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PUBLIC NOTICE BY THE
UNITED STATES NUCLEAR REGULATORY COMMISSION'S

ADVISQRY COMMITTEE ON REACTOR SAFEGUARDS

Thursday, 25 March 1976

The contents of this stencgraphic transcript of thé'
proceedings of the United States Nuclear Regulatory ‘
Commission's Advisory Committee on Reactor Safeguards (ACRS),
as reported herein, is‘'an uncorrected recocrd of the discussions
recorded at the meeting held on the above date.

No member of the ACRS Staff and no participant at this
meet.ng accepts any responsibility for errors or inaccuracies

of statement or data contained in this transcript.
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PROCEEDINGS
DR. ISBINt Good mofning. The meeting will now

w o~

come to order.
This is a public meeting of the ACRS Norking Group
No. 4 to review nuclear reactor safety matters raised by

Messrs. Bridenbaugh, Hubbard, Minor and Pollard in their

On Febfuary 17, 1976, Chairman William A. Anders, U.S. Nuclear

4
9

6

r 3 recent testimony before the Joint Committee on Atomic Energy.
8

9 Regulatory Comuission, wrote to the Advisory Comnittee on

0

Reactor Safeguards as follewst

11 "As you know, an NRC Staff member and

12 three GE electrical engineers, who recently

13 resigned, have rajsed concerns regarding the
14 safety of nuclear plants. The Commission

15 requests the Advisory Committe2 on Reactor

16 Safeguards to review the stateuents these

17 individuals have made to ascertains

18 le Whether they raise issuss affecting the

19 safety of nuclear facilities of which the
20 ACRS has not been aware,

21 2. Whether they present new information con-
22 cerning generic or specific issues which
23 indicates a need for regulatory action, and
c4 3. Whether their statements present any other
5 basi{s for altering Commisékbn regulatory

Y8 o4
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requirements or research priorities.
. "The Commission wishes to be informed

act an early date concerning the Committee’s

plans tor conducting this study with an

estimated date of completion.”

In response to the Comnission’s request the ACRS
has established'tive working groups, Wérking Croup No. |
has already heid its Subcommittee meeiing and is examining
the concerns regarding structures and containment, components
and material failufe inspection, and er 2ment, two QA
requirements, Fort St. Vrain.

Working Croup No. 2 will examine fire protection,
electrical systems, human errors, simulator and ccntrol rooms.

Norking Group No. 3 will examine regula.ory pro-
cedures and phileosecphy, reliability analysis, reactivity
problemns.

Qur group, Working Croup Nc. 4, will examine
thermal and hydraulic problems, flow .nduced vibration,
puup flywheel missiles.

Working Croug No. 5 has already conducted its

Subcommittee meeting as is involved with spent fuel storage,

personnel exposure and protection, decontamination and waste

disposal, decommissioning.
The categories noted for the working groups are

of broad designation, but they do cover'ébecific concarns

484 (05
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rajised and serve to partition the subject areas. In this way,
the Committee has sought to make its reviews more effective
and efficient.

Some overian in topics among working groups is
to be anticipated and we have provided for such arrangements
in our agenda today to enable some of our participants to
augment their presentations in a more meaningful manner.

Our working group assumes for the most part that
the testimony presen:ed to the Joint Committee on Atomic
Energy by the four'engineers who recently resigned thsir
position has been rea!, that the testimony of GE and that
from the Nuclear Regula:ory Commission have been examined and
that the ACRS itself is knowledgeable in safety concerns that
it has dealt with on a generic basis, as well as in case by
case applicatjion.

Thus the purpose of today’s meeting is not to
redevelop anew the safety concerns, but to reeramine issuss
to see w.2ther facets have teen missad or misunderstood,

whether there is a need for change in how issues ar

W

being
treated and whether the pregress being made in the develop-
ment and confirmatory research is adequate.

The presentations may involve socme recapitulations
to improve our understanding and at least i{n one issue, some
new features of core spray which is a new ;opic for the ACRS.

We will have a mere definitive development of the subject

it W
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materijal.

This working group also wants to use this occasion
to ask the General Electric Company to comment on the testimony
presented by the NRC Staff to the Joint Committee on Atoumic
Energy and thus we will cover the assignments for all working
groups. Although most of the agenda topics are related to
boiling water reactors, our agenda does include several topics
relating to pressurized water reactors.

In addition, several items not covered in previous
Working Groups | and S will be included ih‘foday's discussion.
Our participants include representatives from the Nuclear
Regulatory commission, the General Electric Company, the
Mark I and Mark II contairment owner groups and their con-
sultants, EPRI, Westinghouse, Combustion Engineering,
Professor Leahy from RPI and the Atomic Safety and Licensing
Appeals Board.

ACRS members nresent are BSush, Carbon, Plasset,
and Isbin. And our consultants are zZtheringtcn and Catton.

The meeting is being conducted in accordance with
the provisions of the Federil Advisory Commjittee Act.

In attendance at the meeting today is 2. Muller,
ine designated federal employee.

The rules for public participation have been
announced as part of the notice of this_;gétinq previously

published in the Federal Register on March i5th, 19756,

. An7
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Copies of the Federal Registor notice are available for
those in atte&&ance today.

A transcript is being kept and will be available
to the public on or after March 3lst, 1976 in the Public
Document Recom at 1717 H Street N.W., in Washington, D. C.

Since a transcript is being-kept, I would ask
that each speaker first 1dentify himself and speak clearly
sO that everyone here is able tec follow what i{s being said.

Ne have received no requests for oral statsments.
[f there are others present who wish to participate and
depending upon our ability to stay within the schedule, you
may have the opportunity to present a short statement.

For each pregéntation. [ and ny colleagues will
try to restrain ourselves and not ask any questions until
the presentations have been completed. And should our re-
straint fail, ny instructions to each of the speakers is that
he continue his pressntation and not stop to answer any juss-
tions until he has finished.

It is important to preserve the continuity of
each presentation and we do want to try to a .here to the
schedule that we have established.

Ne are now ready to proceed with the meeting.

First, are there any introductory statements that
the Staff or GE would like to present?

MR. STELLOt No. I think it is best we get

483, 008
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started with the ambitious agenda.

move quickly.

.

It will be necessary to

8
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DR. ISBIN: That being the case, I will call on
Wr. Ross from the General Electric Company.

MR. G. RUSSt My name is Gail Ross. I am the
Manager of Operating Plant Licensing for General Electric
Company and I have here with me today Mr. Steve Stark,

Senior Engineer for Mark I Containment Applications

Dr. Fred Mnody, Senior Engineer for Sygtems. Methods and
Engineering: and Mr. Ron Engel, Manager of Special Pro jects,
Licensing: Mr. Pat Marriott, Manager of ECCS Analysis;i and
Mr. Bert Sobon, Acting Manager of International Reactor
Licensing.

We sincerely welcome the opportunity to appear
before the ACRS Subcommittee Horking Group 4 to respond to
the allegations made by the three engineers who resigned
Ceneral Electric Company February 2nd.

The first item I have been asked *9 comment on
is Lie NRC Starfsss responses to the testimony of 8ridenbaugh,
Hubbard and dinar, as presented February 18, 1975 before
the Joint Committee on Atomic Energy.

General Electric has performed an in-depth reviasw
of the Starf’s conments of the 127-page allegation. While
Cerneral Electric nmay address sone of the responses in a
slightly different manner, there are no material differences
between these responses generated by the Staff and those that

Would have been prepared by General Elect;ic Company.
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I believe it is very important .o note that the
exhaustive efforts to discredit the uclear industry has
not come up with a single new issue, and that in itself
represents a significant test that the piesent way we are
doing licensing is adequate.

I would like to state that in another way from
your point of.view. .

Genéral Electric isn’t trying toc hide anything
from the NRC or ACRS.

At this.time I would like to ask Mr. Ron Engel
to start with comments on flow-induced vibration and
control rod design responses.

One of the sub jects in that set of responses
is core spray. That will be covered by Mr. Marriott at a
little later time.

(Slide.)

MR. ENGEL: I would like to say =

"
v

n

« ISBINt Your name again?

MP. ENGEL: My name is Ron Engel, Manager of

Special Projects Licensing for General Elsctric Company.

[ would like to state that I fully concur with

Mr. Ross’ : atements in that we have reviewed in detail the

allegations of the three ex-=CE engineers.
We think that it provides a significant

indication of the concern that both the &dc and General
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Electric Company have with respect to plant safety.

I would like to give you people a brief over-
view of the way we look at the concerns expressed on flow-
induced vibrations and on control rod drive design.

I will start off first with flow-induced
virrations.

We.héve two areas here that.have been
identified as concernst the feedwater sprager and in=core
vibrations.

First wifh respect to the feedwater spargers,
we have inspected twenty plants. Six of these plants
had cracks in the feedwater sparger.

In no case had the feedwater sparcgezr failed
in a gross manner. They were all still in place.

The allegations of the three ex=GE erngineers
said you cannot detect a cracked feedwater sparger while
& plant {s in operation.

It is trus you cannot detect cracking, but {f
you hay a gross failure of tha feedwater sparger or a
significant cpening in the feedwater sparger, you would
get power asymmetry because of the differences in sub-
ceoling throughout the core.

| This is a measurable quantity and {t has been
déaonstra:ed before that it can be seen if you have

differences in feedwater inlet enthalpy.

s Y.
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We have desigried and tested a fix which
consists of efther welding or butting in a very tight
fit on the feedwater sparger to limit the amcunt of
bypass flow armund the thermal sleeve in the feedwater
sparger.

This has been demonstrated to effectively
reduce the vibration levels. It has -; spargers of
this type have been operated for a year, inspected, and
there is no indications of any problems,

#.- have also, as a part of this program, done

an extensive safety analysis on the implications of failed

feedwater spargers.

Three areas of concei.n were identified. These

weret a change in feedwater subcacling which could lead to

power asymmetries.

It has been demonstrated that the normal
operating mode of the plant takes into account this, and
there is no safety issue,

The potential for flow blockage on the jet
punps has beer evaluated and it has been shown to be
less significant than other transisnts.

The potential for blocking of the fuel
inlet orifices has been evaluated, and {t would take an
alnost impossible size piece to find its way in%tn the

area below the = into the plenum area Bélow the fuel.
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It would have to have the right weight, size,
and other features to find its way there, and the densit:
of that piece would be too great to be 1lif‘ed up by the
low velocity water and block a fuel assembly.

The potential for a piece impacing on the core
spray system has been ¢va'uated and we find, again, that
the core spray oreak detection system would adequately
cover any concern with the possibility of that system failing.

With respect to in-core vibrations, we have
identified the cause of the problems and oh all domestic
plants interin corractive action has been taken.

I tnink this demonstrites again the concern of
the nuclear ir fustry fof“potential problems.

Unc: the potential concern was identified, plants
that had the potential or indications that they could nave
worn through channals { -~ediately reduced power to a level
consistent with a thorough safety analysis.

They then shut down and plugged in a
normal manner, plugged the cynass flow holes which had
been identifi:d as the cause of the preoblem a.d testing
out of reacto: demenstrated this would substantially
eliminate {n-core vibrations.

Une of the allesations that has been posed by
the ex-CE engineers is that {t is impossibie or nearly

impeossible without hign risk to the public to drill

489 Gid
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irradiated fuel. '

We have demonstrated that fuel can be drilled
out of reactor but this is not a nece: sary part of the fir.

We can, and have demonstrzt: | that it is an
acceptaole solution to install pre-drilled reload fuel
assamblies and it is an economic decision as to whether
or not the irradiated fuel is drilled.

You can ejther implement the fix in part by
putting reload fuel assemblies in, pre-~drilled, or you
can do the drilling on the irradiated fuel._

In the testimony of the ex-GE engineers |
would like to point out that they mention LPRM seal
failures. They say that that i{s due to in-core
vibration.

The LPRM failures that have been identified
c:curred on all product lines, BAR=2, 3 and 4,

BWR=-25 and 3s do not exhibit significant ine-
core vitrations.,

Ne have identified that the cause of the seal
failure is irradiation embrittlement of the seal which
causes it to crack and leak.

Another statenent rade in their testimony was
that we unexpectedly identified rounding of the channels

A4

during our testing at Moss " .ndinqg.

That, again, was not true,

48 015
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We, in 1973, reported to the Commission the
existence of ; channel deflection phenomeni, a creep
related phenomena, which is operational history depender.:.,

We have accounted for the additional bypass flow
due to the rounding of the channel in previous safety
analyses.

It is not a ne@ concern and it is one that
does not have an impact on the safety of the plant.

Next I would like to go on to the CBD design
charges.

First was end of cycle scram reactivity.

This, I thirk, is again a plus for the industry.

(Sl ide.) i3

What happened was that we discovered that the
scram curve that we were using in our analyses was not
conservatively based on operational data accunulated from
plants.

With this discovery we incorporated into all
licensing applications the new analysis techniques.

It has always been the philosophy of the
General Electric Company to take into account the most
limiting points in the cycle.

We have propnsed fixes which enable plants to
get up to full power and increase their opérating margins.

These have not been accepted by the Staff in

152 G16
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certain cases.,

Hoﬁever, this i{s not an indicat.on that plants
are operating in an unsafe manner, since the MCPR and
pressure margins that have been iduntified previously are
still maintained.

In some cases this dues result in a derated
end of cycle.

However, this is an economic, not a safety
concern. !

As an aside, I would = in therend of cycle
scram reactivi.y, they talked about a patch that was
implemented on the Cregliano Plant.

Again the tegfimony of the ex=GE engineers is
misleading in that the Cregliano fix involves in essence
a time delay on scram from flux, from the in-core monitors.

This fix was conceived of during the final
design stage: when the final transient analyses evaluated
were done or Greglianc.

[t was evaluated. It showed that there was
less than a 5 percent increase in thermal flux due to the
time delay, less than 2 2 psi increase in vessel
pressure, and it was tested durirng the startup phase
and then implemented,

So I think the categorizatioqﬁgf it being a

patch is not correct.

488 017
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The n. t concern had to do «ith control rod
lifetime, talkKing about leaching of boron from the control
rod drive blades.

The control rod drive blades that failed during --
not blades. The rods that failed during plant operation
at Dresden | were specjal test rods locatad in high flux
positions. They were nct production rods.

We have not seen any boron loss from our
production rods, and because of the very inherent design
of the control rod drive, boron loss would.only be
significant if you had failures of many rods in a blade.

There are from 44 to 84 rods in each control
rod blade and it would take a significant number ¢f these
to have any safety significance.

In addition, we do shutdown margin tests prior
to each criticality to determine if there has been a
significant control loss due to the blades.

We think that this is an adequate demonstration
that the control rods are capable of providing their design

function,
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Next was the recent discovery of cracking in the
control rod drive collet. I think it is important to realize,
with respect'to this, that wé have not seen to date any
failure of a drive to operate as a result of the cracking of
the collet tube.

The cause is understori. We have had meetings with
the Commission to describe what the cause is and the
significarce of it. We have tested drives up to six times
their expected lifetime in San Jose, and those drives have
always filled their design function. i

They are still capable of being scrammed. They
are also capable of normal maneuvering.

In additiohc 1{ you were to h: "e postulat.d complete
severance of the collet tube, this failure would be discovered
during the normal surveillance testing which requires the
blade to be exercised weekly, and it would take -- and by
very design the control rod system we have always designed
that the reactors should be made subcritical with the most
highly worth rod stuck out, so we still meet that design
function.

But I think it is still important that we
have gone to six times the expected lifetime of the blades and
still not seen any failure. -

Fitally, with respect to the rod drop accident,

we believe that the overall probability of the control rod

480 019
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drop accident is small, even without the operator aids that
have been installed on various product lines. I think it is
impor tant here to remember that the rod drop is only signifi-
cant at low power levels.

The event does not use the rod biock menitor as
described in the-ex-GE engineers testimony. The RBM is
designed to operate only above 30 pefcent power level. It is
there to provide protection trom the control rod withdrawal
there, not che rod drop ac:xident.

The rod worth minimizer and RéCS have been designed
and installed on a number of plants. The operational history
has been 7uite good.

These are A;t patches, as is-alleged in the testi-
mony. These arc design systems which are operationally -- are
working operationally.

In addition, they say that thére should be added
concern in the rod drop accident, because 0i collet tube and
channel failures. t is important here to remember that the
important function is to maintain the driveline integrity.
Neither of the other concerns have anything to do with drive
integrity. Therefore we see it does not have any significant
impact on the overall already  insignificant activity of the

,

control rod drop accident.

~ .

In conclusion, I would like to say that GE agrees

25icompletely with the staff assessment in these areas.

45 U0
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DR. ISBIN: Thank you, Ron.

Are there any questions?

Mﬁ. ENGEL: Okay. At this time, I would like to
introduce Mr. Bert Sobon to give you a brief overview on the
containment concerns.

MR. SOBON: I don't have any viewgraphs. I will
make my presentation from the table.‘

My name is Robert Sobon. I am from General Electric.

I have reviewed the staff's March 2 response to
the testimony given before the Joint Committee on Atomic
Energy on February 28 by the three former General Electric
employees. My specifi; area of review was what could generally
be categorized as the area dealing with the dynamic loads
that might be imposed upo:: the containment and its main com-
ponents.

I believe that the staff responses given, again, in
the March 2 response accurately reflect both the history and
the present situation relative to each of the contentions
riased by the former employees. General Electric also con-
curs with the conclusions that were stated in those responses.

We, in the Vermont Yankee ACRS subcommittee and
full committee meetings, addressed several of the containment
status items relative to Mark I and some of the non-Vermont
Yankee items also covered by this testimony, so I will not go

into that again.

46d (21
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I do think, though, that it is important to péint
out the considerations that are given in ‘eaching conclusions
on safety. 1In reaching thesé conclusions, it is important
to note that considerations are given to the inherent con-
servatisms that are built into nuclear power plants. This
is referred to as "safety me gin."

Margin of safety is a qualitative consideration of
risk that includes such factors as the probability of the
e‘rents that you are d~signing for, potential cornsequences of
those events, possibilities for human errbr, the de: ‘gn
margins that are built into the codes and standards used for
construction of the plants, the material properties that are
used, Your material é;operties are generally *etter than
the values stated in the material property handbooks.

There are calculational conservatisms that are
built into the des%gn, qnq_ypu become smarter, if you will,
from plant operating experience and inspections that are
conducted regularly.

Plants are designed to accommcdate, then, vostu-
lated equipment failures, operator mistakes, design errors
and failures. In other words, the plants are decigned to with-
stand certain low probability events to insure that the health
and safety of the public is prciected.”*

Therefore, when new information becomes available

effort to ‘mprove the quality of

) ~ -
} ¥
[}

U r-2
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plant design, concerns about the adequacy of érevious designs
can be évaluated in a timely fashion without undue risk to
the health ahd;safety of the public.

It should be noted that where temporary quick and
relatively easy changes can be made to the plant design for
the mode of cperation to obtain increased safety margin during
this detailed evaluation, they have béen made. An example of
this basic philosophy is reflected in the effort being given
to addressing the pressure suppression containment capabilities.

With the information from the éore sophisticated
testing that was done to support the design and model con-
firmation for Mark IIT containment, it was appropriate that
the previous suppression containment types be reevaluated to
assure that the so-called new locading conditions could be
accommodated.

For this, the utilities with Mark I and II contain-
ments formed owners' groups and retained GE, along with other

consultants, to perform this reevaluation. Toda:

in the

.

audience there are members from both Mark I and Mark II
utilities.

To complete this eves.uation, each group chose to
report the results in two phases. The Mark I effort was to
conduct small-scale tests to define loads thect would permit a
rapid assessment of the structural capability and thus demon-

strate that the plant operation could continue while further

479 025
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testing and more sophisticated and detailed structural analysis
is perférmed.

Mark II effort consisted of using all the available
information to develcop a dynamic forcing function report
which would allow plant-unique load determination for plant-
unique structural evaluations.

This is being followed by'selected ~-=- by confirma-
tory informe*ion to verify the load determination efforts.

Again,)you have heard the effort of the Mark I
evaluation as part of the Vermont Yankee subcommittee and
full committee meetings on March 3 and 5 of thiz ,ear. Mark
II applicants are=in the final stages of submit+ing their
analysis to the staff;”

As a result of the short-term evaluation, Mark Is

are operating with the dry well to wet well del+a P *o
increased margins. Several Mark II applicants have incorperate

structural modifications to increase their capability to with-

PN N T

stand postulated Icads determined from this dynamic fcrcing
function report.
This, the , is an example which, hepsfully,

demonstrates that prompt attention is given to assessing and

assuming and assuring the safety of operating plans wud the
capability of plants under design and/dr constructicn.
That is my presentation.

DR. ISBIN: Thank you, Bert.

- ———— e —’
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Are there any questions? |
Some of these subjects will be covered in a little
more detail during the meetiﬁg. I think that would be the
more apptopriate time to ask guestions of you, as well as of
the staff, when those topics are introdu-~ed.
We will go along, then, to k. next item, which

will be the'cdre spray.
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MR. MARRIOTT: Gucd morning. Pat Marriott,
Genefal'Electric, manager of ECCS engineeringz

(Slice.)

MR. MARRIOTT: I would like to talx this morning
about this concern which is, as you say, new to the ACRS, al-
though we have been discussing the potential concern with the
staff for some time. 1 would like to address it first by
referring to * . allegaf .on in the testimony of Briderbaugh,
et al.

First of all, Bridenbaugh and company assert that
the present test program for core spray is inadequate for demonH
strating good cooling. In particular, they make reference
to the fact that we ugé what they call cold tests to ceter-
mine the distribution of core spray cooling over the core.
This cold test is certainly true but it is a limited part
of the story and I will go into detail ¢n that in a moment.

Their second contention is that if there were in-
adegquate core spray flcw, a core meltdown could result.

And their third contention refers to what they
make sounds like very mysterious European tests, which
i~dicate that steam upflow could prevent delivery of cooling
to the fuel rod. I will address these contentions goint~by-
point in a later part of my gresen:at&on} but I chink it would
be useful first to describe what I think is the set of

European tests to which they refer in their test.

48 026
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Assaya Atom, which iz a Swedish manufacturer of
boiling water reactors with whom we have a technical exchange
agreement,cqnducted in 1974 a series of tests on their own
core spray system. It varies substantially in ccncept from
ours. They have an overhead sparger adjustment in which the
nozzles are vertically downwa.d into . cells. They tested
their system using a spray cell system,ig a steam environment
at pressure. They test'single spray nozzles in the
vertical orientation, which is characteristic of their re-
actor. The trajéctory of the rozzle between its placement

and the collecting apparatus is of the order of two feet.

As I say, it is conducted in a pressure vessel

in a steam environment with a range of spray water ceratures

and system pressures, which simulate the conditions expected in

tie reactor under post loss-of-coolant conditions. The noz-

zles, which are used in the Assaya reactor are very fine

droplet, high velocity nozzles. They are centrifugal atomiz-

ing time. e

We use scme nozzles of a design similar to this
in our reacteors. Details later. But the nozzle which they
use is significantly enough different from that used by us
that thair results were not directly applicable, but they did
reach conclusions which we believed had.;ome relevance to the

GE BWR. Namely, that in stecam, under certain conditions, the

Spray cone can chance as a function of water temperature and

458, 027




(
23
24
~eoeral Reporters, Inc.
25

27

as a function of system pressure., We considered this observa-
tion, which was brought to our attention in May of 1974, to
be significant enought that we undertook a suries of tests in
their facility, using nozzles of the types used in BWRs. We
found some results which were similar to theirs on some
nozzlie types. We found some of Hur nozzle type s, wnich were
practically affected, and I will go into that later.

We quickly téld the staff ubout it, and initiated
a analytical and experimental progrzm to address the effects

more precisely. Civen that géneral conclusion with regard

to the Assaya test, what does it mean to the spray distribution

of the boiling water reactors built by GE?

(Slide.)

MR. MARRIOTT: Well, as you know, the General
Electric core spray system consists of two-ring spargers,

which surround the perviphery of the core, slightly above the

-

top of the core, and for a typical reactor, there are alter-
nated around the spargers course low velocity nozzles and high

velocity atomizing tyr nozzles.

As I say, they are alternated arcund the core and
in the particular typical czinfiguration I have shown here,
there are 65 nozzles of each type on each of the two core
sPray’bpa:gers. "..

Now, because of this c.ose placement of the noz-

zles in proximity to each other, the core spray flow into any

463, 028
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given fuel assembly in the GE BWR is the result of the
super-position of the flows from a good many nozzles. And

so it is possible to conclude intuitively that the BWR spray
distribution should not be particul.arly sensitive to vari-
ations in the cone angles of the nozzles. As an example of
how one might reach that sort of intuitive conclusion, let me
point out that we have used a number of nozzle tyres in

BWR desigqus. We have used very na-row pattern noz:zles,

pipe elbows, as a matter of fact, we have used very wide

cone angles and we have designed sv:cessfﬁl core spray systems
using both types with the same number »f 10zzles on each
spargcer.

That point;'to the conclusion again that it is the
super-position of the flows from many nozzles which is
responsible for the flow into any given fuel assembly.

Furthermore, the BWR typically has two independent
full capacity core spray systems and we conduct our core
spray heat transfer test using the minimum specified flow
from one system, so that the existence of two provides some
additional margin.

(Slide.)

MR. MARRIOTT: I mentioned thgt on becoming aware
of the Assaya test we put into place anh experimental and
analytical program. Let me describe this in a small amount

of detail. First of all, before I begin this part, let me

459 029
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say oﬁe thing about the staff's test on this point. The staff
has chosen in one place in the test, to be very concise in

an area where I feel a little more detail is due with respect
to the effects observed in our tests on the various nozzle
types, so let me expand a little bit on what the staff said.

I think their statement is excellent on the point,
but it does need some clarification and expansion. We did
indeed in tests of our ﬁozzles at Assaya and subsequently at
our own facility, find some effects with fine droplet
atomizing types éimilar to the Assaya test. That is, we found
that elevated pressure in steam, the cone from the nozzle
could contract.

We have used a number of types of atomizing noz-
zles and we have observed significant contractions in some,
practically no contraction in others. It is simply impossible
to generalize.

On the other hand, in testing the open elbow
nozzle, which is the work horse nozzle in many of the BWRs, we
cbserved practically no effect to the steam environment.

This is probaby nct surprising because that is a very low
velocity with very large droplet size so it is not as
subject to condensation effects as the high velocity types.

Finally, in one of our nozzle‘types, the so-called
VNC,we observed a shift of the pattern 7 to 10 degrees off the

center line, so in summary, we have conducted tests on our

480 670
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own nozzles. We have, in fact, in the past few months con-
ducted quantitative tests in order to precisely measure the
amount of contraction experienced by each nozzle and we have
found effects on our nozzles ranging from quice notable to
practically none at all. We have also conducted tests in
ovr full-scale air test facility in order to test sensitivity
of the core spray distribution to large changes in the nozzle
angles. We did this siﬁply by reconstructing a sparger from
one of our earlier plant designs and modifying the nozzles )
in such a way to‘make the cone angles very much narrower than
they were in the original designed tests. What we found, I
won't go into the details of the results, but what we found
was indeed the BWR spray distribution can tolerate very signif-
icant narrowing of cone angles without making big changes
in the overall core spray distribution, which confirms what
I said earlier, about the super-pesition of flows for many
nozzles, being the effect which really controls the distribu-
tion into any given fuel bundle.

We have a continuing program underway, I mentioned
a moment ago, that we have done tests to gquantify the per-
formance of the varicus nozzles. That is an ongoing program
in that some of the data re« ~*’‘on is not yet complete.

We have, in addition, experiménts planned to
attempt to quantify the interaction betwsen pairs and triplets

of adjacent nozzles. We have a test planned to measure the

’\' ‘-‘ -
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distribution with steam environment effects simulated. That
is, ﬁo actually measure the amount which the cone angles
change in adtual steam envifonment tests, and then simulate
these effects in air tests in order to get a rather precise
measurement of what happens in the steam environment; and
finally, programs to determine the interaction, i<~ any, with
liquid over the core.

You are aware of the counter current flow limit-
ing which axists in the fuel bundles. We have programs
underway to assess whether that has any effect on the spray
distribution. I am sure that we will find that on balance
it is a very positive effect.

Finally, wé'have an analytical program underray
to dome up with a predictive model for the core spray dis-
tribution. That is a rather complicated phenomenon. The
approach which we have chesen is to begin by predicting
single droplet trajectories i~ steam, extending t
a medel which will predict the performance of single neczzles,
use empirical results to determine the interaction between
nozzles and, finally, develop a globai mcdel to predict
the overall distribution.

(Slide.)
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I don't want to end this presentation without
talking about the treatment in our evaluation model of a very
significan; related effect.

We have talked in various ACRS Subcommittee meetings
about the countercurrent flow limiting model, which is
currently in use, and for the record, let me summarize it.

The core sprays inject water over the core, which
reaches the lower plenum in part by passing through the
fuel bundles, in part by passing into the bypass region and
into the lower plenum through the leakage augmentation path;.

The counter current flow limiting mcdel, which is
currently in use, assumes that the entire core behaves as a
single, average power channel, and it uses the results from
single channel counter core current flow results t» deter-
mine what the bundle l.ne is.

Counterflow limiting at the top of the fuel

assembl, restricts the down flow then and any liguid which
is not permitted L0 pass <o the lower plenum in ocur model
is simply thown away. |
It's simply ignored in the calculation.
The use of this model has resulted in very signi-
ficant delays in the calculated re{locding time for boiling
Qater reactors, .

Up.ealistic delays, we believe, because we have

substantial and growing kody of experimental evidence that
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o 1 introduction of subcooled liquid into the fuel bundles
2 breaks down the countercurrent flow limiting phenomenon.
3 ; don't recall if I mentioned it a month ago.
-y 4 If I didn't, I will say it now.
5 The current model uses test results which are based
6 on saturated scteam, input to the top of the fuel bunrdle.
7 Saturated liquid, I beg your parden. The liquid
8 over the core is injected by the core sprays, m>st assuredly
9 will not bLe saturated.
10 It comes from the suppression pool and possesses
11 a great deal of subcooling.
12“ Je r.ow have a lot of experimental evidence that
( 13 introduction of subcooling into the bundles breaks down the
14 countercurrent flow limiting.
15 The moment you get ligquid intc the bundle, it
16 quenches flow inside, which means more restriction and more |
17 | water zan get fliow.
laﬁ It's a positive feedback effect, which causes j
19! unimpeded flow.
20! Even if breakdown occurred only in the peripheral
21 fuel assemblies, thcse closest to thecore spray spargers,
22 where the subcooled water is coming in, it would not be
23 vossible for any accumulation of ligquid over the core to
24 occur. .
~eoersi Reporters, Inc. =
25' Which says two things. It say, first of all, ?hat-
| :
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the current evaluation model is indeed very conservative
and it says in the second place, that the calcualted reflooding
delays which are coming out of our current mocdel are very
unrealistic.

Now, I have made this point only because the
calculated reflooding delay in today's models is so much
more significant than any variation§ in spray heat transfer,
whicn one would wish to postulate because cf the consideration
of the cone contractions.

(Slide.) §

Now, let me talk point by point about the specific
items in the Bridenbaug} testimory.

There first »noint was that we used cold tests
and by that they mean tests in atmospheric room temp=.;ature
conditions in air, to measure this core spray distribucioa.

That certainly is true.

We bave a full-scale cor: spray distribution test |
facility, which dces just exactly that.

The effect of steam updraft is simulated in that

facility with fans, which put air through the simulated core |
mock-up at a rate that simulates the effect of steam upd:aft.g
So, yes, indeed, we do use atmospheric air tests !
to evaluate the core spray distribution.

Bu. 'hey go on to condense that there are no

"actual thermal tests," on the point and that is not at all
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true.

We conduct hot tests under simulated reactor con-
tions to evaluate a great many things which are directly on
point.

We conduct tests of single core spray nozzles
in steam over the range of pressure and spray water conditions
which are “aaracteristic of the BWR. under post-LOCA conditions.

Wwe conduct full-scale full power tests to determine
the amount of spray penetration into the fuel assemblies.

Full-scale, full power tests to measure the updréft
due to vaporization in the bundle and to measure the heat
transfér coefficients due *+~ spray convection and due to
reflooding.

So the contention that there are no actual thermal

tests is not at all true.

The third contention is that the core spray has
to be effective in "seconds" in order to prevent a meltdown.

Now, one could mean any of a number of things by
"seconds."

But this statement is certainly nonsense. i

There are a number of phenomena involved as you know
in the BWR loss of coolant accident.

The BWR is completely self:céoling, using entirely
natural phenomena for 30 or 40 seconds after a postulated

accident which gives the emergency ctcre cooling systems plenty

481 036
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of time to com2 on.

More importantly, in all but the very earliest
BWRs, the yottom plenum refloods and even if there were no
heat transfer at all, from the core sprays, there would be 2
1,000 degrees Fahrenheit margin to core melt, even for tie
design basis LOCA, due o reflooding, with no credit for
spray heat transfer whatever.

The final point whizh isn't really relevant, but
since it was mentioned I will address it.

"Steam blasting” will prevent spray delivery to
fuel rods.

That's not true. I think what they are probably
referring to is countercv =2nt flow limiting phenomena, which

as yocu know we have evalua2d in full-scale full power tests

and have found that steam updraft, while it does delay delivery
of the spray water to the lower plenum, certainly does not 7
prevent it.

What's more, the cooling which you get from the

updrafting steam is very ~:gnificant in and c£f itself and we
take no credit for that ir the calculations.

(Slide.)

So, to summarize, we have evaluated the tests from
Assaya Atom on cone spray angles.

We brought it to the Staff's a“ten.inn and we have

been working with them since %hen.
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We have conducted experimentzl programs anad our
own n~:z.'s and our own systems to determine the effect on
spray distribution and a continuing program is underway.

we found that our overall distribution is not
spray system to cone ancle changes for the reasons I have said

It's super po.-ition in flows that really governs
the distribution and, furthermore, we have two full-capacity

systems in each reactor.

The *hird point, the peak temperature is insensitive
to spray transfer in the first place. _ :

We have very conservative treatment cf related
effects in the evaluation model, contercurrent flow limiting,

the fact that we now.inventory away if it's not Fermitted

to pass to the lower pleanum.

We ignore counter core flowing limiting breakdown
resulting in a much delayed calculated REFLOOD time, much

more significant than variations in spray heat tranfer.

So in conclusicn, on this concern
a steam enviionment are significant on some nozzle typres,

used in CGE BWRs.

The design of the BWR, ECC3S, however, minimizes

the sensitivity of the peak clad temperature to wvariations in

i

{
spray heat transfer and the whole effect is very conservatively |

treated in the evaluation model.

That's all I have prepared :to say. I will be happy
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to answer any questions.

DR. CATTON: How does the steam affect the cone
angle physically?

MR. MARRIOTT: In two ways. Number 1 is by
condensation.

Condensation, of course, adds mass to the droplets
and therefore affects their trajectgry.

More important --

DR. CATTON: Does it increase or decrease the cone

-

angle? ¥
Added mass will increase the movement of the
droplets.

MR. MARRIOTT: It would decrease but in a vertical
field it's clear to see.

By making the droplet heavier it would make the
gravitational effects more important.

DR. CATTON: Isp't your spray momentum enough
that the gravitational effects are small?

MR. MARRIOTT: No.

DR. CATTON: There is guite & distance between the
spray head and where it is supposed to impact.

MR. MARRIOTT: There is a horizontal difference.

The spargers are just above the top of the core

and they lost water over the tcp of the core so gravity

effects are quite significant.
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The more important effect, though, of the steam
environment is that, as condensat Jccurs on the droplets
inside of the cone, it causes a net inflow of steam which
causes an inward drag on the droplets and actually pulls them
inward.

DR. CATTON: So there cone angles that you talk
wbout are relative to the axis of the spray?

MR. MARRIOT?: That's correct. That is a good
guestion.

I should have made that clear.

DR. CATTON: So what about relative to the central
part of the core?

You are talking about a single cone spraying out
across the core.

If you change the cone angle a little bit, and you
have got a whole lot of them, I wouldn't expect much of

a net effect.

MR. MARRIOTT: There isn't much net effect. That's,k

right.

DR. CATTON: If you draw down the overall spray
pattern, that might change thinjs.

MR. MARRIOTT: It might, indeed. Let me explain.

DR. CATTCN: You talked qbgbt cone angles but
not the integrated effect.

MR. MARRIOTT: I guess I need a little elaboratiors

453 |
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on the effect.

DR. ISBIN: You mean the net results.

DR. CATTON: Yes. Talk about a single spray and
its cone angle, I think that is different than talking about
a multiplicity ofcones around the periphery and the net

effect on the spray distribution over the core.
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MR. MARRIOTT®t Right. Let me reiterate something
I said earlier on that point.

Ne too’ in our full scal: core spray test facility
a sparger from one ot the BAR 4 designs and modified it in
such a way that all the cones contracted, very severely, as
a matter of fact, much more severely than we have measured
them to do in a steam envirconment to find out what the over=-
all effect would be,

DR. CATTON: Okay. You are pick}ng the spray head
that you know to ¢~ the worst, |

MR. MARR] TTt In fact we didn’t do quite that.
We simply — we took a BWR design which uses a very wide cone
nozzle and modified thaf'nozzle. modified all of those
nozzles in such a way that they had a very narrow« cone.
Simply to find out what the sensitivity was to big chanqges
in the cone angle.

We weren’t attempting to simulate what the
nozzles would actually do in steamn., In fact we kind of
overdid it. We made the nozzles in the tests a fair amount
narrower than we have measured the nozzles performance to be
in steanm,

So we :zvaluated then what the overail effect would
be. It wasn’/t surprising that the distribution was not as
uniferm with the narrow cones as it was y@th the wide cones.

fhy wasn’t it surprising?

4R 042
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Well, because we optimized the design in those
tests to get the most uniform distri“ution we can, so anything
you do to {t brings it off optimum.

Bul the important results were, one, there were
no area’. of the core which received zero flow and second, the
distribution while less uniform was rot all that much less
uni’orimn. The minimum measured flow went down by about 30
percent.

DR. CATTUN: So what you are saying, with these
cones, very narrow cone angle, you didn’t run into any
problems relative to delivery to the core.

MR. MARRIOTT: That“’s right.

DR. ISBIN: On this point, let me be more explicit
and address my question also to the Staff.

Un page 2-28 of the Staff’s testimony thay refer
to 2 review of all operating BWR plants, medifications in the
LOCA evaluation models, were not needed. This was on the
basis of the review of the core spray results.

My question is, who made this review? Was it bSoth
GE and the Staff independently or was it a single review?

Let me ask the question first of Vic Stelle.

MR. STELLC: The statement | think is still true
today. I believe the reviews were made by the General Electric
Company and the Staff jointly. The viewﬁ%h looking at the

BWR plants, except Uyster Creek and Nine Mile Point which

493 043
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didn’t have flooding capability and the ones remaining that
did have the akility, are concerned with the ¢ untercurrent
flooding distribution and the results that would be obtained
with countercurrent flooding indicat>d to us that the real
concern was countercurrent flooding.

In that case the BWRs for which flooding was
included there wés a rather substantiaf penalty imposed on
the way in which the calculation was dene. So that case,
that remains true today.

I share ihe same view as Pat had, that when we
have better data, we prove that we have indeed imposed con-
siderable conservatism in the way we are calculating per=-
formance in those plants.today. o

I believe the nozzles are different in the two
other plants, for which there is no appreciable change in
cone angle in Oyster Creek and Nine Mile. Basically open
elbows were shown to be insensitive in these tests. That
still is true today.

g

s |

« MARRIUTTS That’s correct.
MR. STELLO* This is a quick summary of what we

did and I might ask Pat if he will speak for what thea General

Blectric Company did in its review.

MR. MARRIOTT® Well, Vic, I have nothing really to
add to that, Wwhat you say is very true. We have indeed

Ssystematically tested practically all ofhfhe nozzles now which

46 1
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have ever been used in BWRs and steam environments, to be
sure that there are no surprises and we have run tests in

the full scale facility at as appropriate

when cone angles did change to quantify the effects of those
cone angle changes and our conclusion still holds that it is
inappropriate to make any changes to the evaluation models to
account for this effect.

DR. ISBINt® Now, will this also include Dresden 172

MR. MARRIOTT: Yes. ;

DR. ISBIN®t Are there any questions particularly
with reference t Dresden | which might be affected by the
changes in the spray angles?

MR. MARRIOTT: I should mention that. We have
been evaluating not only Dresden | but all of the so-called
BWR-1s, the very early boiling water reactors, along with
the rest of the BiiRs, with respect to this ghenomenon.

We were not prepared at our most recent meeting
with the Staff wnich Paul Bonner attended to ciscuss the
BWR-1s, soc he hadn”’t had the benafit of a presentation on
that. But first the core spray distribution sysﬁe:s in BW3=1s
?pry in detail from plant to plant.

I don’t propose to talk about then plant by plant
today, but we have tested nozzles of ths types used in the
W3-l reactors. The data reduction is ngt yet comriets. ’hen

ft is complete we will assess the effect on the BWR=1s 25 we
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have for the other reactors.

If there is a potenfial concern indicated we will
notify the customers and take appropriate actions through the
normal licensing channel. The systems, however, are roughly
similar to those used in the later reactors. That is, they
are ring sparqger systems with a nutber of nozzles, so it is
quite likely that my general comments with regard to super
position and so forth hold true with respect to thes BWR=ls
as well as they do to the later reactors.

DR. IS3IN: What is the position of the Staff with
reference to BWR=1s?

MR. STELLO: [If General Electric Company is doing
some new work [ assume they will also make sure that the Staff
is informed of any results that they have. At the uwouent we
have several of the older reactors, and by that let me just
say earlier that Oyster Creek under review includes Big Rock,
Humboldt, and so far we found no reason to changs anything ue
said thus far, but I would have to leave the futurs open tn
what the future holds.

When we finish the review we surely will keep th:
éCRS informed as to the results., [ have no reason to specu-
§ate there is any serious problem,

DR. ISBINt One more question in this arsa, Pat.

The ACRS, particularly through {ts subcommittees

involved with reactors and emergency core coeling systems, has
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been meeting with you. ' Lt

At ‘our last meeting I recall your making a state-
ment that you would include both the pluses and ainuses in
the evaluations of emergency core cooling systems. In retro-
spect, how did it come about that the ACRS Subconmittee was
not Informed on this particular topic?. Was it the Coamittae
members and our consultants weren’t astute enough to ask the
questions, or was it perhaps your thinking that this was a
trivial problem or what? But what do we 'earn from this ex-
perience to [mprove the communications?

MR. MARRIOTT® OQkay. That is a good question.
Clearly the ACRS cannot be actute enough to ask questions
about something that théy don’t know about. I would not
call this a trivial concern, either. Indeed we have devotad
a falr amount of manpower to studying it, but we have not
interpreted it as a safety problen.

Clearly, the offects on BWF design are significant

and we are going to benefit greatly I %hink in the design of

(%)

the subseguent ZiRs from what we have learnad on this, but ine
asmuch as it didn’t represent to us a matter of burning safety
sigificance, we have simply net brought it uD.

Ne have notified the Staff and we have been working
with them in an orderly manner to understand the effects more

precisely, but neither we nor the Staff have sean fit to, for

example, take action to account for it in the models.

L5 G4/
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action toilmpose more restrictive limits and so forth, becaus2
we don’t believe it to be a sfgnificant concerne.

MR. STELLO: Herb, I think the Committee and thes
Subcommittee and the Staff, in that we can be blamed I suppose
to the Staff for not bringing this to the Comnittes’s atten-
tion in a forceful manner.

The Staff has taken steps some time 250 to be sures
the Conmittee is fully informed with respect to our inspections
and our meetings w;th the vendors. [ made sure the meatings
that were referred to were sent to the ACRS and they in fact
were sent.

However, I think perhaps in retrospect what we
should have done {s cail'ed this more forcefully to your
attention and we wa2re negligent in doing so and | apologize
for not doing so.

However, I think what we wera preoccupied with
was the new pnenomenon which we felt was a much sore serious
congeirn for which the penaltiss were much mora significant.,
That was countersurrant flooding. In our viaw a model whora

you codld stack up water over “he core of several feat, up

concern that we needed to focus on.
The true concern a2t that tile was countercurrant

I recall, that is the phenomenon wa forcefully brought to the

A)u‘

ficoding and how to directly account for that phenciienon. As
|
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Committee’s attention and perhaps in focussing and concen=-
trating on that particular aspéct of it we were negligent
for not saying, oh, by the way, there is another matter that
has come up and didn“t bring that to your attention as force-
fully as we can.

We will try very hard in the future to make sure
that we interview the systeu to make people more awars of
these problems. Although I think you have to agree that
perhaps it is useful for the Staff to act as kind of a filter
mechanism and bring really important 1ssues‘to the Committee’s
attention and hold back some that -- although we can wake then
avajlable to you, but don’t make as big an issue out of the
lesser important issues.

DR. ISBIN: Thank you. Thank you, Pat.

MR. MARRIOTT®* Thank you very much. [t was a
pleasure,

DR. ISBIN® Qur next itenr starts with tha 3taff.

MR. Do RUSSt My nams is Denny Ross.

With respect to agenda item 3 we wanted to talke

item B first and talk about the BW2 pump overspeed and I would

"like to note also, sometime this and the EPRI repressntative

would be available to discuss EPRI’s research eon this. Whan
you get there, [ would suggest we find a place for him at that
time.

DR. IS3INt All right,
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MR. KLECKER®* My name is Ray Klecker. [ am
with the NRC Division of Uperating Reactors.

My subject today is the reac*or coolant pump
overspeed and flywheel missiles.

You might'note from the title that the first
part of this, pump overspeed, will pertain to boiling
water reactors as well as pressurized water reactors,
but that the flywheel missile part of it will pertain
to pressurized water reactors only since thg boiling
water reacteors do not have flywheels.

I would like to start with reading the
allegation uy Mr. Pollard.

‘ctually his.;llegations were contained on
several she ts, I have taken the libei'ty of excerpting
from that, and I believc I have covered a few of*his main
points.

Ons, there is the existence of a generic issue

and, two, that the NNC is proc

v

eding with licensing
facilities wnile the issue remains unresolvad.

“is allecgatien, or at least the excerpt of

his allega ion, reads as followss

As a result of thes reactor coolant 3ystem pipe
rupture and the blewdown of reactor coolant to the reactor
coolant pump, the pumo imp2ller may act qs’a hydraulic

turbine causing the purs, mctor and flywheel to overspeed

iR 0
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and become potential sources of missiles.

The potential for missiles from pump overspeed
renains an unresolved safety problem for Indian Point 2
as well as other plants.

This particular issue was under review in depth
by the Staff some three years ago, and'at that time we had
a serfes of meetings with all of the LWR, that {s the light
water reactor vendors, and subsequent to those meetings
we prepared a Staff report which was presented to the ACRS.

The date of the report is August 3, 1973, and I
believe that the date of our presentation was August 8th
or 9th of that year. I am not sure of the exact date.

Mr. Pollard himself was a participant in these
meetings and also had an opportunity to contribute to our
report to the ACRS.

Since the subject was discussed with the ACRS
at that time in some detail, I am planning only to go into
it briafly today.

"However, if the subcommittee wishes, I will go
into it at any depth or any aspect of it, at your desire.

I have additional slides here which can be used
for that purpose, if you want to take the time to use then.

I might just at this time put a slide on here
which gives the conclusion as indicated in-our report of

~ .

Auqust 3, 1973, [t states as followss

48 51
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We believe that because of the small likelihood
for the occurrence of a pump overspeed event that could
seriously increase the consequences resulting “rom a !nss-of=-
coolant accident, the action being taken by the Staff to
assess this problem in a generic fashion outside the
context of individual application reviews is an acceptable
course to follow,

Jur conclusion today is essentially the szue
as it was at that time. And I have a slide here which very
briefly gives the bases for that particular—conclusio'.

(Slide.)

First, flywheels are simple devices. That is
the stresses and stress intensities can be calculated to
the degree of accuracy required.

The geometry of a flywheel i{s essentially a
flat plate.

Cf cours=, it is machined to be a flywheel,
but the surfaces are all available for inspection prior
to assemblv.

[t can be built without welding and, as a

consequence of these items, it is easy or relatively easy

to contrel the quality of the flywheel,
Humber two, the material properties are known
and specimens from each or the same plate a&s each reactor

flywhz2el are tested to determine its specific properties,

480 (52
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and I might point out that gengrally the materjals used
for flywheels today at least are very tough materials of
essentially the same grade as used in reactor vessels and
in many cases it is exactly tha same material.

Number three, the Staff has had a Regulat..y
guide which {s now numbered l.l14 — it was originally
Safety Guide 14 = which addresses the design and
inspection of flywheels.

Within that Regulatory guide we request from
the applicants and ultimately from the varléus vendors
topical reports addressing the sub ject.

In these topical reports we would ask for
design bases and the vendors” critcal — the vendors”
calculations of the critical failure speeds.

I might point out there are about three
potential ways in which a flywheel could fail if it was
overspeedsd to some unlinited degree.

One is it could fail ductilly. That the
material reaches the yield strength and yields.

Numbar two, it could fail in 2 non=ductive
manner. That is if it had a flaw in it to begin with.
it could fail ductilly. |

Here we request vendor to do a fracture
mechanics analysis.

The third way in which it might possibly fail
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is as the flywheel overspeeds the interbore region will
tend to expand first and reach yield and, as a consequence,
the flywheel may lose an undershaft, to some extent to
become unbalanced.

These three areas we are asking the vendors
to address in their reports and, of course, the Staff
will review them.

Next item, flywheels are spin-tested at 125
percent speed.

This is a requiremer* of the Reg&latory guide
and, further, we ask for in-service inspection as well
as the pre-service inspection that I mentioned a little
earlier. 3

On the in-service inspection we understand that
flaws less than == or up to one=half inch or greater can
be detacted, such that even {f flaws were to develop
in service, we have a confiderce that they would never
exceec, say, a half inch in depth.

Flaw growth rates have been calculatsd 2nd
found to be extremely slow in service, so that aven between
periods of inspection, we would not expect flaws to exceed,
say, 3 half inch.

This at normal operating speeds is really no
problem becaus:z the critical crack size Es’the orcder of ==

let’s say several inches or more.
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The fourth item, the only potential nechanism
for significant overspead is the loss-of-coolant accident.

I have under.ined the word "significant" because
1 am sure all of you can imagine turbine trancients can
drive a flywheel or the pump itself and, as a consequence,
the flywvheel, to some degree of overspeed.

However, the magnitude of tﬁose overspeeds are
quite within the design capability of the flywheel and the
motor itself, so they are really not of concern.

The only oversneed of real concern is the over-
speed as a consequence of a LOCA.

' Number 5, we say the specific LOCA probability
iz low. By this I mean-that the only LOCA, loss=-of-coolant
accident that will result in a very seriocus sverspeed, is
the complete severance of a pipe and the pipe offsetting
such that we have essentially unimpeded blowdown to the
contajinment environment.

If the pines do not separate or if we have only
crack type flaws in the pipe, even fairly large ones, then
the overspessd problem diminishes very rapidly.

We have put a prcbability here of somawhat
between 10 to the minus 6 and 10 to the minus 5 per
facility year for this type of rupture,

In addition to that, the B¥R plants in particular

that I am familiar with have a restrainfiéystem. By this I

459 055
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mean it is a system to limit the offset of pipes, should
there be a ruﬁture in the primary coolant system.

Now, these restraints are not rigid against the
pipe such that there can be some ooening of the break area.

However, it is difficult to envision a full
double-ended break.

The third itenm of probability is that missiles
from the flywheel wou.d cause additional damage to the
plant over and above what was caused elreaqy by the LUCA
an., 45 a result, the consequences w»ould be more severe
than what we now analyze.

We have placed a prob=bility of s~am~thing like
10 to the m’nus 3 to 10 to the minus 2 on that.

The overall probability then is a range of
somewhere between 10 to the minus 1l and 10 to the minus 8
per facility year.

how, we noted in our report to the ACRS that
even {f we were off by a factor of 100, that (s, we would
reach a probavdjility of something like 10 to the minus 6

per facility year, we felt that we could still procezd with

_the licensing of plants because this probability was low

enough for an interim period.
I might make one observation on the side here.
That is, subsaquent to our preparing these numbers, the

Rasmussen Safety Study GCroup came out with what is known as
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WASH=1400 in which they also addressed the same subject.

Ouf approach was somewhat different from theirs.

However, I believe that we arrive at essentially
the same conclusions.

Their net result for this particular sequence of
events is two times 10 to the minus 6 per facility year and
I think in view of the uncertainties involved for the
numbers, that is pretty good agreenent with what we have
presented earlier. - ]

The sixth item on the slide is.present analytical
calculations are conservative. By that I mean all of the
vendors and the Staff in our calculations have used more or
less idealized analytic;i procedures because we do not
have sufficient test information to treat certain of the
phenomena we expect to occur.

In each case we have been, I believe, overly
conservative and these EPRI tests that Mr. Ross alluded
to there, I believe, ultimately should demonstrate the

deqrae of cecnservatism we now feel that are in the

I have to admit that we are still speculating
at this time. Ws have no positive proof but it is just
intuiticn and Xnowledge of other aspects of pump performance
and that leads us to belisve th: 'wo-phasé flow through the

pump is going to be less efficient in driving that pump as

Y 057



O v O g9 O v s W N -

A W N e

(9]

57
a turbine and, as a consequence, the mechanical engineering
in the flywheel is expected to be less.

The seventh item I have on my slide is that
electrical braking can limit overspeed.

Now, this, again, can be argued with to soe
extent.

If you will recall in Mr. Pollard’s allegations
he specifically stated that there were people who disagree
with this approach..

I think the reasoning behind thi; disagreement
is that the electrical braking, as it is now installed in
plants, does not mneet the IEEE criteria.

That is the switch gear and controls are not
Seismic Category l. It is not single=fajilure-proof and
the pump motors are not qualified for the LOCA environment.

In Mr. Pollard’s discussion, or at least earlier
in the paper that he wrote, prior to our presentation to

1773

the ACRS in

« Ne did di

n

cuss these issues, and at that
tite he pointed out that the pump motor could probably be

expectad to survive at least for the 20 secoends during blow-

down, so that that wasn’t the mair issue, but what he was inost

concerned with {s that the switch gear, of course, was not
single=-failure=-proof.
We have considered this matter previously in

our reviews with the vendors and among ourselves and we find

480 058
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that it would be extremely difficult to make this heavy
switch gear comply with all ofithe criteria that I think
Mr. Pollard would like to see.

For instance, the main breakers for the coolant
pumps could not readily be put in parallel wilhout
Jeopardizing the normal protection of the pump motors
themselves.

That doesn’t mean that certain parts of
electrical braking schemes could not be made to complys
but, again, this was discussed with the ACR% earlier.

Despite all the limitaticns of electrical
braking which we in our paper to the ACRS acknowledged,
we still feel that the électrical braking can go to a
reduction in overspeed that would be contained in the
event of a ma jor loss-cof-coolant accident.

If electrical brakfﬁg does work, the problem
is probably noot, simply because the overspeed that

would be reached would be the order of perh

i |
)
(8]

ps 5 to 10
percent which is well within the design capability of the
particular pump motor and the flywheel,

So, in conclusion, we do consider the pump
overspeed issue to be resolved on an interim basis, so
that we can proceed with licensing of facilities.

We do believe it prudent, however, to obtain

two-phase blowdown information, test results and so forth,
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to better understand the phenomenon and to determine the
efficiency of actually converting to hydraulic energy
to mechanical energy.

That more or less completes my presentation.

I will be happy to answer any questions.
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DR. ISBIN: Do I understand EPRI will cover some
of the experimental parts?

MR. D. ROSS: Yes. Tom Fernandez is here. Perhaps,
you would like to go directly to his statement.

DR. ISBIN: One aspec* he might want to consider
and answer later, Ray, your report of, what, 2-1/2 years ago?

MR. KLECKER: Yes.

DR. ISBIN: ﬁas a very good report and the ACRS
members did indeed study that report. 1I think what we are
trying o do in this particulargmeeting is to give an account;
ability of what we have been doing, to point out, however,
that perhaps we have not tackled some problems as vigorous-
ly as they might have been tackled.

One item in your report, as I recall gave a
schedule for testing. You are far behind that schecdule ncw.
I think scme comrents should be macde or the spred in
witich items are resolved. The experimental data base
obtain~.d. This would be the time to do it.

MR. STELLO: I agree it would be tie time. I
noticed Pz. Kouts was here a moment ago and he is gone.

I will try to answer it. I think I have to share your ob-
servation that it would have been more desirable for the pro-
gram to have proceeded on a schedule qh;ﬁ gives us results
sconer than we somehow have gotten on track with. I think

that the priority for which programs are funded and the

481 Ug 1
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schedules that are set and the money allocated for each program
is one that causes the schedules to vary the way that they
do. )

In retrospect, I don't know that there would
have been a way to rearrange the priorities with the avail-
able budget to have caused this program to have given us the
cata sooner then it seems to. I think it is the classical
story of liﬁited resources. We just did not have sufficient
funds to start the program moving vigorously enough to get
us the information.

However, I think things now look better. When
EPRI gets up, the program is in place and it is moving,
although I gues:s I just have to agree, I would have liked
to have seen it move faster.

Maybe, if you want to ask the question again with
Dr. Kouts back, he might want to add something to what I have
said.

DR. ISBIN: No. Let's go on with EPRI. What was
the last name?

MR. TERNANDEZ: Fernandez.

DR. ISBIN: Would you want to come up?

MR. FERNANDEZ: I am a program manager at EPRI.

I regret to say that due tq_?tavel schedule and the
short notice about this meeting that my remarks will be

presented in an informal fashion., I will try to do the best

4;21 hior»
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I can. And I will try to address the two comments that you
just made, Dr. Isbin.

EPRI currently is sponsoring four research pro-
ject. in the area of coolant pump behavior under LOCA con-
ditions. These four projects, the funding support for them
amounts to approximately $1-1/2 million, which reprasents
a significant commitment cf our safety budget in this area.

And the projects, as currently laid out, should
be ccmpleting their schedules between late 1976 to the early
to middle part of 1977. So, we are trying to proceed with ali
due haste, in this direction. The project includes both
large scale pump . model tests, as well as small scale pump
model tests. It also-includes both fundamental analyses,
as well as what you might call engineering model development,
verification and application.

Now, if you like, I can go through a brief hop,

skip and a jump throuch the four projects we are sponsoring

-

2% could entertain questions.

DR. ISBIN: Let's take the guick jump.

MR. FERFNANDEZ: Okay. The first and probably
larger project is being sponsored by Combustion Engineering
and EPRI at Combustion Engineering. It predominantly involves

testirg a one-quarter scale model pump under both single and

two-ptiase conditions. There is a phase of testing that

includes steady statc tests to characterize the pump performance

153 1.
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under'single and Phase 2 -- single and Phase 2 conditions
and that will oe followed by some transient blowdown tests,
with this pump, to obtain information on the behavior under
transient conditions. The status of the project right now
is that shakedown tests on the loop and the pump are in pro-
gress and we hope soon to be into the Phase 1 testing.
A second project, which is in direct support

of the CE project, is béing conducted by Creare in New
Hampshire. The Creare project will perform scale model test;
with a 1/5 scale.of the 1/4 scale, CE pump. Therefore, it
would be essentially a 1/20 scale model of the large pump.

In addition, it will perform tests on a 1/20
scale of a B&W pump. The test loop is a mock-up for the
CE pump test. They have a mock-up of the CE test loop, so
that we will be investigating the nature of that lecop as
well as the pump. And the same will be true for the small
scale tests on the B&W system. Tests will be performed wit"
an air-water system. Later on I think there will be an-
other lcocop that will be constructed that will be able to go
to higher pressures and test under steam water conditions.

That project alsoc includes some phenomena of
ecological analyses and some model development, as well as
a review of the state of the art on multi-phase behavior in
pumpts,

The third project that is being performed by

459 .
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Babco&k and Wilcox: It essentially utilizes their test data
obtained on a 1/3 scale pump, with air water conditions. It
includes approximately, I think, 500 steady state data points
and about 250 to 300 transient data points. Don't gquote me
on tﬁose numbers, but they are approximately right. And
essentially what they will be doing is constructing
homologous curves for thepump, both head and torgue curves,
feeding those into a puﬁp model ard then later on taking that
model and using it within the s stem calculation to assess
the pump behaviof under transiernt LOCA conditions.

The fourth project is L=2ing conducted at MIT.

It is a small project. It is essencially addressing anal-
yses of the pump under two-phase conditions.

DR. ISBIN: All right. rine. Thank you.

DR. PLESSET: Who is setting the scaling logs?

Is the MIT group going to do that? Also who is going to
compare tne significance of air-water tests with steam water
tests and the effects there?

MR.FERNANDEZ: The scalinjy question is being addresse
primarily by Creare. We are obtaining data on different
model tests. I should mention that CE and B&W will
also be looking at this gquestion, both questions, Professor
Plesset. The scaling, as well as the xeiative behavior of
air-water versus steam-water.

A part of the CE pump testing == I don't

49 055
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want to say that. The CE-EPRI pump tests will be followed by

some KWU-CE pump tests, and in that program they will be
testing both 1/4, as well ag a 1/5 scale model pump, so that
we are trying to obtain data on -- we will be obtaining

data on 1/2, 1/3, 1/5, and 1/20 scale mocdel pumps.

MR. ETHERINGTON: You evidently expect to show the
pumps will not overspeed to the point of disruption.

MR. FERNANDEZ: We will be addressing the pump
overspeed questiqn in the CE pump test program.

DR. ISBIN: The staff's posiéion is, I beliave,
you expect from the tests to show that the pumps will not
overspeed to the extent they were calculated in Ray Klecker's
report. This has to ge verified. This is on the basis
also of a Westinghouse report, WCAP-8163, which the staff is
reviewing. The staff does note that they expected additicnal
data to confirm the calculation of this repcrt by December of
'76. Does this tie in with, or is this another set of
data?

MR. FERNANDEZ: It probably ties in with the
schedule for the CE pump test program and we hope to main-
tain that schedule as close 3s possible. It is going to be
a difficult testing program. We are going to try to bring it
to a conclusion as soon as possible, around December of

'76.

MR. DOCHERTY: The data you we e referrint to,

thae data that you were referring to in reference to the

5w | H1d¢
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WestiAghouse'WCAP 1s an independent study data. It is being
deveioped from pump tests that are occurring in France,
conducted by Framatone.

DR. PLESSET: Where? Where are those tests?

MR. DOCHERTY: In France.

DR. PLESSET: It is a big country.

MR. DOCHERTY: I believe scmewhere near Marseilles.
I can get the specificsvif you wish,

DR. ISBIN: Thank you.

MR. deTS: Herbert Kouts.

Dr. Isbin, we did have a pump test pregram i 1973
and in 1974. Because of limitations on resources we had to
decide where to place the emphasis in our program, so after
we discussed matters with EPRI and foudn whare they were
trying this, we decided as a matter of emphasis we would put
our resources in a plenum £ill experiment and they would
take care of the problems, and this is the cut we have had
since that time.

DR. ISBIN: Thank you.

We are pretty close to schedule, I think we will
move on.

Thank you. It is suggested that we break until
11:00 o'clock. n..

(Recess taken.)
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DR. ISBIN: We will resume the meeting now.

(Slide.)

MR. KNIGHT: I am Jim Knight, from the Regulatory
Staff.

Our next topic concerns the allegations of Messrs.
Bridenbaugh and Hubbard shown on this first slide.

The emphasis lines supplied by me.

The essence ;f this allegation is that the postu-
lation of a pipe rupture in the vicintity of the reactor
vessel nozzie réferred to here as a nozzle break could
yield incalculable results due to large lateral moticns
or even tip-over of the reactor ve:sel.

The allegation states thes gross vessel motions
would be due to instantaneous pressure wave that would build
up between the vessel outside surface and the biological
shield.

We believe this is more accurately characterized

is nonasymmetrical delta Ps that arise as a result of st

1]

am
flow into the cavity.

An”, finally, the allegation implies that these
are new cconcerns and that the NRC Staff dées not require

evaluation of the phencmenon associated with pipe rupture at

the vessel nozzle.

(Slide.)

The NRC Staff response made three primary points.

4J5:~ G:‘B
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First, despite the very low probability of a full
pipe rupture in the reactor coolant lines, protection against
breaks postulated to occur-at the juncture to the vessel
nozzle has been 2 design requirement for all light water
reacibrs for many years.

Secondly, the external pressure differential
effects referred to as instantaneoug pressure waves is
only one of the three lcading phenomena that must be
evaluated.

Reaction forces, and internal differential
pressures must also be considered where appropriate.

And finally, that the natural resistance to motion
stemming from the high inn.: shaft massive somponents coupled
with the resistance from support systems, piping and seismic
restraints result in small vessel motions, yielding results
calculable by common techniques in fluid and structural
mechanics.

(Slide.)

Just to put it very gquickly in context, a very
simple picture of a pressurized water reactor vessel.

The pressurized water reactor vessel, this happens
to be a Westinghouse vessel, the vessel sitting down within
the biological shield.

Not shown in detail here, this type of vessel

would be supported by a nozzle support, sitting right up in

1838 069
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this region.

We take a closer look.

(Slide.)

The vessel taken out of the cavity, with the loca-
tion of the supports, depending upon tne vendor they either
be as shown here resting directly on the concrete.

They may rest on a shield tank, or may have columns
going down to a concrete support near the base of the reactor.

However, they are all nozzle supports, all current
pressurized water reactor nozzles are sgpported. )
This is a similar view of a boil;ng water reactor.
(slide.)

This is the full 360 degree support.
Not shown in great detail also would be lateral

restraints, primarily seismic restraints, which typically

would be in the vicinity of the upper porticn of the shield

wall.
(Slide.) |
To give some further insight of the Staff review
of this matter, Mr. Vincent Noonan of the Regulatory Staff
will run through the situation on the more difficult locading
case, that of a pressurized water reactor.
(Slide.)
MR. NOONAN: I would lik;.éo start my presentation

by giving you a rundown of the typical pressurized water
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reactor support, the ones we used in our analysis and also
to tell you about the conservatisms in our analysis compared
to the acutal support.

what we see at the top, we are looking into the
reactor nozzle, fron the reactor head.

This part is supported by socket plates to some
cap screws_ahd some dole pins.

In this particular version there is a threaded ball
point that sits_in the lower sliding block. .

On the side here, before any igad can be reacted

there is a gap into the hold-down pins which are carried by

the shear key and the vertical load carried out by the

'

vertical cap screws.

This is part of a redundant support system because
in the analysis done to date, these hold-down cy/p plates
in the end have been remsved and we have looked in analysis
where it's free to move this way or this way without any

restraint.

That's a small version of the vessel. Only half-inc

The large support would be provided by the large
Piping systems.
An idea of the type of loads.

(Slide.)

There are three types of loads. The first one is

called the asymmetric internal pressure loading on the vessel

463 071
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due to a cold leg nozzle break.

It can be noted during the first 25 to 30 milli-
seconds this type of load is very, very transitory.

In fact, if you lock at the load, it's four times
with relaxation occurring within 25 milliseconds.

In fact, you can get a complete locad reversal.

After that time, from 25 milliseconds out to a half-
second we ége a typical expedential decay, a classical
textbook type of decay of the system.

A third type of load-second type of load is what we
call the asymmetric extern:. pressure loading.

Again, this load is very, very short time duration,
occurring in about 60 . milliseconds coming in a steady type
load around 200 millisecoris.

Once we reach this plateau, this is well within

the limits of the support by itself.

(Slide.)

The £final locad that we consider in the analysis,
we refer to it as the jet reaction force, again we see the ;
peak occuring within one millisecond.

Very rapid drop=-ocff.

A stabilization of approximately 900 kips of force. |

The oscillations out here -are due to the pipe

dynamics.

The pipes are constantly in moticn while this force
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is being applied.

(Slide.)

To give you a brief rundown on the analysis and
results of our analysis, looking at the pressurized support,
horizontal load is applied to the nozzle, reacted to the
socket plate, threaded ball, sliding block, eventually down
to the concrete support sector.

Due to the transitory nature of load, all of it
remains within the elastic limits of the load, except for
the cap screws shown here. P

There are six cap screws. And the analysis shows
only two of them go in i: less than six milliseconds' time.

I might note, ~he definition of plastic in cur
analysis is nine-tenths £ yield.

(Slide.)

Pinally, to shcw ycu the final benefit of conser-

vatism used in the analysis, we assume a one millisecond break

time and a 144 square inch break area.

The analysis ou the pressurized water reactors
have shown this is indeei conservative.

The piping system analyzed herc took from six
milliseconds to get %o 40 inch bresk time, and average wut
around about 40 square inches.

In the analysis, again we ar=2 using l44 square

inches.

iy g7
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1 This is less than one-third of the value of the
2 valges for the analysis.
3 In summation, I ﬁight add that because of the
4 original conservatisms used in the design, we find that due
S to the -- in spite of the high load we now experience in this
6 new loading that the support itself is well within the
7 limits, very capable of taking this load, and that we see
8 close motions of less that two-tcnths of an inch of the
9 vessel. i
10 MR. KNIGHT: To summarize the Staff's response then,!
1 we feel very deeply, I feel we have a strong basis for saying
12 that the spectra of catastrophe that is portrayed in the
13 allegation simply hé; no basis in fact.
llh DR. ISBIN: Just to be sure, your presentation is
15[ covering really A, B, and C?
16 MR. KNIGHT: Yes.
|7; DR. ISBIN: So this is meant to be complete. ;
lsg MR. KNIGHT: Yes, sir. ;
19 DR. ISBIN: All ricght.
20 Are there any questions?
21 DR. CATTON: One, on the assymmetric external
22‘ pressure loading due to the cold leg break, is this cue to
22 the flow into the annulus, between the.vessel and the wall?
7‘h MR. KNIGHT: Yes. That is a point I should have
~edersl Reporters, Inc.
25 made rather quickly.
489 074
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1 DR. CATTON: The forces seem to be so smooth,
| 2 whereas the flow rates seem to be different.

| 3 MR. KNIGHT: Perhaps some of the follow action
i . 4 from the céntainment system could go deeper into it but I

5 think that is primarily from the fact that the analysis, it's

6 a multiload analysis and hence it tends to smooth out at
7 peak values.
8 I think you can actually see in reality peaks

9 below this.

10 It's an envelope. L

~

n DR. CATTON: Okay. So essentially it's integrated,

12 over part of the vessel wall.
13 MR. KNIGHT: Yes.
14 DR. ISBIN: Vincent, these analyses were made by

15 who? The Staff is critically reviewing analyses, but whose

16 | analyses are ycu presenting?

17| MR. NOONAN: The analyses are based on Westinchouse |
18 and Stone & Webster for the North Anna case.

19 | DR. ISBIN: Now the question of vessel support and
20 the subcooled blowdown lcad, was raised in the spring of last

1.1t year.

-
e ————— - —————— ————

22! MR. NOONAN: Last year. That's right.
23‘ DR. ISBIN: The Stz€f has been loocking at the guestion
2‘f as posed for a specific reactor, but has now concluded that thist
= regeral Reporters, Inc. |
25| is a generic problem?
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MR. NCONAN: That's correct, sir.

MR. KNIGHT: If I may address that, I believe very
early in the game we came to the conclusion that it should
and must indeed be reviewed on a generic basi-.

And the Staff review proceeded initially to look at
the case, North Anna case, in greater detail, while simultane-
ously looking at all other vendor sdpport systems and our
appraisal was based first on looking at the original design

bases for these supports. -

The original design lcads used for the supports,

in the realization that phenomenelogically the loads are of

a similar magnitude.

“«rr

In doing so, we fowld indeed the lower design loads
were used for Westinghouse plants because they used a far more
sophisticated analytical technigue.

Others, rather than investing time and money in
the more sophisticated technique, tock a much figher original

designed within elastic limits within thas,

£

design lcad an:
a typical engineering approcach.

For purroses of immediate comparison we had the
support or the vendor's approach that gave us the lower
design loads.

We looked at the responsive systems designed to

those lower loads first to see if there was indeed a major

problem.
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We concluded from these analyses, from original,
more simple analyses and the in-depth analyses, that these
were not the case and we therefore have the confidence that
those supports designed to much higher original loads, even if
subjected to an incremental load, still do not put you in
a situation where you have an immediate cause for concern.

DR. ISBIN: But just to follow through on the
chronology, you .identified potential problems, the consequences
were not yet evaluated, but you came to the conclusion that
this could be a generic problem, but wasn't it until December
perhaps, that 'etters went out to othe# Applicants to review
their vessel support systems?

Or was it earlier and in a specific case where
one Applicant was applying or going from 80 percent power

to 100 percent power? They had not even completed their

analysis. i

I'm just trying to have you ascertain whether the
substance of what I'm saying is in place or not, and you can
modify it as you think appropriate.

MR. KNIGHT: Very good. Of course, what is missiné
in your scenarioc is the fact that within a very short time, |
after learning, if you will, on the North Anna docket that
this is a possible problem, the Staff had made its own

immediate assessment of the magnitude of the problem, and had

not simply put on blinders and let things go on until when

48y, 077
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the eventual _etter went tout to all the vendors.

By the time the letter went out to all the vendors
we feel we were in command of the knowledge necessary to
ascertain that there was rot an immediate safety problem,
in that you "ould get loads sufficient to cause gross
vessel motion.

What was now needed was to ascertain by virtue of
the lettef that went dut and others that are going out and wil
come out, that the design margins that are appropriate
are still raintained. Ay

I am differentiating between a situation that is
an immediate s:fety problem and one where we want to restore
design -- resture appropriate design modules that may have

been infringed upon.
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DR. ISBINt One final question in this regard.

Does the Staff have access to any independant
evaluations for these loads?

MR. KNIGHT® We have two programs underway. une
at Aerojet Nuclear and one at [ beliesve Arnold Research.

MR. D. ROSS: In addition to doing some technical
assistance work‘at Aerojet, there are fwo other locations
where we are séekinq independent aid. One is at Sandia,
where we are asking them for specific assistance in reviewing
the Westinghouse reﬁort on the multiflex code, and assistance
in doing some independent calculations with the Sandia code.
Its name, I believe, is CSQ, but I don’t know what it stands
for. It is a general multi-property mechanical code.

Also, Arnold Engineering Center in Tenness:e
where we started to work about a month ago on the effects of
subcocled loads on fuel asserblies. All this work is at best
a few montnhs old and theres is no progress to report at this
date.

In addition to that, we are doing soa2 work in=-
house with the WHAY code. Along this line, we are setting

up models of each PWR type. That is, one per PR vendor,

{2 initiate blowdown and follew some of the pressures zs 3

rather simple matter. It would not reproduce as is some of
the hydroelastic results that llestinghouse.might get.

Now, Dr. Kouts is here. He mIdht like to comment

WL 079
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further on further work or research in this area of a longer
range. ' .

The ‘work I“m speaking of is Los Alamos, doing both
analysis and experiments on subcooled loads and doing some
-— planning some experimental verifications.

MR. KOUTS: This work is very early. ile don’t
have anything: Lo report.

DR. CATTON: Can I ask one more gquestion about this

diagram you showed on the asymmnetric external pressure loading..

Nho did these calculations? Did I hear yod‘say Nestinghouse?
MR. KNIGHT: What is shown here are calculations
accomplished by Westinghouse. In the particular case, on the
external, what we refer 'to as the exterral force or nonasyi-
metric external pressures, the Staff doces an independer.t
analysis to confirm the pressures that are calculated.
DR. CATTQH?* Do you know anytring about how it
was done?

MR. KNIGHTs [ would like to refer

or
Q

1

[
=
L
Ui

)

w
W
)

from the Containment Systems Eranch who ars resady t ¢ at

«r
Q
wn
O
©
(%3]
A

great length on that matter.

DR. CATTGNs [ don’t need any great length.

MR. KUDRICKt Jack Kudrick from the Staff.

e as a matter of course do independent evaluztions
on reactor cavity analyses. W2 normally use the RELAP-3 pro=-

-

gram as our basis for the nodalization and the detajiled

451 0an
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calculations.

DR¢ CATTION: This Qould be between the vessel énd
the concrete wall.

MR. KUDRICK: That’s correct.

DR. CATTON® Most nodalization [ have seen done
with RELAP is very coarse. Here if it was too coarse you
would tend to'underpredict pressures.

I aﬁ curious now fine a nodalization did you
use? :

MR. KUDRICK® Nodalization sensitivity studies
have been done with nodes ranging from & to a dozen nodes
all the wav up to 75 nodes, in this angular region.

UR. CATTGNt "Okay. Thank you.

DR. ISBIN® With reference to the nozzle break,
was i% the implication in the statement by the 3 GE enginears
that the nozzle itself might rupture from the vessel?

MR. KNIGHT® No, sir. [ don’t believe that to be
the case at all. With a minor bit of facility, if I can get
Sack to the slide showing the allegation, they specifically

discuss past experience with primary piping systeins, cracks

are most likely to occur at the vessel safe end, which is

W

orsak.
(Slide.)
There {s no issue with the postulate that is used

which is a pipe rupture at the nozzle,
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DR. ISBINt But two questions.

2 N¥hat is the Staff position with reference to a

3 disruptive pressure vessel break in which the nozzle comes

4 out? That is one question.

5 Second, if you have a nozzle break which_}i the

é equivalent of the diameter of the pipe, has that been

7 specifically included in your analyses?

8 MR. KNIGHT®* To address your first question, does
9 the Staff require evaluation of a failure w@ether the nozzle
10 is blown cut of the vessel; the answer is ho. The credibility
11 or probability of occurrence is we feel well estavlished in
12 the failure of reactor pressure vessels to be far below thes
13 level required for evaluition.

l{ I am not sure I get the full impact of your second
15 question. If there were a nozzle break of the same flow ar=a
16 as the pipe =

17 DR. ISBINs Yes,

18 MRe KNICHT® The analyses ars not particularly

] sensitive to = in my own view, rather than oreaking right at
20 the pipe safe end weld, they break Uup @ little bit toward

21 the sarfe end — we are talking about relative inches, and the
22 an2.ysis would not be sensitive to that type of change.

23 DR. ISBIN: Harold, maybe ycu can ask the guestion

24 better than I.

e

25 MR. ETHERINGTUNT [ think you asked tne Juestion
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and I think the answer [ agree with completely.

DR, ISBIN: All right. Thank you very much.

Professor Leahy.

DR. BUSH: Harold, were you intending to a3k
Bill Cooper what his opinicn of a probability of this event
wae ?

MR. ETHERINGTONt To my satisfaction.

DR. BUSH: Would you express an opinion on the
possibility of a blowout, not in the safe end necessarily,
but in the nozzle per se? ;

MR. COOPER* Bill Cooper, Teledyne.

I think if you are talking of break in the general
vicinity of the nozzle, to adjacent pipe, it is most likely
to occur in that safe end region and I think {t is unimportant
to differentiate where in that safe end region.

The other thing that we have ~-udiec with respent
to in=-service inspection results of cracks in the vicinity
of the vessel ragicn of the nozzle, it is extremely unlikely

that any tnrough crack propagating from those areas would

or

have significant cross=-section, as comparasd to this area

= 3

which is of cinsiderably lesser strength.
Tris generally results from the fact that the
piping forces are treated quite differently by the codes. As

reaw-
rge

O

one moves toward the vessel within the so=zalled reinf

ment limit away from the vessel = as a rough rule of thumb,

4 i
‘,'. g; 5
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at allowable loads, the allowable stresses in the vessel

area are about' 2/3rds of those.in the closely 3djacent piping.
MR. ETHERINGTUN: I think the questicn really was,

what is the possibility of a nozzle popping out like a cork

out of a bottle and lcaving you a hole bigger than the type

mentioned?

MR. CUOPERs It is not the type of vessel failqre
[ would expect with the through penetration type of welds-
that we use in these plants. [ can’t recall ever having
seer one in any other non-nuclear applicatiéns. where that

pop=out occurred, that you describte,
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DR, LEAHYs I am Dick Leahy from RPI. I am
going to try to address what I think you wanted.

It turns out one day when | was investigating
the wonders of my mailbox I found an invitation to
appear here, and I think I understand what you want me
to talk about, and I will try to do so.

(Slide.) '

First of all, for those of you who aren’t
familiar with me, before | became Chairman of the
Nuclear Engineer1n§ Department at RPI I was responsible
for General Electric’s safety program, safety RAD program,
so ' worked quite closely with a number of people, including
scme people that have spoken here this morning and also
people such as Dale Bridenbaugh.

I really think rather than address this
particular subject as a steam binding preblem, I would
like to call it parallel chanmnel effects.

It will include many things, including the
postulated stean binding concern.

As 3 matter of history, when [ was with the
Generzl Electric Company we looked at a number of
experinental <ata which we were taking and others were
taking, which made us believe that the flooding, the
so~called counter-flow current limiting CCL flooding

phenomenon which we found occurred at tFfe top end of our
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bundleé had some implicatinns on the stacking up of the
water in the upper plenum and possibly some implications
on the ability of the REFLOOD from the lower plenum to
get up into the core.

If indeed you could support all this water
in the upper plenum you could postulate a situation in
which you would for sure delay the REFtuuD and also
based on currently legislated models could predict some
damage to the core in terms of meltdown.

So once'we identified this as a real concern,
we launched out on an aggressive program which Pat has
described some of it this merning.

Part of it was analytical. In fact, a large
share of it was analytical because of the lack of data
and the difficulty to acquire {t.

Then we also, in my particular group, launched
out on a program to plan an aggressive experimental
program to address this garticular concern.

Since then [ have ¢gone to Rensselaer Palvtechnic
Institute, and I am still quite concerned with the problem,
and in particular the generic aspects of parallel channels
concerned, so [ believe the reason I am here today is
becausa of a proposal that I sent in on this particular
sub ject.

Is that correct?

481 ‘.", "76
v
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DR. ISBINs Yes.

DR. LEAHY® [ have a full copy of that proposal
which [ would like to submit to you and your commjttee,
which gives a uwore detailed description than the short
preproposal letter introduced into the public document room.

I think this puts it in much more perspective.

As I am sure you can realizé. in a few pages of
a preproposal you can’t do very much. You can just excite
some interest. And I take it the interest was definitely
excited. | B
The technical concern itself is basically what
Pat described. It is the water stacks up in the upper
plenunm, ok

I do not have a nice slide to show it, but you
will have to let me wave my hands a bit.

As the water stacks up In the upper plenum from
the ECCS injection, the water which does penatrate down to
the lower plenum and builds up has various paths to flow,

It can go either through the cora or throush
8 parallel path in the stand pipe diffusers which are
two=-thirds the length of the core.

It {5 a parallel type of problem,

#here is the hydraulic resistance to loads?

I[f the water is stacking up in the upper plenun,

there is a large hydrostatic head which it has to overcome
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in order to penetrate up through the core, so the

preferential path in that particular situation would be

up through
the break,

the stand pipe diffusers and out through

so it would really have no beneficial effect

to the cooling of the core.

would have

Now, my personal opinion is that what really

happened i{s because you have a large number

of parallel channels at different power lavels, that some

of these, particularly the lower-powered bundles, would

tend to preferentially break down.

That is, the water would tend to flow down

through theses parallel paths into the lower plenum and

ess:ntjally alleviate this concern.

Unfortunately we have no real hard data to base

our conclusion on.

been taken
this could

mechanisns

There is some simple geometry data that has now
at Ceneral Electric which tends to indicate
very likely occur and indeed one of the

which could cause it would be the subcooling.

Howaver, there are a number of others which

I could discuss if you care for me to.

I think the likely scenario is not really a full

core steam binding concern. [t is just that the i{nteraction

that you would have between the parallel channels would

allow you to break the liquid tnrough, so rather than

481 038



O v 0 v o U & W N

N N N N N N = e e s s e me e e e
M s W N = O Y O 9 O UV & W N -

you find that the heat transfer coefficient thatAy:u get

88
stacking up, running out tl. top of the steam separators
it would penetrate to the lower plenum and allow reflood.

That is something [ would like to show
experimentally and also qualify the analytical models to
do that. :

I think one thing that has come out of this
particular concern is when I sent it into the NRC I was
called in to review it in detail with them and we did
so and it became very evident to all of us that there is
quite a difference between the legislated'l‘censing models
that we license our plants with right now, in the real
world, based on engineering judgment.

A good exampié of this is in this particular
concern.

The fact is the current model would s . vou
would not get credit for steam cooling. However, the
only thing that really holds the watsr up in the upper
plenuin is steam coning up through the core.

Now, if you take credit for the steam cooling

oo
"]

at least as great as the spray heat transfer coefficient

from the water coming down, so as a matter of fact, the
big concern would really be how long do you delay reflooding.
It would not be possible to set up a situation

in the real world in which you have adiabatic core and thus

483, 099




]

R S E * T © B T N

89

melt the core.

All' right. The research that | have proposed
is certainly not all=inclusive. [ think it is appropriate
for a university to be engaged in.

(Slide.)

I won’t dwell on this too much, but let me show
you an examplé of what we would do.

The analysis, of course, would complement the
experimnent.

Let me be very clear on the fact‘that I think
that other people such as the General Electric Company
should aggressively address this progam and, indeed,
they are on a more prototypical basis, a large water
experiment.

What I would propose is a small freon
experiment in which you have some instrumented annuli.

These are heater rods in test sections.

This is a simulated bypass to mock up the
interstitial region in the reactor.

Simulated upper plenum with the stand pipe

‘to the s.2am separator.

Nater to simulate the steam spray injection
and ability to simulate flash-off or the sensible heat
from the lower plenum walls.

So you have flow in the varjous channels,

B 020
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including the stand pipe dirquer. which (s two=thirds

the core, and measure with transient delta P cells what
occurs and measure impedence void gauges, what the void

is and, therefore, the ccunter-current flow si‘uation and

in effect determine what nappens in a parallel channel array.

We don’t have the information right now as to
what really oécurs,

Depending upon which hat vou want to wear, you
can speculate bad things or good things.

I think this sort of thing would’help answer
these kinds of questions.

That is all I have to say.

I would be happy to answer any questions.

DR. ISBIN® Well _..k, we appreciate your
coming here. We, that is the ACRS, particularly the
subcommittees, have met with you in the past at our ECCS
meetings. We have visited San Jose and visited you and
your staff in San Jose. We have come to respect the
opinicns that you have given and, therefore, I thought it
was appropriate that we ask you to come to our meeting
goday.

Nith respect to a proposal which you have
discussed, but in the transmittal of ti.'s proposal, you
highlighted in a2 manner which indicated 3 very pressing

need, a pressing problem.

B g9
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It is possible that others can misunderstand

what you had in mind as far as the severity of the
implications, consequences, or the phenomenon involved.

We thought it best that you give it to us
in your own words, a. perspective on where this problem
sits as to its real need.

Ne.dfd note that your experimental program
would take some three years to complete, |[f this were
indeed a problem of pressing importance, perhaps it
should be addressed in other ways.

Therefore, if you can be very frank with us,
in your point of view, on parspective, this is important
because one of the charges that we have ist® are we pursuing
these problems correctly? Should we be doing more?

We would like to te sure that there is no
misunderstanding on anything. that you may have submitted
or said and, thersfore, by having this direct meeting with
ynu we get firsthand what your point of view is and the

place to assign it.
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DR. LEAHY: [ understand. Let me say a word about
how [ view thig problem if it wasn’t clear.

I view this in essentially the same category as
the PWR core bypass problem, the steam binding problem, that
whole bag of PWR oroblems that people are concerned about.

Now, certainly we look at those problems and as
enginears we say, well, tﬁis one probably won’t occur and that
one probably won’t occur, but as a matter of fact there are
fairly aggressive programs to address those problems and I
think rightly soc.

I think the sa e sort of thing should be done on
this particular hypothe??;al concern, because [ have always
believed my whole enqinéering career has been devoted to
smok ing out concerns. I think the more you smoke out the
sa‘er your reactor is going to be. Sometimes you smoke out
imaginary snakes, but in this particular case this concern i{s
real enough to be taken sericusly.

I do and I know that Genaral Electric does.

DR. ISBINt MNov, in treating concerns, positions

taken by the sStaff have ceen Lo exact some rather conservative

-restri:tions on the svaluction medel. You mentioned the cypas:

in which all water i{s lost during this bypass period, so there
is an artificial restriction ewbodied 1n the evaluation model.
Let me ask you this guestions .for the concern that

you are looking at now, shculd there be some restriction in
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the interim?

DR.'LEAHYt Eeyond what is now in the evaluation
model ? '

DR. ISBIN: Yes.

DR. LEAHY; I think the evaluation model as I
know it is sufficiently conscrvative, perhaps for some of the
wrong reasons, but I think it is sufficiently conservative to
handle this particular case. [ think the real implication
of this concern is that you delay reflood and the way they
handle the water which gets to the lower pienum now by
flooding all the various parallel regions does indeed delay
reflood.

DR. ISBIN: f; I understood, when‘you stack up
water you throw it away.

MR. MARRIOTT: That’s correct. We do not account
mechanistically for the accumulation of water over the core.
The medel is simply to do that precisely anad we assume it is
loss from the system. Ne take no further credit for it.

DR. LEAHYt [ believe when all the dust settles
there will be a net gain for the PHRs in terms of safety
margins. I think it will speed up the reflood compared to
éﬁe way [t is calculated today and [ think this will lower
the peak clad temperature, but I would hasten to say we need
Soue firm basis before we make those kinq.ﬁf changes.

DR. ISCINt One additional point, or questiont

YA 074
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would you comment directly on the implication one might have

2 gotten by lookEng at that short transmittal? You talxk about
3 ft generally, but I think it is best that you state something
4 one way or the other so there can be no misunderstanding of
5 what was meant.
é DR. LEAHY: I think as I said initially, it is very
7 difficult in two pages to describe what everything means. You
8 just describe the overview and what the likely implication is.
9 Now, in .the formal proposal whicp I have given you -~
10 here, it describes it in more detail and [ think puts it in
1 perspective. What I meant by that, if you live by today’s
12 rules, which as far as I am concerned are the law, you can
13 indeed calculate using 5%ésent1y available techniques and
14 information, as the concern, but as the state of the art,
15 detrimental concern, as the state of the art advances as we
16 sharpen our experimental data and so forth, I think we will
17 improve gr=2atly where we are now.
18 Une example is exactly the inability at the pressnt
19 time to take credit for steam cooling. [ can calculate, in
20 fact gave to uwy class for a homework problem, @ situatien in
21 which had I peaked the power towards the bottom of the bundle
22 and made some assumptions on vapor superheat which were very
23 reasonable, we could calculate a situation in which you could
24  have local clad melting toward the bottom of the bundle.
25 Surely you wouldn’t have that in the real world.

48, 075
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1 Surely the vapor going up, using any reasonable correlation
would give yod a heat transfer which would prevent that from
happening, but what I meant in that letter is in fact there
is a difference in the real world and the legislated world.
If you can believe the legislated world, you can
calculate anyting.

One thing encouraging, the trend on both the Nuclear

D g9 O U, s W

Regulatory Commission’s part and the vendor’/s move, moving

A 7

toward realistic calculations, because I think once you have
10 realistic calculations {n place you can add on any margin you
il see fit and know where you are at. Right now that {s not the

12 situation.

13 DR. ISBIN: Are there other questiors?

14 DR. PLESSET: Just as a point of infor-rmation, when
15 you are lonking at the stacking of water above steam or in

16 your research program, have you considered the possible in=-
17 stability of such a configuration from a mechanical point of
18 visw?

16 DR. LEAHYs [ think it is a besutiful example.

2C It is a freshman physics problen,
21 . [f you have parallel channels about a large plenum

2 up at the top, if you start getting liquid down one of those

<3 channels, that will increase the hydraulic resistance of that
24 particular chanmnel, tend to divert the Yapbr holding the water
25 up to the other channel, and trhat will create an
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accelerating effect for the liguid to com¢ down the other
channel for these and other reasons, including the effact of
subcooling on steam, [ believe we will indeed get breakthrough
of some of the parallel channels.

It turns out though that you have to get a lot of
those parallel channels conducting the liquid down to the
lower plenum before you can take away all the water and com-
pletely alleviate the concern.

DR. PLESSETs* [ see. I was thinking of going to
tore junior grade physics. 1 was thinkinghabovt what is
classical Taylor grade instability.

DR. LEAHY: The pattern of the paralle] charneis
doesn’t have the classy'Qave patterns of the classical Taylor
instability. Anything I have seen in two phases flows in=-
cluding the flows at the top of the bundle where you have
liquid going down and ultimate vapor going up, I think -
this particular case it would be more related to the
ir. the individual bundles rathr than just the inst.

I guess I would expec tne peripheral bundles where

the subcooling seems to be the highest would be the likely

‘gandidates to conduct the water down to the lower plenum.

DR. PLESSET: 1 don’t know about the actual BWR,
but I think in (our research program you are going to find
maybe some suririses because of the instability.

DR. LEAHY: I am sure we will.

461 097
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DR. PLESSET: Okay.

DR. CATTONt Just out of curiosity, most of

the core wode!s used are commonly used in the horizontal

direction, one node all across the core?

CR. LEAHY® For the BWR they treat them separately,

because you have the channel walls across them.

OR. CATIONt Do you treat more than one?

Cl. LEAHY: Yes.

C7?. CATTUN: It seems you would get flow of water

down one and -team up the other. ¥Vnat prebludes that?

DR. "EAHY® Prior to my leaving General Electric

Coapany, and Pat can comment on where it stands now, there

was no model with pressd%é drop coupling.

channels have the same delta P impressed across them, so they

are driven by the delta P, but there was no calculational

model at that particular point in time which handled the

varicus powar type bundles.

The bundlas were different powar.

mcdel which would handle the core as one channsl, as you had

Tnere was a

agescribed, plus a parallel channel with the interstitial

regicn, the bypass region,

(f course, that

is the worst of all worlds. That

olus the stand pipe defuser,

is the worst possible situation because then you can never

break down a2 parallel channel. The whole thrust of the

analytical program at GE was to develop this calculational

45
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possibility which Interestingly enough dcesn’t exist i{n the
open literature. And appraise ijt.

DR. CATTON: I have a feeling this is a relatively
siaple problem,

DR. LEAHY: It sounds so when you first start, but
it is a tremendously interesting problem, because what hapoens
is, you get flocding at the lower orifice and you are starting
to stack up water at the lower orifice in some of the channels
and you are in a cot.ntercurrent flow situation; also you are
starting to full a free surface in the water in the lower
plenum,

The boundary conditions in the code as far as you
how much liquid goes dowr and how much vapor goes up each
channel is not straightforw.rd. If you assume each one of
those channels is in the flooding conditions you can’t satisfy
continuity so mother nature comes and bites you a little bit.

It requires some care, because you are in counter=-
current flow and pulling free surfaces in variocus regions.
This is why I am interested in it. It makes a fine project
for some of my students. It makes very fine PhD work.

Do you understand what I said? Because [ can

draw it.

DR. CATTUN® I understand the simplicity, but

not the complexity that you describe, but that“’s 0Xay.

CR. ISBIN: Are there other questicrs or comments?
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MR. D. RPOSSt Dr. Isbin, before we leave this
item I think you should hear from RSR with a few words with
respect to some comments we heard this week from General
Electric with respect to research.

MR. SCRUGGINSt The only comments I h:d planned
to indicate was an indication that the position of RSR with
regard at least to the points raised b§ Dr. Leahy, I think
were fairly well summarized in the transmittal letter in
the public document room written by Dr. Kouts, which simply
states tha' the =-- well, the concern has been raised.

We do not believe from the engineering judguent
that it is a highly plausible situation and therefore would
not represent a real safety concern. However, we, in agree-
ing with Dr. Leahy, feel there is a need for additional data
and correlations in models indeed to verify the situation
and we are currently in a planning stage, looking at experi-
ments of the type that Dr. Leahy has proposed as well as
larger scale experimenting analysis and analysis to indeed
verify our judgment that this is not a true safety concern.

Denny, I don’t know specifically what you were
referring to earlier. 1[I guess as part of our planning stage
we are talking with people about some of the kind of programs
that were indica ‘d by Dr. Leahy that he felt would bte desir-
able and alsoc indicated in a letter from Dr. Kouts to you that

we are looking into beth fundamental laboratory-type
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experiments of the type RPI oroposed as well as larger scale
more integral .system experimedts. They can look into speci-
fically these parallel channel effects.

MR. MINNERSt Warren Minners from the STaff.

There are some very simple two=-chanrel exper jments
with the countercurrent flooding model GE has performed. [
don’t know whether you would like to hear more about them, but
[ think they can certainly shed some light on this problem,

DR. ISBIN: Well, we are really trying to place the .
proposal in perSpeétive. We have gotten some better indica-
tions from Dick as to what he is suggesting. [ don“t think.
that we would take the time now to look at it in detail. We
will come back with it at some later time.

MR. MINNERS: If I could summarize the results,
this seemed to indicate in this Siuple nodel, that breakthrough
countercurrent flooding occurs based on the models, and based
on these rsactors {s occurring.

MR. MARRIOTT: 1 would like to mention our experi=-
mental program, not in detail but we have currently in opera-
ticn a twe-channel quarter scale loop c¢f the nature of what
Dick Leahy has suggested and in fact the results as Warren
has indicated have been extremely encouraging.

He ara: going beyond that this year to two=channel
experiments with heated tubes in which precise measurements

of the phenomenon will be made. We are gé!ng to a full scale,
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full power ECCS bundle to very precisely quantify what the
effects of subcooling are, and as Mr. Scroggins pointed out
a woment ajo, we have come to RSR with a proposal for a large
integral test facility.

So let me make it clear that all of these progranms
are not in place to resolve a BWR steam binding problem. They
are to gain insight into the mechanisms which we fully believe
from an engineering Jjudgment standpoint indicate that our
models are extremely conservative to permit us to take
credit for some of the subcooling effects and reduce the
operating restriction on our reactors, because of the overly
conservative model which is in effect fixed.

We don’t believe that there is a safety concern
with regard to the steam binding which Dr. Leahy is discussing.

DR. ISBINt You may have the last word if you would
like.

DR. LEAHYs [ den’t think that {s inconsistent
with what [ said. [ still would == [ can say the same tning
about some of the PWR concerns and [ guess people do, you Know,
if you work for Westinghouse, you would say the same thing. [

think they are in the same category.
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DR. ISBIN: Thank you very much for coming. We will

ncw proceed to the last item for this morning's session.
This is an item which concefns what is called the Reed
Report.

The General Electric Company offered to discuss
in detail the Reed Report with the subcommittee in a closed
session since they considered the material to be proprietary.
The Comiittee concluded that we would prefer to have a shorter
overall presentatiocn which may nearly repeat what has been
said in tae testimony to the Joint Committee and keep
the session open. So with that brief introduction, who wil!l
make the presentation?

Mr. Ross. B

MR. G. ROSS: I would like to provide you with some
information concerning three important items of the
Reed Report. These items are: one, the reason the report
was generated; two, the makeup cf the task force that gener-
ated the report; and three, the fact that the report has
been reviewed by the NRC staff.

The Ceneral Electric Nuclear Reactor Study, also
called the Reed Report, was undertaken in the fall of 1574 at
the request of the General Electric Chairman Reginald H.
Jones. The general purppose of the stud? was to chart a

technical course whereby GE's DPOiling yater reactor could |

improve its competitive position by achieving a superior

i
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Stated another way, the principal purpose of the
study was to provide a basis for assessing a level of
corporate resources including engineering, and development
facilities, technical personnel, and financial support re-
guried to epable the BWR reactor product line to achieve the
same technical and competitive success that our turbine
generator enjoys.

The Reed task force included n&ne of the most
experienced designers in the areas of the General Electric
Company. However, only two of these were from the nuclear
division and the remaiging seven were from other parts of the
General Electric Company. The task force had eleven
meetings, each of two or three days duration, They utilized
10 sub-task forces, wnich made in-depth studies of the specific
areas of nuclear fuel, mecharical systems, materials, processes
and chemistry. Members of the task force and of the sub-task
force met with scores of engineers and scientists involved
in our nuclear operation.

The effort focused at gaining complete informa-
tion from all levels of our organizationr not merely senior
management. The work of the task forcé was completed last
summer when the report was delivered to Reginald Jones and

to other corporate officers with responsibility of charting

458 194
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our course and resources in the nuclear business. The report
is typical of the process of study and review through which
our top management can obtain objective appraisals of our
major business ventures by persons who are not involved in
the day-to-day management of that individual business.

The task force made numerous recommendations
intended to improve the availability of the BWR. These recom-
mendations dealt with tﬁe overall design considerations as
well as specific plant components and services. It also made‘
recommendations éoncerning the development and test facilities
and concerning questions of management and organization.

The report is a document of considerable sensitiv-
ity from a competitive standpoint because it candidly discusses
the opportunity for improvement of our product line and our
organization and recommends steps to strengthen our competi-
tive position.

A point I would like to make is that tnis report is
not a safety report. The study was not conducted as a safety
review. The study group found no reason to believe that
applicable safety requirements are not being met for operating
BWR plants or will not be met by future BWR plants.

While the nuclear reactor study is not a safety
study we are mindful of our obligationﬁté report to the NRC
potential safety problems. Thus, the work of the task force

was carefully reviewed by the General Electric safety and
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licensing staff to determine whether anything reportable had

been discovered which had not been previously disclosed to
the NRC. This review concluded that there were nu reportable
deficiencies which had not previously been reported to the
NRC.

I would like to read three statements from the
Joint Committee hearings. The first one is on the 24th.
It is by a member of the Joint Committee. This is Represent-
ative McCormack. He said concerning the report: "This
issue was raised clearly and deliberately as a red herring
by Messrs. Bridenbaugh, Minor and Hubbard to try to challenge
the -ompany, to force the company to release proprietary
inf rmation and to try to draw us into a position publicly
to ‘orce them to do so =--"

He went on to say, "I think it is a serious
mistake for us to fall into that trap."

The other statement fromthe same hearing, is
from our vice president, George Stathakis, general manager
of the nuclear energy division. He said, "I think there is
also another serious mistake or potential mistake that we
must look at. If we cannot prepare an internal document °'ich
criticizes the way we go about doing our job that is critical
and then make recommendations for improvement all across the
line so that we can be a better partyﬁin that business and

br mores competitive, then, I think we have a very terrible

0 106
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problem. We will get to the point where we cannot prepare
any document."®

The last one I would like to quote from is a state-
ment by Mr. Bernard Rusche, director of the NRC. He said,

"A copy of the letter prepared by Knuth and Minners reporting
che results of their review and our conclusion that we believe
there is no need for “'RC to possess the report is also in-
cluded. It was evide . from our review that the detailed
critical study of the GE BWR was valuable to the company

and that they haQe honored their obligations to inform NRC

of all safety related information thus developed. And more
importantly, all of the matters mentioned are being considered
in our current safety reviews."

In conclusion, I would like to say this study
represents a major corporate effort which forms the bases where
millions of General Electric Company dollars are committed
to improve cur compe :itive positicn. This is why we request th
the information contained in the report remain company private
in accordance with the provisions of 10CFR2.790 because this
document contains the candid findings and conclusions of a
task force created to improve the availability and reliability
of the General Electric boiling water reactor.

Thank you. -,
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sh 1 DR. ISBIN: The staff also had a response?
: MR. MINNERS: Warren Minners, of the staff.
: I.was with Dr. Knuth, one of the two perscns who
. reviewed the Reed report at the request of Mr. Rusche. I
S agree with Mr. Ross' statement that the items in the report,
’ the.Commission was aware ¢f those items. There was no new
' safety information in the report.
o If you have any questions about it, I will be glad
5 to answer. : .
» DR. ISBIN: The committee and ;he subcommittee
b have been involved with the review of GESSAR. There are
o continuing .spects of{gBSSAR which the committee will be
" looking at.
" Can you indicate whether in our discussions with
- the staff and with GE we included all 27 items which have
e been noted in the Fz:ed report?
® MR. MINNERS: On the GESSAR review?
- DR. ISBIN: Yes.
- MR. MINNERS: I don't really know the answer, but
- some of the safety-related items were things for specific
- plants other thar GESSAR. I would doubt that they would have
-» been discussed in the review.
- DR. ISBIN: Can anyone fromﬁéE respond in this
24 '
recerst Regporwrs, inc || £€9ard?
25

MR. G. ROSS: I would say that all the items are

18 i0g




ch 2

10
1
12
13
14
15
16
!7i
13
19
26 ¢

21

22

23

24
~~adersi Reporters, Inc.
25

107
covered in the total, overall review. I wouldn't say that
just GESSAR would cover those. There are many of the items
covered by GESSAR, vyes. |

I don't know what else I could say.

MR. D. ROSS: 0Or. Isbin, in order to get much
further, we would ﬁave to start discussing specific items, I
am afraid. I think the decision of General Electric is that
perhaps that should be done in closed session. Perhaps we
misunderstood. 2

DR. ISBIN: No. I appreciate §our offer to discuss
things in a closed session, but if possible, we would like to
answer some general guestions in an open session and expressly
verify whether or notlghe ACRS in its conduct of review of GE
plants, taking GESSAR in particular, whéther there are any
items which might pertain to GESSAR which were not included.

I restricted the question to tie it in with your
answer.

MR. G. ROSS: I guess the examples of that, thinys

not in GESSAR, would be Mark I - Mark IT containment.

MR. MINNERS: It is a difficult guestion to answer,

Dr. Isbin, because there mav be come details which were

discussed in the Reed report which were not discussed in GESSAR,

because GESSAR was a construction experiment review.
When you get to more detailed review in an FSAR,

those things would probably be discussed. But the subject

4-) F
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heading was there, but the details tha“% were reported in the
Reed report may not have been specifically discussed in Gé;;;;::..,'

Dh. ISBIN: As I recall, in your report, Warren,
you did not specifically state that there were 27 items.
Where does the 27 items come from?

Who furnished that gquantity?

MR. G. ROSS: That was a list e generated, the
Safety and Licensing Group. We looked down through this and
out of that, we said here's 27 items that has safety signifi--
cance. Let's look at each one of those.

Number 1, have we told NRC about that; and, number
2, is it a teportable.éeficiency?

We went through each one of those, mindful of

that, and we came up with the answer of no.

MR. MINNERS: The licensing group specifically went |
through the Reed report for the specific purpcose of identi- :
fying those items. The licensing grour generated the list ’
of 27 items.

MR. G. ROSS: Mr. Minners and Don XKnuth read the
whole report. They didn't read just the 27 items. They
assured themselves that the whole Reed report didn't contain
safety significant items that they hadn't heard about.

DR. ISBIN: The conclusion éﬁét I am coming to,
and correct me, is that in the opinion of the staff, all 27
items are known to the staff, and out of these itoms there is

¥ | 0
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nothing in particular that demands special attention at this
time.

I was trying to get your judgment on whether the
ACRS also knows these 27 items, from its actions in the past.
And your indication is that the only way for us to proceed is
to use a closed session to verify it for ourselves?

MR. MINNERS: It is my opinion that all the items
in the report are a matter of public record.

DR. ISBIN: But there is a reluctance on the part
of GE just to list the items as such. Is;that coirect?

MR. G. ROSS: Well, sir, if gou were one of the
stockholders of General Electric Company and you knew they
were going to commit mxllions of dollars to a certain research
project, I don't think you would want to give that to our
friends of Westinghouse, Ccmbustion Engineering, and Baw
over here today. I think that is the kind of things we are
really talking about.

DR. ISBIN: But you are asking the question to the
wrong party. My position generally is that all safety-related
items ought to be in the open literature.

MR. G. ROSS: That is the poirt. They are.

MR. MINNERS: That is the point. All the safety-
related items in the Reed report, to m§'knowledqe, I think
it is a pretty complete document, are on the public record.

They are available in the public document room.

W1
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-4 1 There may be more items than that, that are safety-

2l rclated items concerned with GE and not the vendor but all of
3|l these I am certain are in thé public record. So your question
4|l of whether the ACRS knows all of them, I can't judge what is

5] in your mind and what your knowledge is, but I presume if it's
61 in the public recofd that the ACRS is aware of it alsoc.

7 DR. ISBIN: Well, the statement still leaves us a

8 1ittle bit short and the Cocmmittee will have to decide how :o
9| proceed from here, unless you want to add something else, thaQ
Wi you are puzzling éver. -

n MR, STELLO: I am puzzled as to why you are puzzled.
12§l The safety items in there, it certainly reveals the strategy

13| how they are going to spend their money. There is nothing new

“' there, There is nothing you a2ren't aware of.
15 DR. ISBIN: You haven't told us that though. 1It's ,
16}l the first time you are saying it in that positive way. I don't

17| want to force yocu to say anything but that is what I have been

‘31 trying to find out, whether in our actions we have dealt with

19 these items.

20% MR. STELLO: When you say "dealt," may I use one
21 | example. I wouldn't look at the General Electric Company,
i

22 | pecause they may frown. The question of the core spray tests ’

23“ were, I looked at the repc« t. I recall it was mentioned. Let

24 ’
me ask you, would a h < )
O —— you, uld you say the ACRS knew of that particular test

2351 result? You may choose to say you didn't know, but yet the

W
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information was clearly available. It was not an item.that the
ACRS pr9bab1y until today had discussed. It was clearly avail-
able. The Staff knew about it. If I may, may I chang= it and
say, did the.Staff know all of the items in there? Yes.

Did the ACRS go down and discuss each and every
item that was in there at one time or another? Well, I don't
know if I want to venture a guess on that. I would say, if I
had to look for a market, it would be a very high percentage,
85 percent of :he time I think you woulid agree with me, it has
been discussed. You personally may disag;ee with 5 percent of
the items. Maybe a different ACRS membef would disagree with
5 percent but I suspect it would be a different 5 percent of
the items. 1It's a substantial report. 1It's very hard to do.
unless you personally read it and you are loocking more for
personal assurance. The Staff is aware of all of the items
that are in there, and they have been identified previously
on the public record.

The only question that I guess I feel hesitant to
address is, have each of those items been addressed at an ACRS
meeting. I think that is what yocu are asking ﬁe.

DR. ISBIN: Yes. Well, I think we are perhaps

placing too great a burden on you.

I am going to suggest that we .adjourn for lunch. We |

can reconsider the question right after lunch.

MR. STELLO: And we will consider whether or not we

482, 113
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will bé able to make a statement that says we believe the ACRS
has in fact discussed each of those issues. We will try to
come back with an answer that says that if we can.

DR. ISBIN: Thank you. We will reconvene at 1:15.
(Whereupon, the meeting was adjourned for luncheon

at 12:20 p.m. to reconvene at 1:15 p.m. in the same room.)
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For our first item tuis afternoon we would like to call upon the

T ————————————

—_—

113

AFTERNOON SESSION

(1:15 p.m

DR. ISBIN: The meeting will come to order again.

Atomic Safety and Licensing Appeal Board for any comments they
would like to furnish us regarding their own independent review
of issues. One of the particular issues raised by the engineers
wha recently dealt with the integrity of the steam generator
for the pressurized water reactors. This is an item, for
example, which the Appeals Board on its own initiative has
undertaken a review of some of the issues.

With that as a brief introduction, whom am I calling

on? Rosenthal, Buck?

MR. ROSENTHAL: I am Alan Rosenthal, chairman of the

Atomic Safety Licensing Appeal Panel. I have also been sitting |
|
on the Appeal Board which is assigned to the Prairie Island 5
{
Units 1 and 2 coperating license proceeding. It would be in-
appropriate for either Dr. Buck, the vice chairman of the panel,
who is on my left, and I might say is also sitting on the

Prairie Island Board, or myself to discuss the merits of the

controversy over steam generator tube integrity. That contro-
versy is still pending before our Board.

It was suggested to me by Mrv.Fraley, hcwever, that
the Adviscry Committee might be interested in the procedures

which the Appeal Board has followed in pursuing this matter.

483, 115
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Because I think among other things that the ccurse that was
folloﬁed here is fairly illustrative of the manner in which the
Appeal Boards.generally confront technical issues. The Appeal
Boards by direction of the Commission are called upon nct merely
to review such issues presented by Licensing Board decisions
as the parties to the proceeding may see fit tc put before the
Appeal Board.

In addition,.we conduct what is known in the verna-
cular as a sua sponte review, review our own initiative, of
any question, tecﬁnical or legal, which we think upon our
review of the Licensing Board decisions and the record of the
Licensing Board proceedings, merits consideration. And that,
I might say, is how we became involved in the steam generator
tube integrity issue.

That issue had been raised by Intervencrs in the
Prairie Island Operating License proceeding, raised before the

Licensing Board. The Licensing Board determined that the

methods that the Applicant then was employing, proccsed Lo
continue employing with respect‘to treating secondary system
water, namely, the so-called phosphate treatment, was satisfac-
tory and rejected the claim of the Inte:rvenors that there was
any safety problem presented by reason of the possibility of
thinning or cracking of the steam genezaéor tubes.

The decision of the Licensing Board authorizing the

issuance of Operating License was appealed to us, but the

4 1106
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| appeal did not encoméass the steam generator tube inteérity
issue. In other words, the parties in effect chose to accept
the Licensing Board's resolution of that issue adverse to the
; contentions which they had raised before the Licensing Board.
On a preliminary review of the record, however, the then single
scientific member of the Appeal Board, assigned to the case,
: came to the conclusion that in fact there was serious guestion
as to whethe;'the conclugions that the Licensing Board had
| reached was adequately supported by the record. )
Accordingly, the parties were asked in conjunction
; with the oral argument that was scheduled on the issues that had
f been rasied by the Intervenor's appeal to address themselves to
the steam generator tube integrity question. On the eve of
argument, the Appeal Board was informed by the Applicant that it
was converting from the phosphate water treatment method to the
AVT or All Volatile Treatment method.

We explored the guestion with the counsel at the oral
arguments and we decided immediately thereafter that there sh 1
be further proceedings conducted by the Licensing Board on *
issue of steam generator tube integrity. We accordingly remand-
‘ed the case to the Licensing Board for that purpnse. This was

in September of 1974.

In January of 1975 the Licensing Board conducted a

integrity issue. It lasted a little over one day. Subsequently.

———

" ’ » * » ‘
| further evidentiary hearing confined to the steam generator tube
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the Licensing Board came down with a supplemental initial

decision in which in essence it reaffirmed its prior determina-
tion, that time in the context of the All Volatile Treatment
method, that there were no safety problems associated with
cracking or thinning of steam generator tube walls and they
specifically determined among other things that the Jecision as
to whether to install condensate demineralizers was an economic
decision and'not a safety decision.

In other words, they indicated that there would be
no safety problems presented by the use of the AVT method. Tﬁks
decision as well was accepted by the Intervenors. Nonetheless,
again following our ordinary procedure of conducting a sua spont
or on-our-own-initiative review, we examined the initial deci-
sion in the light of the record that had been developed at the
supplemental evidentiary hearing in January.

By this time I might say the composition of the
Board had changed to the extent there was now no longer two
lawyers and one scientist but one lawver and “wo scientists,
Dr. Buck having joined this Board, replacing a lawyer member
who had left the panel. So it was at this juncture, myself as
chairman of the Board, Dr. Buck and Dr. Johnson, who had been
on the Board throughout.

Dr. Johnson and Dr. 3Buck, ugpﬁ their own review of
the supplemental initial decision, again measured against the

record that had een adduced at the supplemental hearing, came

W
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| to the conclusion that the issue still had not been satisfac-
! torily resolved. This time the determination was made by our
| Board that wé, rather than the Licensing Board, would conduct a

| further supplement:l evidentiary hearing and one was scheduled

for initially October. It was finally held in January and the

| parties were advised there were certain specific areas of

inquiry and broadly sveaking, Dr. Buck may want to elaborate

f upon thls, but they were, first of all, whether the AVT water

treatment method was efficacious so far as minimizing steam

i generator tube degradation, thinning or cracking.

Second, wi.:ther the eddy current testing procedures

{ were sufficient or adequate insofar as the determination of

any degradation that had occurred was concerned. And third,

! whether the established criteria for the plugging of degraded

tubes were adequate. The hearing was held in January as I have
indicated. The case is still under submission. We have just
received the proposed findings of fact and conclusionscf law

of the Applicant. Findings of fact and conclusions of law of
the staff and the Minnesota Pcllution Control Agency, which is
the other party in the proceeding at present, are due in approx-
imately a week to 10 days.

My guess is that our ¢ ision is at least ancther

two months off. That is essentially aga’n what we have been
doing in this case, and I want to stress that the Appeal Boad

does not normally congii~ev;dentiary hearings itself, 1If i:
e o
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| d-termines that a further evidentiary hearing is required, its
f usualy practice is to remand it to the Licensing Board for

| conduct of those additional proceedings. Indeed as indicated

| in “he course of my discucsion of the history of the Prairie

| 1sland, that is what we did in the first round. We have,

however, on prior occasions, rare though they may be, taken

i evidence ourselveas.

We did this, for example, in the Vermont Yankee case
or ..e question of whether the containments of the boiling

water reactors should be inerted and we have done it perhaps .-

one or two other occasions but normally our review of technical

issues is made on the basis of the record that was developed
before the Licensing Board. Again, if we think that record is
inadequate we will remand. I don't know whether Dr. Buck would

like to remand something to that.
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'21522 ! DR. BUCK: I don't think I have much to add
-:i?k 2 except that I think you should remember the steam generator
3 situation has come up before.
‘4 f was happy to be a member of the ECCS hearing
5 board and the Intervenors in that particular hearing tried
6 to bring the steam generaiLor failure into that hearing and we
7 rejected thaf on the basis these wére separate criteria, not
8 connected with the ECCS critiera by themselves and that on
? the basis of the criteria one could rely on the integrity -
W of the steam generator tubes. ’
" This we still believe was the correct situation at
Lo that time.
13 We were not concerned with the steam generator tube
Yl primarily.
ts! However, when the question of the inéegrity was
‘6H brought up again before us and we aere dissatisfied with the :
17 |

hearing we felt we had to go through with this to satisfy

»
18 ourselves that the situation was not a critical one.

'9" DR. ISBIN: In your deliberations, Dr. Buck, or
20} Mr. Rosenthal, where you consider particularly an issue you
;

2'3 Saw as spontaneous you indicated and you have some concerns

a over facets of the review, meanwhile the reactor is operating |

23; in this narticular case and we need not be specialized as to
_i-_-..'.L::; cases at hand. but now make some judgment during the initial

25!

i stage of your review whether or not more immediate acstion might

| 1 12
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be required.

And if so, what would be your avenue of approach?

MR. ROSENTHAL: Well, we have a standard with
respect to whether or not we will allow a reactor to continue
operating, or if we are on a construction permit level,
whether we will allow a plant to be built while we pursue
further inquiry, or during the pendéncy of any remand to the
licensing board.

That §tandard simply stated is whether in our judg-
ment the continuation of operaticn, or éhe continuation gf
construction, as the case may be, during the pendency of
the further inquiry, will present an imminent threat to the
public health and saf;'ty.

It it is our conclusion that it will, we would have
no hesitancy at all about suspending the effectiveness of the
operating license or the permit.

In this instance, I might say, tha* the appeal
board at each stzje of this steam generator tube integrity
inquiry had to consider that precise guestion, whether allowin
the Prairie Island facilities to continue to operate while
the matter was further pursued, might present a threat to
the public health and safety.

We concluded at each stage that it would not.

It was for that reason arl that reason alone that

Prairie Island is still operating today.

g
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DR. ISBIN: The Subcommittee has considered it

important that your group make the statement.

You represent an independent review. 1It's another
part of the process.

The Subcommittee and the full Committee is concerned
only in an advisory way, but we are interested in the technical
information which may well be generated at your hearings as
elsewhere.

Do you have any suggestions regarding the input
o6f the technical information and whether the means of makiné
it fully available to others is being used effectively?

DR. BUCK: I believe it certainly can be. We had
three days of hearings.

Of course, the transcripts are available of all of
the answers and so forth on examinations.

Mostly questions by the board in this particular
case.

DR. ISBIN: Are these official transcripts?

DR. BUCK: These are official transcripts. All of
our hearings have official public transcripts, except an
occasional in camera hearing.

In addition to that, we have asked for additional
information from both the Staff and gﬁé licensee in this
particular case and some of that has already come in.

Again, it's in the docket book, it's public record,

4681 123
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and there are still some more papers to come in, findings

of fact and that sort of thing.

§o all of the technical information we get is
available. Certainly it can be made avilable to ACRS without
any problem whatscever.

DR. ISBIN: Are there any questions?

DR. BUSH: The discussion to this time has been
on steam generators which of course is an inherent problem
in regard to the response of the emergency core cooling systen
in the event of a LOCA. N '

With regard to this particular series of working
group open meeting that we are holding, the statement that waﬂ
made during the allegations was more generalized, in that

they discussed failures of heat exchangers, which as a

generic class will include steam generators, could I ask if

either the licensing board or the appeals board have ever :
{
investigated the safety significance of heat exchangers other

!

|
|

than those primary units that are specifically noted as

stean generators? i
Dk. BUCK: No, sir, we have not. Not as far as g

the appeal panel is concerned. I don't know of a licensing ?

board that has done it, either.

DR. BUSH: That would be my ‘suspicion but I wished|

|

|
|

for the record to clarify it.

As an individual question, are you looking at the
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L systems; have you ever assessed any safety significance for those

~mw5S

2 units in the secondary system or tertiary systems?

3 DR. BUCK: No, we have not.

4 DR. BUSH: Thank you.

5 DR. ISBIN: Well, thank youa very much, Mr.
Rosenthal and Dr. Buck, for coming.

#16 7 MR. ROSENTHAL: Thank yoﬁ very much.
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17 DR. ISBIN: Do we return to you now, Denny?
/fml
27662 MR. D. ROSS: Yes.

3im and I had some comments we could make or, if
the Committee had any specific questions, we could handle it
either way.

DR. BUSH: Could I ask a guestion? Let me
reiterate my question that I have just asked, the system
predominantly with reqa¥d to the steam generator, on the
basis of the regulatory evaluations, have you established the‘
safaty significaﬂce for those other h:2at exchangers in the
circuits?

MR. KNIGHT: Yes. Of course, depending upon the
location of the heat ékchangers, whether in the reactor
coolant pressure boundary or portions of it, within the
pressure boundary. Certainly, yes.

DR. BUSH: Can you clarify?

MR. KNIGHT: We reguire that they be designed
concerning that portion of the heat ervchanger, be designed
according to the other portions of the reactor cooling system.

DR. BUSH: That I understand. I am thinking in
the context of what kind of design basis accident could the
failure of X tubes in a steam generator,for instance, re-
sult? And I will satisfy any question-of failures of
shells, et cetera.

MR. STELLO: I think, perhaps, Dr. Bush, you are

looking more in te .as of : consequence or design basis
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oriented review. So»let me start with a few ex:mples. The
emeréency condensers are looked at with respect to tube failures,
amount of activity that can be released as a result of the
tube failures and they are bounded and evaluated on the basis
of the failure of the pipe, as far as th>» condenser in terms
of what its consequences might be to assure that proper
devices are placed on the system to limite the radiclogical
. .

consequence of that event. The heat exchangers that are
used for the fan coolzrs inside of containments are evaluated
much on the same‘basis, as to what they might be and their '
protective devices, to assure that these units are properly
protected. The Millstone intrusion incident, as far as in
terms of t.e condensé; tube failures are evaluated in terms
of tracking what they might do to insure that proper monitor-
ing equipment is placed in the system to detect the failures
and isolate them before they can have untoward conseguences,
so the particular design basis is dependent upon the particular
component that is being evaluated.

I will get to nne which I think is perhaps the
most difficult to summarize simply. But I will try. The
heat exchanger that is uczed Ior decay heat removal.

One has to evaluatc what the consequences of
leakages might be in tliese theat exchauéers and how one would

cope with the consequences of the leakage in terms of, again,

a design basis event wher2z vou can detect and isclate the

48y 127
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unit before you excéed radiological lim;ts. The only direct
effect you have in terms of interaction with the primary
system, of course, is related to the steam generator to the
PWR .

I am not prepared to go item-by-item in heat
exchanger but I am trying to give you an indication of the
types of considerations that are included in our evaluations.

DR. BUSH: wﬁen I listen to ycur remarks, pre-
dominantly one of the control of release of activity in the )
event of another.initiating phase, I thought =-- can you spe-
cifically point out anyvhere the failure per se could be an
initiator of a significant event?

MR. STELLO: Radiological rzlease?

DR. BUSH: Well, no, I am trying to think of it
as being the initiator of a fairly severe accident as such.
That is what I am trying to establish The radiclocgical re-
lease is obviously a functiion of the amount of activity that
may have gone from primary to secondary system or that is
in the primary system if it is, say, a letdown unit or some-
thing of that nature that could be released. I am trying to
see if the failure of a unit could cause an initiation in
itself.

I don't know of any. I am tr&ing to see if in
your evaluation you have established any. I can't remember

this as one, that was looked at primarily from the radiological

4R 128
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release point of view. I am trying to find out if it can
be considered as a stage in an accident initiation.

MR. STELLO: The émergency condenser example
I gave you is by itself a loss of coolant accident. It is
outsidc of containment, so you have to be able to put in
protective devices in the limit prevent that leading to a
cove heat up so there has to be equipment to isclate and miti-
gate that accident in that context.

is where you have a failure

-

DR. BUSH: That one

of the pipe =--

MR. STELLO: Which also a failure of the prirary
coolant capacity.

DR. BUSH: "hhich gets back to our pipe failure,
the design basis accident.

MR. STELLO: But that is the largest failure.
There are smaller ones which are the tubes themselves.

DR. BUSH: Well, that is the next step I was going
to raise. That is if we follow the analogy of the steam
generator, if the pipe fails, can its failure initiate failure
of X tubes and what will be the consequences? Can it 2ffect
the tenor of the path of the accident, or is it primarily a
release of activity?

MR. STELLO: Primarily a reléase of activit
with the limit of the primary coolant being standby actuation

of protection systems, which isolate the break from the




127
fm5 primafy coolant system. Valves are made to close, to isolate
that break.

DR. BUSH: But from a radioactivity release point
of view, let me put the break arbitrarily right next to the
heat exchanger. Okay? If I break the pipe in the classical
mode and spill the water, primary coolant. Okay. What is
the difference between that ai the failure of tubes, fronm
:an activity release point of view. You isclate =--

MR. STELLO: Rate devendent. The maximum rate
would, obviously, be the pipe and the rate would be lesser

for some conbination of tubes.

DR. BUSH: So, you don't see this as a step such
13| @as in a steam generator, if you fail a pipe and the failure
14 of tubes may have an effect on, say, the operability of the
151 ECCS? That is really what I was trying to get at.
16 MR. STELLO: The only relationship that we see
17|} that has that coupling is in the steam generators.
18 DR. BUSH: That is what I wanted.
19 MR. STELLO: He may want to add something.
20 MR. TEDESCO: As a matter of our review procedures,

21 Dr. Bush, we do reveal all the systems in the secondary

2 clad and the auxiliary, involving the primary coclant, the
23 )| Process core and so on. 2Al1 essentialogﬁfety systems are
24 redundant tc any failure in one of those systems should Lbe

~edwrsl Reporers, Inc.
25 isolated with this emphasis and the condenser doesn't close the
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-mé heat exchangers in this area.

DR. BUSH: The reason I ask the gquestion is the
way in which the allegation was phrased, one, and two, when
I attempted to find a response to the allegation, I was un-
able to do so. I must not have looked to the right case.

MR. D. ROSS: The staff testimony on this starts
about Section 2, Roman numeral 2.

DR. BUSH: Tﬁat is what I have in front of me.

MR. D. ROSS: Page 110, item J and continues through
117. : ¢ ‘

DR. BUSH: Which sets of testimony? I have three
sets.

MR. D. ROSS: This is the March 2 testimony,
responding to Bridenbaugh, Hubbard and Minor, the NRC's
testimcry. Roman 2, starting at page 110 and continuing throug
page .7.

DR. BUSH: I am confused. I am lcoking at the

Bridenbaugh, Minor and Hubbard testimony, Fe

tr

ruary 18, 1976 =-
MR. D. ROSS: Roman 2.
DR. BUSH: I see lots of words about containment,
et cetera, and I get over to steam generatﬁr failure and leak-

age, and I go to page 116 and it is all steam generator.

That is why I asked the question. I can't find anything
24 relevant to heat exchangers, which was in the original

25 Bridenbaugh, Hubbard statement. That is the reascon I asked

o SRRY
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the question. It may be and I couldn't find it, but that is
what I was looking for.

MR. D. ROSS: It is further back in the report.

I will dig it out in a minute.

DR. BUSH: I only raised it, Mr. Chairman, in the
sense that the question we were requested to respond to has
t> do with heat exchangers, which is more general than steam
generators,'l thiak. That is the end of my statement.

MR. D. ROSS: Dr. Isbin, we understcod at this
point in the agedda there would be opportunity for the PWR vé;-
dors to comment as might be appropriate.

DR. ISBIN: Yes.

MR. D. ROSS: So, I svuggest you turn it over to

them alphabetically or in some systematic fashion.
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DR. ISBINt Do we have a response from
Nestinghouse?'

MR. DOCHERTY: I am Pat Docherty froa
Nestinghouse.

#hat [ would like to do is give you a general
overview of the procedure that we usa to assure steam
Generator tube integrity during LOCA.

The insurance comes essentially by way of
three steps.

rFirst, in the collapse test for lubes performed
for unfloored tubes, for cracked tubes and for thin tubes.
And using these test results in conjunction with stress
analysis performed in thé tubes and the tube sheet, for
loads resulting from imposition of LOCA forces, plus the
safe shutdown earthquake forces.

And, thiradly, a development of plugging
criteria that assures tubes are rendered out of service
before theycome within the possibility of failing
under the load imposed by these materials.

(Slide.)

Now, the LUCA transient and the effect on the
steam generator is that the hydraulics are characterized
by a very rapid reduction in the prinary side pressure
and propagation of 2 rarefaction wave for the steam

generator tube sheets.
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Now, the hydraulics in response to the LOCA, in
the tube sheet, what occurs is.that the pressure very rapidly
drops to a value of around 1300 psi, reducing the delta P
across the tube from the nominal steady state value of
the order of 1200 to 1400 psi.

Higher priwary side pressure to lower secondary
side pressure-and reversing this delta P.

thh the rarefaction wave and the reduction
of system pressure on the order of 1300 psi, the resultant
reduction across the tubes recomes relatiVeiy swall for
a significant portion of the accident.

This reduction is on the order of 25 williseconds
for 1800 psi. -

So with this reduction, the mechanism postulated
for tube failure would most likely be in the collapsed mode,
with the pressure on the secondary side b2ing higher than
the prime y side pressure.

Thus what [ have here and what [ am preserting,

a table of data as the results of tests performed on a
Steam generator tubes in the collapsed mode.

What we have here s maxinum pressure that was

reached is 10,000 psi, with no collapse for the unplugged

tube.
Now, what {= presented here are'various flaws

that were machined into the tubes or flats, or reductions

489 134
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of the tube wall that were machined into the tubes.

These tubes were also tested.

The most severe of these being a two=-inch
flat with 25 percent of the wall remaining and the
corresponding collapse pressure of 2200 psi.

Now, this is to be compared with the maximum
load imposed upon the tube in the collépsed mode for
the LOCA transient on the order of 17200 psi, which is the
difference between secondary side maximum pressure and
the containment pressure of the system, 4

(Slide.)

Now, in addition to those collapsed mode tests,
3 serjes of leak tests were run for tubes with cracks
machined in the tubes.

What we accomplished with the test was to
establish a tech spec limit, the maximum leakage we
allowed and identify that in *terms of a2 crack size.

The scale on the bottom is relatively hard
to read.

This {s crack size in inches, .6, 5, 4, 3, 2, |.
And this i{s flow rate and gpm.

After you cross the | gpm axis you attain a
crack size of about .68 inches, which is the critical
crack size below which you never expect any growth of the

-,

crack.
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That .6 critical crack size can be compared
to the crack sizes that were méchined into the tubes that
were tested.

(Slide.)

All the way up to an inch and a half.

So by imposing the | gpm tech spec lianit for
leakage, we assure ourselves that the tests that were run
in the collapsed mode were sufficient to encompass the
range of cracks esxpected in the reactor durirj operation.

(Slide.) .

Now, going one step further, what we did was
perform a stress analysis on the steam generator tubes
for the imposition of the LOCA and the safe shutdown earth-
quake loads.

Ne nodalized the tube sheet and what we found
was the most severe stress placed upon the tubes occurred
Just about the region of the U bend in lode 16, identified
here.

(Slide.)

Now, this stress level, which [ have a transient
of, is indicated here and indicates a maximum valu: of about
50,000 psi.

This is to be compared with the steady state
membrane stress of approximatesly 15,000,

This point is slightly in errdf (indicacting) on

YA 12
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the normal steady state operapion.

(Slide.)

Now, in addition, any tube degradation, tube
degradation and tube, generator tube probleias have occurred
here, so it is approbriate to compare the stress problems
within the tube sheet to the steady state full power levels.

(Slide.)

What I have is a stress transient for the
nodes near the tube sheet.

Now, again, the initial starting-point is in
error. It should occur up at 16,000 psi and you can see
that as a result of the LOCA hydraulics you have a very rapid
drop in the stress, on the tubes at the tube she-t
accompanying the rarefaction wave and a rapid dr p in
primary site pressure to 1300 psi and this stress leval is
maintained at a very low value for a significant portisn of
the transient.

So that as far as tube stress at the tube snsget
is concerned, the worst stresses imposed upon the tubes werse

at full power steady state operation and the prime situation

'pt a LUCA transient upen the tube, particularly *he tube

region in that area, reduces the stresses on the tubes
cons iderably.

Now, an analysis also performed for thirning tubses

.-~

and thin walls, indicate even with a tube thinned %to 40 percen:

W 127
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of its original thickness, that such a t be, even if the
40 percent thinning were consiaered at the most severe
location =

(Slide.)

== is well within the ASME conditions for a
faulted condition and it will be able to maintain its
integrity.

Are there any questions?

DR. BUSH* I hear ycu. I am not sure I am e
convinced, however. ;

I think you are running a lot of staric tests and
makinGg some inferences for the dynamic phenoweni. [ am not
at all convinced, one, that it would necessarily be the
same, but let me postulate something and see what you say.

If I assume a seismic even', and I apply the
for-es function to the shell and to the support of the tube
sheets, I think from inertial effects I would not necessarily
expect the bundle to benave as an integral whole and,
therefore, I could put bending moments on *the tubes at
the support level, not necessarily at the bend hu. some
other locations.

Now, the tests you have run [ 23an also postulate

because [ know {t {s possible to have cracks that occur

circumferentially rather than axially.

.o,

It is not too uncomunn a phenonena,




.t 2 ‘

i 136

The static loads that you are discussing,

2 which are very high, I will agree, I am not convincad
3 will necessarily be a one-to-one model, for dynamic loads.
4 In a bigger pipe I am certain that is the case
5 because the dynamic lcads will impose a totally different
6 force feed.
7 Perhaps the need, because of the flexibility at
8 which they can respond, it may not be a significant factor,
9 but, the tests that you have discussed don’t necessarily )
10 convince me that tﬁat is true. -
1 MR. DUCHERTY: The evidence that I can offer,
12 perhaps to address that question, is there were additional
13 tests run with a bending moment imposed upon the tube.
14 These were burst tests rather than collapse tests, and
15 the original series of test was run for the burst mode
16 and then tests were replicated again with the bending
7 inoment imposed upon the tube and the bending wowment is
I8 on the order of 44,000 psi which is comparable to the
19 bending noments you are talking about.
20 DR. BUSHs Except it was probacly a static
21 bending moment.
22 MR. DOCHERTY: Yes, sir, that is true. But
23 the imposition of that bending moment on a tube with a
24 crack tended to reduce its bursting limit on the order of
25 10 percent. o
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Tests are referenced in the supplemental
information provided in WCAP-7832.

DR. BUSHs Well, I get my gut feeling on these
small sections would be that it may not be a fac.or, but
[ am not sure how I can prove that it isn’t, and I am not
sure that your data proves it isn’t. .

M2. DOCHERTY: - I think the most significant
point I want to make is that the areas where there has been
degradation observed, that the stresses are essentially all
membrane stresses, at essentially zero behd}ng s5tresses
indicated, in the region near the tube sheet and for that
region the stresses are higher at full power operation
th2 in the LOCA event,.*"

DR. CATTUNt Have two-phase flow instabilities
during rapid depressurization with parallel flow paths
been a consideration?

MR. DOCHERTY$* No. This was moceled as a
single bundle with the blowdown tube code.

DR. CATTUN:® Do you think that parallel flaw
path instabLilities could be a problem?

MR. DUCHERTY: I can’t imagine that even with
flow instabilities and parallel patn instabiiities that
yot! gel prassure reductions lower than on the order of 1393
psi.

o .

DR. CATTUN: I am talking about vibrations and

48 140
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shaking aﬁd this sort of thing.

MR.' DUCHERTY Thts'hasn't specifically been
addressed.,

What is done is that the shaking fron the
external forces imposed from loop movements during the
hydro == as a result of hydraulic transient is imposed.

DR. CATTUN: This would be a different
frequency and would follow the rarefaction wave. [t
has not been addressed.

MR. DOCHERTY: That“s right.

DR. ISBINt Thank you, Pat.

493
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DR. BUSH: Has the Staff lcoked at this dynamic

| 1oading aspect? My concern may be totally unrealistic. That

| is why I would like to have you tell me, if it is true.

Mﬁ. KNIGHT: Jim Knight, Regulatory Staff. Yes.

| we have looked at the analyses that have been performed here.

| Tn the total analysis that is done, the seimic loads as a time
function, the socalled zhaking load tlat is the response of the
| entire reactor coolant system which wéuld be the shaking cf the
| actual steam generator and the passage of the rarifaction wave
through the tubes. are all combined in the designed stress v
| analysis.

Am I getting at the questi.n in your mind?

DR. BUSH: Well, subsequent analysis, the experience
they have in locking at them is an extremely complicated one
and as a matter of fact not one that the ccde normally addresses
so I guess it's really a question of whether indeed you have
done a dynamic analysis.

MR. KNIGHT: Yes. This is the case where certainly
as you point out it's nct an analysis required by the code.

It was an analysis requested by the Staff. And as you point
out, they are very sophisticated and have difficult analyses.

The greatest inherent conservatism in the summation
just presented, as you probably noticed, the analysis simply

based on a single tube, in essence, free in space, under these

loads. 1In reality, of course, you have the entire tube bundle,
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you have the supports which are not considered in this analyses,
| that provided damping, a good deal of damping and restrict the
| motion of the tubes.

DR, BUSH: Well, that is true, but also the supports,
they apply a different forcing function or a different inertial
characteristic of the tubes and therefore I suspect if you were
to look at the loads as a function of the tube in a free field,
under this circumstance{ as contrasted to one that had a series
of supports through it differently, that function differently,
that where the overall amplitude might be less, the spike ampfi—
tude would be greater. That is my question.

MR. KNIGHT: We have taken an independent look at thi
oursleves, using the personnel and computer programs available
at the Naval Research Ship and Development Command and all of
the evidence that we have gathered to day shows that what you
see is a great increase in dampening and resistance, that makes
the stress level shown in this particular analysis presented
quite conservatively.

DR. BUSH: There certainly should be a backup, be-
cause I would think scme of the programs related to the sub-

. marine heat exchangers would cover this.

MR, KNIGHT: That is the reason we went to this.
DR. BUSH: That answers my guéstion.

DR. ISBIN: Would Combustion Engineering like to

contribute?

49 1
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VOICE: I don't know of anything I could add at this

jeri 3 1
point to what the previous speaker and our previous presentationg
on this subject, but I would be happy to answer any questions
| that the Committee might have.

DR. ISBIN: Any other comments the Staff wants to

| make on this item? Otherwise we will go on to the next item.
MR. -D. ROSS: No.

Dk. ISBI": wé planned to move Item 10.

MR. ETHERINGTON: Does B&W have anything to add.

10 DR. ISBIN: I didn't call on them but if they want

N{l to respond, they can.

12 (No response.)

13 DR. ISBIN: "'Item 10 deals with the Staff listing

‘4§ of operating BWR plants; but perhaps before you want to pick

j up that item, if you want to pick up the additiosnal items from

; previous working groups, this might be the appropriate time.
MR. STELLO: I wonder if I can ask Gail Ross and

General Electric Company to present the results of an analysis

we asked them to do during the last working group session in

Chicago. The guestion raised was what would happen if the main

21" steam line isolation valve closed at the maximum rate they can

22. close at and what would the resultant pressures and heat fluxes

2| be, were that event to show that it is n9£ of any major .afety

24 significance? We are tryinc to say not that this will happen,
~reoesd Reporsers, Inc.
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They have done such calculations and I would ask if

| they could at least describe the results of those calculations
and perhaps leave copies or a£ least a copy of the results of
the calculations so that it can be included in the record, if
'you would permit, Mr. Chairman.

DR. ISBI&: Yes. By all means. Are you ready to
respond, Mr.’Ross.

MR. G. RUSS: Yes, sir. I am going to leave witk
you two sets of curves. One is for three seconds which is the :
| minimum allowed b; tech specs and the other one is for a one-
second closure of the main steam line. This is ramming the
steam line valve home at the fastest rate we believe possible.
| we think it's somewher;'between one and 1-1/2 seconds so the
| analysis was done at one second.

The maximum pressure we got out of that was the
1157 psi. The normal set point for the safety valves is 1210
for this., This was done for Monticello. The safety relief
: valve for that plant are 1075, 1969 and 1985. What really
happens in this particular type of a transient when the main
steam isolation valves ram close you get a signal for scram
when three of the valves get moved 10 percen:, so what is
really turning it around so there isn't any consequence is a
scram, initiated at 10 percent valve cLoéu:e.

What you see is no increase in the heat flux. 1It's

less than the 100 percent you started with. And the neutron
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flux goes up to 144 percent but it's for a very short period

| of time so it really hasn't any consequence. I will leave the

curves with v~ :. both for the one second and three seconds.
Are there any questions?

DR. BUSH: How sensitive is the amplitude of the

| pressure ramp distance from the vessel to the valve? Cbviously
§ I don't think you can give me a quantitative one but you did

l this for Monticello.

MR. G. ROSS: Yes. -
DR. BUSH: I guess the questidn is, if I look at the
position of the valves at plant X and I put a bounding value

which is obvicusly a function of the architect-engineers, what

| is the range about X, in other plants? In other words, it could

| be 150 foot closer, 10 foot closer or what have you.

MR. ENGEL: The main steam line piping is finished

by General Electric. 1It's almost identical for each plant size

and all analyses are done with the specific plant configuration

DR. BUSH: You are telling me the distance to the

first valve is essentially fixed.

MR. ENGEL: Right. 1It's fixed. 1It's only when we

go to other transient-like turbine trips that steam line
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