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UNITED STATES

NUCLEAR REGULATORY COMMISSION

1717 H Street, M. W,
Washington, D. C.

Wednesday, March 26, 1980

The Advisory Committee on Reactor

Safeguards, Ad Hoc Subcommittee Meeting on Natural

Circulation Heat Removal,

8:40 a.m., Mr. Max Carbon,

met,

pursuant to notice, at

Chairman of the Subcommittee

presiding.
PRESENT: Dr. Shrock
ACRS MEMBERS: Dr. Zudans
Mr. Etherington Dr. Catton
Dr. Plesset Dr. Theofanous
Mr. Carbon Dr. Lienhard
Mr. Bender
Mr. Ebersole
Mr. Bates
SUBCOMMITTEE MEMBERS:
Mr. Sullivan Mr. Sheron
Mr. Zoltan Mr. Baer
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Mr. Hodges
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i 8:40 a.m.
j CHAIRMAN CARBON: The meeting will now come to

%rder. This is a meeting of the Advisory Committee on

%eactor cafe guard subcommittee on natural circulation and

?eed and bleed heat removal.

j My name is Carbon. I'm the subcommitte chairman.

The other ACRS members present are Dr. Plesset, Mr. Etherington;

'Lr. Ebersole. Mr. Bender will be joining us later in the day.

Fe have Dr. Catton, Schrock, Theofanous, Zudans, and Lienhard

with us today as consultants.

|
The purpose of this meeting is to review the present

state of knowledge with regard to natural circulation and

!fe:d and bleed removal methods and plans to obtain additional
ginformation in the future.

| This meeting is being conducted in accordance with

the provisions of the Federal Advisory Committee Act and

;the Government Sunshine Act. Mr. Andrew Bates is the designated
;Federal employee for the meeting.

The rules for participation in today's meeting

lhave been announced as a part of the notice of this meeting

jand previously published in the Federal Register on March 10,

11980. A transcript of the meeting is being kept and will be

}made available as stated in the Federal Register Notice.
: As usual, it is requested that each speaker first
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thimself and speak loudly and so on.

i We received no written comments or requests for

|
time to make oral statements from members of the public.

We will proceed with the meeting, and I will call upon

Mr. Wayne Hodges.

|
|

| MR. HODGES: I am Wayne Hodges with the NRC

be with the reactor systems branch.

' I will start out this morning talking a little

'bit about what the NRC requirements are for natural
icirculation and then follow roughly the outline that had
ibeen given in the agenda. There may be some slight

|
ideviation.

I
i The criteria that the NRC presently has for
|

|natural circulation are specified in Reg Guide 1.68,

revision 2, which was August 1978. The same words appear

also in Rec i, which was issued in 1977. So, these words
lapply to any plant whose OL application was docketed in

}1977 or later.

Basically, what these words say is that all the

| plants that get an operating license application have to

perform a natural circulation test. They either have to
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rave to run natural circulation tests in water solid condi-
lkions except for the pressurizer.

Before 1977 they could reference a prototype plant,
’pnd so we have natural circulation tests on only a few plants.
Fe also have =--

1
| CHAIRMAN CARBON: Excuse me.

MR. HODGES: Yes, sir.

CHAIRMAN CARBON: I have been told by reactor

bperating people -- plant operating people that you really

jcan't depend on the results of a test at one plant being
i ‘
lapplicable at another even though it is the same design.

Could you commen on that?

| MR. HODGES: There will be differences, maybe,
;in the fuel if they've got an improved fuel design or
something l1ike that in the cases I have referenced, older
tests.

For this particular type of test, though, which
lagain, it's water solid. There's no boiling. 1It's a very |
simple case.
| Unless there's a drastic difference in the systems
11 don't see any problem =-- a b3y difference. The biggest
iproblems come about, really, in measurement. The measurement

uncertainties are larger probably than the differences you

[will see from plant to plant, with minor changes.

INTERNATIONAL VERBATIM RErORTENS [N
- OUT CAMTOL STREET § W SUITE 197
WASHINGTON. 3 T meal




LR

18

19

20

ril

PAGE vO.

If it's two B&W plants with a lower loop steam

igenerator, we may have, say, small differences in fuel design
ior some small differences on the secondardy side. You are
lprobably going to see more differences in the measurement
uncertainties.

? DR. PLESSET: 1If you change from 15 by 15 fuel
;to 17 by 17, is there any noticeable difference?

MR. HODGES: Well, you could get some differences

iin the resistance in the core. And so =--

DR. PLESSET: Would they run another test if they

made that change in fuel?

|
:
|
' MR. HODGES: Well, now they will. In =-- in
1the past =--
| DR. PLESSET: Well, if you --

MR. HODGES: =-- not necessarily.

DR. PLESSET: Okay.

DR. ZUDANS: It would probably result in establishiné
| different steady state temperature.
MR. HODGES: A slightly different steady state
i temperature. But again, we're saying that probably the
% differences are going to be lost in the scatter of what
you could measure because it is not easy to measure what your

| natural circulation flow is. And we will get into that

| in a little bit of detail.
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Does the Reg Guide include standards

No. ©No, sir.

Okay.

We also have reactor safety =-- or

reactor systems branch technical position 5-1 and Reg

!
jon t he measurement accuracy?
|
0
|
!
i
'i
!
|

Guide 1.139, which say that they have to demonstate the

}adequacy of mixing of borated water added to the -- reach

icold shutdown

il

concentrations, and also have to demonstrate

;the ability tc coecl the reactor coolant system within a

' reasonable time.

!

DR. CATTON:

|

{
|

tand the core.

MR.

|

i DR.
MR.
OR.
15 MR.
| the core.

I understand that they have certain

lconditions that they can go over into natural circulation. |

'Like a certain delta T has to exist between the steam generator

When do they establish that? Or is that

GRAVES :

mean in the test?

CATTON:

GRAVES:

CATTON:

GRAVES :

to be just calculated on? ,

It is established to a certain =-- you |

I'm asking when do they establish it?

When do they measure it? By established

Is it based on measurement?

You have measurements of delta T plus

INTERMATIONAL VERBATIN RErORTORE NG

0 SOUTH CAMTOL STREXT § & SUMY 197

WASMINGTON. O . ooud



L

“

14

17

'8

19

2l

1§

sagz ve.

DR. CATTON: During natural circulation?

| MR. GRAVES: Yes.

; DR. CATTON: And then those are built into the

!reg specs?

MR. GRAVES: Well, this goes -~

CHAIRMAN CARBON: Wayne is probably going to cover
'this later in terms of the -- it's a matter of a heat balance

]
las we =-- power.

|
|
|
|

3 MR. HODGES: No, no. I think he's asking a
idifferent question, Chuck.

; DR. CATTON: The operators are =--

g MR. HODGES: He said in his criteria. You're talk-
|

!ing about the criteria to go to natural circulation.

DR. CATTON: Whether or not they can go into
that --

MR. HODGES: Well, if you, for example, have an
|event where you lose off-site power, the system doesn't know
lthat you've got criteria. It's going to go there. The
loperator has certain criteria that he has to try to
lestablish to maintain these temperature differences within
fcertain range. So, he will try to control levels of the
|steam generators and this sort of thing.

The natural circulation is going to occur.

f DR. CATTON: I understand. Where does he get
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:those temperatures he tries to maintain? Does that come
his initial experiments? Does the temperature =--

MR. HODGES: No, no, it's =-- it's a very rough
Eguidance. His temperatures are less than his operating
ltemperatures.. He's operating delta T. And he's told, for
lexample, his cold leg temperature should be steady or
decreasing.

DR. CATTON: Okay.

MR. HODGES: All right. So, it's not pay you've

lgot to have 27 degrees. 1It's that it's got to be less than
your full power or your delta T at the time ~ou are operating.

|
e
|
| DR. CATTON: Okay.

! MR. HODGES: A number of these slides you will

.

ihave seen before in various forms probably.

Traditionally wnen we've discussed natural circula-
tion and what -- what we've referred to in these requirements
that are in the Reg Guides is for natural circulation in
éPWR's with a water solid system except in a pressurizer,

{and to try to calculate this involves a simple balance bet-
;ween the elevation head and the friction and the acceleration

losses. So, it is not a sophisticated calculation. It's

strictly a trade-off between the density differences and the

CHAIRMAN CARBON: ur. Ebersole.
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MR. HODGES: Yes, sir.

MR. EBERSOLE: 1Is this information all based on

the thesis that you retain and pressurize the heaters?
i

I know you lost the points. But many designs

don't have duracarbon heaters or get hot earlier.

| MR. HODGES: In the first half-hour to an hour it
I
imakes very little difference because you have just little

theat loss from there. If you =--

I
’ MR. EBERSOLE: I understand. 1It's just the long-

‘term I'm talking about.
|
! MR. HODGES: In the long term, if you lose that you
lstart depressurizing. But these calculations are assuming
éthat you are at pressure.
@ MR. ERERSOLE: Under the pump head.
j MR. HODGES: Yes.

No, .

MR. EBERSOLE: Under the =-- under the upper pump
head; right?

You are at pressure because you are sustaining
;pressure with the pumps, upper injection pumps? If you've
; lost the heaters?
DR. PLESSET: No.

MR. HODGES: No, no.

MR. EBERSOLE: No.
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MR. HODGES: No.

DR. PLESSET: He has no pumps.

MR. HODGES: You don't actually have any pumps on.
MR. EBERSOLE: No pumps.

DR. PLESSET: No pumps.

MR. HODGES: Yeah, your heat loss from the system

is sufficiently small that you will have only a small pressure

;decay an;how. So, without that you would remain at almost

I

}
|

'?

i
|
|
|
|

|
!

|
|

at a steady state. Just a very gradual decrease. Okay.
MR. EBERSOLE: Very well. Thank you. Fine. f
MR. HODGES: Some of these slides we'll hit rather
guickly. Just illustrating the nomenclature that's used
in the calculations refering to the hot leg density to cold
leg density and an equivalent length for the driving head.
As I've said a little bit earlier, the natural

circulation in the plant is relatively difficult to measure.

There are several techniques that are used during the testing. |
I have shown here a curve from -- an opponent test where
| they use what they call the induced transient temperature

circulating time approach.

What they do in this case is they open a steam dump
valve on the secondary side so that they cool the cold leg

temperature about 10 degrees. And then they wait and see

| how long it takes for this temperature front to pass to the

INTERNATIONAL VERBATIM REsomToes (nC
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!And so they can back out a flow rate just based on a transient

time. That's one approach.

|
: And then there are two approachs that basically
Euse a heat balance where they will calculate a decay heat
iand apply that to a delta T to get the flow, or they will
!generators and use the core delta T to calculate the flow.
So, there are basically three “‘fferent ways of

doing the measurement of the natural circulation. 1In this

approach here you've got the problem that introducing the

temperature transient increases your natural circulation.

So, the measurement techniques effects the results.

They can adjust this a little bit by doing tests

iat O-power isothermal tests where they will do the same

sort of thing and see what the effect is and try to factor

that in. But the measurement technigue does effect the

|measurement itself.

If you are trying to use the heat flux with a

|delta T to back out the flow, you've got rather large
luncertainties if you're trying to calculate it, say, from

{an ANS curve, or if you're trying to measure it on the

INTERNATIONAL VERSATIM REsONTEN (NC
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|secondary side at those low power levels.

So, either way you do it there are large un-

icertainties.

DR. THEOFANOUS: What do you mean large or =--
:well, what 1s large and what is small? And what is adeguate?
} M%. HODGES: Okay. I'll show you some curves
;and show vou how the tests compare with data and the
ldifferences result from both measurement uncertainties and

the fact that the vendors in doing their calculations don't

'know the resistances in the loop very well, so they assume
fconservative values of the loops. So, there are several
Jthings that go in. But you can look at -- scatter some
jof the data points.
i DR. CATTON : But the spread that was removed
(would be a good indication --

MR. HODGES: The spread of the what?

DR. CATTON: The spread that you get in calculating
it three different ways.

MR. HODGES: Yes.

And you may be talking &out -- maybe one and a half.
5 DR. THEOFANOUS: What do you mean one and a half?
| MR. HODGES: The factual 4diff -- well =--

DR. THEOFANOUS: More than one?

MR. GRAVES: There has been one test at Connecticut

INTERNATIONAL VERSATIM REroMToRS INC
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|I believe Connecticut Yankee or Maine Yankee. I'm not
sure about the =-- where they compared this result with the
result of heat balance. They happened to get just about

the same answer.

f CHAIRMAN CARBON: We can't hear you.

|

I MR. GRAVES: There was one test that -- there
E
1is only one test that I know where people compared two

methods. This particular method would be heat balance method.

|And that is, I believe, Connecticut Yankee. And I could
|
gverify that very shortly.
They have to be getting very close agreement between |

|

|

Ethe two results. But they believe this was rather unusual.
|

l MR. HODGES: No, I think on Iconee they did the

{

same thing, Chuck, and they got about a 50 percent diff-
erence.

MR. GRAVES: 50 percent.

MR. HODGES: Yes. It can be =--

MR. GRAVES: So, we havetwo cases. You found one
f and I found one where one case the two methods--the heat
| balance from the energy input was compared to the transient
| time method when they got closer together. And Wayne has
| found another one where there was a different percentage.

But there is -- part of it depends on the problem

that you do have a fairly significant heat loss for a system
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MR. HODGES:

here on the temperature.

:each one.

tion itself. So =--
! DR. PLESSET:
| MR. HODGES:
range scale.
MR. EBERSOLE:
MR. HODGES:
MR. GRAVES:

MR. EBERSOLE:

MR. HODGES:

MR. EBERSOLE:

Well,
1tl : cold leg temperature and the hot leg temperature.

of 25 degrees for the natural circulation--25,

difference when that scatters about you're going to get a

fair amount of uncertainty.

What's this WK mean?

Oh, that's a WR.

Wide range.

Pacz ve. 14

that's not known at the time of these tests.

look at these data points up
These little plots here are for i

Now,

:you're taking a temperature difference which is on the order

30 degrees.

{And you're seeing differences here of a couple of degrees on

Just from the uncertainty and the temperature

And then you've got uncertainty |

that you back out of the heat flux measurement or the calcula-

WK scale?

It's on a wide

Oh, what is WR then?

Wide range.
Have there ever been tests run
? in which progressively larger, but in any case, small amounts
: of noncondensables have been injected into the system? |

No.

To observe the effect on this type ofi
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. i curve. |
- | MR. HODGES: Not to my knowledge. j
: | MR. EBERSOLE: Why not? j
. ; MR. HODGES: I don't think you want to do that in |
: a plant that is generating efficient heat.
é i MR. EBERSOLE: 1It's a fear that something will
d .happen.
' f MR. HODGES: 1If -- you may call it that, vyes.
3

MR. EBERSOLE: But you even have the pumps with

thich you normally scrub out these tests, and yet fear still :

predominates.

MR. GRAVES: Well, the tests to-date, such as

i
t
"H: t : :
jWayne has described, is really based on the idea of trying
|

4
to prove such. If your plant had this scram, say, you
18
| lost off-site power, and you're scraming in auxiliary feed
16
water =--
» S i
MR. EBERSOLE: Yes. |
18 | .
| MR. GRAVES: =-- and you want to remain at hot stand-,
| .
| by which was the instrument position. Let's say at that point
20 _
and WASH 1400 as well, this test is to demonstrate =-- the ?
2| |
| purpose of these tests is to demecnstrate that you could reach
o |
fa stable condition, remove heat by natural circulation.
r -
| Everyone of those tests has had a month -- this particular
24 :
‘ series of tests came out of the Reg Guide 1.68.
3 i
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And sc you will findthat they will measure, they

lw111 -- the standard description of the test is that they
{will try to be in the range of a few percent power, sometimes
1going up to four or five percent and compare this with the
%values that were predicted in the final safety analysis
;report to demonstrate the test has shown natural circulation

jirates ==

MR. EBERSOLE: I understand.

| MR. GRAVES: ~- in excess of what was used in the
|
1

safety analysis.

g MR. EBERSOLE: 1I guess my problem is this, though.
‘This test is carefully sterilized against having any --
J MR. GRAVES: Yes.
; MR. EBERSOLE: =- perturbing influences?
‘ MR. GRAVES: That's right.

MR. EBERSOLE: Even though the pumps are present
to eradicate problems should the problems arise. And this
I is what bothers me.

MR. GRAVES: Well, some of the tests have been --
will go from the actual trip of the pumps, and you will have

data all the way down to approach the natural circulation

| in approaching a stable condition in natural circulation.
There have been other tests in which the system

was allowed to go into natural circulation, and the reactor

INTERNATIONAL VORSATIM REsomToRs InC
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;was fisioning. 1In other words, it wasn't scrammed. They
'were simulating decay in the fision power.
MR. EBERSOLE: How long =--
MR. GRAVES: A series of study state type tests.
}The transients have been the transients following the trip
;of the coolant pump down to the establishment of natural
Tcirculation.
| MR. HODGES: 1If a test like this can at all be
‘run outside of core, and you can set up tests and do this,
:and there are some that are going to be done by research.
1It would seem prudent to do it there rather than in the core
where you might get something with a reactivity insurgent
jtransient or something like that. It would cause a problem.
MR. EBERSOLE: Even though you have the pumps
to --
MR. HODGES: Even though you tave the pumps, yes.
MR. EBERSOLE: You know, the pumps are normally
used to scavenger out the heat --
MR. HODGES: Yes. But the problem may not come
from -- from the other.

| MR. EBERSOLE: How long do these tests -- how long

is it require that they persist? I notice this cuts off in

| about an hour?

Do ,ou do tests that call for a time span, of say,

INTERNA IONAL VIDRBA I REmomTows. (nC
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ékwo days, three days?

MR. HODGES: Across a time span of a long time like

it would take a long time for things to come at equili-

-Frium so you can run the test.

So, the test may not last more than an hour itself,

iIn fact, I --

lbut the time involved in running the test is a couple of days.

MR. EBERSOLE: During which it is on natural

convection?

MR. HODGES: No, no, I don't think so. No.

MR. EBERSOLE: I'm looking at, you know, the

lpossibility of problems arising in the course of a long time?

MR. HODGES: No, this is =- during which it's got --

MR. EBERSOLE: Well, this is really short-term.

;An hour?

MR. HODGES: Short-term under the natural circula-

tion conditions, yes.

DR.

MR.

MR.

DR.

MR.

ZUDANS: You know to reach this point how much

| time does it take from the time the pumps are shutdown to

| reach the equilibrium stage so that you can perform the --

GRAVES: That's minutes.
HODGES: Minutes, vyes.
ZUDANS: Minutes?

HODGES: Yes.

INTERNATIONAL VENBATIM REromToRs. InC
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MR. GRAVES: See, this particular test is --
fusually you've got to watch it when you see a test like

this. This happens to be the transient type test. You

1have very l.-7 transient time -- minutes at these powers.

I

!At a one percent power generation your flow rate is about
|3 percent of the flow design value. And that's a factor of
I

33 and the typical loop transient times at full power would

ibe in the order of 10 or 15 seconds. So, you're talking
labout 30 times that.

]
i}

! MR. GRAVES: No, this is =--
é MR. HODGES: No.
j MR. GRAVES: =-- a steady state. And then they
jjog the system to try to get a temperature --
| MR. HODGES: 1If you've got some heat in there
already, it's very difficult to start from stagnant condi-
'tions.
DR. PLESSET: That's true.
MR. GRAVES: 1If you exceed -- Wayne, you have
another curve probably showing what happens after a trip.
MR. HODGES: Yes, I've got one set in here from
| ANO ==

! MR. GRAVES: That's from a point of time test

lwe're talking about.
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MR. HODGES: A loss of off-site power event.

, CHARIMAN CARBON: I'm not sure I understood all
I
lyou said. To start these tests they are operating, are they,

lat something like a steady state of 5 percent, and then trip

jout the pumps and --
f MR. HODGES: Well, they probably start operating
lat 20 or 30 percent. It depends upon the plant and what's

been recommending for them. But it will be operating

linitially at some power level, and then they will trip.

CHAIRMAN CARBON: Trio both the rods and --

MR. HODGES: And then they would be sitting there

on decay heat.

MR. ZUDANS: And that is a short period between

|

:that midpoint and the point that you conduct all the tests?
MR. HODGES: Yes.

CHAIRMAN CARBON: Well, you are performing the
ltest as soon as you trip; aren't you?

MR. HODGES: But it takes awhile to reach the

| natural circulation. You've got a minute or two to coast
:down and get everything stabilized. So, you're talking
gabout a matter of minutes.

CHAIRMAN CARBON: It's part of the experiment in

getting onto =~

MR. HODGES: Yes.
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DR. SCHROCK: The pre=-existing flow in that kind
of test certainly aids the onset of natural circulation, and
:thete may well be some circumstances in accident scenarios
fwhere the things are really stagnant before the onset of

|

|natural circulation is necessary. Are you concerned about that?

MR. HODGES: We are concerned about that, and we have

lasked research to do some tests. We don't have the tests yet.

10

i

12

14

13

16

17

18

9

20

2

We don't have any data uncer those cir --

DR. SCHROCK: What we've heard is that the onset

|

|is very slow in terms of time.
|
| MR. HODGES: But you don't want to run a test like

lthat in a reactor, you know.
; DR. SCHROCK: Well, I'm not arguing it needs to
jbe run in a reactor, but I'm curious about ==

MR. HODGES: Some people do, I think.

DR. SCHROCK: =-- whether information of the tyve
that you are describing here is adequate to answer questions
about adequacy of natural circulation as a mechanism for --

MR. HODGES: Under accident conditions, the answer
| is
; DR. SCHROCK: Okay.
| MR. HODGES: What I am going through now is what

| has been hListorically done. There was some interest

expressed in w.:at the data base is on plants, and so I was
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;just trying to show a little bit of that flavor. We will
get in a little bit later us to what additional we requested
:from research and what we think we need. See, this is what

just now exists.

MR. BAER: I'm Robert Bayer of the NRC staff,

iand Wayne ended up saying much of what I was going to say.

But I just wanted to point out that the tests we are talking

;about, oretty much as Wayne said, is something to demonstrate
ia normal design capability, and it's for the transient where
%you have lost offsite power or lost the reactor coclant pump.
;And the pumps have an additional rotational momentum built
iinto them in terms of a fly-wheel to give you a reasonably =--
JI don't know how to say it, but so the flow doesn't decrease
jtoo rapidly, so that during the first part of the transcient
| there is adeguate flow rate in the core so you don't go =--
depart from nuclear boiling during the first part of the
transient. And that's about a minute or so of coast-down,
| and then you get into the natural circulation.

And I think that at least some of the tests that
Wayne is talking about are tests, really just to demonstrate
that capability. That if the pumps were --
f MR. HODGES: That's right.

MR. BAER: -- stripoed from full power that you

would achieve during the transient flow rates high enough to
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preclude DMBR in the core or an acceptable DMBR ratio in the
|core, and then you would be able to, as Wayne said, to
|stay at hot standby or in fact slightly cool down the plant
:power in that condition.
| It is not an accident -- the test he is describing
}are not to demonstrate capability following an accident
like a small LOCA.

CHAIRMAN CARBON: 1Is this done during startup of

a plant, or is it done -- I mean initial startup, or is it

|repeated at shutdown?

|

i
MR. HODGES: There are two types of tests that are

normally rua. Before the plant is ever started up, they

will do idiomatic tests where they will just get a driving

;head by cooling down the colag with opening a dump valve

'and having the pump have heated the system up.

so that they can get some decay heat, then they will run a

:natural circulation test. But now they have had to operate

it for a period of time before they can get to that point.
MR. ETHERINGTON: Some natural circulation systems

Eare self-starting from rest and some are not. It seems to

| me that one ought to be self-starting. Have you an answer

on that? Should it he self-starting?
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; MR. HODGES: It should be, but the tests that have
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. - |been run were from a pump coast-down condition. I don't

L]

think we have any data showing that it absolutely is. I see

“r

|no reason why it should not be. The driving head is there.

MR. ETHERINGTON: The driving head can be there,

yes. But it has to be there from the beginning. To guote
jan example =--

MR. HODGES: You've got a heat sink in your steam

' :generator, and you're generating heat in the core, so you've
; jgot the density difference, and it should be self-starting. |
" , MR. ETHERINGTON: I believe that's right. :
" 5 I'll give you an example of one that isn't self- i
‘12 istarting if that would help. '
- ‘ MR. HODGES: Okay. :
14 k
g MR. ETHERINGTON: 1In the old days of natural draft
- furnaces, the furnace in the high level had flues at the
16
low level and a stack.
o MR. HODGES: Yes.
" MR. ETHERINGTON: And you could have the furance
2 jhot, but you would have no draft. You light a little fire
. at the bottom of the chimney stack and heat the stack, and é
5 ;then you'd have a system that was operating. |
2
| MR. HODGES: Yes.

MR. ETHERINGTON: That's the kind of possibility

for having a system that isn't self-starting. I don't believe

0.
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that appiies to any that we have looked at here.
MR. HODGES: On the Westinghouse and combustion
plants the steam generators are sufficiently above the core

|that there should be no particular problem. On the B&W i

jreactors it is a function of what the secondary water level is.

]

ij you get the water level too low you could have a problem.

]

|So, there are constraints on the water level on the secondary
|

|side for the B&W steam generator with the lower loop plants.
MR. ETHERINGTON: That wouldn't be continued once !

it's started, then, would it?

MR. HODGES: I'm sorry. I didn't understand your

l MR. ETHERINGTON: That isn't the case in not

|
ibeing able to start. That would be a case of not having =--

|

MR. HODGES: It would not even continue if the

level was not =--

| MR. ETHERINGTON: It wouldn't continue if it .

‘started; right.

MR. HODGES: That's right. So, there are constraints

jon the levels on the secondary side. :

CHARIMAN CARBON: Have there ever been tests run

| where they started from scratch rather than pump coast-down?

MR. BAER: There are some proposed for near term OL'S,

jand I will be talking about those here just briefly.
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CHAIRMAN CARBON: But none have been so far?
MR. BAER: Not that I'm aware of.
MR. GRAVES: None have been run as a test that

'has occurred in transient. There have been a few situations

CHAIRMAN CARBON: I'm sorry. I couldn't hear you

| MR. GRAVES: I believe there have been a few

reactor transients in the past where a steam generator where

1there was -- there could have been a restart robinson in the
;loss of cold pump sales.
‘ CHAIRMAN CARBON: Could have been, but you don't
|know whether it --
} MR. GRAVES: Could have been. 1I'll raise the
point, but by the -- there have been a few situations where
there could have been such a case.

MR. HODGES: Okay, Brian Sheron just reminded me
also on my statement on the B&W plant, that if they have
| off-speed that statement is not true. That could be true

if they did not have off-speed and we're going on regular

feed flow but =--

MR. GRAVES: 1If it's low enough you can't neat,
| you're still going to -- even if you try the steam generator,

you are still going to have a heat loss in the system of
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about three megawvatts.

Thermal heat loss from the system is about three
.megawatts.

! MR. EBERSOLE: I believe one of the possible
;demands on natural convection might be -- that has to be
|considered is the case for severe secondary side depressuriza-
ftion coincident with the loss of primary coolant pumps in
éwhich case you get a primary loop cooling, which restores
power to some level activity at 50 percent. And yet you're
dependent on natural convection for rejection from the

pin to the coolant. 1Is this one proven in the experimentation |
that you can use natural convection at this power level in
PWR?

MR. HODGES: No, not from tests.

MR. EBERSOLE: What's it power level? Do you happen
;to recall how high it may go on the severe secondary side
depressurization? 1Is it like 20 percent?
| MR. HODGES: Local pins can go =-- that I'm -- I'm
not sure that the reactor power --

MR. EBERSOLE: Reactor power for local pins.

MR. HODGES: Yes. But the core average would not
| be anywhere near that.
MR. EBERSOLE: Oh, I know that.

MR. HODGES: Okay.
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MR. EBERSOLE: 1I'm talking about LOCA heat transfer

problems under natural convection.

|
| MR. HODGES: Okay.

MR. EBERSOLE: The pump =--
i MR. HODGES: Yes. Okay. I don't recall the
inumbers. I think LOCA you could go 20 percent or maybe more.

MR. EBERSOLE: Yes.

MR. HODGES: I think it's h’'gher even than 20

?percent, but I don't have the numbers in my head.

| MR. EBERSOLE: And that would have to be dissipated
iby natural convection since the pumps are down? After the

coast-down. You would be racing with lower rat:o.

! MR. HODGES: That's right. And it would depend

gupon how -- the rate at which the power increi=e as t> whether

‘or not you could do it.

| MR. EBERSOLE: Yes. Well, it i~ a scenario which

1we face.

MR. HODGES: 1If it goes extremely rapidly so that

| the momentum of the water won't keep up with it, then you're

!l going to get burnout.

| MR. EBERSOLE: Yes.

MR. HODGES: Or D&B at any rate.

f MR. EBERSOLE: All right. Okay.

MR. HODGES: Okay. 1If it's a slower transient, then
INTERNATIONAL VERBATIM REsomrons |nC
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:the natural circulation can very probably keep up with it.

MR. EBERSOLE: Do you think it might should be a

i .
design basis that we won't get burnout by whatever means |

necessary?

MR. HODGES: A certain amount of D&B is allowed

|
'‘period. The cleanup systems are designed to handle it.

I

MR. EBERSOLE: I'm talking about burnout, not

D&B.

i MR. HODGES: Well --

MR. BAER: You're talking, Dr. Ebersole, about

|
la pretty severe transcient =--

MR. HODGES: Yes.

MR. EBERSOLE: Yes, it would permit some damage.

; MR. BAER: =~ and our criteria doesn't preclude
;D&BR.

MR. HODGES: That's right.
: MR. EBERSOLE: Some degree of damage; right. ;

1 Thank you.

MR. HODGES: These are just some examples of what's
|been measured in a couple of different plants during the natur%l
;circulation tests. These are the abilities that they see on |
lvOconee and Davis-Besse. S0, you've got an example of a

| lower loop and a raised loop plant, again, at low power.

MR. ETHERINGTON: We have tests -- don't we also have
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|some cases of inadvertent going to natural circulation on --
MR. HODGES: From -- yes, sir, I'm going to show
one case of that in my slides here. But just as an example.

Some of these I think we can go through rather

|
f
1
|
|
|

rapidly. This is just =-- the example for Oconee showing
o

;what they reported being requi <d in their F-Zar, and
'what they calculate and then wha they actually measured for

§

lthe test. Again, I'll comment thit typically the vendors

will use conservative values of the flow resistances in the

}piping because they don't have a good feel for exactly what
éthey are under these low-flow conditions. And that's why you
‘almost invariably the data considerable higher than the
|
predictions.
l DR. THEOFANOUS: Which is dacta and which is
conditional?

MR. HODGES: This is the data point. These are
| conditions.
; DR. THEOFANOUS: Now, the data point is not really
| very meaningful unless you give me a narrow band around it.
| Based on what you said before, you wouldn't know very well

| what the point was. Can you give me an idea of how it --

| how much of an asserted value there are?

I haven't tried to go through and do a numerical evaluation.
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But that error may be 30 to 50 percent. Okay. In that range.
DR. THUEOFANOUS: That is a guess; right?
MR. HODGES: VYes, because of the uncertainties in

lthe temperature and power.

MR. GRAVES: That's because we are referring to

flow.
DR. THEOFANOUS: Right.

MR. GRAVES: Now, remember even though there was
a scatter in those thermal couples, there was still a hefty

difference between --
MR. HODGES: That's correct.
DR. THEOFANOUS: All right. So, that =-=-

MR. GRAVES: Part of the uncertainty is this busi-

ness of knowing the heat source =--

DR. THEOFANOUS: Right.

MR. GRAVES: =-- to back out the flow rates.
DR. THEOFANOUS: That's the point. So, it is
I poesible that we are really after the wrong there here.

MR. GRAVES: Well, I think the delta T's, that

the core registers the temperature is most significant.

DR. THEOFANOUS: More meaningful. So why =--

i ."R. GRAvVF"~. More meaningful.

vR. THEOFANOUS: -~ are you going to somethiag that

| we don't know very well.
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DR. THEOFANOUS: Those are the things we are

measuring. You don't hear a very high percentage on that.

11 think those are the things that should be the primary
' factors to be reported and to be conferred with, other

|
l
;things such as analysis.
E The flow is only an intermittent thing and might
|
égive him an idea as far as how the results compare =--
i
| MR. HODGES: My previous slide was on delta T
icalculated and measured.

DR. THEOFANOUS: No, you -- don't take long.
Is this the matter only of procedure.

DR. ZUDANS: Could you describe how certain =-- or

how accurate is this hallowed measurement here? How is it =--

DR. HODGES: For this particular one I'm not

certair.,

DR. ZUDANS: No, in general, how is it done?

MR. HODGES: There are two general technigues
i that are used--one is calculating for an AN&S decay curve.
DR. ZUDANS: That's not a measurement. I'm --
MR. HODGES: That's noi a measurement. And the
i other one is doing the heat balance on the secondary side.
5 DR. ZUDANS: But that could either =--
MR. HODGES: But you need the feed water flow

rate.
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DR. ZUDANS: 1Is that known accurately?
MR. HODGES: That's measured. And you need the
delta T. But the problem is that the instrumentation on the

fsecondary side also is set up for, you know, full power

operation. And so you're measuring in the range of a few
|percent power, and so you get large uncertainties.

|

I

I

j DR. ZUDANS: So there is not only a question
]where that point sits in the chart; also a question of how

laccurate that scale is relative to these points.

I
| MR. HODGES: Yes.

! DR. ZUDANS: Now, you can measure temperatures
|
accurately.

MR. HODGES: You can measure them accurately,
‘but even they bounce around.

DR. ZUDANS: That's right. So, the power is
deduced from measurements that are not certain.

MR. HODGES: That's right.

DR. ZUDANS: Using A&S curve because that's =--
| MR. HODGES: That's correct.
DR. ZUDANS: Because -- type of curve isn't applied
%to this particular plant, not necessarily.
| MR. HODGES: Yes. There have been state
| DR. SCHROCK: =- heat if you do it. But I think

what you're saying is that you use the =-- only in a standard
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idecay heat curve following it. And in the radiation you
thave an answer which is not very reliable.

MR. HODGES: That is correct.

DR. SCHROCK: But you don't have to do that.

MR. HODGES: You don't have to do it. You can
calculate it correctly, maybe. And --

DR. ZUDANS: If you know the feedwater flow.

f MR. HODGES: 1If you can know the feedwater flow

and the temperature dif“~rence on the secondary side.
1 DR. CATTON: Well, I can see how it can get
;temperature differences. With our instrument accuracy,
:how can you get heat with flow like this low range of flow
with any accuracy less than say plus or minus =--
! MR. HODGES: The percent.
DR. CATTON: -~ 100 percent?
MR. HODGES: 10 percent.
DR. CATTON: Your level responses are rather
: vague at one percent.

MR. HODGES: 1It's pretty low. That's right.
It's very uncertain.
é JR. ZUDANS: And what is the significance of
é knowing all of this other than delta T like ==~

5 MR. HODGES: That's the major thing. You're

demon =-- it's a demonstration more than anything else.
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DR. THEOFANOUS: There is no demonstration. If something

floesn't demonstrate something you cannot call it a demonstration.

1}
I

| MR. HODGES: Oh, it is a demonstration. It is a

fiemonstration that natural circulation exists under these

Londitions, and that therefore, the temperature difference that

i
!

you're measuring in the core does not, you know, go sky high.

|

|

is that they are other things that are more direct demonstra-
I

i

|

|
|

DR. THEOFRANOUS: What you are trying to tell me

|

! That's what it is.

|

tions instead of what you are trying to put up there as a
gemonstration.

I

Everytime that you put up numbers of your

|

I
3
!
| MR. HODGES: No, no. I'm talking about the test
i

itself. The test itself is a demonstration =--

DR. THEOFRANOUS: Okay. Okay.
MR. HODGES: -- that the temperature differences
gon't go sky high.

| DR. THEOFRANOUS: That is a demonstration. But

ot == not that figure? |

| MR. HODGES: This is back out from that. That's
jright. No, I'm not claiming great accuracy for this figure.

iOkay. I think so.

MR. EBERSOLE: 1Is the required pool rate as shown
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|here really kind of a homogeneous mix-mean, average flow

lto get the heat out of the core only when it's being

generated?
MR. HODGES: That's water solid.

MR. EBERSOLE: That's all it is.

MR. HODGES: Yes.

MR. EBERSOLE: It doesn't take =--

f MR. HODGES: No boiling.

MR. EBERSOLE: -- advantage of the local picture
;1n the core at all?

| MR. HODGES: There's no boiling in there.

MR. EBERSOLE: No boiling. Right.

There will be some hotter channels than others,
;and some variability in the velocity of those; but that's it?
MR. HODGES: 1It's greater than that.

CHAIRMAN CARBON: Go ahead.

MR. ETHERINGTON: The off-speed water curve

;is higher because the water is colder; is it?

MR. HODGES: 1I'm sorry. There were several
|people talking. I didn't get the question.

MR. ETHERINGTON: The upper curve is because the
|water is colder; is that the reason? The aux water?

; MR. HODGES: Oh, in this case the off-speed

jcomes in at a higher level.
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MR. ETHERINGTON: Pardon?

MR. HODGES: It physically comes under the higher

level in a steam generator.

MR. ETHERINGTON: Oh.

MR. HODGES: S0, since ya've got more heat more

| .
surface would water on it.

MR. EBERSOLE: That's only one case. But we =--

|some of them -- all of them don't come in high.

MR. HODGES: This is the B&W case.

And this is just a similar curve for Davis-Bessett,

lagain, at a higher power showing the flow above predicted.

And I don't think we need to dwell much on that one anymore.

If you go through just a simple, say, energy
ballot looking at the driving head and the friction losses
you can arrive at a recipe like this, which is what Westing-

house uses in calculating their natural circulation, again,

| under water solid conditions. This is essentially derived in
? the book by Vinella on nuclear engineering that you come
| back and see how they get their. It just says that the
%'flow is proportiocn to the third route of the heat generation

| and the elevation head when it works out.

Some calculations that Westinghouse has made
and prepared with data of their plants, similar to the

ones I just showed you for B&W, where they get a compulation
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Fnd a measurement up here.

We've got the same kind of uncertainty, so the
Fame guestions we had on the other slides apply here as well.
" DR. THEFANOUS: What kinds of tests are those?

pre those -- can you please tell me what --

; HODGES: These are water-solid, natural
jcirculation tests.

| DR. THEFANOUS: And where are the other two?

MR. HODGES: These are in several Westinghouse

DR. THEOFANOUS: Several differences.

MR. HODGES: Several differences and three loops

and four loop plants that are shown on that curve. So,

Jyou've got several Westinghouse reactors.
I
|

| DR.

very careful

MR.

THEOFANOUS: One thing that surprises me is

that you've done that experimental data. Now, the
| transcient I've seen never indicate to me one of two

| things--one is that the people who used the data were

to somehow eliminate error in some strange

way. Of the other -- the transcient I see here do not
| indicate to me that whatever it is that you're measuring,
the measurement procedes in a normal role. The experiment

! is very ready because I see very nice behavior.

HODGES: There is at least a consistency.
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i DR. THEOFANOUS: Yes.

l DR. HODGES: Whether it's accurate or not, there'
lit's consistent.

f DR. THEOFANOUS: Well, it's a matter of
jsystematic errors. The point is that we have == you could
égive a systematic arrow that could make a curve sit up
Zand down, but there is -- other than it is an inherent

measurement thereof, which is because of your lack of notes

of some details in the system which are amplified and give

lyou erratic behavior.

I construe to your previous comment to try to

ay that by =-- almost by principal the measuremen* is

ery inaccurate.

]

.__._<!. _._5— — — T

MR. HODGES: That's right.

DR. THEOFANOUS: What I see over here doesn't
how that and you =-- can you help me to understand how
that ==
: MR. HODGES: All right.

DR. THEOFANOUS: =-- You just gave me.
MR. HODGES: This is one plant. This is a four-
sloop plant; all right? They use the same method that all

éthree points on this test. So --

MR. HODGES: Here you go in =--

DR THEOFANOUS: Between the reactors and all

INTERNATIONAL VERSATIM RESORTENS. |NC
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also even within one. It determines whether you are

iwell-behaved.

DR. EBERSOLE: It would be much more conviencing

0.
1if there wome error bounds on those data.

DR. THEOFANOUS: That's right.

DR. EBERSOLE: But there is nothing that you can

DR. ZUDANS: But in any case he is very well~-

There is one thing you are overlooking?

DR. EBERSOLE: What?

DR. ZUDANS: Both scales are made from the

Isame area of source. So, the curve that you applied before

|sounds okay.

The power is derived from peovle, and the flow

is impaired from heat removal.

MR. THEOFANOUS: But, again, this is --

DR. ZUDANS: It is not a direct measurement of

|leither of the scales?

MR. HODGES: No, no. 2Zero =-- we are talking

about two things. One is systemic error and there other

is erractic error.

DR. ZUDANS: This is systemic error?

DR. ZUDANS: That's what I'm driving at. If there
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10 . i is some kind of error it must be systematic. What Wayne

was trying to say before if you are measuring a flow

L

: | that is one percent of your instrument scale, then you're
¢ 1 not talking about systematic error.

£ You're simply talking about your ability to

é i measure accurately and basically a random error. There is
4 ‘ a basic difference between those two things. What I'm

driving at is this behavior indicates to me that either

. there's a systematic only error and not the random error,
- ; or that there isn't any error at all.
: | DR. LIENHARD: May I say in different words?
' = :! You've gct two plants turning out perfect straight lines,
- v and two other plants turning up curves that show absolutely
h : consistent bends in them.
- | MR. HODGES: These are calculations.
N MR. ETHERINGTON: There's another factor that
’ . may enter here. At the low rates of flow, we're getting
* pretty close to the Randall's critical number in the long
N . tube so if we had a transition for turbulent viscous flow
i'; : then the formula, of course, wouldn't apply.
;2 : MR. HODGES: That's correct.
o 5 MR. ETHERINGTON: And I think you're getting =--
-
= ‘ I think it is rather close in the long tube. But it does
: :
‘ j remain turbulent.

pl

MR. HODGES: 1It's still in the turbulent range.

| e G oL . S . WS
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Those pipes are big enough. It takes very little flow.
If those pipes are large enough it takes very little
flow before you're in the turbulent range.

DR. CATTON: What's the critical Randall number?

MR. ETHERINGTON: What do you call low?

MR. HODGES: Well, in the hot leg and the cold
leg pipes under normal operation you =-

MR. ETHERINGTON: I'm talking abcut the tubes.
Not the pipes.

MR. HODGES: Okay. In the tubes. All right.

MR. ETHERINGTON: 1In the tubes. 1In the pipes it's
really turbulent always.

MR. HODGES: Right. That's right. Okay. 1In
the core it may well be, but maybe most of your pressure
drop is =--

MR. ETHERINGTON: 1I'm agreeing with you it is
turbulent, but it's running kind of close.

MR. HODGES: 1It's probably running close.

MR. ETHERINGTON: It might get into the viscous
range.

MR. HODGES: Well, let's see. You would have
a quarter of a foot per second velocity, somewhere in that
range.

MR. ETHERINGTON: Pretty close to =--

MR. HODGES: in that range there. So that's getting

INTERNATIONAL VERBATIM REsoaToes |nc
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in that range, right.

MR. ETHERINGTON: That size viscosity.

DR. THEOFANOUS: Anyway, Wayne, let me just say
a little bit more bluntly what I'm driving at. If I give
you a thermometer, and you've gct the Delta-T increments
of ten degrees. And I ask you to do an experiment in which
you only can -- you are already asked to measure differences
of one-tenth of a degree.

MR. HODGES: Right.

DR. THEOFANOUS: And you carry out the experiment
in full cognizance of your instrument you have is not a very
good one for that particular experiment. And if I see you
getting a curve that looks very nice and, and you were
talking with thermometer apparatus but with other different
apparatuses, then I guess what I'm going to do is I'm
going to be very suspicious, and I'm going to go back and
look very carefully what you've done.

And what I suggest to you these kinds of data
do not agree with your previous statement concerning the
ENO's and therefore =--

MR. HODGES: 1I think a lot of them are systematic.
I think you will get big differences between -- or
differences in this number depending upon the technique
that you use, whether you use transient time method or
whether you use the energy balance method.

INTERNA TIONAL VERSATIM REmOATORS (NC
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CHAIRMAN CARBON: Well, I think the point has
been made --
MR. HODGES: Yeah. No, I understand what you're
saying, Theo. I understand that fully, and why there is

not more scatter there, I can't explain.

DR. THEOFANOUS: What I'd like to know is what are

you going to de about it? I'm not so much interested in

whether you agree with me or not. 1Is there something you
can do about to iearn more from the data? Are you going to
look at them more carefully, or should we look at them more
carefully? That's what I want to know.

DR. CATTON: I think future plants have a bit
more flow measurements, don't they? I didn't know that
they measured the mass flow in the auxiliary feed water
system.

MR. HODGES: No, we're not talking about it.
We're talking about on a regular feed water flow. But
some of them can't.

DR. CATTON: Well, you had -- from the previous
flow, you had an auxiliary feed water curve =--

MR. HODGES: That was a theoretical curve.

MR. GRAVES: Some of these powers here here of
these tests were raised on fission power where they
didn't confer it --

MR. HODGES: That's right.

INTERNATIONAL VERSATIM REmosToRs. NG
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DR. CATTON: Oh, okay. If this is from fission
power, then a lot of -- we'd have a lot more confidence =--

MR. HODGES: Not at that low level. In the
next curve what I've shown is the data that's been plotted
up from the charts on the ANO 1 for a loss of off-site power
event.

This was not a planned event. And this just
showed the hot leg and the cold leg temperatures and show
that you've got natural circulation, and a fairly short
period of time they restarted the pumps, and the event was
over. But the Delta-T's were smaller than what you get
during operation, and so it's a demonstration that they
had natural circulation.

The rest of thecurves that I've included with
it just are there to give you a feeling of what some of
the other parameters were. I don't think we ought to
dwell on them a lot. There are a lot of curves there, and
you could talk about them a long time.

It's just strictly a demonstration that they do
have natural circulation for those few minutes when it was
needed. The bottom set of curves on this one shows that
he stayed well below saturation on the hot leg, and again
you've got the core Delta-T.

This just showed that the steam generators and
the system pressure for the two loops were reasonably

INTOMATIONAL VERSaTIv RprosTons. |nc
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consistent. I don't want to spend a lot of time on these
particular curves.

And again the steam generator tempera:ures and
the saturation lines -- in fact, you can probably skip
over the one on the KE and go to the next curve. .here
are several events on this particular curve, and they
are tabulated in the next table also on the next slide.
This just gives an indication of the natural circulation
flow rate versus the KE power for both the tests and
events that have been observed in the B&W plants.

MR. ETHERINGTON: What is the criterion for
minimum acceptable?

MR. HODGES: That's what has been shown in
this -- that final section analysis report to remove the
heat.

CHAIRMAN CARBON: Once again, what does this
show?

MR. HODGES: All this shows that if both the
tasks that they run on natural circulation and the events
where tley've inadvertently gone to natural circulation,
that they had more cooling than it showed that they
reguired.

DR. THEOFANOUS: Which are the tests and which

are the events?

DR. HODGES: The events are generally a little bit
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higher power on this.

DR.
and some X's
the points or

MR.
copy.

DR.
are tests and

MR.

DR.
computed from

MR.

DR.

THEOFANQUS: 1Is it =-- well, I see some W's

there. 1Is there any dfference there between
are they all X's?
It's a poor

HODGES: Those are all X's.

THEOFANOUS: And some of those points, then,
some of them are events?
Some are tests and some are events.

HODGES :

ZUDANS: And at the core, the KE is

-- by inference from the feed water

HODGES: Right.

ZUDANS: And the natural circulation flow

rate is derived from what?

MR.

would be like

DR.

two scales.

were saying --

MR.

some are obtained from this transient time.
obtained from using the secondary heat.

some of both on the low power.

ZUDANS :

How are these points found?

HODGES: The natural circulation flow rate
from == just --

Well, I was on the rigcht. There are
This one you
HODGES: Okay. Some of the =-- on the tests
Some are

So there are

On the higher power,

they're all basically on the secondary heat.

DR.

ZUDANS: For the given event, the KE powers
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is calculated from feed water information.
MR. HODGES: Yes.
DR. ZUDANS: And the amount of heat is reduced
from that, and the flow rate =-- the natural circulation
is computed on the basis of the heat --
MR. HODGES: I think it's reasonable to say that
you've got the secondary heat on both curves.
DR. ZUDANS: 1In that case, it should be a perfect
curve. And the points should be matching exactly.
MR. BAYER: Well, you've got the core Delta-T
measure.
DR. ZUDANS: You've got the core Delta-T measure.
MR. ZUDANS: There's always something in that.
MR. HODGES: Right.
DR. ZUDANS: To get flow rate.
DR. ZUDANS: Well, actually the both =-- the KE
and the flow rate are based on checking the information.
DR. CARBON: Wayne, before you leave that last
curve, does that represant all of the B&W data that it's
my understanding from what this says that if you take all
the B&W test data, this is it?
MR. HODGES: That's close to it. The curve says
all. There are some stuff on Three Mile Island that is
not on here. And there is some additional tests that

they've David -Besse and I don't have, but it's most of

INTERNA TIONAL VERSATIM REsomToRs |NC
o SOUT™ CARTOL STREET S & SUITE 107
WASMINGTON. 0. & Deal



18

-

17

8

19

20

ry

§]

51

PAGE NC. e —

i%.

MR. BAYER: W=2ll, Wayne, could I ask my own? 1Is
that sort of like one point per test?

MR. HODGES: Yes.

MR. BAYER: 1In other words, each of that and
each test one could have a series of points. I guess they
selected one.

CHAIRMAN CARBON: But in terms of total tests
and total events on B&W plants for 15 years this is pretty
much it?

MR. HODGES: Yes. At least I felt like Jonas.
This table summarizes the points that yousee on the other
-- on the curve previously. The two tests for Oconee
1 that were both natural circulation tests. What you
see shown for Oconee II. This was a lot of off-site
power event. And in this particular case, they didn't
ha.2 any emergency feed water for the.first sever minutes.

The ANO 1 was a loss of off-site power event.
The Crystal River 3 data point was a loss of al’ high
power tests. The Davis-Besse, one point here was a loss
of off-site power event, and the second one was a loss
of off-site power tests.

MR. ETHERINGTON: Would you just go quickly
down and say it's a test to examine =--

MR. HODGES: Okay. The first two are natural

INTER™ATIONAL VERBATIN RpromToes. InC
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19 ‘ - | circulation test. The one for Oconee 2 was a loss of off-

site power event. The one for ANO-l1l was a loss of off-

"~

site power event. Crystal River 3 was a loss of off site

“r

: | power test.

And the first one I show here for Davis-Besse

6 was a loss of offsite power event. And the second one was

? a loss of off-site power test. '
8 | DR. ZUDANS: 1In any one of these cases had any- :
3 | one calculated actual behavior on the basis of prior off-

10 ! site operation?

1 f MR. HODGES: I don't know.

’ 12 f DR. ZUDANS: Has that been ever done to see
13 how well these types of measurements or calcuations check i
14 with it?
18 ‘ MR. HODGES: It may have again. I don't know.
6 DR. SCHROCK: That would be pretty important }

|

17 | to do because the power depends mainly on what the T
8 ? reactors have been doing in the last week or something |
19 like that. And this type of testing. I'm not sure we
0 ; ‘ave done the evaluation with the prior power history.
2 ; MR. HODGES: If you calculate it =-- if you measure
= ; it on the secondary, then it doesn't matter.
2 ; DR. SCHROCK: Well, I know it's very common to

. - simply take the infinite irradiation to YE curves and take
» | a point off of it which is totally inadeyuate for this

; peormtan ey

WASMINGTON. O C. mool
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applicaticn, I think, is what Dr. Zudans has pointed to.

MR. HODGES: Yes.

MR. EBERSOLE: ANO 1 data up there is essentially
useless because it's got that notation on it that the RC
pumps are not fully stopped. I don't know how you partially
stop the motors, and therefore, I don't know what the flow
was so, in essence, I find that you might as well obliterate
that line.

MR. HODGES: Well, okay. It said the same thing
on the curve also that it was well above the line. This
was just --

MR. EBERSCLE: How could there be? Did they
bump them or what?

MR. HODGES: No, no. This was an event. This was
not a test.

MR. EBERSOLE: Yeah. But how did they get
partial operation of RC pun>s? Some of them were working
and others weren't?

MR. HODGES: No, the pumps =-- they had a loss of
off-c..2 power, but the pumps tripped. But seven minutes
later tney got power back and restarted them.

MR. EBERSOLE: So then they came back on.

MR. HODGES: Yeah. Or some -- for some short
period of time it was -- it was not a long time period,

but they got power back.
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MR. EBERSOLE: A.. right, thank you.

DR. CATTON: Wayne?

MR. HODGES: Yes, sir.

DR‘

loss is there between the vessel and the generator? What

DR.

CATTON: These flow valocities, how much heat

percentage roughly of the =--

ZUDANS: Zero in this calculation.

DR. CATTON: Well, I understand it's true in ,

calculations.

MR. EBERSOLE: I think it's not much.
DR. CATTON: Not much?

MR.
DR.
;Mile Island if you read the tables as to megawatts because
{of weather changes.

MR.
MR.
MR.
DR.
MR.

MR.

But e

HODGES: No, there would not be much.

ZUDANS: It doesn't look that way from Three f

EBERSOLE: Oh, ves.
HODGES: Yes. ;
EBERSOLE: Recently, ves.
ZUDANS: Recently.
EBERSOLE: True.

J
!
GRAVE: A typical loss frame for the Westinghousg

plant is about six-tenths of a megawatt. That's from all i

| generators.

| parts of the primary system. A large part of that existing

That's pure loss for the installation.
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for error.

i DR. CATTON:

; MR. GRAVES:

jand-a-half megawatts.

,icharging letdown.

| MR. EBERSOLE:
DR. CATTON:

of these runs.

MR. GRAVES:

DR. CATTON:

MR. HODGES:

PAGE NG

MR. HODGES: Right.
DR. CATTON: Okay. Thank you.
MR. GRAVES: There are other sources, though,

lhave a significant effect, for example. So, that's =--

too. I was just speaking of your loss for the air.

How much does that add up to?

55

DR. CATTON: Five or six percent would be outside

and

it depends on the =-- you have charging letdown, that can

control rod cooling, pump seal flows is a significant part,

All of them add up to about three-

That's control rod cooling, heat loss,

That's a mistake.

That could be 25 percent then on some

Well, I'm not sure what was on during

is to reduce the pump seal flow.

Okay.

the runs, but I'm saying that the recharging letdown I think

]

The next few slides you've seen before.

it, about a month ago in talking about some of this.
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for some continuity and feeding into the requirements for the |



Etwo-phase natural circulation I've included them in here.

Again, I'm using just B&W as an example for some

IFalculations that have been made on natural circulation where |

1two-phase conditions exist, and we'll make some points about

Lhat is regquired.

|
: On the statement here on re-flux boiling I think
jBrian wants to explain what is meant by that a little bit,

fso I'll let him explain that.

MR. SHERON: 1I'm Brian Sheron from the NRC staff.
iOne of the guestions that '.as forwarded to us was a clarifica-

|

Ztion of terminology. And this new graph was originally put

14

18

16

u

l

together, I believe, it was not less month but actually six

imonths ago =--

MR. HODGES: Okay.

MR. SHERON: == it was in October when I made the

|presentation. And at that time I think a lot of people were
referring to just any sort of two-phase natural circulation

las a re-flux boiling mode. I think we've kind of sharpened

our definitions, at least, myself, I refer to re-flux boiling

| as when the steam source is rising in a tube and condenses

| and falls back. Whereas, a normal twe-phase natural circula-

tion is one where the continuous circulation path.

In a B&W plant which has a rather high candy cane

‘hot leg, one really doesn't get a re-flux boiling mode since

INTERNATIONAL VERBATIM REMOATERNS |NC
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‘there's no condensing surface on the uphill side. So, I

just wanted to, I guess, correct that v.ew graph that

should just say, rather than re-flux boiling, or re-flux

Inatural circulation to just say it's a two-phase natural

circulation.

|
|
|
H

MR. EBERSOLE: That last sentence means wasn't

really calculated not to occur; does it? Instead of not

tcalculated to

]

MR. SHERON: That's also a mistake. It was calculated --
MR. HODGES: Okay.
MR. SHERON: == to occur.

| MR. HODGES: The main point I'm trying to make with

|Ithis slide and the next couple of slides is that we do have
ifrom the vendors some relatively sophistica..”® ~a’_uiations
gwith two-phase natural circulation. 1I'll show you an over-
view of what has been calculated, for example, with socket
repressurization for the raised loops and no socket re-

j'pressurizaticn for the lower loops. And we don't have much
of a data base.

But I'll show you where we're starting from on the
| questions at this point. Really, that's all it was intended
gto do.

Again, for just analysis, for very small breaks

the steam generator can remove the K-heat if your accumulators

INTERNATIONAL VERRATIM REmomTows. |nC
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don't come on.

!is not a particular problem.
i
jyou don't really have a break except ¢f a temporary character
isuch as a stuck relief valve which follows,
:value locked open on the secondary side in which case you

jget a substantial lowering of pressure and temperature for

58
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If you don't turn on the accumulators, and

you don't have any significant core damage, you're not going

so the accumulation of non-condensable

tc get a lot of gases,

MR. EBERSOLE: Are there pieces, though, where

say, a by-pass

fa period and then a repressurization, which channel are they

|
laccumulated?

|
|

| the period of time in which you have a stuck relief starting

but I believe below the steam generator secondary side pressure.

MR. HODGES: If you get down to accumulative

pressure?

MR. EBERSOLE: Yes, that's what I'm saying. Do

you have cases where that showed up?

MR. SHERON:

No.

MR. HODGFS: Okay. x

MR. EBERSOLE:

It would dere: d on the severity

about this stage.

MR. SHERON:

There is no break that has been

identified as an associated and isolatable break that would

depressurize the system not only to the accumulator set point,




18

19

20

21

2

i

MR.
HI tank; won'
l MR.
' MR.
MR.
3calculated to
MR.

MR.

|
; MR.
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MR.
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MR.
MR.
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EBERSOLE: However, they will challange the

t they?

SHERON: A UHI tank I understand injects =--
HODGES: About 1250.

SHERON: =-- 1250 and the gas would not be |
come out until about 600 pounds; is it?

HODGES: Probably.

SHERON: Which again is well below the steam

genarator secondary pressure.

EBERSOLE: Even if the valves stay open?
SHERON: Correct.
the steam generators would not be heat removable

point of the UHI plant when the tanks start to

EBERSOLE: That's still above the pressure

of the RHR system, though; isn't it?

SHERON: Yes.

EBERSOLE: They're 400 pounds, I believe;

SHERON: I think some are actuall two or three.

EBERSOLE: Two, three, four hundred. Okay.

GRAVES: It varies from plant to plant.

HODGES: Yes.

again, we've seen calculations with intermittent
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jnatural circulations with steam bubbles forming in the core
lof the hot legs, various conditions of repressurization in
the analysis. At this point these calculations have no

lexperimental basis, so we're just having to take the calcula-

tions for what they are.

i
I
{ We've seen calculations with time delays in “he

transitioning from natural circulation to pool boiling where
|lyou have to allow time for the steam generator level to drop

‘before you can start what has been probably inappropriately

}referred to as re-flux boiling. 1It's gquestions about would
'the repressurization increase the break flow and lead to a
core uncovery. There are still lots of questions from these

lanalyses. We're not trying -- I can't give you the answers

We don't have them yet.

MR. ETHERINGTON: This word "re-flux", I think
we ought to define, I think, the -- different people seem
| to mean different things by it. A chemical engineer means
one thing, and 1 think we sometimes mean another. Would
you define re-flux --

; MR. HODGES: Well, that's what Brian just tried

; to do a few minutes ago, I believe.

MR. ETHERINGTON: Pardon?

MR. HODGES: That's what Bri.a just tried to do a
INTERMATIONAL VERSATI™ REsoaTows Inc
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few minutes ago.

MR. ETHERINGTON: Oh, I'm sorry. I was thinking

:something else at the time.
MR. SHERON: That's the up-flowing steam condenses
land flows back within the same channel.
J MR. ETHERINGTON: That's down the same -- all
right, that is real re-fluxing I guess.

MR. HODGES: All right. But that's not the way
it was used initially right after Three Mile Island.

MR. ETHERINGTON: I apologize for my =--

' MR. HODGES: Okay.

MR. EBERSOLE: We make a statement in aspect to
| break switch below the water line, say, at the low point in
the system. Repressurization determined by balance between
steam generator and core is steam relieved by pressure.

MR. HODGES: Okay.

MR. EBERSOLE: What if you're not relieving steam
by the break but you're just leaking water? Do you not
get repressurization then without any benefit of the
particular amount of enery that you release at the break?

MR. HODGES: Your energy release is just =--

MR. EBERSOLE: 1It's just the water going out.

considerably less.
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MR. EBERSOLE: And so you have a net loss. You

lcan get severe =--

MR. HODGES: Yes. That -~

MR. SHERON: Also, a break at the low point as it

drains down to the steam generatcr will expose the condensing

;surface, so what the break doesn't remove the steam generator

iwill.

ME. EBERSOLE: Yes, as a compensatory =--

MR. HODGES: Yes.

MR. SHERON: Yes.

MR. EBERSOLE: 1If you get reflow?

MR. SHERON: Pardon?

MR. EBERSOLE: If you get reflow?

MR. SHERON: No, the only thing =-- you're condensing
to the steam then.

MR. HODGES: And this is just an example of

| the curves that have been shown from the calculations. This
i is the hot mixture level and the broken loop pressure time
‘for a raised loop plant with a small break showing inter-

| mittent natural circulation. And the following curve, the

| same kind of analysis and you can overlay them and show that

actually you would have natural circulation for a longer

period of time. But there's still an intermittent nature

to the calculation.
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These types of curves are the basis for a letter

'that we sent to research in December where we asked for a
1log test. And we wanted tests where the system was controlled
.by the pressurizer pressure. We wanted a test where the sys-

jtem was controlled by the vessel pressure. We wanted a test
:where you had two-phase natural circulation with pool boiling
jin the core and steam condensation in the steam generator.

IWe wanted tests where you had the system was recovering from

lor for the two-phase natural circulation and was going to =--
with the vessel pressure controlling. So, we have asked for

|a wide range of tests in LOFT and also some tests scheduled

in semi-scale. Hopefully, these will give us the answers.

‘We don't have them yet.

MR. BENDER: The answers to what?

MR. HODGES: The answers to whether you can get

| to natural circulation under these two-phase conditions, or

whether these kind of analyses are reasonable to show that

; you can flip-flop back and forth between different modes.

All we have at this point is analysis. We've got no
verification that these modes can actually exist like this.

MR. SHERON: Mr. Bender, the tests that will

? originally be runned by research, the facilities that they

! have now are LOFT and semi-scaled. Both of which have a

INTERNATIONAL VERBATIM Resomroes (nc
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5verb retube type steam generator.
This phenomena here is unigue to a B&W plant.
|Research, as I understand, presently has in their planning
istage a reconfiguration of semi-scaled to put in the B&W
rtype steam moisture, steam generator, and an inverted -- well,
che candy cane. And that is in the future planning. And I
:guess once that facility becomes available at modification,
;then more natural circulation tests with a representation
vcloser to a B&W plant would be run.
{ MR. BENDER: If natural circulation is not occur-
'ing; what is the concern? Stagnation?
MR. SHERON: 1If natural circulation does not occur?
MR. BENDER: /es. In making this transition back
and forth, what are you trying to establish for yourself?
There are only two things we need to know--one,
whether the heat's being removed from the core, and the other
|is whether it's being captured somewhere.
; MR. SHERON: Well, the ultimate coacern is that
;if you don't have a heat sink, what you do is you turn the

whole primary system -- I guess a good representation is a

pressure cooker with the safety valve being the pressure

release.

MR. BENDEK: You'll be boiling water away?

4 MR. HODGES: Yes.

INTERNATIONAL VIORBATIM REOATONS. |(NC
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MR. SHERON: Yes. And if you let it go to long the
.water Just goes down until you're below the core. Then is
iwhen you really calculate your problem.

MR. BENDER: So, you're really trying to establish

whether you can survive awhile without the water in the core
|

!
boiling away?

i MR. SHERON: Yes. I think Wayne will be talking

about this later; won't you, on the feed and bleed which

iis -
f MR. HODGES: Well, Bob is going to talk about that.
; MR. SHERON Okay. Where you are really taking
}some action when you lose a heat sink such as the steam
|generators.

DR. ZUDANS:

If natural circulation stops then you don't have
‘heat going through the steam generators depending on the

| safety injection system of the plant you either have a backup
system, feed and bleed type of operation. Or you might not
‘have that. There are a number  plants which cannot inject
safety injection at high pressures and at the same time the
ibackup be purposedly

open might not be enough -- or not enough to depressurize it.

| In that case you would have a serious problem with core
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MR. BENDER: Well, how about the condensation
mechanism?

MR. SHERON: Re-flux.

DR. ZUDANS: The condensation mechanism is an

actual circulation. As long as that one is going on

in a that's what we call a

two-phase flow natural circulation.
' MR. HODGES: That's one mode of it.
MR. SHERON: That refers to secondardy side.

} MR, BENDER: 1TIt's a heat sink. But it doesn't
 necessarily have to be more than the steam generator you
hhad when you -- it was there all the time.

MR. HODGES: No, but you had -- it has to be
there. You have to have the water -- the secondardy water
level to take the heat out.

i DR. ZUDANS: The case in Three Mile Island, for
example, was =--

MR. BENDER: That's also true if the loop is
;solid water. You have to have the heat loop system --

; MR. HODGES: Yes.
MR. BENDER: So, I think that criterium doesn't =--

! is irrelevant to the point. 1It's just a matter of whether

you can =-- if you get into a situation where you're boiling
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:‘sometimes, and sometimes you're circulating solid water,
and sometimes you're circulating a mixture, whether the
theat removal mechanisms are the same.

DR. 2UDANS: That's correct. But it doesn't

really matter if you have solid water or through a two-phase

iflow type of circulation. We do call both of those natural

leirculation. Different modes of natural circulation. And

as long as you have that heat removal there is no problem.

l1f for any reason you lose that heat removal, there is no
|heat removal in the steam generators, that's when you start
‘to have =--
MR. BENDER: Well, that's what I'm trying to find
jout now. The guestion I'm trying to ask is presuming that
|you get into a boiling mode some how or the other =-=-

DR. ZUDANS: Yes.

MR. BENDER: =-- and so you get into a situation
where you're delivering gas or steam from one side of the

system to the other, is there any reason to believe that

| tion system =--
DR. ZUDANS: Following the Three Mile Island

| accident last fall, we have very carefully reviewed this

guestion through a typical description of how will it work

| and some compulations which one way or another tried to
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| condensation won't do the same thing that the ligquid circula-
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simulate it. And our conclusion was that we do not see

not take place.

In the B&W plants you have to be careful, for

side. But as long as there are proper instruct.ions for

|

!

!example, that didn't keep the water level in the secondary
1

|

it

[that, and those are being properly executed, then it's

|obvious to us that each of the systems--the

'should go into this mode of operation.

However, there is one problem that some of this
types of natural circu.ation have never been demonstrated

iexperimentally in this type of a system. So, even though

just physically thinking about the problem and looking at
a certain type of compulations, both tell us this will
’take place. There's still fear that there is a need to
experimentally demonstrate that and show that it's really
|happening the way that we are thinking of it.

I would like to ask two questions.

CHAIRMAN CARBON: Excuse me, just a second.
1Still on the same =--

DR. PLESSET: 1If you don't have permanent gas

|in the system, this condensation mode as a heat sink is

|very effective. I mean it would be expected to be, but

INTERMATIONAL VERSATIM REponToRs |nC
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gas in the system. I think that's the gquestion of how
much degradation do you get from permanent gas in the loop.
MR. BENDER: That doesn't seem to come out in this
discussion. It may be true. I don't --
DR. PLESSET: 1If you don't have permanent gas
in the loop, it's a very effective mode of heat transfer.

DR. ZUDANS: That's correct and if you have a

large amount of gas in the system it would completely stop

the process. But a lzrge amount of gas would have to be
large enough that you have a bubble. F»>r example, if you
think about the bond tube steam generator, you must have

a large enough bubble in the candy cane that it completely

|balances the density difference that exists in the system.

If the bubble is that large, then it could completely stop
L 1 8
We did review in some detail of how large a gas

bubble could form in the system and short of any major core

| damage, I believe we have not looked at that, but short of

| any major core damage, the amount of gas that could be in

the system was not enough to interrupt the natural circulation,

|

| It is documented in the various inactive cores, especially

| B&W.

MR. ETHERINGTON: It seems to me that the bigger

| question is whether the bubble is formed in thke top of the
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U-tube in the other types of reactor will carry over or
accumulate.

DR. ZUDANS: In the U-tube type of steam generator
even if you have a bubble in the U-tubes, let's assume you
have a bubble in each of the U-tubes, even that would not
stop the process because of this re-fluxing. The U-tube

of type of steam generator, the steam would still enter

|the riser part of the tubes. Some condensation =--

[MTORMATIONAL /ORBATIM RErcaToes (nC
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MR. ROSZTOCZY: Some condensation will take place
and slow back to the top of the core. Whether the water
goes to the topof the core or comes to the bottom doesn't
make too much difference as long as it's going back.

MR. ETHERINGTON: But it would take less gas to
make all of the tubes ineffective thar. it would to fill a
candy cane =-- wouldn't it, or am I wrong on that?

MR. ROSZTOCZY: We don't really have the data on
that, but that's not obvious. That's not obvious. It's
my point of action simply because there are some experi- ,
ments that I will be starting now, but it appears that not
all the tubes work the same way, so some tubes probably
would stay open. And that may be some gas flow through,
and some other tubes might have also.

MR. ETHERINGTON: So it seems to be there are two
approaches that we could say that the gas doesn't have to
carry over, and they're still all right. Or you can say
there is enough velocity to carry the gas over which I
think was the Westinghouse position at one time.

MR. ROSZTOCZY: That's correct.

DR. PLESSET: Well, let me mention what Westinghousé
told us yesterday. We asked them to put all the nitrogen
in the UHI accumulators into the loop, and then they

calculated how much heat they could remove, and they could

[NTORMA NONAL /OWRATIM RErosToRs NG
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remove the KD by this reflex model. But there's a limit
to this. I mean if you have more than that, it continued
to degrade the system, but that was an example that Mr.
Ebersole was very much interested in. That if we put all
that nitrogen in a system what would happen.

And they did make the calculation.

MR. ROSZTOCZ2Y: That's correct. 1If they would
£ill up the entire steam generator =-- the primary side of
the steam generator with gas then obviously they couldn't
do it.

At one time, chey gave us some round numbers.

I'm not sure exactly what it was, but it was something like
they need maybe three feet of the tubes or so for condensa-
tion, and that can do the job for them to relocate the heat.
So as long as you have at least that much of a surface

for heat trunsfer, it can do the job.

If you have gas in the whole steam generator, it
will not lay down.

MR. EBERSOLE: What is needed to be done to demon-
strate to reflux condensation with borated coolant? 1Is
there any lay down problem in the tubes at the phase-
change point?

MR. ROSZTOZY: Well the ‘e are some of the things
that we would like to see from the experiments, whether any

problems show up in there. Normally what you would expect

[NTERMATIONAL /OREATIM Rreonroes. s
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! is that the coolant would be retained more in the reactor ‘
2 core than in the =-- not in the boiling surface more than ‘
3 in the coclant system -- {
4 MR. EBERSOLE: I guess what I'm saying is what ;
|
s degree of confidence do we have in the reflux mechanism?
4 I recognize that that's an adequate mechanism if it works ‘
7 but even though you block nitro-flow in the primary load.
8 | That is I'm talking about liquid flow. But the gquestion
3 is how well does it work? What can be done to prove it?
10 | How well up are we in the interim period? |
i
‘ I ; MR. ROSZTOCZY: We tried hard to postulate possible,
12 waste or this, and richt now we don't have any which would
13 tell us that it might stop this way or that way. The only
4 thing that's left then is to see experimentally and see
15 | ‘'hen you actually run these tests. Then you learn something
e new from it.
17 If you don't learn anything new from it, that's '
|
8 an indication that they do take place. |
" MR. EBERSOLE: Well, the other side ¢f the coin
20 | is the feed and bleed process through an effort here in
| I
a | the primary loop like the primary loop valves. That's the !
. & last ditch. |
a2 MR. ROSZTOCZY: That's correct, and that can be
i
doune only .= =some of the --
pl
MR. EBERSOLE: That has proved out on some.
INTERRATIONAL VERBATIM Rpeomrows (nC
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MR. ROSZTOCZY: But you cannot do that.

MR. EBERSOLE: So we're boxed in with a need to

siow reflux condensation now.
MR. ROSZTOCZY: For some plants right now we are

boxed in and other possibilities to put socme other sort

of requirement of those plants, and as ycu know, some of

those there is no decision.

Zudans?

CHAIRMAN CARBON: Dr.

DR. ZUDANS: How did you get that

Finally.

natural connection point line on this curve?

MR. SHERON: C & W curve, right. But you look at
it.

DR. ZUDANS: But how did they get to that? How
did you ==

MR. SHERON: That is the elevation of the =--

I believe the bottom of the candy cane. When the liquid

drops below that elevation, then there's no broken flov --
DKk ZUDANS:

Liquid where? Liguid in the co-e?

MR. SHERON: No, this is the hot leg in the big
U=-tuble.

MR. PLESSET: This represents an interruption of
the liquid.

MR. SFZRON:

Right. The level drnps down to

below that pcint =-- the bottom curve. Thare's no flow

And that's whrat you're doing. You're dropping

path.

Okay .
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it below that point and so the circulation stops.

MR. ZUDANS: Correct. The second guestion that I
wanted to ask is I understand the need for the experiment
because you can learn a lot about things we just discussed.
Do you anticipate that you will be able to apply the overall
behavior findings from such experiments to real plants
other than specific things like the position of boiler
room and what not? 1Is there a chance to be able to scale
any natural circulation experiment to the plants?

MR. PLESSET: I think it's a little different
from the scaling. I think they want to really get a better
grasp on the phenomenon.

MR. ZUDANS: Now, that I understand. I agree
with that

MR. PLESSET: But I don't think it's conventional
scaling procedure unless they =--

MR. SHERON: There are some scale guestions
which like == I think the biggest one comes to mind would
be the actual flow regimes in the pipes.

DR. ZUDANS: But that you could not transfer to
actual plant.

MR. SHERON: Whether one has separated flow or
homogeneous flow through a small pipe versus a pipe this
big or through 1.9 inches in diameter. Those are some
of the questions that I believe research is addressing, is
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looking at. I know they've done some work on it. I think
Novak-Zuber is taking a look at it on that question.

DR. ZUDANS: 1I'm not saring that you shouldn't
do tests, but my main point is that you really have an on-
going test right now that's full-scale, and it's doing
all kinds of funny things in Three Mile Island, the
natural circulation. How much is being done to completely
understand that behavior as compared to small scale tests?

MR. PLESSET: Well, Three Mile Island -- the
system is full of hydrogen now --

MR. SHERON: 1It's full of water now.

MR. PLESSET: And I don't see where that relates
to what they're trying to do now.

MR. BENDER: Heat generation rates very low.

MR. PLESSET: What?

MR. BENPER: <That heat generation rate is also
very low.

MR. ROSZTOCZY: Dr. Zudan, are you talking about
the Three Mile Island accident -- what happened in the =--

MR. ZUDANS: The working that takes place now.
There's all kinds of interesting phenomenon.

MR. ROSZTOCZY: You're talking about what is
being cooled today?

MR. ZUDANS: Right.

MR. HODGES: Water solid. 1It's water solid.

INTERMATIONAL /EMEATIM HEronToes |
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MR. ROSZTOCZY: We have looked at carerully what
happened at Three Mile Island on the first day when natural
circulation did not take place in Three Mile Island.
Undoubtedly we have a full understanding of why it didn't
take place at that time and has to do wit a high degree
of voiding of the system, and that the water level was
maintained on the secondary side.

Appropriate steps have been made to correct those

so that different procedures for them. What kind of concepts

are in the present natural circulation mode are not formally !
understood, and that may be one item that we should take a
look at in the future.

DR. CATTON: I think the question that Zeon is
raising is that you have an excellent opportunity to
study single phase, natural circulation under rather
bizarre conditions. And if you could predict those that
would give one a lot of confidence in your ability to
handle another -- I think that's the point ==~

MR. HODGES: The biggest uncertainty is water
resistances through the loop. And you don't know what the
core looked like at this point. There were calculations
made, and they predicted the natural circulation flows
within about ten percent which is probably amazing that

they did that. I don't know.

[ NTERMA TIONAL /DRBATIM REeomToes  wC
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MR. ROSZTOCZY: The work that Wayne is referring
to was done a few weeks after Three Mile Island before
Three Mile Island went into the natural circulation mode
for careful evaiuating the various cooling modes.

I am ne. aware of any recent calculations for
Three Mile Isiand. I think that a point is well-taken
that we should go back and we should check and see what
information is available from the present cooling mode
and what use we can get from that. You are right. We
ought to look at that. Our main address, however, the last
half of the year or so --

That's the one that we can get some data, but
I fully agree with you.

CHAIRMAN CARBON: Dr. Schrock, do you have a
question?

DR. SCHROCK: Yes. Can I make a statement.
I've been sitting here. During the time that the accident
was occurring, there was contemplation on how to get into
natural circulation and how to leave the steam generators
in work condition.

There was a number of calculations done. They
predicted the solid phase in circulation =-- single phase.
And for circulation very well. And when they transferred
to natural circulation, you remember that one of the loops

stacnated for some reason.

[ NTERNATIONAL VERBATIM REroatTows |wc
0 SOUT™ CAMTOL STREET 3 W SUTE 197
WASMINGTON, 3. 5. pead



‘_“'°—" »agz ve. /2 {
9 ! The codes actually predicted that to occur. And
2 once they knew they had an inbalance in the steam generators
3 the codes were able to predict that they would stagnate ;
4 one of the loops.
s MR. SULLIVAN: And get into this other mode?
5 | DR. SCHROCK: And get into this --
7 DR. CATTON: If that's the case, gee, I don't
H ; know what mdre You need to do other than measure flow
? loop resistance.
LI MR. GRAVLS: There have been studies of this
’ & | problem. Mr. Zudans is raising a point about this particular!
2 burping problem because you have part of the loop legs are
3 in water or underwater -- they were cold. And as the
14 l idle steam generators cooling down as well, and on a period
1 of sometimes a week, if you == you'll have a sudden in-flow
" -- will flow through that idle. I don't believe that is
" what you're speaking of. |
. MR. SULLIVAN: The main concerns that I have
" about those is that the core blockage that wasn't effective
20 == it was looked at. There was also some speculation |
) that some of the core was actually in the top of the steam |
. | 9generator -- speculation.
.’ And then the effects of the loop sitting in water
ax and how much heat loss there was from the loop to -- were
i
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in the containment building. All of these are unknown.
The scatter in that data and what was assumed in the code
is the only concern that I would have apout calculating
those.

But from those unknowns you don't know if you
have tuned the code, so to speak, to the experiment. And
a number of experiments were run in semi-scale about that
same time. The codes did a decent job of that also.

But again, the unknown condition, the unknowns
in the flow rates that they were giving us is numbers to
compare to -- were the big questions.

CHAIRMAN CARBON: Fine. Thank you. I think we
better move on.

DR. SCHROCK: I just had a comment concerning
the case which Zoltan was addressing of the gas-bound U-
tube with reflex condensation in the lower part of the
inlet side o f the tubes. Under those Ccircumstances, it
seems to me you have a highly unstable situation because
the vapor leaving he core now has to divide into several
paths going out the hot legs through horizontal legs and
then into a plenum in a steam generator, somehow dis-
tribute into a large number of tubes in the various
steam generators.

The potential “here for a iot of chugging sort
of motion is pretty great, and I think the impact that this
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may have, then, on the core heat transfer is something that
does need to be evaluated further and carefully.

In other words, I think the Westinghouse
characterization of reflex condensation coping with
this has a heat sink looking at the problem as though all
of the steam arrives at the inlet to the tube bundles
more or less uniformly. A few feet of tubing under those
circumstances clearly is adequate, but I think it's very
questionable that the steam will arise continuously in
that way at all of the heat sink surfaces.

So I do feel that there is need for some more
detailed consideration of what the countercurrent flow
modes are in all of the segments of the loop operating
in this reflex mode. That's just a comment. I don't dis-
agree with what you said, Zoltan. I just think that the
processes may be a little more complicated.

And while I don't have serious reservations that
it won't work, I don't feel that we're in a position to
say confidently that it is going to be an adeguate heat
sink situation.

MR. PLESSET: There are so many tubes, Virgil,
that I think it would =-- there will be some fluctuations
in some of the tubes, but it will be different tubes per=-
haps at different times.

DR. SCHROCK: Different times -- different loops.
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DR. PLESSET: So it should be partly smooth on

a gross basis, but there is a point.

DR. HODGES: Well, Harold can correct me if I'm

wrong on this, but I think this is one of the modes that

is proposed to be

looked at in the flex~-C set in about a

year. 1Is that right, Harold? And they've got a fair amount

of instrumentation in the steam generators that they will

be using to measure that with.

MR. SULLIVAN: Here's a rather extensive

experimental program that we're going to discuss this

afternoon.

CHAIRMAN CARBON: Fine.

MR. ETHERINGTON: I think in all of this, I

would like to have the criteria stated as to how much

gas we're looking

at. If we're looking at a very large

amount of gas, then you could consider perhaps a 50/50

mixture of steam and gas in the T-routes. Then you drop

the partial pressure of the steam half, you drop the

saturation temperature. You may even have no temperature

margins between the new saturation temperature and the

water unless you also drop the water on the secondary

side.

Now, if

we're talking about a small amount of

gas then we wouldn't have a problem of that kind. Do we

have a criterion?

Are we shooting for a Three Mile Island
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type of gas volume or something?

MR. HODGES: In the test?

MR. ETHERINGTON: Yes.

MR. SULLIVAN: What we're doing is looking at
a significant amount of core damage that could occur so
you get the gas framthat. And also --

MR. ETHERINGTON: And how much is significant,
Harold?

MR. SULLIVAN: 1It's not like 50 percent. 1It's
more like ten percent of the =--

MR. ETHERINGTON: Two percent. Well, there's
nothing like Three Mile Island then?

MR. SULLIVAN: No. Even in Three Mile 1lsland
it was not 50 percent of the void in the system.

MR. PLESSET: Well, let me ask this question in
another way. What percentage of a steam generator tube
volume would you be voiding with permanent gas? What's
the maximum?

MR. SULLIVAN: It all depends on how these cal-
culations come out, and it's a pressure-sensitive number
also how much =--

MR. PLESSET: Yes.

MR, SULLIVAN: So we're looking at the expansion
of the gas, the amount of hydrogen we can generate in a
system, and we haven't decided how far we would like to
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carry the experiments through -- you could carry them till
you covered the whole tube.

MR. PLESSET: Sure. Then you know what would
happen then.

MR. SULLIVAN: Yes.

MR. BENDER: I find myself a little confused by
the shifting around of the various arguments about what's
going on. And I'd really like to get a little clarifica-
tion. If I interpret what's been said so far, if there's
no inert gas in the system, the question about heat f
removal =-- whether it's by natural circulation or reflux
condensation seem to be non-existent.

Is anybody concerned about that aspect =-- ;

MR. HODGES: They are minor.

MR. BENDER: Somebody has raised the question about
whether there would be an accumulation of boron solids in

the system in such a way that that might interfere with the '
heat transfer mechanisms in the core or in the condensor.
Is that an issue that needs to be resolved?

MR. HODGES: I don't know if it's being actually
looked at. I know that Three Mile Island when they started
taking water samples in the loop, they got low boiling
concentrations which is an indication there that they
were getting a build-up of boiling in the core.

MR. BENDER: Well, I'm just asking whether it's

INTERNATICHAL VOWA T REronTows (wC
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something that needs to be resolved? 1Is that an issue? 1If
it is, I think we need to be sure that it's addressed.

DR. PLESSET: It seems to me that what's boiling
off the core or going into the steam generator would be
lower in boron all the time.

MR. HODGES: Yeah.

DR. PLESSET: It would be almost impossible to
have it otherwise.

MR. EBERSOLE: Doesn't that presuppose, though,

a control level in the primary with a pre-steam parting
surface above the core someplace when, as a matter of
fact, the present PWR's don't have any way of knowing
viuere the primary coolant is. And the steam to water
interphase might well be in the tubes where the finished
change occurs. We don't have any level indication in
current PWR.
MR. HODGES: No, that's right. ‘
MR. EBERSOLE: And it seems that cne has to
discriminate as to whether we've got an idealized situation
in boiling with an adequate cover of water above the core
in a parting surface. Yes, you would always have the con- ;
centration in the core that on the other hand perhaps that
parting surface is in the tube itself. It still may be
all right if it's really reflux instead of partial carry-

over because it would tend to be -- the reflux process
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MR. BENDER: Well, that guestion needs to be sorted

out. I'm just trying to define the question because I'm i
getting mixed up. The third question that seems to be |
plaguing all of us is the matter of the sources of inert

gas and how you decide how much of it has to be addressed.

And I'm not right now very clear on either what
the sources are; when they occur; or how you decide on |
the volume of it. Now, Mr. Etherington has addressed it
ina slightly different way. He just -ai., well, look,
what are you trying to assume at the condensing side of
the system.

But I'd like to know how you're going to determine
what the sources of inert gas so you can make that determina-
tion.

MR. SHERON: Last October, I believe I gave a
presentation, and I don't have ny slides with me.

MR. BENDER: I may have the slides you need.

MR. SHERON: Okay. But we did identify what we
considered to be the dominant sources of non-condensable
gases in the primary system. How much gas we would expect
to get from each source if it all came out of solution and
how much volume it would occupy; the accident pressures
that we would expect should it accumulate in the wrong
place like at the top of the candy cane.
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I'm trying to remember. There were about seven
or eight sources.

MR. EBERSOLE: Ten. Fits in the B&W plant less
the UHI -~ it's page 470 of NU REG 0565 =--

MR. BENDER: I don't want an answer here, but I
think we need a quantification of those things -- we need
to know what the basis is for assuming they come out and
how fast they ought to come out and what -- what ways
there are to purge them.

MR. SHERON: This was a calculation I did up.
This is the amount of non-condensable gas volume in the
primary system in terms of cubic feet versus the system
pressure, I believe. And let's see, total non-condensable .
gas volume =-- I've separated out what comes from the =--
if one assumes that water in the boiling water storage
tank was saturated with air, I assumed a tenth of a percent
surf water reaction, and also the dissolved hydrogen in ,
the primary system coming out. And then there was also
the contribution of the dissolved nitrogen in the core
fload tank should they inject.

MR. BENDER: And what does all that tell me?

MR. SHERON: Okay. That tells you and you'll note |
this is for a B&W plant -- and the volume of hot leg U-bends
-=- in other words, the top =-- is approximately 170 cubic

feet.
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So what this says is that if all the gas that
could possibly either come out of solution or be injected
into the system and come out a solution for some reason =--
for some reason all accumulated at the top of the candy
cane, then this says when one would perhaps calculate,
it would block natural circulation. Namely, £ill up that
volume.

MR. BENDER: Assuming a limited amount of exposed
surface available for condensation?

MR. SHERON: This is just as a function of system
pressure. This just says =--

MR. BENDER: Then it doesn't address the question.
I guess it's hard for me to follow the thinking. But the
question that seems to be necessary to address is the
matter if there's boiling on one side of the system, can
there be condensation on the other side of the system.

And will that maintain some kind of condition where you
have a stable inventory of water?

MR. SHERON: There are two ways that non-con-
densables affect the primary system of behavior. One is
it can degrade the transfer, and two is that it can
essentially block the flow path.

DR. CATTON: This is block the flow path.

MR. SHERON: This is block the flow path. The

vendors have done analyses where they have degraded heat
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transfer to the tune of, I think, reduce the heat transfer
coefficients in the steam generator by something like 20/30
percent.

And they have showed that the only thing that
would be expected would be a slight pressurization on the
primary side, say, 10 PSI higher than would normally be
expected with the system pressure comes down, and it can
equilibrate slightly above the secondary side pressure.

DR. CATTON: Boron gas has a lot stronger effect
than that on condensation normally.

MR. BAER: Remember you have steam generators
that are 30 times or 50 times oversized.

DR. CATTON: Now, wait a minute. He said they
decreased the heat transfer --

MR. SHERON: Coefficient.

DR. CATTON:; Coefficient.

MR. SHERON: But the area is huge. I mean these
-- I mean you're removing, perhaps, two to three percent

KE. And the heat transfer area is oversized at 100 per-

cent.
DR. CATTON: When do they do the HA, the product?
MR. SHERON: H was decreased by 20 percent.
DR. CATTON: What do they do? Increase the area?
DR. SHERON: No. The area is there. The area is
affected.
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DR. THEOFANQOUS: Well, he's telling you that this
is ~=-

DR. SHERON: Well, I'm saying that the Product HA,
regardless of reducing H -- varies the two =-- reducing it
20 percent =--

DR. CATTON: I understand you've cut the heat
transfer coefficient in half and you double the area of
the same --

MR. SHERON: It isn't double the area. The area
stays the same. The area available for heat transfer is
the same. The point is that regardless of whether the |
product of HA or one-half HA is used, the delta-T necessary
to remove the Q has only gone up maybe a couple degrees.

DR. ZUDANS: If you have the A.

MR. SHERON: And at those pressures, a ten degree
increase in temperature, let's say, necessary =-- not even
ten degrees. But say two or three degrees increase in
primary site temperature necessary to remove the KE because
of the degraded H will increase the primary site pressure

only by perhaps 20, 50 PSI at the most.

DR. CATTON: The picture you're giving is in-
complete. What was the heat transfer coefficient before?
What was it based on? And what does inert gas to do it? If
the inert gas halves it, then that's not 20 percent. That's
50 percent. See?
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And inert gas can decrease the condensation heat

transfer coefficient significantly. 1It's not 20 percent.

It's a hell of a lot more =--

MR. GRAVES: I know. What Bryvan is trying to show

us is sort of following. Let's go back to the solid work

as just a start. And if you are the point if you remove

the KE, and you're going to have a hot leg going up =--
DR. CATTON: I understand that.

MR. GRAVES: It's aux feet design. You reach a

cold leg temperature in very short distance. All the rest

of the distance, there is essentially no heat raise. You
drop to the cold leg temperature very rapidly. That's
one reason why they get really high circulation rates.
That's why they put the other reading up there.

So in terms of a temperature profile and a
primary size, you go through these steam generators come
in in the hot leg and drop very rapidly down to the cold
leg temperature and remain there.

Now, that heat transfer is there. This time
it's being used.

DR. CATTON: So what you're saying is that you

can stand a great deal of degradation of the heat transfer

coefficient because you have the surface area?

DR. GRAVES: That's right.

DR. CATTON: That's understandable. But now =--
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then the next question is how much can you degrade it before
you do indeed get into the core =--

MR. GRAVES: That's a good point, too, because
the fact that the non-condensable is an H is a very drastic.
It can be very drastic =--

DR. CATTON: I think that just an arbitrary de-
crease of 20 percent doesn't tell me anything.

MR. SHERON: Well, I think they're trying to show
the effect of -- and that is what does the degrading the
heat transfer do? And when you degrade the heat transfer,
it means that you need a larger driving potential to get |
the heat out.

DR. CATTON: I understand that. |

DR. SHERON: That just causes the primary system
on a small break when you're in this mode =-- when it de-
creases, and it levels out slightly above the secondary
site pressure =-- okay -- that -- that pressure that it
levels out at will be slightly higher. And that's all ;
it means. |

That it will level out at a higher pressure
necessary to drive =-- to establish this driving temperature |
differential to remove the decay heat.

DR. SCHROCK: Bryan, I would just say that Ivan
is right in his first comment in that the exercise is a

worthy one, but the assumptions should have been an order
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of magnitude of the temperature in the heat transfer co-
efficient. And then the case may be argued making a case
for the 20 percent reduction in the coefficient --

MR. SHERON: Well, but the reduction was based
on the normal, I guess, textbook principles.

MR. ETHERINGTON: Yeah. But on what gas fraction?

MR. SHERON: On =-- based on the gas fraction.

MR. ETHERINGTON: But what was the gas fraction?

MR. SHERON: I don't have the numbers. They were
based on -- I believe the gas that would be normally ex-
pected toc -- if it was all came out of solution --

MR. ETHERINGTON: Yeah. But if we're talking text-‘
books, we must talk gas fraction rather than total.

MR. SHERON: Well, they took the gas that would
be expected to come out of solution =-- it all came out of
solution for that size break. And they used it, and they
distributed it in the steam generator.

DR. CATTON: There was more to it than that. 1If
I recall -- and I can't == I don't want -- I don't recall
which vendor. But they used the wrong correlation in the
wrong place and came to these conclusions. They had flow
through tubes -- flow through condensing tube. And they
used these relationships. And those relationships are just
flat wrong. They don't apply in any way to it at all,
and yet they were used.
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They said don't argue that the 20 percent was
based on textbook case of anything. It wasn't. It may
have been, but it's the wrong textbook.

DF. SHERON: 1In our reports we requested that they
confirm the condensation of the plant from models they
used, and of course in non-condensables.

DR. CATTON: I get a very funny feeling when
people are using wrong geometry, wrong correlations and
arguing, but gee, they seem to do all right. That says
the don't understand the physics at all. So any con-
clusions they reach it better be very narrow.

MR. BAER: Well, the problem with that is that
there is an experimental data on condensation with non-
condensables, and it's limited to very select geometry.
Flat lights, vertical flat lights, vertical tubes that
are outside, horizontal tubes on the outside --

DR. CATTON: But this particular case is more
simple.

MR. BAER: And of course, flow through the
inside of the tubes, and that's what you're referring to.

DR. CATTON: Yeah. And B&W you've got the tube
that's deadheaded down where the condensation process is
occurring. That's what the step -- that thing will practi-
cally shut itself off if you get enough gas in it.

If you continue to collect it where the
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condensation process is occurring. Not as bad for the U-
tube because it can escape up in the tube.
MR. BAER: Well, we have recommended then the
tests on this particular geometry. There are no tests.
DR. CATTON: Okay.
CHAIRMAN CARBON: We've got to =-- where do you
think you stand, Wayne, in terms of our time schedule here?
MR. HODGES: Okay. We've taken a lot longer
than I had planned. We can skip over the next few slides
very, very easily. They were just there to show that
there had been some two-phase work done a long time ago,
but it's not very applicable so we can skip on over that
and go into the =-=-
CHAIRMAN CARBON: Let me still ask you, though,
on this agenda -- which A, 1, 2, 3, 4 -- where do you stand?
MR. HODGES: 1I'll have to get out my agenda.

CHAIRMAN CARBON: Are you covering all of item

MR. HODGES: 1I'm covering all of item A and
I'm just about down to the item 3 -- if we skip the
next few slides, I'm down to item 3.

CHAIRMAN CARBON: Does that say we're halfway
through or --

MR. HODGES: I hope it says we're a lot more than
halfway through. We've over half my slides.
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CHAIRMAN CARBON: Okay. Maybe we better take a
break at this point, and --

MR. HODGES: Okay.

(Whereupon, a short recess was taken.)

CHAIRMAN CARBON: Before you begin, Mr. Hodges,
let me call on Mr. Bender.

MR. BENDER: I wanted to just get back to the
definition of the issues a little bit. It seems to me that
we have two kinds of problems to address. One has to do
with the question of what to do about maintaining the
natural circulation condition under the circumstances
which normally occur in a plant operation.

Namely, when the plant shuts down because of
loss of off-site power or some such thing as that, and
whether we can show that we can maintain the cooling under
those conditions.

And I think everybody recognizes that as an
important factor that where we have tc maintain natural
circulation. There's a second phenomenon that we have
talked about that has to do with the conditions that
might arise when we get non-condensables in the system.

Now, that generally will be associated with
times when boiling may have also started. And wher we
may be shifting back and forth from one phenomenon to

another.
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That needs to be sorted out separately. Now,
the one thing that seems to be hanging up is the question
of non-condensables and how they move around the system
and where they come from.

And I'd like to separate that into two pieces.
The non-condensables that exist prior to any metal water
reactions because we're really trying to show that we can
prevent the metal water reactions from occurring.

And then perhaps somebody wants to know what
happens if the metal water reaction occurs. And it seems
to me when you guys present your story that we should
hear it presented in that kind of a formulation where the
various steps that gc on in the process are affected by
the system condition. And I want to stop there. Thank
you.

MR. HODGES: Okay. 1I'll have to apclogize
for presenting it in a confusing manner to you, I was not
trying to present this is the whole story, and this is
how we're approaching it; but more in the sense that
there are concerns there. We don't have the answers vet.
We've gone to research, and so I was just trying to run
through some of that very hurriedly and maybe that's
the source of the confusion.

This was not a presentation per se on the various

modes and how much gas you get. There have been other
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presentations to the committee that talk about how much gas
you get and under -- from the nitrcgen in the accumulator
and from coming out of solution, whatever.

DR. THEOFANOUS: When it's only a matter of con-
fusion == I think what I == I share the same concern with
Mr. Bender. 1It's a matter of giving the impression that
maybe we are in much worse shape than what really we are.
It would be safe to say we have this question and that
question and many unanswered questions. The problem is
general context.

Although some of those questions migi.t be very
valid, they give somebody with the impression that they
may be in much worse shape than reality. The guy was
giving a pessimistic view of the real situation. That's
where this putting it by levels would help us.

MR. HODGES: Okay. Okay. We often do that.

MR. ROSZTOCZY: Mr. " .nder, the two contacts
orders which you outlined -- one of those -- the one
without any appreciable fusions has been revie ved, and
that has been documented in the various NU REG reports.
The B&W, Westinghouse and NU REG reports.

So that part we think is physically complete
at the present time. The second part -- what happens if
you go a step further and you start to have some appreciable

core damage, just what has been only addressed in a rather
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simplified fashion up to now =-- there isn't a tremendous
amount of information on that. Sc that may be the one
that needs a little kit more.

MR. EBERSOLE: 2Zoltan, an aspect of the first
group -- did that take into consideration the UHI plants
and lay to rest one way or another whether or not we must
consider the presence of gases in the UHI system?

MR. ROSZTOCZY: 1I'm sorry. I didn't hear.

MR. EBERSOLE: Did that take into account the
presence of the UHI-“estinghouse design and lay to rest
whether or not we're going to have to deal with some
portion of the UHI gases?

MR. ROSZTOCZY: No. That evaluation =- original
evaluation when they do the statisticil evaluation
certainly did not include the UHI design. But the UHI
design is presently under review as it was presented to
you yesterday. And the safety evaluation which we have
come out as a result of that review, that safety
evaluation is going to address the same problem for the
UHI.

MR. EBERSOLE: Yeah. Thank you.

MR. HODGES: Okay. In the interest of time,
you can skip over about the next four slides that were in
the package. They're just referring to a paper that was

written by scme people from Bettis on some natural
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circulation tests they did under two phase conditions. If
you'll look at the first slide, it gives you the reference
to the paper, ani there's a few figures in there. You can
look it ur yourself. 1It's relatively interesting so that
if you know all the resistances real well, you can do a
fair job of predicting.

If you don't, you can't. And that's the bottom
line from those slides. We'll go now to the natural
circulation guidelines slide. And these are really guide-
lines for looking at the water solid situation. These are
the normal situations for like loss of off-site power.

And what the operator is doing =-- he's verifying
reactor trip, make sure -- if he's lost off-site power
he's startin; the diesel generators. There find that
he's got some core flow looking at his delta-T's.

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>