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UNITED STATES OF AMERICA

‘ NUCLEAR REGULATORY COMMISSION

.................. o
In the Matter of: : ~

:+ Docket Nos. 50-338 OL
VIRGINIA ELECTRIC AND POWER COMPANY: 50-339 OL
(North Anna Power Station, : (Pump House Settlement
Units 1 and 2) s and Turbine Missiles)
.................. X

5th Floor

East-West Towers

4350 East-West Highway
Bethesda, Maryland
Tuesday, 19 June 1979

The hearing in the above-entitled matter whs_convened,

pursuant to adjournment, at 9:00 a.m.

BEFORE:

ALAN S. ROSENTHAL, Chairman, Atomic Safety and
Licensing Appeal Board

DR. JOHN H. BUCK, Member
MICHAEL C. FARRAR, Member
APPEARANCES : 2136 060

On behalf of the Applicant:

JAMES N. CHRISTMAN, ESQ., and MICHAEL W. MAUPIN,
ESQ., Hunton & Williams, 707 East Main Street,
Richmond, Virginia 23212.

On behalf of the Nuclear Regulatory Commission:

DANIEL T. SWANSON, ESQ., STUART A. TREBY, ESQ.,
and HENRY J. MC GURREN, ESQ.
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APPEARANCES - Continued:

On behalf of the Intervenor Geraldine Arnold:

RICHARD M. FOSTER, ESQ., Public Interest Law Center
of Virginia, 1908A Lewis Mountain Road,
Charlottesville, Virginia 22903.

On behalf of the Commonwealth of Virginia:

ANTHONY GAMBARDELL2, ESQ., Assistant Attorney General
Office of the Attorney General, Division of Consumer
Counsel, 11 South 12th Street, Suite 308, Richmond,
Virginia 23219.

On behalf of the North Anna Environmental Coalition:
JUNE ALLEN, President, NAEC

On behalf of Citizens for Albemarle, Inc.:

ALFRED D. SASSANO, SUE R. SASSANO, ELIZABETH A.
NOLTING, DR. ROBERT F. MUELLER, and ROY M. PATTERSON.
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PROCEEDINGS
(9500 a.m.)

CHAI™MAN ROSENTHAL: Good morning. I think it might
pe noted at the outset for the record that Mr. Camoardella,
the counsel for the Commonwealth of Virginia, is not with us
this morning. He advised us yesterday afternoon that he is
required to attend a hearing in Richmond which."cs | understand
it, was called on an emergency basis. He may be back with us
tomorrow.

I . think the staff cross—-examination of the applicant’s
panel, if it’s pressnt, if the aoplicant’s panel of witnesses
would resume their places at the witness table.

MR. CHRIJTMAN: Mister Chairman, as they’re doing
that, could | mention one administrative detail about witness
availaoility?

CHAIRMAN ROSENTHAL®: Yes, Mr. Christman.

MR. CHRISTMAN: Dr. Schaeffer, who is pérhaps our
most important witness on turbine missiles, will be availabls
tomorrow. That is his last day. Hs has had another commitnent
for a long time. The only thing I would suggest is that we
interrupt however far we've gotten tomorrow morning and zo with our
turpine missile panel and 3o all day.

CHAIRMAN ROSENTHAL: Mr. Christman, it is my hope,
indeed my expectation, that we will conclude the evidence on

the pump house settlement issue today and, as I undsrstand it,

2156 063
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the applicant witnesses will be heard first on the turbine
missile issue as they have heard first on the pumo house
settlement issue. [ don’t anticipate there will be any pronlem
in that regard. We will certainly bear that in mind.
MR. CHRISTMAN: Fine. Thank you.
Whereupon,
C. R. CARTARIGHT,
ROBERT 3. 3RADBURY,
STANLEY A. LUCKS,
and
SRUCE N. MAC IVER
resumed the stand and, having besn previously duly sworn, were
eXamined and testified further as follows: 2
CROSS=-EXAMINATION
8Y MR. MC GURREN:
Q Good morning. [ take it you can all hear me. [711
start with you, Mr. MaclIver.
A (Nitness Yaclver) Yes, sir.
Q Didn’t you testify yesterday that VEPCCO is continuing _
to ~onitor settlement of the service water pump housz every

month and recently has been monitoring weekly?

A That i{s correct, sir.
Q Why are ynau doing this?
A The settlement is at aopproximately 90 percent of tne

allowable value in the technical specification, and we fsel,

2136 064
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VEPCO feels, incumbent to be assured that we would not exceed
that value without our knowledge of it, and this is why it is
being monitored on such an intense frequency at this point in
time.

Q Correct me if [“m wrong, but didn’t you also say
that settlement is not understood at this time?

A ~ I’m not aware that | said that the settlement Iis
not understood. The time rate at which the settlement has
occurred over the past few years is not understood. Excuse ne,
sir. The concern which perhaps you’r2 adaressing is that with
regard to the four service water lines which, since last
September, have settled slightly more than the north wall of
the pump house — this additional setglement is not completely
understood, and the monitoring on a monthly basis would
continue until either we gain an understanding of that
additional settlement or we can see that it has been completed.

Q Are you aware that {t (s the staff’/s positicn that
measurement on settlement markers SM-7, 8, ¢, 10, 15, 158, 17,
18§ H==569% and H-5843% should be made at least onc2 svery 3i

days until unit one has been in operation at least five years?

A I am familiar with this statement in the staff
testimony.
Q Are you also familiar with the staff’s position that

at the end of the five year period an engineering study should

be made by VEPCO to determine the need for and frequasncy of

2136 065
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continued monitoring of settlement ground water and drain

flow rates?

A I am familiar with that statement in the staff
testimony.

Q Do you have any objection to that staff position?

A From a good common sense engineering point of view,

a frequency of once per month is excessive, once we can
establish that the rate of settlement is sufficiantly slow so
that there would not be an opportunity for a significant

amoung of further settlement to occur between readings. Upon
ou- explanation or indication of cessation of the recent
further settlement of the four service water lines, zn adeguate
monitoring program would see the reduction of that frequence
perhaps to a guarterly basis and eventually back to the
original semi-annual basis, and this would be adeguate from the
standpoint of verifying compliance with the technical
specifications.

Q But right now with respect to the four service water
lines, you do not feel that you 1uJlly understand the
settlement. Is that correct?

A That is correct.

Q Mr. Cartwright, early during your cross-examination,
I believe you indicated that in certain instances you might
wish to verify survey measurements before reporting on them.

Is that correct?

’ 2136 Ue6
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A (Witness Cartwright) Aell, the tech spec allows
60 days reporting when you get to 75 percent of spec allowable,
and so, yes, we would reverify once we had these readings in.
If there’s any reascn at all to doubt %! ir correctness, ves,
we would reverify those, which still gives you plent of time
to report within the 60 day period.

Q I think in your answer you may have answered my next
question, but [“1]l ask it any way. What would happen if one
of your survey reports indicated that the settlement of the
service water pump house exceedecd the tech spec for a2 total
allowable settlement? Would you, in that circumstance, attempt
to verify before complying with the present tech spac

requirement? o

A No, under those circumstances, we could not do that.
Ne mUst acide by the tech spec unless it was a complately far
out or ridiculous type of survey reading. 3ut under normal
circumstances, we would have to abide by the tech spec at the
100 percent level.

Q And what would that reguire you to do?

A That requires shutdown of the unit — to go into
mode five cold shutdown.

MR. MC GURREN: Thank you. That“’s all [ have,

Mister Chairman.

MR. FARRAR: Mr. McOurren, let me follow that one

up Jjust quickly. Mr. Cartwright, let me make sure I

2136 067
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understand. You“re saying that the instant the readings hit
your aask, it’s not you but whoever in VEPCO is responsible.
The instant they hit that person’s desk, they go to cold
shutdown without calling surveyors down from Boston or
wherever they’re from and asking them to take another look at
it Jjust to make sure. And [“’m talking now of something that
was, you know, 100 percent plus a little tiny bit, they
wouldn’t call them right back down and say take another look
at {t, because mayce we’ 1 get lucky, and the little error we
talked about yesterdey will prove to be in our favor and we
won’t have a shutdown. I; that what you“re saying?

WITNESS CARTWRIGHT: | was just checking the actual
statement in tech specs which, when ycu exceed the 100 percent
of allowable, you have six hours %> gat to hot standby and
another 30 hours to get to cold shutdowr. It is the time to
make a telephone call and get some advice and .o yet some other
experts like Mr. Maclver and some of our pecple in Richmond.
But the decision has to be made, and you can see there‘s not a
lot of time -- there's surely not time to resurvey.

MR. FARRAR: [ guess what [“m concerned about is
from What you’ve just said, in the tech spec, it says to
exceed 100 percent. Well, someone in your company might say,
well, I“ve got this figure on my desk which reads ovar 100
percent, but I“’m not sure at this point if, in fact, we exceed

100 percent because maybe that survey is wrong. [“m askinrg

2156 68
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what your position as the station manager is in that situation,
whether you’re prepared to start the six hours and 3J hours
running at that point or whether someone down there is going
to say, well, I’m not sure yet: call my team back and take a
couple days before I go on record?

WITNESS CARTWRIGHT: No, sir. We would not do that.
If the survey was over the 100 percent, the unit would be
shut down for tech spec.

MP?. FARRAR: Thank you.

CHAIRMAN ROSENTHAL: [ think that before we provide
M, Christman the opportunity to undertake whatever re-direct
examination he might have in mind, [71]l call for questions on
the part of the members of the board. Dr. Buck?

EXAMINATION 3Y THE BOARD
BY DR. BUCK:
Q #hile we’re on the tech spec, I might ask the

following question on that. You have a measurement of over 100
percent of your allowable under the tech spec. You then have

to go to cold shutdown. What happens then?

A (Nitness Cartwright) You asked what happens when
we go —=
Q Yes. What’s the procedure? what happens? Do vyou

just sit there at cold shutdown, or what is the staff supposed
to do, or what are you supposed to do?

A We would have t0 rectify that by an engineering

2136 069
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study. The tech spec itself, which I do have here in front

of me, does not give any direction. It does give direction
when you hit the 75 percent allowable that an engineering
evaluation would have to be made. Once you go toc cold shutdown
mode five, you would have to evaluate the circumstance, and

[ can’t really predict at this time what would happen, but

we would have to call in the other people who are experts in

this field and evaluate the situation and, of course, tall to

I 8 E as well.

Q You’re in, say, the 90 percent range now. Right?
A That’s correct.
Q And you have an engineering study ¢cing on, and you

ask for modification of the tech spec. Is t-it where the
situation presently stands?

A That’s correct.

Q Has the staff, well, [71ll ask the staff I juess, but
what has your reply been so far from the staff on your

application for modification of the tech specs?

(Pause.)
A Could you repeat the guestion again, please?
Q [ want to know if you know what the staff’s reply is

to your present request for modification of the tech specs.
CHAIRMAN ROSENTHAL: If you don“t know, you can
simply say so.

WITNESS MAC IVER: No, we certainly do, sir. The

2136 070
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staff does not wish to accept the VEPCO proposed change to
the technical specification which would increase the allowable
average settlement. Instead, they wish to impore several
limiting conditions which would have to do with the
settlement of the exposed ends of the service water lines which
would have to do with the differential settlement across the
expansion joints and would have to do with the settlement of
the pump house with respect to the spray piping.
BY DR. BUCK:

Q All right. Can you very gjuickly tell me exactly wnhat
your proposal for the new tech spec is? .

A (Witness Maclver) The VEPCO proposed tech spec
Would have the average allowable settlement of the pump house
be placed at .33 foot since December, 1975, based unon the
analysis of the average settlement which would cause the
tolerable movement of the expansion joint tc be exceaded.

Q Then you are taking into account the differential

settlement b2tween the pump houss and the pipes?

A The differential settlement between the pump houss
and —

Q And the pipes at the far end of the joint.

A And the pipes tc the north of the expansion joints

is already addressed in the technical specifications.
Q So what you“re saving is your .23 takes into account

any settlement of the pipes that may go in the same direction

2136 071
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as the pump house or they in some way change from the
settlement of the pump house. You see what I’m concerned about
here, and [ don’t quite understand what your asking for, this
+«33 in the tech specs, because the amount of settlement of
the pump house, it seems to me, depends upon how much the
pipes also settle —- the allowables of the pump house. Is that
not correct?

A Yes, sir.

Q How do you mesh that into your tech spec on an
absolute settlement of the pump house? That’s what [“’m asking.

A (Nitness Bradbury). Pernhaps [ can clarify that, sir.
Our method of arriving at the .33 foot request was based on ar.
analysis that conformed, usinj as an input to our mathematical
model Of the piping system of the expansion joint, settlement
at the point where the pipes are connected to the pump house.
One of the assumptions we made in that analysis was that tnhat
settlement would be the same as the sasttlement on the other
end of the expansion joint.

Q You assume {t’s the same. The pipes, in other words,
drop the same amount as the pump house.

A Y2s, sir. And the .33 foot represents the maximum
settlement for which we reach one of the limits of exransion
Joint motion. That certainly is nowhere near the allowables
of the expansion joint, however.

Q Well now, we’/ve gotten into the expansion joint.

2136 072
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I was going to do some. things on saprolite first, but let’s
continue on this line.

[ would like to ask some questions on the expansion Jjoint
first of all, and I think pernaps the best way to go at it is
to ask eXactly how this expansion joint operates.

B Figure 15 is the figure of the expansion joint.

Q Now on Figure |5 to the left side, if | understand
it, is over toward the pump house wall. Is that correct?

B That i{s correct.

Q And there you show your pipe coming out, going
through a bellows,a piece of pipe, another bellows, and then
slanting down so that it goes down to the bottom where the
pipe goes out under the earth. Is that correct?

A Y:S.

Q Okay. Now the piece of pipe in the middle is just
to give you an amplified motion or a small motion of che
bellows. Is that correct? When you have two bellows like
that separated by a piece of pipe, does that not allow you %o

have a mUch wider motion?

A Yes.

Q And I presume that’s the purpose of that.

A Ye_.

Q Okay. Now what cunfus2s me about this drawing,

what’s the third bellows off to the right hand side?

A That is called the salancing bel’'aws.

2136 (73
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m | Q How does it fit i{n, and how does it work, and
2 so on?
3 A The motion, the prior motion that occurs in this
B joint, is one of the compression which results when the pipe
5 shown on the rignht of the expansion joint compresses the joint
6 to the left. If it were not for this balancing bellows on
7 the end, in order to compress the joint, this pipe motion
8 would have to overcome the static force exerted towards the
9 right by the system pressure times the area of the pipe, which is a
10 three-foot diameter pipe, whith is a significant force. With the balancing bel-
11 lows, this allows rotion of the two lefthand bellows to compress, and the
12 balancing bellows will expand. The overall joint dimension
13 is maintained essentially constant by the use of the féur
‘ 14 large —-
15 Q Ohy I understand. Now the pressure exerted by the
16 pipe was eaplained yesterday as due to thermal changes.
17 A Primarily, yes.
186 Q WNhat is the total range of temperctures of the

19 water in that pipe? Do you happen tc¢ know?

20 A The total range of temperatures we have analyzed,
21 from approximately 35 degrees to approximately 180 desgrees

22 on the highest pipe which is the return line to the reservoir
23 which would only be reached during the worst design vasics of
24 the station.

25 Q That would not apply to the intake pipes, »r do you

2156 074
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temperature. WNe analyze the worst case.
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Q 35 degrees would be your winter temperature, I
presume, your intake temperature. And your 100 and, let's
say, 80 degrees would be the pipe temperature of the hottest

ocutgoing wat_.c that you'd be likely to have.

A Yes.
Q I hope you don't get that high.
A That would be as the result of a LOCA. That would

be removing heat from the containment. That was the only time
we reached that 180-degree temperature.

Q Okay. Now, what do you anticipate in the way of
bellows movement? I'm asking this: How often do you get a
real thermal change in the operation of the pump house cr the

operation of the pipeline?

o The only significant thermal changes that the system

sees are those that would occur during system shutdown. The

thermal change from summer to winter would obviously occur once

a year, but that's very slow, and that would not be considered
a significant change nor a significant cycle.
Q So in other words, as long as you're in normal

operation you essentially are in one cycle. It doesn't

recycle or do anything like that, as long as you're in basically

full-power operation?
A Yes, sir.
Q Every time you shut down you go through a cycle in

your analysis; is that correct?

2136 076



218

ite 2
. 1 A Every time you shut dcwn one of these headers, which
2|l is very infrequent. We've assumed the number of cycles in the
3|/ plant as 1,000 cycles, which includes =--
4{ Q Total lifetime cycles?
5i A Of the power station life, yes.
é Q And the same number of cycles for this pipeline;
- 7| is that what you're talking about?
8 A Yes.
9 Q All right. Going through the full range of the
10 | temperature, what is your expansion, or what expansion do you
11l feel you have to allow for in the bellows?
12 A The motion of the bellows, of course, is a combina-
' 13|l tion of temperature effect and settlement effect.
14 e Just take the temperature effect. That's all I'm
15| asking about. I'll get into the others in a moment. . But let's ‘
16 | just take that first thing.
17 A I do not have the number solely due to the
18 | temperature effect. What I can say is that the number at our
19| proposed tech spec limit is about 40 percent of the allowable
20 || compression and a minimum of two-thirds of that motion is due
21 | to the thermal effect.
22 1} What others are in the compression?
23 A The settlement of the dike alsoc induces essentially
‘ 24 | some of the compression, as the pipe tends to pull part of the
Ace-. .ral Reporters, Inc.
25| dike a little bit more, if you can look at it that way.
2136 017
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Q That doesn't cause a lateral motion?

A Very slight, since the pump house is, as I said,
essentially settling the same- amount.

Q Supposing they don't settle at the same amount.
Then it causes a lateral offset?

A Then it causes a lateral offset, yes, sir.

e Now how does it cause a compressional motion; just
settlement, now?

A If you consider that the piping system is locked
into the soil well past the toe of the dike towards the north,
and the dike essentially tries to settle around the pipe. In
other words, the pipe doesn't get any shorter. 1If the dike
settles a slight amount, the pipe will do a couple of things.

- It will try to rotate downward arcund the elbows

near the toe of the dike, and it will try *+c extend through the

dike a slight amount.

Q I'm afraid I don't follow the "extending through
the dike." I can see, the lower the dike sinking, it would
tend to bow the pipe downward. But that would seem to me, on
otfhand analysis, that would tend to pull it away from the
pump house rather than push it into the pump house.

A Perhaps it might be clearer to refer to Figure 26
of our testimony.

Q Okay.

A If you rotate that pipe vertically downward around

2156 078
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the 47-degree elbow, then the dimensions, so to speak, of the
angle will decrease, and the horizontal direction will increase f
slightly. As I say, it's a very small effect.

Q All right. At the same time, then, you're also
twisting your bellows joint.

A The twist is, as I say, very slight. The primary
effect is compression.

Q Ail right. What other things cause compression
besides the thermal and the twisted vipe?

A Seismic motion would cause a very slight amount
of compression.

Q On what assumption?

A This is due to the slight relative motion between

' the pump house and the pipe.

Q So it might go either way, compression or expansion?
A Yes. That's so small it's almost negligible. But

it is there.

14 Okay. Anything else that causes compression?
A io.
o} ALl right.

Now, I'm concerned about the lateral motion of the
bellows. Have you looked at the forces that may cause lateral
motion? Not twisting, but just plain lateral motion?

A Our analysis includes forces due to settlement,

forces due to friction. And yes, we have considered all the

2136 079
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. i || forces that act o) the pipe. 5
2 Q Including the twist of the pump house itself, the f
3 tile? ;
4 A Including -- yes, that's correct. We have considered!
5 || that. :
6 Q All right. Now, you say you combine all of these ;

7| motions, all of these forces, into a code to analyze the
8 | expansion joint; is that correct?

9 A The mathematical model that we construct essentially

10 | includes the expansion joint as well as the pipe, yes.

1 Q All right. Now, getting away from the motions for i

12| a moment, what in the construction of the bellows leads you ;

|
20 || his conclusion on that?

. ' 13|| to believe that any initial leak would be a pinhole?
14 A We've had a nurmber of discussions with the expansion |
15: joint manufacturer on how he would expect this bellows to
lég perform u:. ler the conditions that we see outside of our pump ;
17{ house.
\s! Q Why does he come up with the pinhole? 1I'm very
19} puzzled by just "pinhole leaks." Do you know the bases for

21} A He has actually taken a similar joint, compressed |
|

22 || it axially to its limit -- in other words, until the convolutions

23| are essentially hard up -- and cycled it. It was during this

. 24 | cyclic testing that the first phase occurred, which was
Ace 8l Reporters, Inc.
25| pirhole leaks.
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Q When you call it a pinhole leak, is this the
beginning of a crack? E

A Essentially, you could interpret it as being that,
yes.

Q How does that crack expand? Around the circum- ?
ference of the bellows?

A I don't know. In my opinion, that would be the
most likely direction.

Q Do you have any data from the manufacturer as to

how long it took them, after he got initial leakage, the
pinhole leak or le «xs, after he got those initial leaks, for
the crack to expand or propagate?

A I don't know of any. However, we do have data that
it took in excess of 2,500 cycles for t.e pinhole to appear.

Q This is only on one bellows. Did you have any
other experience on these things?

A I'm not aware of any.

Q Do you know how many of this type of bellows are
in operation anywhere in the country?

A No, I don‘’t. But it's not an unusual design.

¢ Is it the same size -- the guestion I'm asking is:
Is this an unusually large bellows, unusually long or large
diameter, unu=ual construction in any way %rom cthers that are
in operation around the country?

A I wouldn't think so. But I don't know just how many
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he has furnished.

Q And you don't know the history of oper. tion of any
of these?

A No, I don't.

Q If you did get a rapidly propagating crack in a

bellows, what instrumentation do you now have that would detect

such a leak and how big a leak would it have to be before you
could detect it?

A Should we reach, for some reason, such an event as
ou postulated, if we could go back to the Figure 15, I
believe, Figure 15.

Q 182

A "15, which shows the expansion joint. And if one
were to postulate one of those convolutions experienced a
circumferential crack, the water would certainly still flow
through the expansion joint.

Q I'm not worried about the water flowinc through the
expansion joint to begin with. I want to know how soon you
can detect the leak and how big.a leak it would have to be
before you can detect it.

A We woula, first of all, no“ anticipate getting a
large amount cf leakage during this event, primarily because
there are four large tie rods that hold this joint together
that would prevent transference deflection. You would need

to have substantial transference deflection to have a leak

2156 (182

|



1ite

Ace-

10

11

12

22

23

24 |
ral Reporters, Inc. |

25,

I

|

! What do you have?

224

of sufficient magnitude to affect the system. We estimate

that it would take in excess of 3,000 7allons per minute to
have appreciable effect on system operation.

Qe All right. Now, let's go backx to my question. What f
size leak can you detect and how do you detect it? Any
instrumentation? Do you have flow meters? Do you have

pressure indicators? Do you have water droplet indicators?

A We have both flow indicators on the header, pump
discharge pressure indicators on the pumps. The exact size of
the leak that you would detect to affect system operation
would, again, be greater than this 3,000 gallons per minute
to see an effect on Ehese instruments. However, a leak of i

that majnitude or even a lesser magnitude would £fill up that

| expansion joint enclosure pretty fast, anéd it would overflow.

And the operator making his rounds would cbserve it that way.

Q How often do they make the rounds?

A Twice a shift.

Q Twice a shift. Once every four hours, I would
imagine?

A Yes.

o) Okay. Does it really fill up the enclosure? 1Is

there any way for it to come nut? Does it come out into the
top, in other words, or is there a way out at the bottom, so

that all that you do is -- see, it would be in your drain
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pipes underneath?

A The enclosure essentially has no floor, so certain
amounts of water could seep into the bottom. But at the flow |
rates that we're talking about, it would cert~inly cone out
the top.

Q And you don't think it's likely that if water ever
came out the top, it would wash out enough so that it would
just proceed to fill the drains underneath?

A (Witness Lucks) In my opinion =--

o} If the answer is no, I'd like to have the reuson
for its being no.

T In my judgment no. Before it would get to the
drains beneath the pump house,'it would have to go through the
foundation saprolite, which has a relatively low permeabi kity.

Q It would have to go through what?

A The foundation saprolite.

I assume you're meaning the horizontal drains?
Q That's right.
A There's a much easier path for it to get out the top

of the enclosure.

Q You think the permeability of the saprolite is such

Ithat not much would go down into the drain level?

A Yes.
Q My problem here is, in a bellows like this, frankly,

I've only used much smaller bellows before. But once you stait

2156 (184
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getting cracks, they propagate pretty rapidly. And I'm a little
disturbed by the fact that you're relying on the pinhole leak
and the lack of propagation, on the ocne experiment by the
manufacturer. I'd like to see a lot more history of that,

frankly.

But it would seem to me that you could alleviate
this a great deal by having some form of instrumentation in
that pump house that would detect water levels, before it had
to come busting out through the manhole.

A (Witness Bradbury) My only response to that is to
emphasize that leakages of significant magnitude that could
affect system performance, it's our opinion that it would be
| detected in a timely fashion by other means.

Qe But you said just a moment ago that you didn't think

you could detect a decrease of the order of 3,000 gallons per

would be filled up.

Can you detect a lot less change in £flow than that?

A That number of 3,000 gallons per minute is =--

essentially, we still would retain proper system flow, because
that postulates again a separation of the joint, and therefore
a flow path up there which would be a low heat loss path. So
we anticipate the pumps would run out on that curve, providing
more water at the pump discharge and still providing system-

required flow by pumping some extra water up the expansion

2136 085
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jeint. .
o) Does that mean a change in the header pressure?
A That would change the pump discharge pressure

slightly, ves.

o) Would that be detectible? I mean, is that instru-
mented back on your panel?

A Yes, that is instrumented in the contrcl room.

[} Have you any idea how sensitive that is, as to what
change in flow you would reguire to make a change in the |
header pressure? |

A I don't know exactly. The pump has a relatively
flat curve in that range.

¢ I would think it would, at a flow of 2,000 gallons | ~
on each side at that range.

Okay. Mr. Farrar, did you have any guestions on
this?
BY MR. FARRAR:

Q At one point, in answering Dr. Buck, his guestions .
seemed concerned about this pinhole leak propagating or the
3,000-gallon leak propagating. And your answer was, well,
your only concern was as long as there's still flow going
through the plant. You know, you're happy everything's still

being coocled.

; I think he was concerned that, okay, great, the
u
: plant's still being cooled; meanwhile, off in the enclosure --

| 2136 086
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DR. BUCK: That's right, I wanted to know what
instrumentation they had to detect this.

MR. FARRAR: I saw your answer being responsive to
the concern of the operator that there's still water getting
through. His concern is that, while water is still getting
through, his pinhile leak is busily propagating itself, leading
to the event that you told us was incredible yesterday.

WITNESS BRADBURY: If we think about the scenario
we postulated and how we got there, we got there by, first of
all, exceeding our proposed tech spec limit, which represents
on the order of 40 percent of the allowabie limit.

BY DR. BUCK:

Q . I'm not talking about ycu exceeding the tech spet
limite. 1I'm talking about something happening toc the bellows
long before the proposed life cycle of the bellows. Okay? I'm
talking about a bellows that may be slightly imperfect. It may
have a thin spot and after 100 cycles it gets cracked. That's
all I'm proposing.

I'm not proposing anything about your tech spec or
anything else. I propose to get you running along. You're
well below 90 percent of your tech spec on the settlement
situation, and you're way below anything that you expect in the
way of tggrmal cycling on this bellows. So you think you're
perfectly safe. Okay.

All I'm proposing here is that, okay, we've got a

2136 087
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weak bellows. We didn't know about it. It suddenly cracks.
And the answer we got yesterday, well, this would be a pinhole
crack.

Now, my question again is: If you have a pinhole
crack, pinhole cracks have a habit of propagating. So I'm
trying to find out at what level of leakage would your people
be able to detect it, and how soon. Forget abcut tech specs
or anything else. I'm just giving you a scenario of a faulty
bellows. Let's put it that way. And lord knows, we don't know |
when we're going to have a faulty bellows.

A {Witness Bradbury)‘Detecting this leakage by
observing water essentially coming out the top of the
enclosure would be possible with leakages significantly less
than the 3,000 gallons a minute we've spoken of. 1It's a very
small enclosure. I don't have an absolute number of gallons
per minute versus fill time of the enclosure box, essentially.
But certainly, if the leakage is down on the order of less than
a thousand gallons a minute, it would cause those things the
operator would be sure to note while he made his runs, while
still maintaining =--
Qe I'm not arguing about the fact that you've got loss

of water. Nobody's worrying aktout that at the moment. All
I'm asking here is, do you have instrumentation on the plant,
other than a man walking around every four hours, that would

indicate that you have a leak and a chance of further

2136 (83



e 14 “

10

11

12

14

15

16

17|

l
18
19
20

21

23|

1
Ace- ruﬂuunmluw

25

230

propagation of cracks on the bellows. That's all I'm asking.
I think your answer is that under 3,000 gallons per minute or
something like that, you doubt that any of your instrumentation

would do it. Am I right in saying that?

A Yes.
o) Okay, thank you.
BY CHAIRMAN ROSENTHAL:
e Lat me ask you this gquestion: Is it fair to say f
that most of the responses that you've given to the line of f
questions that have been provided to you are really based upon
what the manufacturer has informed you, based upon its own

testing, rather than upon your own independent knowledge and

experience? _ . 5
A Yes.
Qe So this really comes down, then, to reliance on

information supplied to you by the manufacturer?

A Yes.

Q You're satisfied that the manufacturer has put a
joint of this size through sufficient analysis and testing,
has sufficient experience with which to provide an informed
judgment as to what would happen?

A Yes, I am.

Q Do you know the extent to which the manufacturer
has tested or observed the performance of joints of this

particular character under these particular circumstances?

2136 ()87
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A Other than that we've represented in our testimony,
no, we don't.

Q On what basis do you offer this confidence?

A The manufacturer of the joint is a recognized
manufacturer of these type of components. Stcne & Webster
has no evidence of bad components being supplied by this
manufacturer.

We routinely review manufacturers for improper
performance. This joint was inspected durinc and after by the
manufacturer, to ensure it conformed with the specifications
and drawings.

BY DR. BUCK:

Q One of the reasons that I'm digging into this, I
am a little disturbed by relying on a surveyor's measurement
or specification in plant. I've seen toc many surveyor's
measurements that go awry, and it seems to me that a surveyor's
measurement is nothing more than a symptom of something else
happening. And it seems to me that you can ease up on your
reliance on surveyors if you have other means of detecting

possible flows in the joint.

It seems to be a lot simpler and more straightforward

to rely on some more precise measurements than it does on
monthly surveyors. Now, I know the staff has put a spec on
you. But that doesn't mean we can't talk about other ways of

providing protecticn against such a break.
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I had another thought when I was talking, and now
I've forgotten. 1I'll have to come back to it.

Oh, is there any way of detecting a motion, either
a compression or expansion motion or a twist, on the expansion

joint itself? 1In other words. let's think of a big micromete:x

| sitting across there, where ' -u could tell within a thousandth

of an inch by making a reading. Maybe that's impossible in
cases like this. I don't know. I'm just asking the gquestion.
A Certainly ycu could measure the joint compared
against the dimensions that it had when it was installed.
e Isn't that a lot simpler than surveying?
A I don't believe so. These joints are covered with
a protective cover also that we did not show in our figure,.
to protect the bellows from incidental damage.
Q That's the point I'm asking: 1Is there some covering

or protection that prohibits you from measuring the bellows

| itself?

A This protective shield is around the bellows them-
selves to protect them from damage due to external causes.
Q I've finished on that particular item. I want to
go on to saprclite in a moment.
BY CHAIRMAN ROSENTHAL:
Qe I would just like, before turning it over to
Mr. Far}ar. tc pursue the answer t> the guestion that I asked

a few minutes ago. I asked a guestion as to what was the basis

2156 091
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‘l. 1 for confidence in the manufacturer's representations as to
2| what would happen in a particular set of circumstances if
3 you were not aware of just how much experience or testing the

4 manufacturer may have engaged in. And I thought the response

5| was that this is a manufacturer which you're satisfied produces

) a gquality product.

7 Was that it, or did I misunderstand the response?
8; A That's essentially correct, yes.

9% Q Well, I'm not certain that the answer is totally

10| responsive. The manufacturer may produce a quality product.

n But I would suppose that the possibility exists with any

12| manufacturer -- I mean, given the occasion, a particular item

' 131l which it supplies will have some kind of defects. And the

14| question I was really getting at is, you have hypothesized a

which you can express this enormous confidence in the manufac-

15| wvhole series of events -- the pinhcle leaks and the like =--
‘62 and all of this, you tell me, is based upon what you've been
Y7i Egld by the manufacturer.
18‘ | And I still am uncertain as tr the basis upon
19 |

|

20 | turer's representations as to what the scenario would be,

21 wi?hout having a better idea than you seem to have regarding
22 || just precisely what the manufacturer's experience has been.
23 Mr. Christman?

24 MR. CHRISTMAN: I can make an offer of proocf. We

Acer=wral Reporters, Inc. |
25 | have another witness here who is more intimately familiar

2156 0952
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. 1|l with these expansion joints, these particular ones. Mr. Wert
2|l is his name. I can have him come up here, if you'd like, since f

3| the guesticns seem to be going in that direction.

4 CHAIRMAN ROSENTHAL: Where is Mr. Wert?

5 MR. CHRISTMAN: Mr. Wert is right here. *
6 CHAIRMAN ROSENTHAL: 1Is he employed by Vepco?

7 MR. CHRISTMAN: He's a Stone & Webster engineer.
8 CHAIRMAN ROSENTHAL: Yes, will you have him join

9 || the panel.
10 MR. CHRISTMAN: Mr. Chairman, will you call

11| Mr. Douglas A. Wert toc the stand.

12 CHAIRMAN ROSENTHAL: That's W-e-r-t?
‘ 12 MR. CHRISTMAN: Yes.
14 CHAIRMAN ROSENTHAL: Mr. Wert, if you'd remain

lsi standing for just a moment and raise your right hand.

16 | (Witness sworn.)

17 | MR. CHRISTMAN: Mr. Wert, you may sit down.

18 || Whereupon,

19 DOUGLAS A. WERT

20 | was called as a witness and, having been first duly sworn, was

21 || examined and testified as follows:

22 MR. CHRISTMAN: May I gqualify the witness?
23! CHAIRMAN ROSENTHAL: Yes, you might.
. 24 | BY MR. CHRISTMAN:
Ace- ‘sl Reporters, lnc.'
25L o} Mr. Wert, would you state your name one more time

I
| 2156 093
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for the reporter? ‘

A (Witness Wert) Douglas A. Wert, W-e-r-t. f

Q I'll ask you two questions. First, your _rofessional§
qualifications; and then I'll ask you your familiarity with j
the expansion joints that we've been talking about here this :
morning. i
First, can you give us your professional qualifica- é
tions, that is, your degrees, your experience, your position
at Stone & Webster?

A Yes, I'm an engineer in the Power Division for
Stone & Webster, with nuclear experience, three years in the
Navy on nuclear submarines and five years design experience in
the Stone & Webster Power Division.

I was graduated last year from Northeastern
University with a degree in mechanical engineering. And my
f;miliarity with the expansion jcints particularly is that I
interface directly with the manufacturer in the development of
the testimony regarding the expansion joints and in the discus-
sions regarding testing and the development or the instigation
of the design movements that were given to the expansion joint
manufacturer to analyze, the particular case that we're dis-
cussing.

MR. FARRAR: Could I ask about the gualifications?

I lost track there. Mr. Wert, you said you got your

degree last year?

2156 U%4
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WITNESS WERT: That's correct.
MR. FARRAR: You said you had a lot of years of
experience prior to that?

WITNESS WERT: That is correct.

MR. FARRAR: How did you manage that?

WITNESS WERT: I attended college in the 1960s and
entered the Navy. I was a nuclear reactor operator for six
years. And subsequent to my discharge, I jointed Stone &
Webster without a degree and attended night school for the
last five years to get a degree in mecranical engineering.

MR. FARBAR: Okay. Thank yco

BY CHAIRMAN ROSENTHAL:

Q Mr. Wert, I take it that, from your se.t .n the
audience, you've been following this line of questions directed
to the expansion joint. Dr. Buck or Mr. Farrar, one or the
other, may have guestions for you. But I was wondering whether
you might provide a response to the guestion which I had just
presented Mr. Bradbury. Do you recall the question?

A Would you please repeat the guestion?

Q The question was, in essence, what is the basis for
the confidence that Stone & Webster and, through it, Vepco,
has in the manufacturer's representation respecting the scenario
of events that would occur, the pinhole leak and the rest?

A I think in answer to that question, there's a dual

focus here. Number one, I think it might be of assistance if

2136 09
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. 1/ I explain in a little more detail the testing :hat the

2 || expansion joint manufacturer has done.
- 3 DR. BUCK: I wish you would, because taat is cne of

4| the questions that we have. We don't know anytiing about the

5| testing at the moment.

6! WITNESS WERT: 1I'd like to point out one thing, that

7|l at the Vepco-proposed technical specification limit, these

8 | expansion joints that are installed in:service water lines are

9! designed for in excess of 40,000 cycles at the technical

10 | specification limit. And what we asked the manufacturer to

M|l do =-- what we did was to give him a set cf movements at the

12{ expansion joint that would be representative of the condition

q of the piping system under the technical specification limit
! settlemént for the pump house.

i What he did was to analyze his expansion joints
16 | using computer codes which are proprietary to the Expansinon

17 | Joint Manufacturers Association, but have been accepted by

|
18 | ASME.
|

191 BY DR. BUCK:

20ﬁ Q Before you go on, could you give us the extent of
'!

21 | the motions that you postulated here, both compression and

22| lateral and twist? Do you know what size of motions you

23

-

Ace: ral Reporters, Inc.
25

projected?
A I don't have those specific numbers with me. ‘They're

back on my seat. But the motions are on the order of
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one~half inch lateral znd 1.4 inches in compression, and a very
small amount of rotation, extremely small.

Q ;But vou do have a half inch of loteral motion?

A That's correct. The expansion joints are designed |
for three inches of lateral motion.

When we gave these numbers to the expansion joint
manuiacturer, he vsed his codes to analyze them and found that
at this point the expansion joints would take only about
40 percent cf the capacity, of their elastic limit. The elastic|
limit is the point at which these convclutions -- let me
refer to Figure 15.

If we take and assume that we have compressed this
expansion jecirt in such a way tnat these convolutions are now
solids up against. one another, the expansion joint manufac-
turer, as we discussed in our testimcny, calls this an allowable)
equivalent axial compression. What he does is tc take all the
motions that occur on this expansion joint and, by virtue of
these ASME-approved codes, applies these and forms an egquivalent
axial compression. |

Then the ratio between this eguivalent axial
compression and the design allowable is then a factor of safety,
if you will, that these . insion joints are designed for.

Now, since th; numbers that we used at the technical specifica- |
tion limit were far ower than the total allowables, even

though we had used the proposed technical specificaticn limit

2136 097
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in the design parameters for this expansion joint, the
manufactmrer gave us an expansion joint and assumed that all
the motions at one point are maximized.

Now, this resulted in us getting a very conservatively
designed expansion joint for this piping system.

What we further asked him to do was to assume that
this expansion joint was set up completaly solid. We inputted
a design basis that said that the allowakle egquivalent axial @
compression was reached on the joint, and then we continued to
cycle the joint. And under that capacity, this joint was
capable of taking in excess of 23500 cycles, or more than the |
design life of the plant.

Furthermore, we ?ent into the failure mechanism.
The expansion joint manufacturer has done numerous tests on
these expansion joints. The method of failure involves what
he calls the cycled lifetime. Now a cycle, as defined by the
Expansion Joint Manu.acturers Association is a complete cycling
of this bellows assembly.

In this case, we have a very static condition,
becaus2 the settlement is very slow, of long-time duration,
and therefore the movements are extremely slow at any point
in time. So we really don't have cycles per se, as most
expansion joints are designed; especially in view of the fact
that ﬁhe pressure-balancing bellowé eliminates the thrust

component that would be associated with starting pumps andé
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‘ 1| this type of thing.

2 Sc we have basically a static device here. What

3| the expansion joint manufacturer does is to apply a design

4|| load to his expansion joints, design pressure, and then he

5| continues to cycle these expansion joints.

) Now, during hius testing program he found that this
7i| design, this basic design of metal expansion joints with
8| convelutions of this type went at least ten times the design
9| number of cycles beyond its elastic limit before the beginning
10| of some fatigue cracks. Now, these fatigue cracks are what
11| are referred to as the pinhole leaks, and that is that you
12|| take this metal portion, compress it all the way up solid,
13| you open the thing out again and you ?:ing it back in again.
4 When that happens, vou fcrm small fatigue cracks
15| around the circumference of these convolutions. These will
16| in time, and under additional cycles, begin to propagate into
17 || a continuous circumferential crack.

18 Now, the expansion joint manufacturer indicated

19| that in their testing they didn't have any joints that had
20 | circumferentially failed at 25 percant cycles over the design
21|l lifetime. As a standard, they designed these expansion joints

22| for 40,000 cycles.

23 Q Do you know what their tests were, how many tests
e 24 | were there, and what size of bellows they ran their tests at?
Ace- eral Reporters, Inc.
25 A In our discussions, J asked them whether or not they
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ad run tests on-'expansion joints similar to those installed
in our piping system. He indicated they had, that this was
pretty much a standard design. The angle of the pipe that
it's attached to nmay change, but the concept of using a
pressure-balanced expansion joint is not uncommon in a large

piping system, a large diameter pipe, as this is.

Q The materials you were using here are not unusual?

A That's correct.

BY CHAIRMAN ROSENTHAL:

Q When you said "he", I take it this was someone in
the manufacturer's employ whc was directly involved in the
testing program?

.A That's correct.

BY DR. BUCK:

Q What do you know about their guality assurance
program?
A I know they're a qualified Category 1 vendor.

-

This is a Category 1l piping system and they met all the
requirements.

Q Now, if I understand what you told me, it is that
under the definition of "cycle" such as a complete cycle,
open to closcd, the expansion joint in this particular case
never goes through such a cycle. 1Is that right?

A I never said that it could never go through such

a cycle.
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Q Put under the conditions, on the assumption that

5’wo've got at the plant at the present moment the thermal cycle,

|
]

particularly -- let's take the thermal cycle. That does not
cperate the bellows to its full capacity length?

A That's correct.
@ Qe So it's unly a partial cycle, under your definition,

is that correct?

! 8 That's correct. That is the expansion joint
manufacturers' definition.
DR. BUCK: Okay.

BY MR. FARRAR:

2 Why do we keep referring to this perscn as "the
manufacturer"? Does he have a company name?
i A This is Tube-Turns Company.
ﬁ Q At one point, Mr. Wert, you said you told the
.

manufa “turer to put into his code a half-inch of lateral.
A Roughly, what we did was to take the proposed

| technical specification limit and determine what the movements

| were going to be at the expansion joint. We then gave this

l information in a coordinate system that the expansion joint

| "
i manufacturer could use, to him and asked him to analyze it.

l It was necessary to do this.
;

|
u
W with the three inches of settlement? How did you get from one

' to the other?

Q My question is: How does the half-inch compare

2156 101




nte 27

O,

10 !

11

12

13

14

15

16

17

18

19

20 |

21
22
23
24

Reporters, Inc

25

243 é

A The three inches or the .33 feet, whatever it is,
of settlement at the pump house results in amotion at the
expansion joint, as Mr. Bradbury explained on Figure 26, I
believe. With the settling of the pump house and the settling
of the dike, the pipe flexes and rotates at a 47-degree elbow
toward che right-hand side of the page, and the pump house
settles down.

So in effect, what you have is a cantilever, if you

will, that then impinges upon the other end of the expansion

joint, resulting in a certain amount of compression and a

certain lateral offset. r
2 All right. Assume the pump house settled four

inches, and since your tech spec is set up -- and I wanted to

get back to this later in terms not of differential settlement -~
let's assume -- Mr. Cartwright?

A (Witness Cartwright) I don't think we're clear on
the tech s»ec.

o} I'm not clear, either, because I have a letter from
Mr. Christman dated June llth, which says something entirely
different from what I heard you people say, I think. Maybe
not entirel Jifferent.

MR. CHRISTMAN: You're right. I planned to bring

that up. So if Mr. Cartwright can do that in advance, that's

fine.
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‘ ! BY MR. FARRAR: : @
2 Q We all may be concerned about the same thing. So |
3 why don't you go ahead, Mr. Cartwright? |
4 A The existing tech spec now compares the existing
5|| service water pump house to the piping on the north side of
6 | the expansion joint, and the allowable differential is .25 feet.%
7| Then it also has the service water pump house, with the

8 allowable total settlement of .l15. So there are two specifica-

9l tions.

10 o} You have them in both?

i A Yes.

12 Q Then we have -- that is the three inches. There's
. 131 the .25 differential settlement, right? That's the three inches;,

!‘ﬁ then. You're telling me, with that amount of differential
l
‘51 settlement, you're only going to see a half-inch on the joint?

=3 16 A (Witness Wert) That's correct.
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Q And that’s what you gave the manufacturer?
A That’s correct.
Q When he told you about, well, Mr. Foster has been

quiet about hearsay here, ana [ know we’re in a scientific
thing, and we don“’t have real hearsay rules, but [“d like a
litt.e more detail about how this happened. I[n other words,
cdid he do these tests at your regquest, you know, you anc he
sat down together and you said, "Here’s what [“d like you to
do," and he came back and told you the results? Or did he
tell you that, you know, a year ago ! did a bunch of tests?
In other words, what was the rel» jonship between you —= what
was your ability to make your own jucdjement about ths validity
cf what he was doing? | guess that’s the guestion that I’m
asking you.

A (Nitness Aert) Let me attempt that by explaining
pasically how this came about.

Ahen we looked at the pump house settlement issue and the
amount of the tech specs and {ts affect on the expansion Jjecint,
we determined to find out how much individual design margin
we had in the expansion joint, since {t’s standard for a
manufacturer to put some additicnal conservatism of his own
in, especially when he“s providing items for category one
System, et cetera. We wanted to find out how much design
margin we had over and above what the numbers were we had given

him to design the joint originally. Ahat | regquested was tnat
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he provide access to the computer codes so that we could
analyze a series of cases and determine exactly what would
happen under various operating conditions, what results the
initial settlement ever postulated.

The result of that was that he indicated that these codes
were proprietary, and we would not have access to them, and
[ subsequently checked with our specialist on expansion joint,
the company, Stone A Webster specizslist, and discussed this
with him. He verified that this was indeed the case.

However, under the purchase order, they agreed to go back
and reanalyze these Jjoints at whatever point we deemed
necessary, whereupon we developed the deflections at the
expansion joints, recently went back to him ana asked him to
analyze these to find out what the effect was on the expansion
Joint and how much additional casacity we wou'd have even at
the technical specification limit. That is what led to this
scenario and the things going back and forth.

What we did was request in writing from him to perform
these tests, give him these motions. He responded likewise
verbally and in writing. We discussed it to some extent as to
precisely what we were looking for, but nevertheless his
computer output and his computer program was run using inputs
from us, and the results were transmitted to us directly.

I“m not sure I answered your question.

2136 105
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BY DR. BUCK:

Q You did accept for experimental testiiyg. [ think
you had mentioned previously that you had some statements
about the experimental testing they’d done on previous bellows
and so on.

A I had asked him {n his letter transmitting the
results of his investigation and analysis to include the
failure mechanism. We had discussed this along the way to
find out what would hapgsen {f additional things took place, and
I wanted to have some basis for the consideration of the
catastrophic failure mechanisms as discussed in our testimony,
and | asked him to include those results when he transmitted it
to Us, Which he did.

Q And he ghve you somz results of testing — to
destruction of some bellows, apparently.

A He didn’t give us the actual test results. These
are the results of generic tests. These were not run
specifically for this case, but in order for them to design
an eXpansicn joint of this type, which is a relatively complex
type of expansion joint, he had to run a significent numbar of
tests in order tc investigate the use. The codes in this case
were relatively slow in accepting the use of metal expansion
joeints over the years, and it“’s only been within the last
decade that the codes have recognized the acceptgbility of the

metal expansion joints. And that/s as a result of this intense
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testing program that wa. done. {

Q So what he did was give you the results of the -
generic testing program. Right?

A That’s correct.

Q Okay. [’m sorry.

BY MR. FARRAR:
Q You wouldn’t happen to have any small models of

these expansion Joints in your bri-“case, would you?
(Laughter.) -
A I“/m afraid [ don’t. No.
Q [ won’t take the time now, but [“ll ask you later on
to take me through some of these drawings and explain it in 2

little more detail, but [ don’t think we need to do that now.

There was one question [ had before Dr. Buck gets on to
another subject. This operator who’s wandering around every
four hours making his rounds, is he going to see this puddle
if we get one of these days of heavy rainfall that is shown on
some of your graphs? And are we talking about enough water o2n
the ground so that a fellow walking around in a driving rain
stOrm -— there’s a psychological question — is he g2ing to b
bother looking for it? But, too, is he going to see it? Are
we talking about enough water that you wouldn“’t confuse it with
Just natural runoff from a rain storm.

A (Nitness Cartwright) dell, first of all, let me

clarify that he coes have to make these rounds. There“s an
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approved procedure which forces him to go there twice a shift.

To get into the service water pump house, he walks either
over this concrete enclosure or adjacent to that, depending
on which door he goes in.. If there’s a minor leakage, just 2
minor leakage, he may not detect that.

Q If I recall your testimony from yesterday, {t’s not
on his checklist to poke his head down in the manhole cover.

A Not at this time. No, it’s not. And minor leakage
may be very difficult to detect. But anything approaching
1000 gpm Or so, I“m certain, would be detectable. Azain, it’s
a small enclosure.

Q Rainstorm or not?

A [ think so.

BY DR. BUCK:

Q All right. Let’s go back to saprolite, if we may,
please. And I“1ll have to admit that my questions here are
partly educational for myself, but | want to understand a
little bit more about saprolite.

[“d like to refer to your testimony on page 37 and 38.
It’s the carryover paragraph begiming: "Saprolite at North
Anna...”" [t’s not 3 transported soil. One page 37, it goes
on over to page 28.

This paragraph has alot of explanation here about rain
and bonding and so on, and [ always tend to get confused with

geologic and mineralogy terms, because every time I look in the
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dictionary, they lead me around in a circle. [ found the
most famous one in this case. [ haopened to look up what |
hoped would be a scientific definition of #silt." The first
one | got was “sgilt" (s defined as "“any soil which contains
80 percent or more silt."

(Laughter.)

I began to feel that this is sort of typical of the
definitions that one finds. But let me ask you, what do you
mean by a “grain"? [Is this a crystal form of rock? What {s
your technical definition of a grain?

A (Nitness Maclver) Orain is merely a single,
individual particle of the material.

Q Okay. Now when you talk about chemical alterations
of some minerals, I presume here — let’s start out from the
beginning here. You said that this saprolite was once rock.
Now this granite gneiss that you’re talking about, dcas it
normally contain clay particles in its original form, in the
rock form?

A No, sir. It contains feldspar minerals as well as
quartz and mica.

Q All right. Your feldspar minerals are what?
Potassium, soidum, this sort of thing?

A Yes, sir.

Q Mostly the chemically active, primarily chemically

active types of elements?
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A Yes, sir.

Q Now in the chemical alteration of these minerals,
what are you talking about here, in the term "chemical
alteration"? [s this oxidation? Hydrogenation? What do you
mean?

A It is the sodium feldspars, the plagkioclase, which
have been altered into plain minerals. | feel very hesitant
to get into the weathering phenomencn, as [“m not a
minerologist or geologist.

Q Your not a chemist, and I’m not a chemist, With
whatever your expertise (s and my physics, we can get somewhere
on it. [ don’t know.

A It results in alteration.

Q Let me look at it this way. The rock itself starts
out as, | guess what one would call, porimarily call crystal
formation. Is that correct?

A It is a metamorphized rock which has a ~rystal
ciructure. When found in a sand condition at depth, it is a
relatively competent crystalline rock.

Q Now in the process of weathering, leaching, all this
Sort of thing, some of those crystal particles are removed. Is
that right? That’s how you allow water to go througn. Isn’t
basicallY how you get your saprolite? Part of the rock is
removed?

- There’s some loss of material but more, [“4 say, of a

“2136 110
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breakdown of the bonds amongst the individual grains of
different material.

Q Nell then, is it true that in forming clay, what
happens is that what you get is a rebonding, but you get sort

of an amorphous material rather than a crystalline material

out of {t?
A That would be true, sir.
Q Okay. 30 that when we talk about == and normally

clay in the process of this tends to add water. I[s that
carrect? Depending upon the type of clay?

B I“m not sure in my answer to this.

Q [ admit [’m getting intc something that maybe isn’t
necessary here, but I“m tryiig to get one thing. When you jet
your saprolite, and you put a load on {t, you, shall we say,
remold, as we use it here. You tend to break down some of
the bonds of the saprolite in compressing it. Is that correct?
Nhen you start compressing the saprolite itself, do vou not
break down some of the crystal oponds?

A No, I don’t believe that is a correct representation
of the mechanism by which ==

Q Can you give me the correct one?

A There has been created within this decomposed rock
void spaces that did not exist in the parent rock. Upon the
application of a load to this material now, we can reduce that

void space. That doesn’t mean that we’re necessarilv breaking
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Londs between particles. Rather the weatherin, process {tself
nas eliminated the bonds between the particles that existed
in the parent rock. This material s such that {f you were
to take an undisturbed sample of it, you could readily with
your fingertips reduce this to, in effect, a pile of sand.
There i{. no bonding amongst the particles, though each on:-
exists in the same relationship to its neighbor as {t did in
Lhe parent rock.

Q All right. Then, how does clay form? You’ve got
these particles in the rock, and you say you found lumps of
clay in this particular saprolite, how i{s clay formed from
these crystalline particles?

A If you look at the fabric of the material, you will
find there are interlocked grains o guartz, other grains of
feldspar, and still others of mica. Again, the material is
an altered granite, which has tuen altered into a gneiss and
is now composed into a soil like material. The weatnering
has not affected the quartz grains although it has eliminated
the bonding amongst them. The individual grains of the sodium
feldspar, the plagioclase, still retaining their same
dimensions, still iocked into this network of quartz particles,
have been chemically altered into clay minerals.

Q It’s this chemical alteration to clay minerals that’s
bothering me. What is the alteration? Wnhat happens? What

changes between a2 group of crystalline particles and this



‘47a04. 10 254

" alteration into clay?

A All of the clay minerals that we would find in soils
are essentially derived from the alteration of rock. Some of
the less active clay minerals result from the chemical
alteration of feldspars — the illite clays, not terribly
active clay. From mica, we can produce the more active clay
Minerals.

Q Let me point cut what [“m getting at here. I“m

talking about — you say you can separate saprolite ~ith your

O € O ~N 0o v & W N

fingers sometimes. You put a load on {t, and you break down

—
—-

some of these particles. Now these are mineral particles

n

which have been and still are in crystalline form. 3ut when

w

you get the same particles in the form of clay, that clay

o>

can cement itself into 2 hard block or with water, it can be

15 a very slippery mess. [t can almost be a fluid.

16 Now [“m trying to find cut whether in the process of

17 breaking down the remains of the rock, the saprolite, you put
18 minerals into a form such that they can become clay minerals
19 more easily.

20 A (Aitness Lucks) If I may back up?

21 Q Sure, back up to the beginning.

22 A The clay particles in the saprolite are formed from
23 the plagioclase feldspars. The plagioclase feldspars,

24 initially crystal in structure — the weathering will lead to
25 decomposition of the clay resulting in very many small clay
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particles forming where that plagioclase feldspar was in the
unweathered rock, so when we talk about clumps of clay
particles, these clumps represent part of the fresh rock that
used to be the plagioclase feldspar.

When we apply a load tc saprolite, the loads certainly
that we are applying, the pressures we are obtaining in the
field, I think, do not approach anything that would break the
individual grains that make up the saprolite =-- break {t up
into smaller grains. In fact we ran one lab test where we
conducted a consolidation and compression test of loading on
a sample of the saprolite. And comparing the gradation after
loading with that before loading for an adjacent sampling,
we could detect essentially no change.

So I don’t think it’s correct to look at the loading of
the Saprolite breaking up jrains, reducing the large space
slightly by pressure. But certainly the stresses would nct

pe sufficient —

Q You’re not breaking up bonds, is what you“’re talking
abcut.
A Yes.
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A (Witness Maclver) Sir, could I add a bi% more to
that. We want to be sure that the Board does not confuse
the fact that we have clay minerals present here with their
notion of a clayey soil which, in general, would be a2mongst
what is addressed in the testimony as a transported soil.

Once you erode the products of weathering and rock and
colle~t at some point of deposition a large number of clay
minerals, perhaps of the more active types, you can prnduce
a soil which would be justly termed a clay.

The fact that within the saprolite we have clumps of clay
minerafs should not be allowed to justify any consideration
that this soild would behave like a ciay. There is no
stickiness.

Q I understand that. My question was reall: based on
the suppoSition tl.at in the compression, you would break
crystalline bon~- and therefore make the production of a clay
more likely or make it availaole, shall we say, for rebonding
into clay. Your answer is that, no, you do not break down
the bonds, the crystalline bonds.

A (Witness Lucks) That’s correct.

DR. BUCK: That’s all I have.

CHAIRMAN ROSENTHAL: [ think we”ll take a midmorning
break at this point and resume in 15 minutes 2t quarter of
eieven.

(Brief recess.)
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CHAIRMAN ROSENTHALL: Mr. Farrar?

MR. FARRAR: Gentlemen, [ have a series of questions
which I“1]l try tc put in some sort of order.

Mr. Christman, some of them deal with the tech spec. |
can do it, or you can do it. Would you like to? Let me tell
you what [“/d like to get on the record at one place, and you
may be able to do it better than I could.

[“d like the record to show what the tech spec was, what
you initially proposed as a change, what the staff came bac:
with, and what yoU are now proposing. These appear in several
different documents, and you can either do it by way of a
statement pr your own — simply Jet counsel to stipulate to
it == or you can ask Mr. Cartwright, or do it any way you“’d
like to do it.

I may not e en have any guestions, if that all gets
straightened out.

MR. CHRISTMAN: Let me have a shot at it and we’ll
combine what the witnesses can tell us with what [ can say
and see how it all falls out.

Mr.'Carter;ht. there is now a technical specifization
regarding settlement for North Anna Unit 1. Is that right?

WITNESS CARTARIGHT: That’s right.

MR. CHRISTMAN: You’re operating under that tech
spec right now?

WITNESS CARTWRIGHT: Correct.
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MR. CHRISTMAN: There is not in effect a tech spec

for Unit 2 because Unit 2 i{s not an operating unit right now.

Is that correct?

NITNESS CARTWRIGHT:

That’s right.

MR. CHRISTMAN: Can you tell us what the sectlement

limits in the presently effective tech spec for Unit | are?

That .s, as they relate at least to the mep house which we

are addressing in this proceeding.

NITNESS CARTWRIGHT:

The four points on the service

water ommp house, the total allowable