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UNITED STATES CF AMEPICA
KUCLEAF BECULATCEY CCMMISSION

tefore she Asopic Safety and licensing kgazic

___x
‘
In the Matter of: '
:
LONG TSTAND LICHTING CCMPANY ¢ Docker Fe.
(Shereham Suclear Fcver Station, s S50-332-01-3
Unit 1) ] (Emergency
¢ Flanning)
- -~ R - --x
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DEPOSITION OF STANLEY 5. CHEISTENSEN,
called fcr examinaticn by ccuncel for LILCC in the
above-entitled actien, pursuant to notice, the vitness
having been duly swern by NICHOLAS TORRE, a Notary
Public in and for the State of New York, at the cffices
of the Suffeclk County Executive, H. Lee Lennisor
Building, Veterans Highway, Hauppauge, New Yerk, 2t
10:00 a.m., the proceedings being taken down ty

Setenctype by NICHOLAS TCERE, and transcribed under her

direct ion.

ALDERSON REPORTING COMPANY (NC
20F 8T NW. WASHINGTON D C 20001 (202) 5289300



-

10
1"
12
13
14
15
18
17
18
19

=

APPEAR ANCES:

On behalf cf Suffolk Ccunty and the Witnecs:

MICHMAEL S. MILLER, ESQ.

Kirkpatrick, lockhart, Hill, Christcpher,
€ Prilligs

1900 M Street, N.W.

"llhihOton. L«Co 20036

Cn tehalf ¢f lecng Island lLighting Ccrmpany:

ODES L. STROUPE, ESQ.
Hunten £ Willians

333 Fayetteville St.
F.0. Bex 109

Faleigh, N.C. 23212

Cn behalf cf Transamerica Delaval, Inc.:

DAVID E. ROSS, ESQ.

PETEP A. BAGCNE, ESQ.
Guggenheimer £ Untermyer, Esgs.
80 Fine Street

Nev York, N.Y. 1000%

ALSC PRESENT:

SIFYON K, CHEN, Fresident
PEI Consultants

ALDERSON REPORTING COMPANY INC
20F 8T NW_ WASHINGTON 0 C. 20001 (202) 628 9300

r



CONTENTS

Ex n on Counsel for

LILCO NRC STAFF SUFFOLK COUNTY

Stanley G. Christensen

By Mr. Stroupe “
By Mr. Paiterson 201
8 By Mr, Miller 220
; By Mr. Stroupe 223
8
9
10
11
12
13
14
185
16
17
18
19
20
2
2

ALDERSON REPORTING COMPANY INC
207 8T NW. WASHINGTON, D C 20001 (202 62C 9300



~ o > » L -

14

18

17
18
19

-

-
STANIEY G. CHRISTENTSIEN, raving

Peen previously svorn, vas examined and
testified further as fcllcwsy
PR, STRCUPEs We are continuing this
depcsition, so the vitness need no® be svorn.
EXANINATION (econt'd) BY MR, STROUPE:
¢ Prof. Christensen, you recall, T take it,

on May Oth and 9th, I teok your deposition cut in

California.
R Yes .
(o] You and I discussed certain comrponerts in

the Transamrerica Delaval engines at fThoreham, Yeu
recall those discussions, generally’?

» Yes. Gererally.

¢ 1 will ask you, had ve, in fact,
discussed pistons, crankshafts, and cylinder heads?

A T can't recall now, «ir, exactly what ve
had discussed then.

¢ That is sy test teccllecticn, sc that I
vill try not to go over anything that ve have already
discussed, except fer a couple of areas that I have

specific questions oOn.

ALDERSON RERORTING COMPANT (NC
EAT NW WASHINGTON OC 20001 (200 428 9300
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T will ask you this guestion, Yeou had
indicated to me at the outset cf the deposition, that

deposition, at the start, that you vere looking a* »

‘nuster of components. I belleve you read over a list of

the so=called 16 comporents, and you had indicated tc re
that you vere s0ing to te lcoking at mest, if net all,
of those components.

1 vill go through some of the components
and see Af 1 can get any conclusions or opinions that
you have come to Vith regard to some of the.

S§icr, do you have an Arterticn te exarine
connezting tods and/er connecting rod bdearings’?

A Yes.
¢ Ve will take connecting rods themselves,
ficet, please, sir.

Nave yeu had an cpperturity tec fore ary
praliminacy opinion as %o the reliability of the
cenpecting rodm An the Shorehanm EDG's?

l Yes, ®y preliminacry opinion vas that the
ares srcund the bottem end Pearing was veak in certain

Aareas.
Pacticulacly, this Lis £o Ln the ares ot

ALDERSON FEFORTING COMPANT N
EAT NW WABMINGTON O G 10000 (200 A28 S0



eszlier, vhich vere taken fzom a list of 16, I belleve.
The five things that I was most interested in vere what
1 would call critical high rsriority areas: Crankshatfe,
conpecting rod and connecting rod bearings, the pistens,
eylinder heads, cylinder block.

1 shink that makes up the five.

Q Do you have, sir, an order of prioerity
anong these five components? [¢ you treat them as et
equal significance’

A Well, no, obviously to me, if there is
any failure of the crankshafy, the whole engine is
gone. If thete is & failure of a cylinder cover, only
pact of it is gene.

1 would fix my priovrities in that aces.
If & cylinder cover crachs, you say lese the entirce
engine from a hydraulic lech situation in starting.

You have bduckled the shaft, bent Fain
pesrings and you have a disaster on your hands.

. 1f ve ean talk abeut the cylinder Meads
for & second, yOu ACE Avare, Are you net, that LILCC Kar
instituted & barring over procedure, with tegard o

attempting to detect vater in the eylinders ot the TCI?

ALDERRU N RER s COMPANT
A R GARMINGTON OO0 M (OB AR SN
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* Yes, I am avare of that.

¢ You have an cpinion as to whether that
proced ute will enable 1ILCC to detect water in the
eylintfer?

MR, MILLE®y Co you have a copy of the
parcing procedure that you are refercine te?

AR, STRCUPEs VKo,

SR, MILLERs You are asking the vitness
from mencry to discuss the precedurs with yeu?

R, STRCUPT: Yes. The record should
teflect in the witness' depceition taren in July of
1983, he discussed it in falrly much detall, with the
pecson deposing him at that time.

1 believe he has a copy ef that

procsdure, or he had a copy of that procedure At A tife.

%R, BILLER: Neo reason te dispute that,

1 would point out that was July of 1903, This is alrost

June of 1984,

T am not suze Af the vithess hat even

seen the preocedure since last summer.

If you wish to guestion about the

procedure, vhy not shov nim a copy of it

ALOERBON REPORTING COMPANT (N
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¥R, STRCUPF: I don't have a ccgY. NI

Dynner spent many pcrticns cf days this veek and last
asking the witness, vitnesses, about vzrious things cf
which he didn‘'t furnish ccries.

I would like an answver tc the guesticr.

T will try hard ¢o ask the kinds cf
gquesticns that don't require the witness tc give a
specif ic detail, any specific details of these thirgs.

I am 2sking for a general reccllecticn.
1¢f he doesn‘'t know, he can tell ne.'

o) Are you avare of the LTILCO barring over
grocedure?

b T am avare of the procedure, Yes.

5 Po you know whether it calls for tarcing
over within a certain gpericd of time, after the engine
has been in cperation?

A Yes. If I remember ccrrectly, I thuink
that there wvere periods of four hours, or maybe a lesser
period, but a time period, time periocds after running of
the engine, in which they wcould bar over, and after the
completicn cf that period, they veculd net rroceed cVer

with the barring over gprocedure.

ALDERSON REPORTING COMPANY, INC.
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b .
T did, at the time that I lccked at that,

coneider that rather dangercus frem the peint cf view cof
+he history of the failures of the cylinder ccvers.

If a leak develcped at scme period
subseguent to the final barring over, then the engine
could start, and ve would have a possibility of the
hydraulic lecck situaticn.

The next thing on that was, if you have a
hydraulic lcck situvaticn, ycu have a disaster on ycur
hands. '

Q Not tc interrupt ycu, dut I would like tc
ask you about the disastrous results that could hagcren,
that you referred to.

Is it likely, Prcf. Christensen, that if
the la.t barring over of the TDI diesel generators
occurs 1Z hours after the engine has been run, that a
crack cor indication, whatever, can thereafter leak water
inte the cylinder, if nc vater Is detected at the
12-hour mark?

MR, MILLFR:; Is it likely that would
happen?

¥R. STECUPE: 1Yes.

ALDERSON REPORTING COMPANY . INC.
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¥R, PILIFR: Wculd you define tﬁato
likely.
ER. STRCUPE: That is a
generally-accepted term.
C Dc you understand "likely"?
i Not here, and I don't want %o split
hairs, tut when you say "not likely," I don't know

vhether you gave mhe a negatiocn of likely or nct, first.

Q Is it probable that that can occur?

A There is alwvays ;robibilitys yes, I trink
SC.

c You are saying it is prctable rather thanp
possible?

A Well, ve are in a very, very avkwvard area

of definition here.

Are ve speaking of probability in the
£ull statistical term, where I woculd have tc g¢C tack and
referance the definiticn fcr the term?

Q I am generally using that in the sense
that it is more likely to happen than not, eir.

A I ap going “c say with the history we

have of the cylinder ccvers, One could consider there

ALDERSON REPORTING COMPANY, 'NC.
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vas every possibilisy it might happen. I dcn'i knowvw if
that satisfies ycu.

C Can you tell me how you would have cI
could have a leak that would not be detected uithas the
12-hour period, that cculd thereafcer result in wvate:
entering into the cylinder?

R from the fact that I dc believe, frcr
loocking at the design of the cylinder cover, that a
crack, if it ccmmences, would most likely commence from
the incide and move outwards. That is ¢rom the cocl
side of the fire deck to the lcwer side of the fire decke.

1 think that would be the directicn ct
propajation of a crack.

Fow, if you had corrosion vithin that
cracked area, then there would be--it weculd e possitle
for a crack to continue growing after +he 12-hour rperiod
of shutdcwn, and then fcr a leak to occur. Yes, it is
possible.

When I say that, pecssitle, vithin the
realms of protability, with the case histcry they had,
shey have had con these heads.

C Would it nct be more likely if that is

ALDERSON REPORTING COMPANY, INC.
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geing tc happen, it vould happen within the 12;hcur

period, immediately af+er the running ¢cf the engine?

A Not necessarily so, no.
Q Why is that?
R Well, I can give you cases of one shirp,

one class of ship, where we were running arcund with
cracked pistons for quite a few years, and ve didn’'t
know it, mainly because the crack had teen sealed !y the
chemical additives wve have been using in the cooling

water.

As *he crack develcped, the leakage was
csealed off from the build-ug cf the chemical within the
crack.

That exacerbated the crack grcwth tc an

extent .

Then, due tc some prcblenms that were
arising in ancther area vith ¢his cooling treatment, we
changed the additive ve wvere using from a chemical

additive to a scluatle cil.

Then we discovered, richt through this
class cf ship, with this class cf engines, that ve had

cracked pistons in every engine.

ALDERSON REPORTING COMPANY. INC.
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So, *here are sc many *hings which car
sceur which will bring the crack to light and allow
vater to leak into the cylinder head lcng after you
decided that that was a safe period to end barring.

I don't think there is a safe pericd t2
end barring if there is a 4cubt, any dcubt, about ccvers.

Q How long would it be your recommendaticn
that this barring over period or procedure ¢o on with
the TDI engine?

A It is difficult teo pui a time on things
l1ike this. Here, in a case, in these surrcuncings, cne
can only generalize.

I think, if there is any doubt abkout a
cylinder cover, that the barring cover rrocedure shculd
not stcpr at all. Of course, the ansver to the protlenm
is to get a cover that is reliable, that we kncw is
reliable and has stood the test of time.

Then we may dispense with the barring
over procedure entirely.

Q De you know whether the NRC has recently
issved guidelines which indicate that barring cver

procedure for nuclear cervice EDG's shculd take place at

ALDERSON REPORTING COMPANY, INC.
e ee aw WASHINGTON. D.C. 20001 (202)628-8300



1 the same levels that LILCC rarring over p:cced?:e is
2 designed to de?
3 A I weuldrn't kncw what they had issued
4 recently, no.
5 C This corrosicen that ycu described as
6 affecting crack progpagaticn, that could only cccur if
7 the crack or indication occurs on the uiterside of the
8 head?
Isn't that true?

A I am mainly thinkinq'of it in this area,
yes. I am not going tc say that a crack cculdn't
propagate from the other side.

I think I can see mechanisms whereby this
could occur, dut I would have to think ths out. Rs %o
that possibili<y.

C Since we are on the subject of cylinder
heads, let me ask you a few more questions atcut that:

You have stated, I believe, and ccrrect
me if I am wrong, in ycur previcus depcsition with me,
that you very much wanted =c¢ cbtain an iscthermal cf the
TDI cylinder head on the Shorehanm EDG's?

A I caid that wculd te extremely desiratle,

ALDERSON REPORTING COMPANY . INC.
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that ve have thcse.

c I delieve, did you not, that you
indica ted to me that ycu didn't understand why TCI
didn't have that agailable?

A That was the relief that I had exgressed,
yes.

o Now, yot had an cpportunity, dicd ycu not%,
to attend Pr. Chen's deposition ir Washingten, [.C.,
last week?

» I did hear that, yes;

C Did you have occasion to hear [r. Chen's
dicscussion recarding dcing an isothermal study cf a
cylinder head such as the 7TII heads con the Shorehanm
engines?

A I vas very much surprised that he decried
any experimentation alcng these lines.

I was mest su:prised, and if memory
serves me correctly, I believe he said it was more crI
less a vaste of time and a2 very, very costly process and
vas not cost effective in arnswering gprctlems. I
completely disagree with his viewvs.

C Didn't he say that it might cecst a

ALDERSON REPORTING COMPANY ., INC
£ ST N.W. WASHINGTON, D.C. 20001 (202) 628-9300
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million dollars and would take several years for a large
grcup c¢f Phl's to attempt tc dc¢?

B I den't think it takes a large group cf =--

Q Isn't that what you recall his testimeny
to te, though, sir?

A That vas his testimony, but T recall that
testimony was, if ycu were going tc try to do this
mathematically. ﬁhat T am geing to say, this is usvally
done experimentally in the areas that I kncw that it has
been dcne.

Alsoc where I know it has been done, it
has been done cut cf scmetimes problems arising in
areas, and in doing research sc they can drav up 2 set
of isothermals, where they have found the answver tc¢ the
prcblem and have mcdified 1t.

Now, usually, the savings are so great
over the costs, that it is mcst ccst effective. I krow
many engine builders do these studies, both by
calculation and experimental method.

C Have you, Prcfessor Christensen, eVer
seen an isothermal of a cylinder head that was not

related to a twe-cycle engine?

ALDERSON REPORTING COMPANY . INC
TON, D.C. 20001 (202) 628-3300
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2 Yes. I have seen iscthermals fo:
twc-cycle and four-cycle engines.

0 What four-cycle engines can you recall
having seen an iscthermal of the cylinder head for?

A Recently, I have seen scme £for an engine
-= T can't recall vhich engine, but they are shown in
many, many textbcoks. Examgplers cf iscthermals fcr
engines.

T s+hink there are iscthermals of
four-stroke engines shcwn in a book ihat I menticned
earlier, "Diesel Fngines,™ auzhorized by Carl Stinsone.

I think there are some American-built
engines there where isothermals are shown, if I remember
correctly.

o] Would ycu tell me how you would attemgt
to do an isothermal of a TDI cylinder head?

A ﬁell, ne, I have not investigated that.
I am sure that there must be ways and means.

c You say you are sure there are ways and
means., Why are you sure there must be ways and means?

A Well, one of the things which happens

with the TDI engine cylinder head, there are veaknecsses

ALDERSON REPORTING COMPANY, INC
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in that head which make them co te the ex:en:.cf velding

on the ccvers which cover tre ccre holds cr the ccre
fastenings, whereas in many, many other engines that is
a bclted ccverplate which can te removed.

1f you are going to weld on coverplates,
you would intrcduce difficulties. This cocmes back tc¢
wvhat T call excellence in design in the first place.

Q What does that have to do with wvays and
means of doing isothermals cn TLI cylirder heads?

A There have been lots of groblems with the
cylinder heads. Nc one car deny that.

¢ That is not the gquestion.

L I¢ there is a problem existing, then I
think it is encumbent ugon the manufacturer to overccme
that problem so that he can sell a reliable engine.

c T understand that. W®hat I am asking,
what ways and means that ycu have indicated would vycu
utilize to dc an isothermal of the TDI cylinder head?

MR, FMILLER: The witness tcld ycu he
Aidn't investigate how he wculd dc an isothermal c£ the
701 head. He told you he has seen in textbooks,

isothermals of four-strcke engines, including

ALDERSON  EPORTING COMPANY. INC.
HINGTON. D.C. 20001 (202) 628-3300
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1 American-built engines.

2 ¥R. STRCUPE: He mentiored ways and

3 means. 1 want to kncw what thcse are.

4 THE WITNESS: Whether we start an

5 investigaticn cf this rature, I dcn't have a dravwirg of
6 a TDI cylinder head in front of me.

7 T can't give an ansver to that guesticen
8 in a fev words in a degosition. That might be a study
9 of two or three days, tefore I come up with an answver of
10 hew I wculd tackle that prctler.

" C Would you agree that the TDI head 1=

12 geometrically a complex component?

13 A I+ is a complex component, just the same
14 as the other cylinder heads have been analyzed fcr their
16 isothermals. Kc different from any of the cthers.

16 1 don't see how a problem should exist
17 with checking cut the isothermals on a 701 head any

18 different from any other engine manufacturer, who makes
19 a head cf a similar design tc TDI.

20 What is commonly called a fcur-valve

1 in-head cover or head.

22 C De ycu know whether any cf these

ALDERSON REPORTING COMPANY INC.
o o e eT NW., WASHINGTON, D.C. 20001 (202) 68350
£ ST. N.W., WASHINGTON, D.C. 20001 (202) 6283300 |
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jsothermals that ycu have described having seeh in texts
or publications attempted tc determine the isothermals
of variocus areas within the cylinder head?

2 Yes. Obviously, the main areas of
concern in the cylinder head are where you get changes
in section; where you get a hiah to a low heat transfer
rate; these are areas which would be ccnsidered.

To rrire things out of my head, it is
Aifficult at this peint in time. In this very, very
complex area, we are talking alkcut, Ec tring things out
-- well, as I am gcing tc say and/or regeat, where this
has usually been done, it has been done in scme cases,
in the rea.m of pure research where an engine builder
vants tc know more about his engine, and in octher cases,
in prollem areas.

I believe I have seen in technical rpagers
on troubleshooting that they have investigated localized
areas cf iscthermals tc get ansvers to protlems.

I don't know whether I have drifted cff
the questien in giving the answer, oOF whether I have
headed on course and given you the ansver that you

wvanted.

ALDERSON REPORTING COMPANY. INC.
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Q Have ycu ever dcne an iscthermal cf ary

cylinier head?

A No.

C Have you ever attempted to dc an
isothermal of a heacd?

A No, I have never had cccas.cr %0.

c And that would te both experimentally and
mathematically?

A Neither way, no.

Q Have you ever been involved in a tean
effert, sir, which attempted tc do an isothermal of a
cylinder head?

A No, but I have spoken to engine
manufacturers in this area if isothermals.

So that, I ¢hink I can say that I anm

acquainted with quite a few of the protlems which arcise.

¢ Would you agree with me, sir, that deing
an isothermal on a twvo-cycle engire vould be easier than
doing an isothermal on a fsur-cycle engine?

A You weuld have to define the method of
scavenging the cylinder befcr- I give ycu an answer to

that question.

ALDERSON REPORTING COMPANY  INC.
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Q What do you mean, "scavenging"?

A The way the exhaust gasses are remcved
and the wvay the air is brought intc the cylinder.

# Take a Sulzer engine. Wculd it be ruch,
puch less difficult to dc an isothecmal or *the Sulzer
head than to do an iscthermal cn the TDI head?

A T would say that Sulzer manufacturers
engines today in which both tyrges of head are there.
One with one fcrm of scavenging, and another vith
anothar. You will have to tell me vgich engine.

I wculd have to kncw whether it was an
BTA engine type or cne of the cther tyres. Whether a
M-type, or an earlier type than M.

There are so many different types cf
design for cylinder covers for the Sulzer, you can g¢
pack tc Sulzer engines with an identical cylinder ccver
to the TDI.

You would have to define that for me.

C Regardless cf scavenging, vould you nct
agree with me it is easler to do an isothermal of a
two-cycle engine cylinder head, as cgpcsed tc an

isothermal of the four ~-cycle cylinder head existert upon

ALDERSON REPORTING COMPANY, INC
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the TDI diesels at Shcreham?

A Do ycu want a jcurnalization or tc Le
specific?
C I wculd like a yes or nc, and then ycu

can specify or journalize.

A 1 can't give you a yes cr no answer. I¢
has to be an answer where I have to define things, and
vhere you would have tc define things to me.

I can gc and shcw you a two-strcke engine
which has almost an identical cylindét cover to the TDI
engine. There are sc rany different designs cf cylinder
covers, that T would have tc know which type of cylinder
cover you talk about, tc give you a complete answerl.

Pefinitely, if ycu want a yes Or no
ansver, I vould have tc know the type cf ccver.

C How about a locged scavenging Sulzer
engine?

A Where are we going back to ncw, ten ¢t
fifteen years ago?

o Take at the present time.

B Present looped scavencing engine. Ceing

to a bore-cocled head crC a normal hellcw head?

ALDERSON REPORTING COMPANY . INC.
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o} Take the bcre-cccled head. ‘

B Comparatively as =-- relatively as
compared with the TDT engine.

But, Sulzer's have prcduced isotherrals
for their heads with four valves in the head, wvhere the
head is almest identical to the TCI engine. I don't ==
there is obviously =-=- ckvicusly, some engines have a
head easier to design than others.

e Ycu dcn't kncw hew lcng it tceck Eulzer tc
precduce éhe isothermal of the head tﬁat is comparable t¢
TPI's cr a fcur-cylinder head, do ycu?

A I don't know, NO.

I do knew this, they considered it
prudent to make an investigaticn along these lines.

That is irrespective of what it cost or
hew long it took.

(o Would I re correct in assuming that ycur
bottom line would be that ycu disagree vith wvhat Dr.
Chen indicated about the difficulty in doing an
isothermal cof the B=-4 cylinder head?

A I den't disagree with the difficulties.

Many things in life are difficult. I dc disagree with

ALDERSON REPORTING COMPANY. INC.
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his statements in regard tc cost effectivezess.an: cther
t+hings there, particularly in the area of ccst.
€o much depends on how many engines we
are making in a year. I kncw this that if I were an
engine builder, I would vant to protect my good name.
I wculd certainly make it my business to
£ind out as much as I could about my engines, so that I
have the best reliability pcssible.
Q You don't feel you would krnow that utnless
you had an isothermal cf the cylindér head?
» I feel that the iscthermal cf the
cylinier head would give you an answer to many of the

prctlems that have lLeer experienced with these heads.

Q If we can jump to pistons for a few
minutes.

A Fine.

C T am somewhat cf a novice in this area.

You indicated, I believe, in your pricrc
testimony, that you were concerned about piston size
loading in the TDI Shoreham diesel?

A Yes.

C I believe you indicated that you had

ALDERSON REPORTING COMPANY . INC.
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