants tc ask Dr. Zebroski if
he would stand by today, that is cne thing. That is not what |
she is doing.
Second, I think that the way she has at least character-
ized the prior piece of testimony, whatever she's referring to,
is precisely what his testimony has been today. He can't
certify all. He was aware of what he was aware o!f.

MS. BERNABEI: That is exactly what I am trying to
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demonstrate. He offered certain opinion based on information
available to him in the early part --

MR. BLAKE: His ==

MS. BERNABEI: Mr. Blake, if you will allow me to
finish -- Dr. Zebroski has offered a certain assessment of
core damage based on the information available to him in the
early aftermath of the accident.

I believe his testimony is to the effect that there was
not sufficient knowledge available to assess to any accurate
degree the extent of core damage.

I believe we are entitled to check or to test whether
or nct he had adequate information available in this period to
make the assessments he did, and whether he had available to
him the knowledge and information available to the licensee.

And if he did nct, then I think that discredits to some
degree his opinions as offered in his testimony. That is what
we're trying to do.

JUDGE SMITH: That is a very complicated chain of logic,
and the trouble I have following through from beginning to end
1s that we begin with the premise that he did not have
information. Then you are trying to establish that, contrary
to that testimony, he did not have informaticn. That's where
I fall down, And then from there on in it only goes downhill.

MS. BERNABEI: What we are trying to demonstrate is, he

did not have the information available to the licensee in the
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And I thought you were going to say, "Okay, that may
have been your perception, but the corporation and in particulﬁr
Mr. Dieckamp had hard information that you didn't have."

MS. BERNABEI: That's correct.

JUDGE SMITH: Therefore, this exculpatory testimony
should not operate to excuse Mr. Dieckamp.

MS. BERNABEI: Exactly.

JUDGE SMITH: But when I suggest that to you, you go
another route and you say, the purpose of this testimony is to
explain Mr. Dieckamp's involvement in the activities that
Dr. Zebroski is testifying to.

And you are trying to demonstrate something by that
route which I don't understand the relevance of.

MS. BERNABEI: I was not clear. That is not our
intention with this line of questioning.

JUDGE SMITH: VYour purpc .e is as I first stated it?

MS. BERNABEI: That is correct.

JUDGE SMITH: With that, then, ™ thir" that you should

be allowed to go to the particular piece of information to |
which you allude and put it to the witness and see what happer%,
which is a particular reading at . rticular time.

BY MS. BERNABEI:

0 Is it fair to say that you do not know today ==

JUDGE SMITH: Aren't you going to pursue that? We're

going all the way back now, several questions. There was a
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particular question as to what we had boen debating, and that
is: did he know about a particular --
MS. BERNABEI: That's right. That's the quéstion\
JUDGE SMITH: All right.
BY MS. BERNABEI:

Q You do not know today, do you, whether you had

sample taken at 6:45 a.m. on March 28?2

A With the full knowledge of all the investigations
that have looked at this question, I know of nothing that we
knew subsequently that would have changed our state of under-
standing at that time.

Q. I am askin¢g for a yes or no answer.

JUDGE SMITH: Counsel is entitled, Dr. Zebroski, if it

is possible, for you to answer yes or no. There will be

opportunities for explanation, for whatever counsel wants to

| do, and indeed for whatever you want to do.

I

‘ THE WITNESS: I understand.
} JUDGE SMITH: But for our purposes, she is entitled to
develop a line of logic and have you: direct answers to it.

THE WITNESS: No.

| BY MS., BERNABEI:

QO Your answer is no?

!
|
I A. That's what I said,
Q And is fair to say that you do not know today

available tc you March 30 through April 4 the reactor coolan*
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whether or not available to you in this period immediately
after the accident you had all the reactor coolant samples
taken during that period? And I would like a yes or no answer.

MR. BLAKE: Objection. Asked and answered about four
times.

JDGE SMITH: That indeed has been asked and answered,
and we have ruled that in the context of this long series of
guestions, his narrative explanation would be permitted. He
has given it. The objection is sustained.

BY MS. BERNABEI:

Q I1'll go back to the deposition. Didn't you testify
at a prior time that in fact you could not state tiiat you had
available to you all the samples taken in that period?

A. With the word "all," I have to say vyes.

Q I believe it is your testimony that you had
available to you certain thermocouple data from March 31; is
that correct?

MR. BLAKE: I'm sorry, what testimony?

MS. BERNABEl: His prefiled testimony.

BY MS. BERNABEI:

Q Specifically referring you to page 9, the last
sentence, you had available to you certain thermocouple
temperature readings; 1s that correct?

A Where on the page?

Q Last sentence.
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A Yes, ma'am.

Q It is fair to say, is it not, that you in your
testimony state you had access to certain in-core thermocouple
temperature readings in this period?

A Corrxectt.

Q And I believe the readings or the near-normal
readings to which you referred at the bottom of page 9 are
readings taken on March 317

A Yes.

(0] Did you have available to you at any time in this
early period of your assessment the full set of 51 or so
readings taken of in-core thermocouple temperatures on March 28

A No.

0} In fact, you did not receive those until approxi-
mately six weeks after the accident, is that correct?

A Correct.

0 Did you have available to you in-core thermoccuple
temperature readings taker on March 29 or March 307

A When?

Q All the questions are in the period March 31 througq

A Information, yes. The exact paper, no.
0 bDid you have before you all in-core thermocouple
temperature readings for those days?

A Not all.

)
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(1} I believe it's your testimony that the first reacton
building atmospheric sample which you are aware of was taken at
approximately 6:00 a.m. on March 30, is that correct?

A I am not sure. 1 see another record that says 4:00
a.m. Our record sayec 6:00.

Q At any case, the early morning of March 31 was the
first one of which you know?

A Yes.

i Q And if I am correct, you directed or instructed that
that be taken, or your group instructed that that be taken?

A That was my impression, which I believe now on the

record 1s not correct. Other people had already initiated that
6

| I think. We simply endorsed it.

ﬂ MS. BERNABEI: 1If you will allow me just one moment?

(Pause.)

BY MS. BERNABEI:

Q Dr. Zebroski, is it fair to say that you know of no
reactor building atmospheric sample taken on March 29? That's

the gist or import of your prior testimony?

A I know of no sample taken on March 29.

] Q Do you know of any sample that was directed to be

| taken on that date?

A I know only what's in the record.

Q I would like to show you what appears at the bottom

of page 6 of TMIA Exhibit No. 2. It is the fourth page of that
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i exhibit.

. 2 (Document handed to the witness by Counsel Bernabei.)
3 Q I am representing for the moment that this has been
. 4 identified previously as Mr. Seelinger's notes or logs for that

5 day, March 29.
6 It indicates, does it not, that there is a concern or
7 indication that a reactor building atmospheric sample was to be

8 taken?

“ (No response.)
10 | Q Sir, you'll have to answer yes or no, I think, for
11 the record.
12 | MR. BLAKE: Could I have the question repeated, please?
. 13 r: You're referring the witness to page 4?
r

14 | MS. BERNABEI: Perhaps the reporter could read it back--

15 | it's page 6 of TMIA Exhibit No. 2, which is the fourth page of |
16 | that exhibit.

17 | JUDGE SMITH: Okay, Exhibit No. 2. We may have one

18 | MS. BERNABEI: We may have one of the Board's copies of[

19 || that exhibit.

20 f THE WITNESS: Could I have the question again, please?

2| BY MS. BERNABEI: |
‘
. 22 0 Yes. It indicates, does it not, that there is a '
23 | concern or instruction to take a reactor building atmospheric
24 || sample on March 29, that entry?

25 i: MR. BLAKE: Objection. '
I
%:
|
1
|

|
n
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JUDGE SMITH:

MR.

please.
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're still trying to find the exhibit.

BERNABEI: Here is another copy.

BLAKE: Page

We're in Exhibit Nc. 2, page 4?

6, number 6, which I believe is the

fourth page in the exhibit.

JUDGE SMITH:

Now, disregard the question and the

objection and start again.

BY MS. BERNABEI:

Q

Referring you to the bottom portion of that page,

Dr. Zebroski, and assuming for the moment =--

JUDGE SMITH:

Please specify the page. 1'm confused

between page 4 and page 6.

MS.

BERNABEI: Page 6 is the number that appears at the

| top righthand corner of the page.

JUDGE SMITH:

BY

MS. BERNABEI:

Wait until he gets that page.

You are with me on that page of that exhibit, is

that correct?

A,

0

page, it indicates,

Yes.

Now, referring you to the bottom portion of that

does 1t not, that there is a concern about

taking a reactor building atmospheric sample on that date?

A

0.

I read the words, "Need RD atmosphere or atm sample

You have no

information, do you, about an atmospher
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| Were you aware then =--

| No. 2 which you have before you. Did you have any indication
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sample that was taken on that date, March 29?2

A Correct.

Q You speak in your testimony about in-core thermo-
couple data which indicata2d near-normal levels. That is, just
to confirm the date, March 31, is that correct, the bottom of
page 9?

A Correct.

Q Were you aware on March 29, two days previous, that
there was a concern about high in-core temperatures both
within the NRC and within GPU?

A. Can you specify when, when that awareness? Your
guestion is unclear as to time.

0] Yes; in the afternoon of March 29?

A. Definitely not.

0 I would like to refer you now to the same Exhibit

or knowledge that five in-core readings were in the range of

A. No. You mean on March 29? The answer is no. If

Q All my questions are referencing now the period

between March 31 and April 4, on which you base your opinion.

A, Oh, then, that's different. I misunderstood your

question to be, did you realize on March 29, and the answer is
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no. If you said, did you know later, depending on when "later"
is, it could change the answer.

Q "Later" in all my questions is March 31 through
April 4. With that understanding, did you know first that
there was a concern about thermocouple temperatures within the
| NRC and BsW and licensee about high in-core temperatures on
that date?

A Was there a concern by those people in the time

| frame of March 29?
|

|

I Q0 Right.

‘i A I believe at some later time we did gain that

Iiperception, but I don't know when.

j 0 Is it fair to say that you testified during your

gdepositlon that in fact you did not know in the March 31
through April 4 time frame of this concern on March 29 of

| high in-core temperature readings?

No, that is not correct. If I stated it, I will

.3.-

retract it, because we had at least hearsay evidence that some
1

|
high readings had been obtained, but also some very low

| readings that we discounted. But we did not actually ==~
H JUDGE SMITH: Does Dr. Zebroski have access to his
deposition as these questions are being put to him?
MS. BERNABEI: We will certainly provide him with

access, yes.
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BY MS. BERNABEI:

0 Were you aware of five to six in-core temperatures
reading in the 500 to 600 degree range on March 29? Again,
were you aware in the period March 31 through April 4?

A. I believe in my deposition I stated that we had --
the core thermocouple temperature maps then current were
supplied to us immediately in the first review meeting.

And then over the next days, I think we also got
technical information about it which showed this scattered
Ipattern of high and low temperatures.

My sentence in the testimony in question stands, that

some of them were near-normal, and that led to the confusion.

\ Qo That was not my gquestion. Let me ask the question,

|
|
|
|

and you can answer yes or no. I would appreciate a yes or no

| answer.

I Were you aware of a concern on March 29 among the NRC
I

| .

| staff, among B&W personnel, among licensee personnel that

\
|l in-core temperatures, at least five, ranged in the area, in

I

the range of 500 to 600 degrees? Can you answer yes or no,

Dr. Zebroski?

{ A Can I ask for one bit of interpretation, of the
| - » 3
Il word "concern"? I1If the question is to have me project the
I

,!state of mind of someone else, the answer is clearly no.

| Q. Was there a concern that these readings were still

high on March 29 at approximately 3:30 p.m.? Do you know of
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| range of 500 toc 600 degrees Farenheit?
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any concern expressed about that?

A With that level of specificity, the answer is no.

Q Did you know of any concern expressed about high
in-core temperatures, off-normal, high, in-core temperatures in
this range on March 29?

A We were generally aware that there was concern of
high in-core temperatures, yes, but this specific five, I
couldn't say.

Q 1'd like to refer you to page 6 of Mr. Seelinger's
notes. Again, that is page 4 of TMIA Exhibit No. 2. It
indicates, does it not, Mr., Seelinger noting =--

JUDGE SMITH: That's page 6, the fourth page?

MS. BERNABEI: That's correct.

BY MS. BERNABEI:

0 -= a concern among NRC, B&W personnel and licensee

A I read those words, yes.

0 Were you aware of concern on the NRC's part on

| March 29 about 9:30 p.m. of hot spots in the core?

B No.

0 Were vou aware that in-core thermocouple readings
for March 29 and apparently March 30 had a wide variation;
some read high and some read low?

A Yes .,
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Q And that would indicate to you, would it not, that
in fact there was structural core damage? It would be one
indicator of that?

A No.

Q It would not?

A It would indicate doubt on the heat calibration of
the thermocouples, but not necessarily structural damage.

Qo It is one indicator, if the thermocouples are
operating properly, of structural core damage; is it not?

A In the light of later months of analysis, that is a
totally accurate statement. At the time, we could not draw
that inference.

o At the time, i1f one believed the thermocouples were
functioning properly and one saw a wide variation in the high

and low measurements for in-core temperatures, one could

conclude at that time that there was structural core damage?

A It would be a highly doubtful conclusion.

0 I'm asking you to accept my premises for the moment;
the thermocouples were functioning properly. If one assumes =+

A, Accepting that highly doubtful premise, the answer
is yes,

0 Assuming, Mr. Zebroski, that you had avaiiable to

| you at the time you made your assessment of core damage which

| you degcribe on page 6, assuming that you had available to you

in the March 30 to April 4 time period in-core thermocouple
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temperature readings from March 28, the 51 or so readings;
assuming that you had available to you all the reactor coolant
samples that had been taken up to that point; assuming you
also had available to you all the reactor building atmospheric
samples taken, including the ones with which you are now
familiar, would that change your opinion or assessment as to
the degree of core damage?

A I guess I have lost the point of, at what time of
that perception?

Q March 30 through April 4.

A Assuming you had full knowledge of the subsequent
months on March 30, is that the question?

A No. Assuming you had additional knowledge to the
one that you had testified you did have. Assuming you had the
in-core temperature for March 28, that is the set of 51
readings ==

A. Yes .

Q Assume that you had all the reactor coolant samples

that had been taken up to and through that period,

A, Yes.
0 Assume also you had the existence of any reactor
building atmospheric samples other . .an the one you had

mentioned.
A Yes.

0. Would that change your assessment as to the degree
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of cor¢ damage as expressed on page 67

A In the sense of ability to analyze it at that time,
the answer is no, it wouldn't change.

Q Referring you to page 7, the last sentence of the
first full varagraph, you state in the sentence,"There was an
evident need to determine whether some hydrogen cylinders or
piping might have leaked hydrogen into the containment...."

Was there at that time or any later time any evidence
that that had occurred, that is that hydrogen had been leaked
into Lie containment from hydrogen cylinders or piping?

A The evident need simply says that there was an
intent to investigate. The result of the investigation ==

\ Can you answer my question yes or no? Was there any
evidence at that time or any later time that that in fact had
occurred?

i, The implication of the guestion is that it was
ridiculous to investigate -~

0 Dr. Zebroski, you do not have the right to interpret
or otherwise rephrase my gquestions. If you can answer my ==

JUDGE SMITH: Yes, he does have that right. He has a

| right to understand the question before he is called upon to

|

I answer it. He has that right and duty,.

MS. BERNABEI: I do not think he has a right to comment

| on the question., May may not think it's appropriate =--
i Y y P I

JUDGE SMITH: Let's begin again.
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1 BY MS. BERNABEI:

2 Q Did you have any evidence in the aftermath of the
3 accident or at any time up to the present that there was any
4 hydrogen cylinder or piping leaking hydrogen into the

5 containment?

6 A Upon investigation, the answer is no.

? Q Did you have any evidence before your investigation?
K | A It was just a reasonable gquestion to ask.

9 (4] So, the answer is no?

10 A Well, the evidence that possibly a burn had occurred,

11 you had to look at all possible sources of hydrogen.

12 MS, BERNABEI: May I request that the witness be
I
13 ;}directed to give a yes or no answer?
14 }? JUDGE SMITH: No, I don't think so. The difficulty is,
15 || you are using the word "evidence." And he has trouble, I
16 believe, with using that word. It's an imprecise term. 1

17 | don't think he can do any better than he is doing. 8o, I deny

18 |

; your request, '
19 IN BY MS, BERNABEI: |
I
20 ; 0 Dr. Zebroski, on page 10, you describe the
2l | organizing of the Nuclear Safety Analysis Center in May of ,
o
2 g 1979; is that correct?
3 A Was the organization correct, or was the page

i correct?

% | 0 Listen carefully, please, On page 10, you describe

U
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do you not, the organizing of the Nuclear Safety Analysis
Center in May of 19797

A. It is correct that I so describe it.

0 And it is fair to say that you were the director of
this effort?

A I was appointed director.

Q You were the director?

A I was appointed and served.

Q When were you appointed?

A 1 have asked that question, too. ‘he only objective

evidence I have is that I issued a letter to organize the study

about May 3. 8o, sometime before May 3 I was appointed.

0 This study and the resulting report relied on hard

|
ﬂdata -= that is, the analysis of instrument records and not

| operator interviews; is that correct?
A That was the intention. ‘
Q You state on page 10 that you had the full support

and help from GPU and plant personnel; is that correct?

|
|
!

i
|

A, Three people were assigned to us, yes.

Q Now, there were two supplements issued to the
original NSAC report, 18 that correct?

A That is correct,
| Q The original report was issued in July of 197972
A Strictly speaking, there were many supplements.

There were two supplements issued prior to the March, 1980
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version which was believed to complete the description of the
sequence of events.

There has peen a series of roughly 25 reports over the
years delving into the research implications of some of these
things.

Qo let's start with the report you referenced. The

first report, NSAC—ll was issued in July of 1979; is that

A, Correct.

Q The first supplement was issued in October of 1979;
is that correct?

A Correct.

o Now, starting with the first report, in this report
you did not have available to you, did you, certain primary
system hot~leg temperatures in compiling this report?

A Since you asked that question at the deposition, I
did investigate that. To the best of our knowledge now, we
did have that information on film but didn't reduce it to a !
plot because of the very fuzzy nature of the data, It wasn't
reduced to a plot until later.

Q [t 18 fair to say it was not included in the NSAC=]1,
that is Figure TiH=1l, primary system temperatures?

A. It was not included, but it's implied in the work in
progress listed in the index,

[ Let me try once more, Those temperatures == that 14
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the measurements of those temperatures -- are not included on
any graph or plot which occurs in NSAC-1l; is that correct?

A, Correct.
, Q Now, those temperatures are, however, included or

plotted in the first supplement issued October, 197972

A Correct.

Q Now, is there any reference or other substantiation

of your view that you had available to you at that time those

| :
' specific temperature measurements?

A Yes,
Q Where in NSAC=1?

I‘ A It's not present in NSAC-1l. If I may answer the
|

| thrust of your question, there was a great deal of work in

| progress ==

Q Llet me just clarify =-

|
A -= that we did not publish ==
0 Can T just clarify, Dr. Zebroskli, i1t does not |

| appear in NSAC=1l; is that correct?
A. That's correct. i
|
|
MR, BLAKE: Would you allow the witness now to complete |
?

‘hln answer, Ms, Bernabeli?
MS. BERNABEIL: [ just wanted an answer to my question,

I don't think there's a pending question.

THE WITNESS: May | call to your attention, though, thay

we now know that we had it on film before that; we just hadn't
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reduced it to a plot.
JUDGE SMITH: How are you progressing?
MS. BERNABEI: I am almost done.
BY MS. BERNABEI:
Q I just have one further set of questions. You

state in your testimony that you were aware, to cause ignition

f
1,nf hydrogen, it was necessary that the amount of hydrogen

iireach 4 percent of the total containment volume; is that
|

iicorrect?

,; A That is not correct.

i’ 0 That is correct?

| A That 18 not correct.

0 Let me refer you to page 7. Does it not indicate

that hydrogen as low as 4 percent in air is known to be capable

of ignition?

A That is clearly not the total for containment volume.

Q Excuse me?
A That is clearly not referring to the total contain=-
ment volume,
|}

Q. et me ask you the question directly, then: i{sn't

it true that in order to have an ignition of hydrogen in the

containment, one would require around 4 percent of the total r

volume?
A Definitely not,

G We aren't talking about localized ignition,
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1 A I'm talking about localized -~ the answer to your wud%
2 implies that localized is an option. You cannot have

3 independent knowledge that it's homogeneous when it can't be.

4 o Assuming for the moment that it is not localized

5 ignition or combustion, in order to have ignition of hydrogen-=-
6 Pr. Zebroski, if you would =~

7 A Do I have to accept assumptions which are contrary

8 to common scientific knowledge?

9 JUDGE SMITH: You might have to. That, I am afraid to
10 say, 1s sometimes the course of legal proceedings. But when

11 those assumptions are contrary to all scientific knowledge, 1

12 certainly hope that you will bring that to our attention.

13 THE WITNESS: Thank you, sir,

" JUDGE SMITH: However, you do have to allow Ms. Bernabeq
15 "to approach her case in her way and do it the way she sees fit,

16 .‘He would appreciate it if you would do that.
i

17 I BY MS. BERNABEI:
il
(LI O Mr. Zebroski, assuming for a moment that we are
19 || talking about sufbustion in the entire volume of the contain-

2 | ment, one wvould neud to reach 4 percent volume of hydrogen in

2 : the total volume of the containment to cause any ignition or
L2 } combustion; is that correct?

a | A, Yes, given your assumptions.

“ JUDGE SMITH: I might explain, [ appreciate your

5 5 frustration in the scientific ==«
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which would need to react in order to create 4 percent
hydrogen would be approximately 15 percent of those elements?

A If you had to make a first guess, short of a
calculation, we would expect that to be within a factor of two
or three.

") We're talking about 15 percent?

A, 15, ves.

(o) And I believe that's what you testified in your
deposition, is that correct, a ballpark figure of 15 percent?

A Yes, with the understanding of the word "ballpark."

0 I believe you testified that that is zirconium
elements, not necessarily zirconium cladding; is that correct?

A It would be the total inventory of the zirconium,
yes.

0 But the large majority of that would be the

(| cladding, zirconium c¢ladding?

A [f you add end plugs, I would agree with that;

cladding alone == a large fraction.,

4] It's fair to say that in order to create a volume oﬁ

4 percent hydrogen in the total containment of TMI-2, one woul¢
need to see, in a gross sense, 15 percent oxidation of the
zirconium elements, primarily zirconium cladding?

A, Of that order, yes, a ballpark figure,

|
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¢ From your testimony, I also understand that you
do not believe that 15 percent oxidization of the zirconium
cladding would necessarily indicate core damage; is that
correct?

A That's correct. My testimony says that if it was
uniformly distributed you would still have the metal structur*
intact, as an analogy to the rusty iron pipe.

¢ What scientific basis, what scientific articles
or authority do you have to make the statement that 15 percenﬁ
oxidization of the cladding would not necessarily indicate
core damage?

A 1 don't think a paper on that subject would be
accepted in any journal since it is common sense that if

you take 15 percent of the pipe 85 percent is still there.

¢ This is common sense?

A 1If you don't know whether the distribution is |
uniform or localized, you would have to start off with the
assumption of uniform; so the presumption =~ |

¢ Have you ==

AL == is the the metal core remaining is the starting
point for the investigation. |

@ Are there any NRC regulations which address whethcr‘
or not oxidization of 15 percent of the cladding would

indicate core damage?

JUDGE SMITH: You are skipping the caveats that he
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puts in his answers each time, and that is uniformly
distributed.

MS. BERNABEI: I understand.

JUDGE SMITH: So long as everybody understands that
that is implicit in each question and answer along the line.

MS. BERNABEI: I don't think that is an accepted
principle of analysis in this area, but he can state that
that is his understanding; but that's not the premise for my
questions.

JUDGE SMITH: It had better be. The premise for your
question had better purport with his understanding of the
gquestion. Otherwise we are not going very far.

MS. BERNABEI: Okay, I will be very clear as to the
premise of my question.

BY MS. BERNABEI:

¢ Assuming that you know that there has been 15 perceﬂt
c¢ladding failure oxidation of the zirconium cladding, do
you know of any NRC regulation which defines or guides you l
in terms of whether that is serious core damage? |

|

MR. BLAKE: Objection. I don't understand what the l
purpose of such a question is. The witness hasn't been oficr&d
as an expert on NRC regulations or otherwise.

Time is getting short; we are all trying to finish.
I object.

JUDGE SMITH: You are going to go to 5054 and say:
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ah hah; how asout that?

MS. BERNABEI: Right.

JUDGE SMITH: He's going to say: well, I told you
uniform. And there we are.

Let's get there quickly.

Overruled.

BY MS. BERNABEI:

¢ Do you know of any regulations including the
acceptance criteria for the emergency core cooling system
that would indicate that 15 percent oxidization c¢f «ladding
failure =-- or 15 percent oxidization of cladding or c‘adding

failure would indicate core damage?

A I am aware that such criteria exists. :

¢ These criteria would indicate, would they not, that |
15 percent oxidization of cladding indicates core damage?

A. 1t definitely would not.

“ That's not the way you read those requlations? \

A 1 think they are silent on the question of core !
damage. They really address the question of what would good
engineering practice be. Good engineering practice wouldn't
be to allow your pipes to rust 15 percent either. It some-
times happens, and then you have some margin of safety.

JUDGE SMITH: At this point I think there should be

a limit on your debate about the meaning of that regulation.

MS. BERNABEI: That's fine.
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BY MS. BERNABEI:

¢ Just to make sure I understand: you do not have any
scientific basis or authority, scientific article or journal
which supports your belief that 15 percent oxidization of
cladding would not necessarily indicate core damage?

MR. BLAKE: Objection; asked and answered.

JUDGE SMITH: Yes.

THE WITNESS: 1I'm sorry. I didn't hear the last part.
Shall I answer or shall I not?

JUDGE SMITH: It is sustained. You should not answer.

MS. BERNABEI: I have no further questions.

JUDGE “™ITH: Mr. Au?

MR, AU: Mr. Dornsife has a few questions.

JUDGE SMITH: May I inguire, Mr. Goldberg, how much
questioning you might have?

MR. GOLDBERG: I would estimate 15 or 20 minutes.

JUDGE SMITH: Mr. Dornsife?

MR, DORNSIFE: Likewise or less.

JUDGE SMITH: You may proceed.

CROSS~EXAMINATION

BY MR, DORNSIFE:

& Dr. Zebroski, these questions are referring to
your knowledge of what occurred after you wrote the NSAC
Report, not at the time of it, not during the early period

but your full understanding of what happened.
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First of all, what is your understanding of how
hydrogen would have been released to the containment building
early on in the accident?

A. My understanding is that it would have come out
through the tailpipe of the PORV and initially be in the
compartment containing the tank that would receive that
material, and indeed initially be contained within that tank.
S0 the presumption . f localization would have to be made
until and unless proven otherwise.

¢ Are you aware that the rupture disc on the tank had
gone early on?

A Yes.

¢ And would it have into the containment?

A Yes.,

“ Is it pcssible, based on that release pathway
that there could have been a localized phenomenon, a localized
burn creating this same transient that appeared in the reactoq
building? i

A. Depending on the time that was involved -~ the
stratification of hydrogen is a well-known phenomenon. It
does not mix uniformly unless you have some sort of either '
a fan or some sort of a gradient driving that mixture.

50 the assumption that you would have a localized

concentration is always a worry in industrial safety, and

we take precautions against stratification, so on that basis
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A I would expect that, but I guess I need to say that
1 have to have two different personae in this. One is from
the state of mind of an investigator who keeps options open
until he has a comprehensive picture, and the other is with
the full knowledge of access to all data over all times and
the analysis that goes with it.

In the personae of an investigator 1 would be happy
to say: how close to the pressure sensors did the potential
load block reach? If they were far away, then I would have
to agree with the assumption of a wide spread pr ssure spike.
if they were nearby, then, as you know, hydrogen in a burn
has a flame front which has both a pressure and a temperature
chart -- a pressure and temperature gradient. So if you
had a sensor that was nearby, it would respond without
necessarily requiring that the entire containment see those
conditions.

¢ Then could, indeed, assuming now that we bad some
zirconium cladding reaction and it was allowed to build up
over time in the pressurizer, and upon the opening of the
blocked valve this hydrogen bubble or whatever you want to
call it, the hydrogen burp, was released in the containment,
could, indeed, the operators at the time have recognized some
sort of a chemical reaction, or whatever you want to call it,

a hydrogen burn chemical reaction, but not necessarily

associate it with severe core damage?
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A. My general answer to that question is no, at two
levels. The first level is that that whole area -- the first
level is that you could have assessed fuel damage in the
sense of deterioration of individual fuel rods over some area.
You could not have determined,except as a question of
investigatiag, whether that led to structural damage. At the
second level I believe that the question of hydrogen generatior
and combustion was only very peripherally involved in anything
that the operator was exposed to in their training and
education.

They probably had more information on worrying about
hydrogen explosions from a battery than they had from a
hydrogen explosion here, since the hydrogen question would
enter only if they had studied the basis for the ECCS

criteria, which is to try to get the water in fast enough to

limit the hydrogen generaticn to around a percent or so.
As a design criteria, they might have recognized |

that the hydrogen was a consideration. I think the issue on
vapor adjust in Appendix K would generally have been beyond
the trend in the perceptions of the operators. So definitely
I would consider it only a wild guess; even if one of them
or several of them made that guess, it would not be -- a
jury of their peers would be very skeptical of that guess.

¢ I guess I am not asking you about their training

or their recognization; I am asking: would it have been
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physically possible to have had a hydrogen combustion in
the containment without necessarily having severe core
damage?

A. I believe so, yes; in the sense of structural
damage, I believe you could have generated hydrogen without
structural damage.

¢ This is based on your knowledge now after you have
done all of the analysis?

A Yes.

¢ Following the pressure spike that occurred at about
1400 on March 28th, what was the operator's response after
that particular time?

A. There were quite a number of actions with the
block valve and with the make-up pump and, to the best of
our knowledge -- it is not recorded -- the let-down. And
all those actions indicated a continuing degree of confusion
on the issue of low inventory. If you understood that the
system was starving for water, then you wouldn't have opened

the block valve periodically. You wouldn't have shut off -- a

| maintained the make-up pumps in the throttle conditions, and

wouldn't have continued let-down, because all those actions
are contrary to maintaining adequate inventory.

¢ So there is no evidence of any change in strategy
at that point as far as cooling is concerned?

A. Well, over a period of many hours the strategy

.
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changed because the normal shut-down objective of going to

low pressure injection and natural convection cooling, after
ten or twelve hours it became abundantly evident that it
wasn't going to work. At least my recollection is that
several people stated that they were telephoning or yelling
into the control room to turn on the pumps, turn on the
injection pumps; so at some point we had to try to get to that

Specifically, there was quite a bit of testimony
chat Dick Estelle was telling them to get those pumps turned
on. I assume that referred to the make-up pumps. So since
the official training strategy was now changed, the actions
were finally taken; but certainly in the immediate three or
four hour time frame, I think that the actions manifest
continuing confusion on the inventory and the significance
of the pressurizing.

(. Based on your knowledge of the general knowledge
of the industry at that particular vime frame, and also the
training that was given concerning severe core accidents,
what do you think would have been the operators® response
had they have known that there was significant -- that that
ignition, that pressure spike was caused by a gross hydrogen
detonation or burn?

A. I think if that had been understood clearly. then
it would have forced the conclusion that the total inventory

was very low. That's the only way you could expose a lot of
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the core to the steam, was to have a much lower than normal
inventory of water, and you would take all actions possible
toward restoring that inventory of water. Those are the
actions which I see as being confused, and delayed for many
hours, even after the hydrogen spike.

¢ Do you think that it is credible to assume that
the top plant managers, knowing there was severe core damage,
would have left the plant site and told the operators not to
make any changes in the system, had they been aware at that
point?

A. Well, I have to be even-handed in my answers. In
the sense of projecting what the people felt, I would be
reluctant to try to answer that. As a personal feeling, I
would be inclined to say that they couldn't have regarded
the situation as terribly serious if they left the plant.

JUDGE SMITH: I think you are stretching the witness'
expertise beyond that for which he was offered, and for what
he claims.

BY MR. DORNSIFE:

¢ In your testimony on page 3 you state that Dr.

Bartnoff of GPU was talking to the research advisory committee

on March 29th and again on the 30th?
A. Yes, sir.

& Do you recall any notes or minutes of that meeting

or what he discussed in general?

|
l
|

|
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A. No, I can only infer that he did not communicate--
based on his telephone conversations, with the plant, he did
not communicate the level of seriousness which developed out
of the phone call the following morning. His early statements
were: we have an incident; we have had a transient; we have
lost -- some valves were closed that shouldn't have been closed
So he had a little bit of the sequence of events, but clearly
not any of the consequences perceptions in light of what he
stated.

0. Were you, in fact, at those meetings?

A. No, sir.

I have that only through the notes of the meeting and
through the comments of Mr. Levenson, who was there.

@ On page 5 of your testimony you talk abogut the NRC's
evaluation of the problem with the hydrogen bubble in the
reactor vessel, and how that was made aware to the public.

Are you aware of at any time the NRC informing the public that
there was never a problem from the potential explosion of

that hydrogen bubble in a reasonable time after the event
occurred?

A Yes, I am aware of that. There was a statement on
television by Mr. Denton to the effect that our calculations
had been conservative, and I believe the report has the exact
time and phrasing of that statement.

I was just refreshing my recollection by scanning this

here.

l’

|
|
|
]

|
i
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Q But it was never stated positively, as you stated
it, that it was not a possibility?

A. It was never stated that way.

0 Going to your Exhibit TMIA Number 2, page 9 =--

A. Yes.

¢ =-- this is again based on yocur knowledge at this
time of what the sequence of events was. Do you see an
entry at 2130 that says: Hy in reactor building, instance of
loading of equipment which could cause a spark?

A I'm sorry, I'm don't see that.

Q¢ "H, in RB."

A. I've got you.

¢ Then turn to page 10, the next page. Look at 2100,
the entry at 2100. It says: evolving significant gas in
MUT, which I assume means make-up tank; correct?

A I would interpret it that way.

Q@ "Burped MUT to vent header, area monitors came up."

To your knowledge of the plant, where does the gas go once
it gets in that vent header?

A. I have only fragmentary knowledge of that. Some
of that gas obviously appeared in the tuel tunnel and in the
auxiliary building through pathways which were not well
understood at the time. I think we have a chapter called
"Pathways," which addresses that.

¢ You misunderstand my question. The design, when

\
|
|
|
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the gas gets into the vent header, where is the gas supposed
to go?

A. I am not sure of the answer to that. Eventually
it goes to the atmosphere.

@ If I said the waste gas decay tank, would that
refresh your memory?

A. That is probably the primary intended target. What
I am saying is that I also know that some of that went other
places.

@ I am talking about leaks.

A. All right, yes.

¢ Would you go to page 11, please; at the top of
the page there appears to be a time of 2115. This is apparent
instructions to Biehl to get a hydrogen sample and to get
an Hy in the decay tanks.

Apparently then Floyd after that says: path to decay
tank, hydrogen to building. Assuming for a minute that
those notes are out of sequence and indeed the notes at 2100
and 2115 lead up to the note at 2130 on page 9, woul~“ it not
be possible to infer from that sequence, assuming that were
the proper sequance, that the mention of hydrogen in the
reactor building,Bensel looking at ecuipment could mean that
the proposed strategy was to evacute the decay tanks back to
the reactor building?

A. I don't get the connection of that 2130.

|
i
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@ Well, it says H2 in the reactor building.

A I see.

& Going back to page 10 -- or page 11, it says under
instruction to Floyd, second entry: path for decay tank H2
to building.

A. Yes.

¢ Assuming that "building" means reactor building --

A Yes.

A. -- is it possible that the note at 2130 -- assuming
that the notes are out of sequence =-- that that could refer
to a proposed strategy to vent hydrogen from the decay tanks
into the reactor building?

A. Yes.

. Is this also consistent with your understanding of
the sequence of events?

A I would have to study it a lot harder to give a
clear answer on that, but I think it does illustrate one
other point, that the concern on localization of hydrogen
was well-placed because in that case we clearly would have
been venting hydrogen in a limited volume.

¢ Thank you, Mr. Zebroski. I have no other questions.

JUDGE SMITH: Mr. Dornsife, what did we learn from
that exchange?

MR. DORNSIFE: Do you mean the last exchange?

JUDGE SMITH: Yes. I just didn't follow it.
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MR. DORNSIFE: I think there was earlier testimony that
that H2 in the reactor building meant that somebody was con-
cerned about hydrogen from some source in the reactor building,
and my postulate -- I don't know who numbered the notes, but
if indeed they are out of sequence, that may then be a false
assumption.

JUDGE SMITH: 1 see. All right.

Mr. Goldberg?

CROSS-EXAMINATION

BY MR. GOLDEEF.{::

0 Dr. Zebroski, on the first page of your testimony
in the last sentence you talk about the major area of your
specialization during the period of 1965 to 1976 was the
behavior of nuclear fuel under various operating conditions,
including transients and accidents.

Does that area of specialization include fuel damage

resulting from transients or accidents.

A. Yes. |

¢ On page 6 of your testimony you mention the analysis‘
which is contained in Wash-1400. Could you briefly describe '
what is the subject matter of Wash-14007?

A. "Briefly;" that's a tough assignment, but it is
an attempt to make an analysis of all of the events which |

would be conceived to lead to a release of radioactive

activity to the containment and to the environment; and
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specifically since the cushion of release to the environment

was the dominant safety question, it focused upon sequences
which could lead to core meltdown, and specifically did aot
investigate intermediate states of damage which did not involve
core meltdown. And I believe that one of the appendices noted
that that was an area for future investigation and was beyond
the state of the art to analyze at that time.

. Was the TMI-2 accident which occurred on March 28,

1979, as we know it now, one of those intermediate states

A I believe that is correct.

¢ Nor was it considered by any other publication to
your knowledge; is that correct?

A. The "any other" -- well, I am aware that at the
level of individual fuel rod damage experiments connected with

ECCS, that individual fuel rods had been driven to extensive

damage, even to fragmentation. I think the PRTR reactor had
had an accidental channel blockage, and that both severely
oxidized and actually fragmented some fuel rods, so there
was the possibility of doing that if you had prolonged mis- i
management through heat production and cooling. i
At that level, the fuel element level, the research i
community was investigating for those kinds of phenomena. |
That had not yet entered the access analysis community, per !

se.
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A. May I supplement that statement?

& Yes.

A. I would like to respond also to a point raised by
Ms. Bernabei that I criticized the NRC. I definitely did
not criticize the NRC. I was criticizing the state of the
art of that topic at that time, acknowledged by all the

people in the field; so this, in my thinking, did not constitu

a criticism of any agency. My criticism, if any, was restricted

to the guestion of perception of generation of oxygen in the
presence of excess hydrogen. I think thai percerption was
well known in the textbooks, and I think that within the NRC
staff itself there is a good deal of rueful regret on that
subject.

& On pages 6 through 8 of your testimony, you talk
about the amounts of iodine that were detected on March 28th,
March 29th and March 30, in that time frame in 1979. Based
on the prevailing state of knowledge that existed in that
time frame of 1979, were the iodine readings which were
actually taken indicative of core damage?

A. I guess the short answer is no. May I explain my
answer?

v Yes, please.

A. On the Wash-1400 basis you would have expected a

release of the iodine content of the pellet body, itself,

te
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rather than just the iodine in the fuel clad gap. 1If you

had a perforation of the cladding you would expect that there
would be easily available iodine in the fuel clad gap, which
1s a small percentage of the total inventory. If you have
the structure of the melting of the pellet, under the then-
state of the art knowledge we would expect a very large
fraction of the iodine, 57 percent or perhaps even more; and
that clearly is not the case.

That explains my answer, that you would not incur
structural damage,at that state of knowledge.

. You were asked a number of questions by Ms. Bernabei
concerning thermocouple readings in the period of, I believe,
March 31st to April 4th and your knowledge of those thermo-
couple readings.

Do you have any idea as to how many thermocouples there

|

were at TMI-27? |
A I would say in plants in general the numbers would |
be many hundreds. ?
¢ Do you have any knowledge as to the frequency with ;
which readings were taken in that time period of March 3lst
to April 4th, 197972
A Most of the significant thermocouples are on
recorders or can be queried by the plant computer. Some are

multipoint recorders and are not routinely read out in the

control room. Again, can't make a distinction by presenting
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G Are you aware of thermocouple readings being taken
by the Nuclear Regulatory Commission in the period of March
31st through April 4th?

A. No. We understood that such information would be
gathered. That was one of the few bits of information which
we knew was not available to us.

0 At this time are you aware that during that time
period the NRC in fact were taking thermocouple readings?

A Only as hearsay. I have no solid knowlege of that.

& I would like to direct your attention to TMIA
Exhibit 6, which are the notes, the RAC notes of March 29th
and 30th of 1979. Do you have that document in front of

you?

A Yes. ;
& I would like to refer you to page 4 of that i

document. Ms. Bernabei asked you a number of questions about:
the phrase "significant core damage." Do you see that I
phrase there?
A Yes. j
0 Did I understand your testimony correctly earlier
to be that you have no knowledge of whether Mr. Dieckamp

actually made an assessment that there was significant |

core damage apparent as of the date of these notes of March

29th and 30th?
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MS. BERNABEI: I am going to object. That is a
mischaracterization of his prior testimony.

MR. GOLDBERG: That's what 1 am trying to get, an under-
standing of his prior testimony. That's how I understood it,
and I would ask the witness to explain if that was his prior

testimony.

MS. BERNABEI: I object, that that is a mischaracteriza-

tion.

{ JUDGE SMITH: Based upon Mr. Goldberg's explanation
of his question, I don't think that you have any objection.
He 1s trying to establish the testimony.

Overruled.

THE WITNESS: This is third-hand evidence because in

the first hand Mr. Dieckamp says something, and in the second

| hand Mr. Kunder understands something, and in the third hand
' the secretary writes something down, and in the fourth hand
| we read it here; and we further recognize the imprecision of
' the use of the word "core damage" versus "fuel damage." So

I can only say that I see those words, but certainly on present

: assessment it was not possible, even if somebody had been

able to read and integrate all of the 2,000 signals in the

control room, to make that statement with any degree of con-

| fidence. You could only state that there was clearly fuel
| leakage and release of some fission gases and some iodine,

“ but it would only be a surmise that there was core structural
|

|
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damage; and I am using "core damage" in the sense that we
discussed at the deposition and earlier today,; that core
damage means core structural damage so you would have to go
through and replace it.

@ Even as a surmise, do you have any first-hand know-
ledge that Mr. Dieckamp ever made that statement, as reflected
in these notes?

A. As I say, I have only fourth-hand knowledge.

JUDGE SMITH: I hope you are not going to go very far.
It would be very unfortunate if your questions along these
lines generated another round of questioning, a very highly
unreliable round of questions and answers siuch as we developed
this morning. I think that the information -- I just hope
you don't go very far.

MR. GOLDBERG: We will not.

JUDGE SMITH: We have spend an awful lot of time on
puff, you know.

MR. GOLDBERG: That's exactly right, Judge Smith, and
the record will show that this morning during Ms. Bernabei's
gquestioning she repeated that after Mr. Zebroski testified
that he had no first-hand knowledge that Mr. Dieckamp actually
made that statement. She repeatedly mischaracterized his
statement as if he knew that Mr. Dieckamp made that assessment
and that's the purpose of my --

MS. BERNABEI: Let me just ==

'
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Goldberg. I am just trying to tell the parties: enough already
you know, We have heard all we want to hear.

MS. BERNABEI: Let me just state for the record the
reason I asked Dr. Zebroski about these particular minutes
is he relied on them and represented what they said in his
testimony specifically on page 3.

JUDGE SMITH: No, Ms. Bernabei. I understand your
point. My point is much more narrow, and that is we have
spent too much time on non-probative testimony in this particu-+
lar hearing.

BY MR. GOLDBERG:

¢ Dr. Zebroski, you were asked a number of gquestions
concerning the steam bubble that may have been suspected on

March 29th. Do you have any knowledge of whether Mr. Kunder

reported to the NRC on March 28th in the morning about 9:25
that there was in fact a steam bubble in the primary system?
A. I have no such knowledge.
0 When you use the phrase "core damage," what do you
mean by that phrase?

I think you can define about eight shades of gray
between normal fuel and the fuel leakers and so on and core
melt. I think the simplest and most powerful distinction
in that gray scale, it seems to me, is the level of structural

damage where you can no longer remove the fuel and replace
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| respect to steam bubbles, do you know, is there a termperature

| have the gross structural damage so you can't replace the fuel.
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it. If you have anything substantially short of that, ycu
would have a radiocactive problem in clean-up, but, in principlg.
the fuel could be pulled out in a matter of days or weeks afteﬁ
you had access to the core, replaced and the plant would still
have operability as a power plant.

Once you have that level of fuel that the fuel starts
to fragment and collapse, you are in an entirely different
regime and so forth; and so in the measure of the seriousness
of the event, given that the radiation release reaches
relatively high levels early in that gray scale, then that
is already serious. If you then talk in terms of the plant

viability, there is an enormous step in seriousness when you
¢ One final question, Dr. Zebroski: again with

of steam above which the HPI pumps could not collapse the

steam bubble?

A. Yes.

& Is there a term for that temperature?

A. Critical temperature.

MR. GOLDBERG: Thank you. I have no further questions.

MS. BERNABEI: I'm sorry. I didn't hear that last |
answer.

THE WITNESS: Critical temperature.

(Pause.)
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!was available to us. I have reviewed that with the people
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JUDGE SMITH: Dr. Zebroski, the Board has no questions
of you; however, we do wish to give you an opportunity to
consider whether you felt that any of your answers =-- that
you were not permitted to give a complete answer to any
questions, if there was something that was left dangling
because of the objections and interchange among the lawyers
here,

THE WITNESS: Yes. I have two points. I think it

was the series of gquestions on when the thermocouple data

who were gathered.
We had an EPRI employee stationed at TMI working with
two GPU people who were assigned to establish an archive and

gather all of the data, and we also had an individaal

available as soon as it was received and hang it in our war
room and make it available to the analytical group.

I talked with all but one of those people directly
and through some secondhand also with that missing person, and

they all assert that they have no evidence that the hot-leg ;

data was treated in any different way than any other data,

. That is it was made available to us as fast as it was possible‘

to duplicate it and film it. We, in fact, had it for some

time before we knew we had it because it was on microfilm and

very difficult to read and only after people had invested
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the full cooperation that they had promised us.

Furthermore, on the 51 thermocouple readings, the
in-cores, we had hearsay awareness from the plant people that
somebody had measured extremely high temperatures on the day of
the accident; they couldn't find the actual paper; but that
that knowledge was available to us, and that they had to
measure the knowledge that they were accompanied by some low
measurements which appeared incredible because they were lower
than the general temperature of the system which was also
|
lavailable.

We came to believe the high temperatures fairl, quickly

but at least the explanation of why those high temperatures

iwere 1nitially not believed, which is the appearance side by
|

|side of incredibly low temperatures, at least that was under-
I
1]

stond as part of the confusion.

‘he fact that we later qgot the entire 51 readings did

not have anv bearing on our understanding or analysis of i

| |
tkhe thing., I t:ink everybody felt that had those really i
| |
lentered into the perception of those people that some of those |
|

1]

\readings were very nigh and had to be explained, the seriousnes

tof the situaticn might nave come a day earlier.
|

$c that certainly was a regrettable lapse in that transmissi
of data, but the data, which I understand was communicated
'clearly =~ that 1s: we got two high and two low readings; we

fdon‘t knocw what to believe -- we knew that story. We came
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to believe the high readings were at least very strongly
indicative, even without knowing the exact numbers, of a
powerful saturation temperature and confirmed the other
evidence that people eventually uncovered.

When we finally had the detailed readings, they did
not really contribute to the analysis. What they did
contribute to was we undertook a study of how, given the fact
that temperatures above the melting temperature of stainless
steel were very likely to have occurred, how could you still
| be getting any kind of readings on these things.

Experimentally, we asked Oak Ridge Natural Laboratory
to attempt to reconstruct those conditions; and when they nut

thermocouples under melting conditions -- that is steel melting

”conditions == they couldn't get them to rejoin and function

ias thermocouples. There were many tries. So there is still
lia mystery of where those junctions exist and how it is that g
| they are functioning. Some of them are reading very near the
%right temperatures even today I understand. So that's the
Ijsubject of investigation.

The second point: I would like to respond to the
allegation that I was critizing the NRC in any broad way. 1
| would like to make it very explicit that the criticism was
:!limited to gquestion of the flammability or explosion potential
;iof the hydrogen bubble by the mechanism of radiolysis

| producing oxygen under those conditions. I think that is
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I think it is regrettable that responsible people,
including people with technical director titles were unaware
of that very basic fact, which is the basis for the putting
of hydrogen into all pressurized water reactors from 1955 on.
That regret 1 think you get even with talking with the staff.
We should have known that. It is readily admitted.

The implied criticism of Wash-1400 or the licensing
analysis was not a criticism of analysis. It was a criticism
of the -- it was alluding only to the state of the art at that
time which had not treated the subject of the intermediate

stages between fuel perforation and core melt. That omission

hboth in analysis and data and testing and the state of the
|
ﬂart generally was alluded to explicitly in the appendix to

|Wash-1400. So I think there is not the slightest scintilla
|of implication of criticism., It is simply a recognition of
I

|a widely recognized state of the art at that time as seen from
|

| the perspective of the present time.

'E To buttress that point a little more clearly, there had
<t
' been five years -- at least the last three years have been
;very intensive -- of research on the subject of the serious
,;accident analysis, the in-core program in the industry, and a

'correspondinq effort in the NRC and DOE laboratories and

|| overseas ==

JUDGE SMITH: I might say that we perceive no
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perjorative connotation in your testimony at all. I think

we understood right from the very beginning that you were
demonstrating a different historical perspective. 1 am
concerned about your explaining the testimony, but I'm also
concerned about going in the direction in this record in which
we have no jurisdiction or no concern.

THE WITNESS: I was responding =--

JUDGE SMITH: We saw no perjorative connotation, how-
ever, in your explanation.

THE WITNESS: Well, I felt a perjorative connotation
in the implication that I was disagreeing and second-guessing
the NRC at that time. There was no such connotation in my
statement.

I am trying to make the point that anyone even in
the NRC staff today I believe would agree that there has been
a need for these five years of research of which three years
have been very intensive and many tens of millions of dollars

to define, among other things, these intermediate stages of

| core damage.

The implication was that we couldn't do that because
somebody was withholding data is what I am alluding to. I am
trying to make the point that the inability to analyze it was
a lack of the state of the art to be able to analyze it =--

JUDGE SMITH: I think your testimony has made that

| abundantly clear.
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THE WITNESS: Thank you, sir; and I am through.

JUDGE SMITH: Before we go to Mr. Blake's redirect,

do you wish to follow on Dr. Zebroski's explanation?

ﬁof the NRC staff?
; JUDGE SMITH: Yes. After we gave him a chance to
ﬁexplain any areas he felt remained unexplained, we wish to

fgive you an opportunity if you see a need for it.

| MS. BERNABEI: We may offer rebuttal testimony to

i
"

fDr. Zebroski's in terms of withholding information, but --
“ JUDGE SMITH: That's not my point.
MS. BERNABEI: No further questioning.
JUDGE SMITH: All right.

Mr. Blake.

] MS. BERNABEI: You're talking now about the criticism
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REDIRECT EXAMINATION
BY MR. BLAKE:
Q Dr. Zebroski, Mr. Goldberg, NRC staff counsel,
asked you a question about your definition of core damage.

The detailed answer that you gave as a definition, is that your

|
|definition of how you would use that term today?

1
i
W A I hope I don't have to give a yes or no answer to
‘.i
chat. I think it would depend upon the context of the use
|
|

l

I Q Was there such a detailed or commonly understood

of the term, but in general, ves.

definition in being at the time of the TMI-2 accident?

' A. No. The term was used loosely.

I Q That is the term "core damage" by you or your
il
Jpeers at your level of expertise or individuals in the opera-

ting environment; the host of people who came to comment or

|

j.
;make observations about the TMI-2 accident, in your view, would

not have had a common definition of that term, "core damage"?
MS. BERNABEI: 1I object to the form of the question.

JIt's a leading guestion.

E JUDGE SMITH: Are you waiting for a ruling?

MR. BLAKE: Yes.

JUDGE SMITH: It may be leading; however, it's not

;1ike1y that Mr. Blake will suggest an answer to Dr. Zebroski.

It's efficient. We are running out of time.

Off the record for a moment.

‘ |
I
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(Discussion off the record.)

JUDGE SMITH: Back on the record.

Go ahead.

THE WITNESS: Will you restate -- whether that was
common terminology at the time?

BY MR. BLAKE:

Q That's correct; yes.

A The pragmatic historical answer was that we had a
meeting of all the known experts we could round up, including
the NRC people, on Thursday of the first week of April, and
they began tu make that distinction between field damage and
structural damage in that meeting.

But as common practice prior to that time, I would say
no. It was the gray scale thot was not understood.

0 Dr. Zeborski, there were a number of gquestions
asked of you regarding EPRI's or the industry advisory
group's access to or availability of information to those
grcups in a timely way.

Are you aware of any instance in which the industry
advisory group or, subsequently, EPRI, was delayed in re-
ceiving information or otherwise did not have information
made available to it in a timely way where Mr. Dieckamp could
have possibly played a role?

A Given the last phrase, the answer is clearly no.

Our evidence, objective evidence, was that Bob Arnold issued
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a directive to the staff that they make all of the total
information available as promptly as possible to the archival
group under Bob Long; and Bob Long in turn had a directive to
make that available as promptly as possible to us. We were
allowed to station a person there to help with the compiling
of the information.

MR. BLAKE: I have no more questions, Judge Smith.

JUDGE SMITH: Ms. Bernabei.

RECROSS~EXAMINATION

BY MS. BERNABEI:

Q I believe in a question posed to you by
Mr. Goldberg you stated that you did not believe the iodine
readings taken on the date of the accident would necessarily
be indicative of core damage; is that correct?

A. That is correct.

Q Do ycu know whether or not GPU management inter-
preted iodine readings to indicate core damage on March 28?7

A I do not know the answer to that.

MS. BERNABEI: I would like to mark as TMIA Exhibit 8
what has been identified in depositions as the notes of
Richard Lentz, the GPU service corporation engineer involved
in management meetings at GPU service corporation on the

morning of March 28.
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Q

has been marked as TMIA Exhibit 8, specifically item 10 which
appears on that page, that indicates, does it not, a linking

of high iodine levels to possible core damage?

A,

JUDGE SMITH: Give me time to write down the exhibit

number, get to your page, and =--

MS.

apologize.

28568

(Whereupon, the document re-
ferred to was marked as
TMIA Mailgram Exhibit No. 8

for identification.)

Dr. 7ebroski, reterring to the second page of what

Excuse me; I'm just getting to that page.

BERNABEI: I'm trying to expedite things. I

THE WITNESS: 1I'm ready.

JUDGE SMITH: Wait a minute. Just a moment. These i

are Lentz's notes you said.
(Pause.)
JUDGE SMITH: All right, now start in.

BY MS. BERNABEI:

0

item 10, would they not, that there was a link, at least
assuming you use Mr. Lentz's notes, of high iodine level to

core damage?

A.

’ : T i
These notes would indicate, specifically at page 2,

|
|
|
|

Certainly qguestionable.
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Q In response to another guestion by Mr. Goldberg

you talked about critical temperatures in which tre makeup
or HPI would not collapse a steam bubble; is that correct?

A (Witness nodding affirmatively.)

Q That temperature, what are the ranges of critical
temperature?

A It's within a degree or so of 700 Fahrenheit.

Q It is fair to say that those temperztures did not
exist in the evening of March 28 or thereafter at TM1, that
is, temperatures of that magnitude.

A That's not a determinable question. It might have
existed at some spots locally. But in the context o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>