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NUMBER

EXHIBITS
DESCRIPTION IDENT. REC/D

LILCO DIESEL EXHIBIT:

C-1

Evaluation of Emergency 22,610
Diesel Generator Crankshafts

at Shoreham and Grand Gulf

Nuclear Power Statins prepared

for TDI Diesel Generator Owners
Group dated May 22, 1984
(hereinafter "Owners Group
Crankshaft Renort®), Figure 3-4
Specification for Diesel 22,610
Generator. Sets, Shoreham

Nuclear Power Station - Unit 1|,
Spec. No. SHI1-89, Revisjon 2,
January 26, 1983, page 1-20

U.S. Nuclear Regulatory 22,610
Commission Regulatory Guide

1.9, Revision 2, December 1979
I1EEE Standard Criteria for 22,610
Diesel=Generator Units Applied

as Standby Power Supplies for
Nuclear Power Generating Stations,

Std 387-1977.
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EXHIBITS

NUMBER DESCRIPTION IDENT. REC’/D

LILCO DIESEL EXHIBIT:

c-5 Transcript of July 11,1984
meeting of the TDI Diesel
Generator Owners Group, pages
124-125.

C-6 Available Logged Hours of
Operation of DSR-48, Rated
3500 kw at 450 rpm.

C=-7 TDI Diesel Generator Run
History = Shoreham Nuclear
Power Station = Unit 1!

August 6, 1984,

c-8 Results of non-destructive
examinatins of replacement
crankshafts at Shoreham after
100 hours of operation at full
load or greater.

C=-9 American Bureau of Shipping

22,610

22,610

22,610

22,610

22,610

Rules, for Building and Classing

Steel Vessels(1983) Sec. 37.17

C~10 American Bureau of Shipping,

22,610

Rules for Building and Classing

Steel Vessels (1983) Table 34,

3
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DESCRIPTION IDENT.

LILCO DIESEL EXHIBIT:

C=11

C=12

C=13

C-14

C=-15

C=16

C=117

TIDIl Crankshaft Drawing

Number 03-310-05-AC.

American Bureau of Shipping

Reports on Castings or

Forgings of Replacement Crankshafts
American B reau of Shipping

letter to 1D] dated May 3, 1984
Diesel Engine Manufacturers
Association Standard Practices

for Low and Medium Speed

Stationary Diesel and Gas Engines
19072 ed.,pages 53-56

TDI Proposed Tarsional

and Lateral Critical Speed Analysis,
August 22, 1983.

Field Test of Emergency Diesel
Generator 103 with 13 x 12
crankshaft, April 1984

Owners Group Crankshaft Report

REC’D

22,610

22,610

22,610

22,610

22,610

22,610

22,610
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3 LILCO DIESEL EXHIBIT:s

. - C-18 Crankshaft Tersional Stress 22,610

5 Calculations for 8L 17 x 2I
6 Engine Generator Set, July 19, 1984
7 C-19 Table 2.2 from Owners Group 22,610
8 Crankshaft keport showing natural
9 frequencies from TDI analysis
10 C=20 Table 2.4 from Owners Group 22,610
1 Crankshaft Report showing
12 single order nominal stresses
13 from TDl analysis.

c=21 Table 2.5 from Owners Group 22,610

>

15 Crankshaft Report showing nominal

16 stresses calculated from torsiograph

17 C-22 Crankshaft Torsional Stress 22,610
18 Calculations for 8L17 x 21

19 Engine-Generator Set, July 19, 1984 page .Il.
20 C-22 Figure 3-3 from Owners Group Report 22,610
21 showing comparison of measured

22 and calculated torque,

23 C-24 Tablas 3.6 and 3.7 from Owners 22,610

Croup Crankshaft Report showing

n
»

comparison between analytical and

&

test results.
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EXHIBITS
NUMBER DESCRIPTION IDENT. REC’D
LILCO DIESEL EXHIBIT:
C=25 Failure 3-13 from Owners 22,610
Group Crankshaft Report showing
fatigue endurance limit of
replacement crankshafts on
Goodman diagram.
C-26 DOberg and Jones, Machinery’s 22,610
Handbook (18th Ed.) pages
352-534 Shigley, Mechanical
Engineering Design (McGraw-Hill
pages 212-133 Rothbart (Editor)
Mechanical Design and Systems

Handbook (McGraw=-Hill) page 18-4,
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PROCEEDINGS

JUDGE BRENNERt Good morning. We’re back

waga

on the rescord.

Ne won’t bother going through the
appearances for each party every week.

If they’re 3oing to change or you have a
new lawyer you would like to introduce, you can feel
free to do that. 1 would note that there is no

counsel for New York State present, so the only

O © B 9 &b UV a2 w N

appearance noted would be for LILCO, NRC Staff and

Sufrfolk County.
MR. STROUPE: I might just add that David

-
N

Dreifus on my right was not introduced last week and

—
w

he will be acting as counsoi for LILCO.

kS

JUDGE BRENNERt We met Mr, Dreifus at a

o

16 previous conference hearing.

17 The Board has no preliminary matters.

18 Does anyone else have preliminary matters?

19 MR. STROUPE: | have a couple of

20 preiiminaries. As you can observe we’re missing Or.
21 Simon Chen from the panel. He missed his plane

22 apparently at (“Hare because of some mechanical

23 difficulty. He has indicated that he believes he

can be here by lunch time or shortly after lunch

n
-

time, se tc that extent, we will be minus one

&
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waga 1 panelist for the morning session.
2 With regard to the photograph, the
3 orig..al photographs that we talked about last week
. - with regard to the piston testimony, I have been told

5 that we will have those original photographs

6 {nserted in the copies to be bound to De given to

7 the reporter by this afternoon, and we will be more
8 than happy to insert those original photographs or

9 copies thereof in the copies of the testimony that
J0 the judges have in their possession, if you wish

1 that we do that.

12 JUDGE BRENNER: All right. WNWe would

13 appreciate that, and beyond that, the most important
14 thing is to assure that the three copies of the

W

exhibits with the official record be conformed.

16 You”’ll have to work it out with careful instructions
17 to the court reporting firm because I don’t know

18 where those exhibits are physically at this moment.
19 In addition, Suffolk County will have to
20 do the same as they said they would with their

21 exhibit, Diesel 7!, and the Board will have to
22 receive those original photographs for our own

25 groups of D-71 alsc.
24 All right, Why don’t you introduce the

. 25 witnesses that are present and I/1l swear them in.
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MR. STROUPE: We may start with the first
witness, Dr. McCarthy, each of you introduce
yourselves, indicate your business address and your
business affiliation.

DR. MC CARTHY: My name is Roger McCarthy.
I“m president of Failure Analysis Associates, 2225
East Bay Shore Road in Palo Alto, California.

DR. JOHNSTON: My name is Paul Johnston.
I am manager of the structural analysis group at
Failure Analysis Associates, business address is
2225 East Bay Shore Road, Palo Alto, California.

MR. MONTGOMERY: My name is Eugene
Montgomery. I“m a stress analyst in the Nuclear
Engineering Department.

JUDGE BRENNER: You’re going to have to
speak a lot louder.

MR. MONTGOMERY: 1’m a stress analyst --

JUDGE BRENNER: Louder. [ don’t mean to
badger you on your first words but {t’s better done

on something as simple as your name. I’m goi~g to

.have trouble hearing the testimony unless you speak

louder,
MR. MONTGOMERY: My name is Eugene

Montgomery. I“m a stress analyst within the nuclear

engineering department of Long Island Lighting
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Company at the Shoreham Nuclear Power Station in
Wading River, New York.

MR. YOUNGLING: My name i{s Edward J.
Youngling. 1 work for the Long Island Lighting
Company as the manager of the Nuclear Engineering
Department at the Shoreham Nuclear Power Station,
Wading River, New York.

DR. PISCHINGER: My name i{s Franz
Pischinger. 1 am president and owner of FEV Company
and at the same full-time professor at the Aachen
Technical University. My address i{s, 1 will spell
it. I=M=E-R=K=F=E-~ L=-D, No. 4-D-5100, Aachen.

_ JUDGE BRENNER: Welcome back to the three
of you and welcome to Dr. Johnston and Mr.
Montgomery.

Why don’t you all stand as a panel and
raise your right hands, please.

Whereupon,
PAUL JOHNSTON,
EUGENE MONTGOMERY,
ROG%R L. McCARTHY,
FRANZ F. PISCHINGER,
and
EDNARD J. YOUNGLING

were called as witnesses on behalf of the Applicant
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_and, having been previously duly sworn, were

oxuninod and testified as foliows:
JUDGE BRENNERt In the future, | think we

can save time and skip the addresses at least and —

. for those witnesses we know, you can even skip the

business affiliations and just introduce the new
ones.

MR. STROUPE:s Judge Brenner, we have
filed end served on the parties hereto an errata
sheet dated September 11, 1984 making certain
changes and corrections to the two volumes of
testimony involved herewith and the three volumes of
exhibits,

We have penned in the changes so they are,
in fact, in the copies that were filed with the
judges, so we would be more than happy to have the
chairman of the panel, Mr. Youngling, read into the
record those changes if the Board so desires.

JUDGE BRENNER: I don’t believe it’s

necessary.
DIRECT EXAMINATION
BY MR. STROUPE:
Q. Dr. McCarthy, do you have in front of vou

a copy of the testimony on behalf of LILCO dated
August 14, 1984 in this proceeding entitled the
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waga 1 Testimony of Roger L. McCarthy, Paul R. Johnston,
2 Eugene M. Montgomery and Dr. Simon Chen on behalf of
3 Long Island Lighting Company on Suffolk County’s

. 4 contention regarding replacement crankshafts
5 on diesel generators at Shoreham along with three
6 volumes of crankshaft exhibits containing Exhibits
7 C=1 through C-26.
8 DR. MC CARTHY: I do.
9 Q. To the best of your knowledge, is that
10 testimony and the exhibits with the corrections
(B noted on the errata sheet true and correct?
12 DR. MC CARTHYs It {is.
13 Q. Do you adopt it as your own?
& 14 DR. MC CARTHY: I do.

15 Q. Dr. Johnston, I woul!d ask you the same
16 question with regard to the same documents. Is it
17 true and correct to the best of your knowledje?
18 DR. JOHNSTONs It is.
19 Q. And do you adopt it as your cwn?i
20 DR. JOHNSTON: I do.
21 Q. Mr. Montgomery, ! would again ask you the
22 same question.
23 MR. MONTGOMERY: It {is.

Q. And do you adopt it as your own?

LY
-

MR. MONTGOMERY: | do.

25
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Q. Mr. Youngling, de you have in front of
you the volume of tastimony dated August 14, 1984
entitled Testimony of Edward J. Youngling and Franz
F. Pischinger on behalf of Long Island Lighting

Company on Suffolk County’s contention regarding

replacement rrankshafts on diesel generators at

Shoreham along with three volumes of exnibits

containing frankshaft Exhibit C-1 through 267
MR. YOUNGLING: Yes, I do.

Q. Is this testimony and the three volumes
of exhibits true and correct to the best of your
knowledge?

MR. YOUNGLING: Yes, it is.

Q. Do you adopt it as your own?

MR. YOUNGLING: Yes, | de.

Q. Dr. Pischinger, I would ask you the same
question.

DR. PISCHINGER: Yes. | adopt it as my
own. It’s true to the hest of my knowledge

MR. STROUPE: Judge Brenner, we hereby
tender the witnesses for cross-examination. First
of all, I would like to move that the testimony and
the exhibits be introduced into evidence and
admitted intc evidence.

JUDGE BRENNER: All right. In the
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absence of any objection, we would — let’s put in
the errata sheet also since: you had wanted to read
it and that way the parties can see the source of
the pen and ink zhanges. At tnis point we will bind
in the following sequence the errata to the
testimony and then the testimony of Roger L.
McCarthy et al., followed by the testimony of
Youngling and Pischinger. And we can admit them
into evidence and bind them in hiro.

In addition, we will admit into evidence
the exhibits identiffed as LILCO Diesel Exhibits C-Il
through 39 and they, of course, will not be
physically bound in, We will carry threes coples of
them with you.

MR. STROUPE: Judge Brenner, C-l1 through
C=39 alse, that would include Volume 4 which s
really related to the shot peening exhibits.

JUDGE BRENNER: You only want to admit
through C=26 at this point?

MR. STROUPE: At this point.

JUDGE BRENNERt Changing that error on my
part and we will admit into evidence LILCO Diesel
Exhibits C=1 through C=26 and ask the reporter for
the index page of the transcript to copy thbse
Ritles through C=26 only from the index provided
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before C-! and three copies of those exhibits will

waga
be with the official record.

1 will assume that the version of C-17
which LILCO wanted to move into evidence has been
substituted in the official record, that is, the May
22, 1984 version.

MR. STROUPE: That is correct.

(The Transcript of Testimony of

O O N8N 0 U wWwowN

McCarthy, Johnston, Montgomery, and

Chen regarding replacement

—
o

crankshaftss Transcript of

—
—

Testimony of Youngling and

o

Pischingers regarding placement

w

crankshaftst Errata to Testimony on

—
»

15 Behalf of Long Island Lighting

16 Company regarding crankshaftsi

17 Crankshaft Exhibits =1 through

18 C=-26 are incorporated in the

19 transcript at this point.)

20 JUDGE BRENNER: You have nothingy further,
2] Mr. Stroupe, correct?

22 MR. STROUPE: That’s correct, Your iHonor.
23 JUDGE BRENNERs Mr, Dynner?

MR. SCHEIDT: Judge Brenner, 1711 be

L)
S

»

conducting the cross-examination.




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of

LONG ISLAND LIGHTING COMPANY Docket No. 50-322-0L

(Shoreham Nuclear Power Station,
Unit 1) "

W Nt Nt St

ERRATA TO TESTIMONY ON BEHALF
OF LONG ISLAND LIGHTING COMLANY
REGARDING CRANKSHAFTS

The following are changes to LILCO's testimony

regarding crankshafts:

Testimony of ‘Pischinger and Youngling

1. Page 4, line 18 - change "600" to "1200".

2. Page 4, line 24 - change "13%" to "6%".

3. Page 5, line 22 - change "600" to "1200".

4. Page 6, line 2 - change "600" to "1200".

Testimony of McCarthy,
Johnston, Montgomery and Cnen

1. Page 4, line 13 - change "Industry" to

*Industries”.



2. Page 41, line 18 - change "would my opinion"™ to

*would be my opinion."

Testimony of Wells, Johnson,
Wachob, Seaman, Cimino and Burrell

1. Page 11, line 15 - change "insure"™ to "ensure".

2. Page 16, line 13 - change "Exhibit C-33" to
"Exhibit C-31". After the retgroncc to "Exhibit C-31", the
following sentence should be inserted: "LILCO's ultrasonic
testing as well as magnetic particle and liquid penetrant
testing likewise revealed no relevant inclusions or voids. Sae

Exhibit C-33 and Exhibit C-32, respectively."

3. Page 17, line 9 - change "journels" to "journals”.

Exhibits

Exhibit C~17 - The Evaluation of Emergency Diesel
Generator Crankshafts at Shoreham and Grand Gulf Nuclear Fower
Stations prepared for TDI Diesel Generator Owners Group dated
April 19, 1984, should be replaced by a report of the same
title dated May 22, 1984,

Exhibit C-25 - Figure 3-13 from the April 19, 1984
Crankshaft Report should be replaced by Figure 3-13 from the
May 22, 1984 Crankshaft Report.



Respectfully submitted,

LONG ISLAND LIGHTING COMPANY
Z ’ —

E. Milton Farley, III
John Jay Range
Hunton & Williams
P. 0. Box 13230
wWashington, D.C. 20036
T. S. Ellis, III
Darla B. Tarletz
Hunton & Williams
P. O. Box 1535
Richmond, Virginia 23212
Odes L. Stroupe, Jr.
David Dreifus
Hunton & Williams
P. O. Box 109
Raleigh, North Carolina 27602

DATED: September 11, 1984
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LILCO, August 14, 1984

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of

%ONG ISLAND LIGHTING COMPANY Docket No. 50-322 (OL)

(Shoreham Nuclear Power
Station, Unit 1) .

TESTIMONY OF ROGER L. McCARTHY, PAUL R. JOHNSTON,
EUGENE F. MONTGOMERY AND SIMON K. CHEN ON BEHALF OF
LONG ISLAND LIGHTING COMPANY ON
SUFFOLK COUNTY'S CONTENTION REGARDING
REPLACEMENT CRANKSHAFTS ON DIESEL GENERATORS AT SHOREnAM
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I. INTRODUCTION OF WITNESSES

1. Please state your names, business affiliations and ad-
dresses.

A. (McCarthy) My name is Dr. Roger L. McCarthy and I am
employed by Failure Analysis Associates as president and chief
executive officer. My business address is 2225 East Bayshore
Road, Palo Alto, California, 94303.

(Johnston) My name is Dr. Paul R. Johnston. 1 am em~
ployed by Failure Analysis Associates as manager of the struc~
tural analysis group. My business address is 2225 East
Bayshore Road, Palo Alto, California, 94303.

(Montgomery) My name is Eugene F. MoAtgomery. I am em~
ployed by Long Island Liqhsing Company as a stress analyst., My
business address is Shoreham Nuclear Power Station, Long Island
Lighting Company, Wading River, New York.

(Chen) My name is Dr. Simon K. Chen. I am a professional
engineer registared in the State of Wisconsin and the owner and
president of Power and Energy International, Inc., a private
consulting firm., My Dusiness address is 555 Lawton Ave.,
Beloit, Wisconsin, 53511,

2. Plezse summarize your professional gqualifications and

your role in evaluating the replacement crankshafts at
Shoreham.

A. (McCarthy) I am principal design engineer for FaAA



and hold five degrees, including a Ph.D. in mechanical engi~
neering from M.I.T. My specialty is mechanical design. My
resume is Attachment 1.

My role in evaluating the replacement crankshafts at
Shoreham has been to personally inspect the broken crankshafts
and the replacement crankshafts, to perform the final review of
the FaAA reports and to oversee the corporate performance of
FaAA's evaluation of the cranksnafts.

(Johnston) I obtained my undergraduate degree in Civil
Engineering (B.A.I.) in 1976 from Trinity College, Dublin,
Ireland. Tnereafter, I attended Stanford University where !
received a M.S5. in Structural Engineecing in 1977 and a Pn.D.
in Civil Engineering in 198l. I have worked for FaAA since
1978, principally in the amalysis of failures in structures and
machinery. From 1981 to 1983, I also served as a Consulting
Assistant Professor at Stanford University, where I taught
graduate courses in finite elements and structural dynamics. I
am co-author of the book Finite Elements for Structural
Analysis. My resume is Attachment 2,

My role in evaluating the creplacement cranxshafts at
Shoreham has been to evaluate the adequacy of the crankshafts
by analysis and by using the results of dynamic tests on the

original and replacement crankshafts.



.‘\

(Montgomery) I received my undergraduate degrees in Me-
chanical Engineering (B.A., B.S.) in 197) under a combined
3/2=year program at Queens College in the City University of
New York and Columbia University. Thereafter, I attended
Columbia University where I received an M.S5. in Mechanical En-
gineering in 1974 and an M.E. (Professional Degree) in Mechani-
cal Engineering in 1981. I have worked for LILCO since 198),
principally in the area of engineering mecranics for
safety~related piping, equipment and support structuras. F.om
1980 to 1961, I was a senior engineer in the Piping Stress

Jalysis Depacrtaent of Burns & Roe, Inc., Woodbury, N.Y. Prior
to that time, I was employed as a senior engineer in the Stress
Analysis Department of Ebasco Services, Inc., Jericho, N.Y.
from 1978 to 1980, My t!l%ﬂ' is Attachment J.

My role in evaluating the replacement crankshafts at
Shoreham has been to serve as LILCO's engineering specialist
providing technical review and direction to the work performed
by LILCO's consultants: Failure Analysis Associates, Stone and
Webster Engineering Corporation, and Power and Energy Interna~
tional.

(Chen) I received my undergraduate degree in mechanical
engineering (B.S.M.E.) in 1947 from National Chiao Tung Univer=
sity. In 1949 1 received a masters degree in mechanical engi-

neecing (M.S5.M.E.) from the University of Michigan, and in 1954

.).



I received a Ph.D. in mechanical engineering from the Universi-

ty of Wisconsin, I also received an M.B.A. from the University
of Chicago in 1964, For the past four and one~half years I
have been the owner and president of Power and Energy Interna-~
tional, Inc. (PEI), a private consulting firm. Prior to
forming PEI, I w.s president and chief technical officer of the
Beloit Power System Division of Louis Allis Litton Industries
from 1973 until 1979, From 1971 until 1973 I was
vice~president of engineering and applications of the entire
Fairbank Morse Pover System Division., From 1969 until 1971, I
was vice-president and general manager of the large engine di-
vtlxop of the Fairbank Morse Power Systems Division of Colt In-
duate;:‘ From 1952 until 1969 I was employed by International
Harvester. My first job was project engineer in charge of com-
bustion development, My last j0b at International Harvester
was divisional chief engineer in charge of all engine research
and development. My resume is Attachment 4.

My role in evaluating the replacement crankshafts at
Snocteham has been to perform a critical review of all analyses
and testing of the crankshafts and to conduct an independent
analysis of the adequacy of cthe crankshafts.

J. What issues have you been asked to address in your
testimony?

A. (AlLl) We have been asked to address Emergency Diesel




Generator Contention l(a), admitted by tie Board in its July
17, 1984 Memorandum and Order, which is whether:
The replacement crankshafts at Shoreham are

not adequately designed for operating at full

load (3500 KW) cr overload (3900 Kw), as re-

quired by FSAR Section 8.3.1.1.5, because they

do not meet the standards of the American Bureau

of Shipping, Lloyd's Registry of Shipping, or

the International Association of Classification

Societies. 1In addition, the replacement crank-

shafts are not adequately designed for operating

at overload, and their design is marginal for

operating at full load, under the German

criteria used by FEV.

In summary, this testimony demonstrates that the replace-
ment crankshafts are suitable for unlimited operation in the
emergency diesel generators at Shoreham. The structural integ~-
rity of the replacement crankshafts has been extensively evalu-

%
ated by testing, analysis and inspections. There is no re-
qQuirement that the crankshafts comply with the design standards
of the American Bureau of Shipping, Lloyd's Registry of Ship-
ping, the International Association of Classification Societies
er FEV's criteria. Therefore, compliance with the design
criteria of one or more of the above organizations is not nec-
essary to demonstrate the crankshafts are adequate for their
intended service at Shoreham. Furthermore, ABS has approved
the torsional critical speed arrangement of the crankshaft.

The crankshafts are required to comply only with the rec-
ommendations of the Diesel Engine Manufacturers Association

(DEMA). Conventional analytical techniques typically utilized



by the diesel engine industry show that the l3-inch by l2-inch
replacement crankshafts comply with DEMA recommendations. An-
gular displacements of the free end of the crankshaft, stress
ranges in the most highly stressed crankpin fillets, and the
range of output torgue at the flywheel were measured at and
above full-rated load. The torsiograph measurements of twist
confirm the analyses and show that the crankshafts meet the
DEMA recommendations.

In addition, strain gage measurements of maximum bending
and torsional stress and calculations of maximum stress by a
modal superposition analysis show that the crankshafts have a
factor of safety in fatigue of 1.48, without taking into ac-
count any benefit of shot peening the crankpin fillets. This
factor of safety is more than adequate to assure that the
crankshafts will not fail ln fatigue during operation. The fac-
tor of safety was determined from the measured endurance limit
of the original l3-inch by ll-inch crankshafts that cracked in
high cycle fatigue. The measured crankshaft response was in
close agreement with that predicted by the modal superposition

analysis. There is, therefore, more than adequate assurance

that the crankshafts are suitable for their intended service.
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II. BACKGROUND

4. Please briefly describe the function of the crankshaft
in the diesel generators at Shorehan.

A. (All) The crankshaft converts the reciprocating (up
and down) motion of the pistons and connecting rods into rotary
motion. In this process, the crankshaft converts the inertial
and gas pressure firing forces into torgue, i.e., twisting
force. The output torgue from the crankshaft drives the elec-
trical generator to provide emergency power.

5. Please briefly describe the failure of the original
l3-inch by ll-inch srankshafts at Shoreham.

A. (Montgomery) On August 12, 1983, the original l3-inch
by ll-inch crankshaft on EDG 102 fractured through the crankpin
and rear (generator end) web under cylinder No. 7. Subseguent
investigation revealed that the crankshaft on EDG 10l was sig-
nificantly cracked at the No. 5 and No. 7 crankpins and the
crankshaft on EDG 103 was cracked at the No. 6 crankpin.

6. What was the cause of the crankshaft failure?

A. (Johnston, McCarthy) Based upon extensive metallurgi-
cal examinations of the fracture surfaces, the cause of the
crankshaft failure was determined to be high cycle vibratory
fatigue.

7. What caused the cranksnafts to fail in high cycle fa-
tigue?



A. (Jobnston, McCarthy) The crankshafts failed in high
cycle fatigue due to the torsional (or twisting) stresses im-
posed upon them during operation. Testing and analysis re-
vealed that the crankshafts experienced torsional excursions
beyond their fatigue endurance limit, which ultimately led to
their failure.

8. What action did LILCO take after the failure of the
original crankshafis?

A. (Montgomery) LILCO did a number of things. First,
Failure Analysis Associates (FaAA) was hired to determine the
cause of the original crankshaft failure. FaAA's evaluation of
the original crankshafts included: (1) a metallurgical failure
analysis; (2) dynamic tests performed on the crankshaft trom
EDG 101; (3) a review of f}ansamerica DelLaval Inc.'s (TDI) tor=-
sional analysis of the Shoreham crankshafts; (4) a modal su-
pPerposition analysis of the torsional system; and, (5) tne de-
velopment of a mcdel employing finite element analysis to
predict stresses imposed on the crankshafts during operation.

Second, after consulting with FaAA and TDI, LILCO ordered
replacement crankshafts from TDI of a different design than the
original crankshafts. The original crankshafts had a l3-inch
main journal and an ll-inch crankgin. The replacement crank-
shafts have a li-inch main “nurnal and an l2-inch crankpin.

Th2 ciantpin-to-web fillet radii of the replacement crankshafts



have a larger radius of curvature than the fillet radii of the
original crankshafts. Typical structural dimensions of one
throw and fillet details are shown in Exhibit C-l. In addi-
tion, the fillet regions of the replacement cranks.afts have
been shot peened. The average ultimate tensile strength of the
original crankshafts was approximately 93,500 psi. The minimum
ultimate tensile strength of the new cranksnafts is over
100,000 psi. The replacement crankshafts have greater section
properties, greater material strength and a more enhanced sur-
face treatment (shot peening) than the original crankshafts.
Third, LILCO embarked on an unprecedented program to test
and analyze the replacement crankshafts. This program was de-
signed to ensure that the replacement crankshafts are adequate-
ly designed to withstand the stresses they will experience dur-
ing operation in the Shoreham EDGs. This program included:
(1) a detailed multi-modal, multi-frequency torsional dynamic
analysis of the crankshaft; (2) finite element structural mod~-
eling and stress analysis of a single 'gquarter crank throw geom-
etry; (3) field tests on the EDG 103 replacement crankshaft at
various power levels to measure the principal stresses in the
fillet region of the crankshafts, torsional vibrations
(torsiograph tests), cylinder pressure time diagrams, electri-
cal generator output, and transient conditions due tO engine

start-up and generator load changes; (4) non-destructive
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examination (eddy current tests) of the crankpin fillets on all

three crankshafts at cylinder Nos. 5 - 8 after 100 hours of op-
eration at 100% load or greater; and (5) review of the TDI tor-
sional analysis using conventional Holzer and egquivalent static

equilibrium amplitude techniques.

III. DESIGN REQUIREMENTS

A. The Crankshafts Must Comply with DEMA

9. What were the design requirements for the replacement
crankshafts?

A. (Montgomery) The replacement crankshafts were re-
guired to meet the recommendations of the Diesel Engine Manu-
facturers Association (DEMA). Stone & Webster's Specification
for Diesel Generator Sets, -Spec. No. SH1-89, Revision 2,
January 26, 1983 (Spec. SH1-89) reguired that:

The diesel engines and auxiliaries shall be de-
signed, engineered, manufactured, and tested in
accordance with the latest published applicable
sections of the Standards of the Diesel Engine
Manufacturers Association (DEMA), at least, but
not limited to DEMA "Standard Practices for Low
and Medium Speed Stationary Diesel Engines.”
The relevant portion of Spec. SH1-89 is attached as Exhibdit
C-zc

10. Do the replacement crankshafts meet the DEMA recommen-
dations?

A. (All) VYes. As will be discussed in detail later, the
crankshafts meet the recommendations of DEMA, botn for

operation at full load (3500 Kw) and at overload (3900 KW).

-
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1l1. The County contends the replacement crankshafts are

inadequately designed for operation at full load (3500 KW) or
overload (3900 KW) because they do not mee: the regquirements of
the American Bureau of Shipping (ABS), Lloyd's Registry of
Shipping (Lloyd's), or the International Association of Classi-
fication Societias (IACS). In addition, under the German
criteria used by FEV, the crankshafts are marginal at full load
and inadeguate at overload. Is there any basis for this con-
tention?

A. (Montgomery) No. There is no licensing requirement,
either in the Shoreham FSAR or in any applicable Nuclear Regu~-
latory Commission regulation or guideline, that the replacement
crankshafts meet any of these criteria. In fact, the only
standby diesel generator design criteria currently referred to
in an NRC Regulatory Guide is DEMA.

12. Please explain.

A. (Montgomery) NRC Regulatory Guide 1.9, Revision 2
(December 1979) (Exhibit C-3), addresses the design of standby
diesel generator units at nuclear power plants. The Regulatory
Suide provides:

Conformance with the requirements of IEEE Std

387-1977, “1EEE Standard Criteria for

Diesel-Generator Units Applied as Standby Power

Supplies for Nuclear Power Generating Stations,"”

dated June 17, 1977, is acceptable for meeting

the requirements of the principal design

criteria and qualification testing of

diesel-generator units used as onsite electric

Power systems for nuclear power plants. .

IEEE Std 387-1977 (Exhibit C-4), provides:

4.1 Standards. The equipment and accessories of

the diesel-generator unit shall conform to the

applicable portion of the following standards

and the latest recvisions thereof, as of the date
of approval of this document.



[(S] DEMA, Standard Practices for Low and Medium
Speed Stationary Diesel and Gas Engines.

Nowhere 1s there any requirement that the crankshafts meet the
criteria established by ABS, Lloyd's, IACS or FEV. As Dr. Carl
Berlinger, NRC Lead Engineer for the Assessment of Diesel En-
gine Reliability/Operability, stated at the July l1ll, 1984 mee:-

ing of the TDI Owners Group:

NRC does not require the use of Lloyd's and spe-

cifically references DEMA, and we would not pro-

pose to require that this design be compared to

Lloyd's. I don't know whether we really need

any additional discussion relative to what stan-

dard to use as a basis for licens.ng or approval

of these crankshafts.
The relevant portion of the transcript is attached as Exhibit
C=-5.

Furthermore, the determination of the fatigue endurance

limit of the crankshafts, independent of any code or design re-
gquirements, ‘establishes that the replacement crankshafts are

adegquate for their intended service.

B. The Crankshafts Do Not Have to Comply with ABS, Lloyd's,

IACS or the Criteria Used by F.E.V.

13. Notwithstanding that there is no licensing reguircrement
that the crankshafts meet any of these design criteria, 1s it
necessary for the crankshafts to meet the standards of A33,
Lloyd's, IACS or the criteria used by FEV to be considered ade-
guate and reliable for their intended use in the Shoreham EDGs?

]2~
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A. (Montgomery, Chen) No. The replacement crankshafts
have been demonstrated to be adeguate and reliable by an exten-
sive program of testing and analysis. This program clearly es~-
tablishes, apart from any code, that the crankshafts will per~-
form their intended function.

In addition, there is extensive experience with l3-inch by
12-inch crankshafts in DSR-48 engines that establishes the
crankshafts are reliable. A table showing the operating histo-
ry of DSR-48 engines with l3-inch by l2-inch crankshafts is at-
tached as Exhibit C-6. An additional table showing the op-
erating history of each of the Shoreham engines is attached as
Exhibit C-7. The crankshafts were all inspected after 100
hours of operation at full load or greater by eddy current in-
spection. This inspcction-rovcaled no relevant indications or
crack formations on the crankshafts after more than one million
torsional pea¥ stress reversals. The results of the eddy cur-
rent inspection are attached as Exhibit C-8. Finally, the
crankshafts comply with the DEMA recommendations for torsional
vibratory stresses.

14. The County contends DEMA is not a design code and that
it should not be used to determine the adequacy of the crank-
shafts. Do you agree?

A. (Chen) I agree that DEMA is not a design code. That

is to say, DEMA does not tell an engine manufacturer how to de-

sign a crankshaft. dowever, I do not agree that DEMA does not

e



provide standards to measure the adeguacy of a crankshaft.

DEMA provides specific stress limits for crankshafts: 5,000
psi for a single order of vibration and 7,000 psi for the sum-
mation of the major orders. Engine manufacturers have used
DEMA for years on stationary diesel generator installations to
determine whether a crankshaft is adeguate for its intendeil
service. In addition, in over thirty (30) years of experience
with diesel engines, I have never seen a crankshaft that com-
plied with DEMA fail primarily from torsional fatigue.

15. The County states at page ll4 of its testimony that
"at a minimum, the crankshafts should be compatible with the
rules of all the major classification societies.”™ Do you agree
with this statement?

A. (Cher; No. 1In fact, this statement is absurd. No
reasonable person would say that a crankshaft had to comply
with the rules of all major societies to be considered ade-
guate. The rules, standards and design methodologies of design
societies vary widely and, in fact, provide differing accep-
tance criteria for the same crankshaft design parameters (e.g.,
journal/pin sizing, allowable horsepower, allowable torsional
stress levels, etc.). A crankshaft may not meet the criteria
of certain codes and be perfectly adegquate under other codes.
Furthermore, certain of the codes explicitly reco3gnize that
special consideration should be given to detailed stress analy~-

ses and test data if a crankshaft does not comply with literal

«ld=



code requirements. For example, Section 37.17.1 of the 1983
A3S rules on the diameter of pins and journals (Exhibit C-3)
provides:

Where critical dimensions are proposed which

are less than those determined by the above

equation, complete supporting data, including

detailed stress analysis, are to be submitted

for special consideration.

In addition, note 3 to Table 34.3 of the 1983 ABS rules
concerning Allowable Stress Values for Crankshafcts and Tail
Shafts Due to a Single Harmonic (Grade 2 Steel) (Exhibit C-10)
provides:

If torsional critical speed arrangements are

similar to previous installations proven by ser-

vice experience, consideration will be given to

higher stresses upon submittal of full details.

In sum, the best way to evaluate a crankshaft is through
engineering analysis. The County's suggestion that the crank-
shafts should comply with selected aspects of various ccdes
(i.e., the most conmervacive part of each code) has no founda-
tion.

16. Is a crankshaft inadeguate if it does not comply with
ABS, Lloyd's, IACS or the criteria used by FEV?

A. (Chen) No. A crankshaft may be structurally adegquate
for its intended service and not comply with A3S5, Lloyd's, IACS
or the FEV criteria. While compliance with one of the codes

generally provides assurance that a crankshaft is adequate,

noncompl iance does not necessarily mean a crankshaft 1is



inadequate. Rather, noncompliance merely means a crankshaft

does not meet the design reguirements of a particular code. If

a crankshaft is not required to meet that ccde by specification
or other reguirement (e.g., insurance purposes, licensing re-
quirements, etc.), and there is assurance from other sources
(such as testing or detailed engineering analysis) that the
crankshaft is adeqguate, noncompliance is not significant.
Furthermore, the critical surface temperature and various
stress levels of an operating marine engine vary considerably
depending upon ship hull design, swells, wind and other
sea-ship interactions, as well as the type of fuel used. That
is why the marine engine classification rules are more strin-
gent than the rules for stationary land-based engines. A sta-
tionary engine, which is perfectly adequate, might or might not

pass one or more of the marine codes.

17. What is the most accurate way to assess the adeguacy
of a crankshaft?

(A) (All) The most accurate way to assess cranxshaft ad-
equacy is not to rely upon the design criteria of any code.
Rather, the most accurate way to assess crankshaft reliabilty
is to perform the type of tests and analyses that were per-
formed on the Shoreham crankshafts. This information permits
the calculation cf actual operating stress states, separate and
apart from compliance with the standards of any code.

18. You have just described the most accurate way to
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assess the adeguacy of a crankshaft., wWhy are not all crank-
shafts assessed in this manner?

A. (All) Most crankshafts are not assessed in this manner
because the design review normally occurs before the cranksnaft
is manufactured. This is where design codes are used. It 1is
normally impossible to measure the actual stresses from tests
on the crankshaft because the crankshaft does not exist when 1t
is being designed. Because of the uncertainty in predicted
loads and response, these design codes are very conservative.

Unfortunately, LILCO had the luxury of having data avail-
able from a smaller crankshaft that failed in the same engines.
This allowed calculation of the fatigue endurance limit for the
replacement crankshafts. This type of data is extremely use-
ful, but it is normally unavailable. In the absence of this
detailed information, desién codes are relied upon to provide
assurance of crankshaft adegquacy.

19. Notwitastanding that the crankshaft is not reguired to
meet any of these codes, has the crankshaft been approved by
any of these ship classification societies?

A. (Montgomery) Yes. ABS has approved the cranksnafec
dimensional sizing for diameter of pins and journals and pro-
portions of the crankshaft webs. A copy of the crankshaft
drawing certified by ABS is Exhibit C-ll. ABS has certified
that the material properties of the replacment crankshafts con-

form to the reguirements of ABS grade 4 specifications. A copy
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of the material properties certification is Exhibit C-12. Fi=-
nally, ABS has stated that it would approve the torsional crit-
ical speed arrangement of the crankshaft, flywheel and genera-
tor at Shoreham for use on an ocean going vessel. A copy of
ABS's letter of approval is Exhibit C-13.

20. The County contends ABS's approval is suspect because
the information submitted to ABS was deficient in four specific
areas: (1) shot peening; (2) maximum firing pressures; (3)

strain gage measurement; and (4) operating experience. Please
respond to each of these areas.

A. (Montgomery) The County claims the information on
shot peening was inaccurate because TDI took credit for a 20%
increase in the fatigue limit and there was no discussion of
the first shot peening by TDI. As the separate testimony of
Messrs. Wells, D. Johnson.cﬁachob, Seaman, Cimino and.au::ell
clearly demonstrates, the shot peening does increase the f{a-
tigue limit by up to 20%.

2l. The County contends that maximum firing pressures as
high as 1750 psi have been measured at full load. A35 w~as in-

formed that the maximum firing pressure at full load was 1700
psi. Please discuss.

A. (Montgomery) The County is simply <rong. The docu-
ments relied upon by the County to show that peak firing pres-
sures of 1750 psi have been measured at full load (TDI test
logs attached to Suffolk County Exhibit 46) clearly show tnat
the pressures above 1700 psi were measured at 110% of full

load. The maximum firing pressure of 1700 psi relied upon Dy
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ABS is correct. A fuller discussion of the inaccuracy of the
County's contention concerning maximum firing pressure 1is
contained in the testimony of Messrs. Harris, et al., on pis-
tons.

22. The County contends TDI did not inform ABS that the
strain gage test results were only accurate to within + 5%. Is
this significant?

A. (All) There is no significance to the fact that A3S
was not informed that the strain gage test results were only
accurate to within + 5%. This is the expected degree of accu-
racy for field test results of this type.

23, Finally, the County contends TDI did not submit

accurate information on the operating experience of the DSR-4¢
engines. Please discuss.

A. (Montgomery) The._operating history submitted for tie
Shoreham engines was complete and accurate. The information
submitted is attached as Exhibit C-6. This clearly shows the
number of hours the Shoreham engines have cperated at and above
3500 KW. In addition, there was no reason to submit informa-
tion concerning block cracking since dlock data is not used 1n
ABS's design rules for crankshafts. ABS was only asked to re-
view the torsional critical speed arrangement. AB3 was provid-
ed complete and accurate information for the Shoreham engines

and approved the crankshafts on that basis.
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IV, THE CRANKSHAFTS COMPLY WITH DEMA

24. Do the replacement crankshafts meet the recommenda~-
tions of DEMA?

A. (Johnston, Chen) Yes, conventional analytical tech-
niques typically utilized by the diesel engine industry show
that the replacement crankshafts comply with the recommenda-
tions of DEMA.

25. What are the DEMA recommendations for crankshafts?

A. (Johnston, Chen) The DEMA recommendations for allow-

able crankshaft vibratory stress (Exhibit C-14) state:

In the case of constant speed units, such as
generator sets, the objective i3 to insure that
no haraful torsional vibratory stresses occur
withi~ five percent above and below rated speed.

For crankshafts, connecting shafts, flange or
coupling components, etc., made of conventional
materials, torsional vibratory conditions shall
generally be considered safe when they induce a
superimposed stress of less than 5000 psi, cre-
ated by a single order of vibration, or a super-
imposed stress of less than 7000 psi, created by
the summation of the major orders of vibration
which might come into phase periodically.

26. How did you determine that the crankshafts complied
with DEMA?

A. (Johnston) 1In August, 1983, TDI performed a torsional
critical speed analysis of the replacement crankshafts.
(Exhibit C-15). FaAA reviewed this analysis for compliance
with the DEMA allowable stresses. In addition, in January,

1984, Stone & Webster Engineering Corporation, conducted
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torsiograph tests on a replacement crankshaft at Shoreham.
(Exhibit C=16). FaAA compared the test results with the DEMA
allowable stresses. Based upon the review of TDI's torsional
analysis and Stone & Webster's torsiograph tests, FaAA conclud-
ed the crankshafts complied with DEMA at full load (3500 KwW)
and overload (3900 KW). FaAA's conclusions are contained in
the TDI Owners Group Crankshaft Report. (Exhibit C-17).

(Chen) In addition, I performed independent calculations
(Exhibit C=-18) to determine whether the crankshafts met the
recommendations of DEMA. Tnese calculations employed an inter-
nationally known computer program (TORVAP), which is widely
used by the diesel engine manufacturers industry to measure
nominal crankshaft torsional stresses. On the basis of these
independent calculations, I determined that the teplacement
crankshafts complied with BEHA at full load (3500 KW) and over-
load (3900 Kw).

27. What is a torsional critical speed analysis?

A. (Johnston, Chen) A torsional critical speed analysis
is a method of calculating the torque being transmitted through
a crankshaft in a diesel engine at a particular speed and power
level. When operating at a particular speed and power level,
the torgue being transmitted through a crankshaft in a diesel
engine varies with time and location. For a four-stroke en=

gine, the torsional stress relationship over time repeats
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itself every two revolutions of the crankshaft. The maximum
torque on the crankshaft at any irstant may be much larger than
the mean torgue required to run the engine at a given speed and
power level. This additional torque is caused by a number of
factors, including the cylinder firing order (excitation) and
the presence of natural torsional modes of vibration of tne
crankshaft. To determine the maximum torgue applied to the
crankshaft, it is necessary to conduct a torsional critical
speed analysis. Once the maximum torqgue has been calculated,
it is simple to calculate the nominal torsional stresses for
comparison to DEMA allowable stresses.

28, How was TDI's torsional critical speed analysis con-

ducted?

A. (Jobnston, Chen TDI calculated the response of the
crankshaft at 100% of rated load (3500 KW). The torsional
analysis conducted by TDI was of two parts. First, TDI used an
analytical technique, known as the Holzer method, to compute
the natural frequencies and modes of vibration of the crank-
shaft system. If you strike a tuning fork, it will tend to vi-
brate at a particular freguency that is called its natural fre-
guency. Similarly, a twisting force exerted on ¢ crankshaft
will induce the shaft to vibrate at certain discrete natural

frequencies. The shape or angle of twist as a function of po-

sition along the shaft is unigue for each natural freguency,
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and this is often referred to as a mode shape. The Holzer
method permits the manufacturer to calculate the predicted nat-
ural freguencies of the various modes of vibration that will
result from torsional forces exerted on the crankshaft during
operation,

TDI used the Holzer method to calculate the system's
first three natural frequencies, which are shown in Exhibit
C~19. In a four stroke engine such as the Shoreham diesel gen-
erators, operaticn at the fourth order critical speed produces
the maximum stresses. The fourth crder critical speed calcu-
lated by TDI is 581 rpm. The Shoreham engines operate at 450
rpm, which is significantly below the fourth order critical
speed.

29. What is the second step of the analysis?

A. (Johnston, Chen) -Thc second step in a torsional crit-
ical speed analysis is to determine the dynamic torsional re-
sponse of the crankshaft due to gas pressure and reciprocating
inertia loading for each order. The first order is a harmonic
which repeats once per revolution of the crankshaft. For a
four-stroke engine, harmonics of the order 0.5, 1.0, 1.5, 2.0,
2.5. . . exist. TDI performs this calculation separately for
each order of vibration up to 12. For each order, the applied
tocrque and nominal torsional stress at a cylinder due to gas
pressure and reciprocating inertia is calculated.

30. wWhat was the result of TDI's analysis and how did the

result compare to DEMA allowables?
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A. (Johnston) TDI calculated the response for the first
three modes and plotted the results for only the first mode,
since higher modes produce much smaller stresses. The noaminal
shear stresses for the significant orders are shown in Exhibit
C=20. The largest single order stress at rated load and speed
is for the fourth order. This stress, 2980 psi, is well below
the 5000 psi allowed by DEMA. Due to the analytical technigue
TDI employed, TDI did not calculate the torsional stresses cre-
ated by the summation of the major orders of vibration for pur-
poses of comparison with the DEMA allowable of 7000 psi.

31. Given that TDI only calculated single order stresses,
what further action was taken to assure that the crankshafts
complied with DEMA?

A. (Johnston) Stone & Webster performed torsiograph
tests on the replacement crankshaft in EDG 103 in January, 1984
at various power levels. (Exhibit C-16). The torsiograpn
tests measured the total torsional vibrations resulting from
all orders. These torsional vibrations were converted into
stresses for comparison with DEMA.

32. How is a torsiograph test performed?

A. (Johnston, Chen) A torsiograph test is performed Dy
placing a seismic instrument (a device for measuring angular
displacement due to vibration) on the end of a crankshaft and
recording the angular displacement due to vibration under dif-

ferent engine operating conditions.
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The test is usually performed in two stages. The

first stage is without load and is used to determine the loca-
tion of critical speeds, or natural freqguencies, of the crunk-
shaft. This is done by varying the speed of the engine and re-
cording the vibratory response. As the frequency of vibraction
for any orde approaches a natural fregquency of the shaft, the
amplitude of vibrations will increase and reach a peak at the
natural frequency. If you know the engine speed where this
peak vibration occurs, it is simple to cal~sulate the natural
frequency. Critical speeds may also be determined while op-
erating at a fixed speed and observing the frequency content of
the response.

33. How did the natural frequency measured by Stone &
Webster compare to the natural freguency computed by TDI?

A. (Johnston) The frequency content of the torsional vi-
bration signal at 450 rpm showed a resonance at 38.6 Hz. This
value is in excellent agreement with TDI's computed value of
386.7 Hz. This comparison demonstrates that the mass elastic
properties used in TDI's analysis for representation of the
crankshaft are correct.

34. What is the second stage of the torsiograph test?

A. (Johnston, Chen) The second stage is to determine
nominal stresses in the crankshaft under various load condi-

tions. This test is performed at rated speed of 450 rpm with



variable load. The purpose of this test is to confirm the
forced vibration calculations.

The torsiograph provides the angular displacement re-
sponse (the angle of twist) of the free end of the crankshaft
as a function of time. This displacement may be decomposed
into components corresponding to each order. The torsiograpnh
also provides the peak-to~peak response. These responses are
used to calculate the nominal stresses.

35. How were the nominal stresses determined from the tor-
sional vibrations measured by Stone & Webster?

A. (Johnston) Stone & Webster tabulated the single order
and peak-to-peak torsional vibration response for both 3500 Kw
(1008 of rated load) and for 3800 KW (109% of rated load).

FaAA factored these valuc:_to obtain nominal shear stresses,
which are shown in Exhibit C-21. The results at 100% load show
that the largest single order (the fourth order) has a stress
of 3108 psi, which is well below the DEMA allowable of 5000
psi. The total stress of 6626 psi is also below the DEMA al-
lowable of 7000 pz-.. '

At 3800 KW tne stresses of 3242 psi for a single order
and 6875 psi for combined response are also lower than 5000 psi
and 7000 psi respectively. At 3900 KW the corresponding
stresses are 3287 psi and 6958 psi, by linear extrapolation.
The measured response at 3500 KW is in close agreement with

that calculated by TDI.



36. Did FaAA calculate the stresses at 95% and 105% of
rated speed?

A. (Johnston) Yes, we calculated the fourth order and
total stresses at 95% and 105% of rated speed. On the basis of
our calculations, we conclude that the stresses at those speeds
satisfy the DEMA allowables.

37. What conclusions did FaAA draw from the stresses cal-

culated from the torsiograph test data and the stresses calcu-
lated analytically by TDI?

A. (McCarthy, Johnston) The design calculations on the
13-inch by 12-inch crankshafts performed by TDI are appropriate
and show that the crankshaft stresses are below DEMA recommen=-
dations for a single order. Combined stress was not calculated
by this method, but was desctmined by torsiograph testing. The
Stone & Webster torsiograph test results show that the l3-inch
by l2-inch crankshaft stresses are below the DEMA recommended
levels for both single order and combined orders for both 3500
KW (100% rated load) and 3800 KW. A linear extrapolation to
3900 KW also shows compliance. 1In addition, no harmful tor-
sional vibratory stresses occur within 5% above and 5% below
rated speed.

38. Dr. Chen, do your calculations also show that the re-

placement crankshafts comply with DEMA?

A. (Chen) Yes.
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39. Please describe your calculations.

A. (Chen) I calculated the natural frequencies, as well
as the torsional stresses of the engine generator system using
the TORVAP R and TORVAP C computer programs. I calculated the
response for single orders and combined orders. I also calcu~
lated the torsional vibration at the free end of the crank-
shaft. The calculations I performed are typical of the calcu-
lations performed by the diesel engine industry to check the
adequacy of a crankshaft to withstand torsional stress.

40. wWhat were the results of your natural frequency calcu-
lations?

A. (Chen) The natural fregquency calculations are essen-
tiall, identicel to the natural frequency calculations of TDI

and FaAA. The results are shown in the following table:

Mode 101 FaAr PEL
lsc 4323., 3 2323.8 2323.3
2nd §575.5 5576.4 $575.2
3rd 7000.3 7002.0 7000.4

41. +What were the results of your free end amplitude cal-
culations?

A. (Chen) The results of the free end amplitude calcula-
tions are in close agreement to the values calculated by FaAA
and measured by Stone & Webster. The results for the fourth

order and the combined response are shown in Exnhibit C-22.
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42. What were the results of your single order nominal
stress calculatisns?

A. (Chen) The maximum torsional stresses are caused by
the fourth order. I calculated the fourth order stresses for
all modes. This contrasts to TDI's calculation, which only al-
lows the calculation of fourth order stresses for single modes.
I calculated these stresses at full load, overload, 95% of
rated load and 105% of rated load. The fourth orde. stresses
are as follows:

Fourth Order Stresses

RPY ] PSI
450 3500 3455
450 3900 3740
427.5 3500 . 3071
472.5 3500 ¥ 4010

43. What was the result of your sum of orders response and
nominal stress cal ualation?

A. (Chen) The sum of orders stresses at full load, over-
locad, 95% and 105% of rated load are as follows:

Sum of Orders Stresses

RPM KW ps1
450 3500 5101
450 3900 5401
427.5 3500 6232
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472.5 3500 5673

44. Do the crankshafts comply with DEMA at overload condi-
tions?

A. (Chen) Yes. At 3900 KW the fourth order stress is
3740 psi and the sum of orders stress is 5401 psi. These fig-
ure are well within the DEMA allowables. It should be noted
that DEMA does not require stress calculations at overload con-
ditions. Nonetheless, the replacement crankshafts are within

the DEMA stress limits at overload.

45. Dr. Chen, have you ever seen crankshafts that have
failed freom torsional stress?

A. (Chen) Yes. I have seen guite a few crankshafts that

have failed from torsional stress.

46, Are you aware of any crankshafts that comply with DEMA
that have failed primarily due to torsional stress.

A. (Chen) No. In more than thirty (30) years of experi-
ence in the diesel engine industry, I do not know of any situa-
tions in «hich a crankshaft that met DEMA recommendations has
failed primarily from torsional fatigue. I was chairman of the
DEMA Technical Committee from 1971 through 1973 and I can state

with confidence that a crankshaft that complies with DEMA .is

reliable for its intended service.
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V. THC PATIGUE ANALYSIS AND FIELD TESTING OF THE CRANKSHAFTS
SHOW THAT THE CRANKSHAFTS WILL NOT FAIL DURING OPERATION

47. wWhat is the purpose of a fatigue analysis?

A. (McCarthy, Johnston) The purpose of a fatigue analy-
sis is to determine the useful life of a given component (in
this case a crankshaft) for its specified service loads. FaAA
performed a fatigue analysis which enabled us to conclude that

the crankshafts have unlimited life for their intended service.

48. Why did FaAA perform a fatigue analysis of the crank-
shafts?

A. (McCarthy, Johnston) Although the crankshafts meet
the nominal siress recommendations of DEMA for operation at
3500 KW and 3900 KW, the stresses for combined orders calculat-
ed from the torsiograph meas.rements are close to the recom-
mended allowable of 7000 psi. (The stresses for single orde-’s
are considerably lower than the recommended allowable of 5000
psi.) While the DEMA limits are believed to contain an intrin-
sic safety margin, a fatigue analysis was performed to deter-
mine the true safety margin of the crankshafts and to provide
an additional measure of assurance, independent of design
criteria specified by ggx'codc. that the crankshafts are ade-
guately designed to perform their intended function in the

Shoreham ECGs.



49. How was the fatigue analysis conducted?

A. (Johnston, McCarthy) To conduct a fatigue analysis

o

PaAA had to determine the maximum stresses the crankshafts
would see in service, as well as the endurance limit for the
crankshaft material. FaAA performed a two part analysis to de-
termine the maximum stresses. First, a dynamic torsional anal-
ysis of the crankshaft was performed to determine the true
range of torque at each crank throw. Second, using the results
of the dynamic torsional analysis, a finite element model of a
one guarter crank throw was used to compute the magnitude and
location of peak stresses in the fillet region. Torsional and
gas pressure loading cases were considered in the finite ele-
(’ “ment model to evaluate the effects of twisting and bending
<‘ loads. These analyses pcn.littod FaAA to determine the maximum
stresses. These stresses were also obtained from a dynamic
strain gage test on the replacement crankshaft.

The fatigue endurance limit was established for the
replacement crankshaft by first obtaining the endurance limit
for the failed crankshafts, and then increasing that limit to
reflect the difference in ultimate tensile strength between the
failed and replacement crankshafts. [Ihe endurance limit was
compared with values provided in the literature and found to be
acceptable. The factor of safety against fatigue failure was

’ computed from the test data gathered from the original and



‘@

replacement. crankshafts. The factor of safety is large enough

to provide confidence in the reliability of the cranksha“ts.

S0. Let us discuss separately each part of the fatigue
analysis. What is the purpose of a dynamic torsional analysis?

A. (Johnston) FaAA developed a dynamic torsional model
of the crankshaft to determine the total torgue at each crank
throw. The total torgue is calculated by a summation of tne
torque produced by each order and mode. The analytical metnhod
used by FaAA computes the phase relationship between the vari-
ous orders and modes, which permits this summation. The dynam-
ic torsional analysis represents a more accurate calculation of

the stresses actually experienced by the crankshaft during op-

eration than conventional analytical technigues. (Technical
details of the dynamic torsional model are contained in Section
3.1 of Exhibit C-17). )

51. what did you do with the total torgue calculated from
the dynamic torsional analysis?

A. (Johnston) The total torgue was used as input data t»
the finite element model to determine the actual maximum state
of stress in the crankshaft.

§2. What was the purpose of constructing a finite element
model of a one quarter crank throw?

A. (Johnston) The nominal crankshaft stress values cal-

culated from the dynamic model (i.e. total torgque) are
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considerably less than the actual maximum stresses in the

crankshaft. Those nominal values would prevail if the crank-
shaft were a long circular cylinder. Stresses in the real
crankshaft are greatly influenced by its complex geometry and
by stress concentrations, especially at the fillet radii be-
tween the main journal and web and the crankpin and web. In
addition, a crankshaft throw is subjected to loads of two basic
types: (1) torque transmitted through the throw, which 1is in-
fluenced by the output power level and by the torsional vibra-
tion response of the crankshaft; and, (2) connecting rod forces
applied to the crankpin and reacted at bearing supports. A fi-
nite element model of a one guarter crank throw, considering
stresses due to torsional loading and stresses due to gas pres-
sure loading, was used to compute the actual maximum value and
location of stresses in the crankpin fillet area. The strain
gages used during dynamic testing were placed at the location
of maximum stress calculated by the finite element model.
(Technical details concerning the finite element model are
contained in Section 3.2 of Exhibit C-17).

53, Please describe the dynamic testing.

A. (Johnston) Stone & Webster conducted dynamic tests on
the replacement crankshaft on EDG 103 in January, 1984. In-
strumentation for the measurement and recording of significant

dynamic data included the following:
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l. Cylinder firing pressure of cylinder Nos. §
and 7 was measured;

2. Dynamic torque in the crankshaft between the
engine casing and the flywheel was measured
by a strain gage torque bridge;
3. Crankpins Nos. 5 and 7 were instrumented with
three element strain rosettes to measure
crankpin fillet dynamic strains.
These tests were performed under a variety of loads and tran-
sient conditions to investigate the dynamic response of the
crankshaft.
S4. How were the results of these tests used in FaAA's
analysis?

A. (Johnston) First, the cylinder firing pressure mea-
sured by Stone & Webster was utilized to obtain the gas pres-
sure loading for input to the dynamic torsional analysis. The
total torque produced by this loading was calculated and corre~
sponds closely to the torgue measured by Stone & Webster near
the flywheel. (Exhibit C-23). Second, the dynamic strains
measured by Stone & Webster in the crankpin fillets of crankpin
Nos. 5 and 7 were used to compute the maximum stresses, which
were used to calculate the factor of safety. These stresses
are within the range predicted by FaAA's finite element analy-
ses. (Exhibit C=24).

55. Are the results of Stone & Webster's dynamic torsional

testing confirmed by the analytical models used by FaAA?

A. (Johnston, McCarthy) Yes. The results of FaAA's
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analytical models agree with the dynamic strain gage tests.
Dynamic testing of the cra.<shatt, in this regard, is consid-
ered to be an essential element of the design review program
because it is only through carefully conducted measurement that
the actual engine dynamics and local component stresses are
confirmed.

56. After measuring the maximum stresses in the f.llet
area, what was the next step in your analysis.

A. (Johnston) The next step in the analysis was to com-
pare the measured stresses with the fatigue endurance limit of
the replacement crankshafts. The results of th¢ finite element
analysis were used to determine the maximum principal stress
range in the fillet area, which was then compared to the fa-
tigue cndurance.linit of the replacement crankshaft.

57. How was the fatig;e endurance limit of the replacement
crankshaft established?

A. (Johnston) The fatigue endurance limit of the re-
placement crankshaft was established by first obtainin3 the en-
durance limit of the failed crankshaft. Since the endurance
limit scales linearly with ultimate tensile strength, the en-
durance limit of the replacement crankshaft was increasecd to
reflect the ¢ifference in ultimate tensile strength Detween the
failed and replacement crankshaf:.

$8. How was the endurance limit established for the origi-
nal crankshafts?
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A. (Johnston) The original l3-inch by ll-inch crankshaft
on EDG 101 was instrumented with strain gages in the fillet lo-
cation of Crankpin No. 5. This fillet had previously experi-
enced a fatigue crack during performance testing. After the
test, the three~dimensional finite element model of a guarter
section of a crank throw showed that the strain gages were
plac«d close to the location of maximum stress. The measured
stress range was used to establish the endurance limit in this
analysis as a conservative assumption, although the actual max-
imum stress range was revealed by the finite element model to
be about 15% higher at a nearby location. The original crank-
shaft on EDG 102 had experienced 273 hours at egual to or
greater than 100% locad, or about 4,000,000 cycles. By using
linear cumulative damaje techniques, it was determined that the
endurance limit for the original crankshafts was 36.5 ksi.

59. What is the fatigue endurance limit for the replace-
ment crankshafts?

A. (Johnston) The fatigue endurance limit for tne re-
placement crankshafts is 39.2 ksi. This is higher than the fa-
tigue endurance limit for the original crankshafts because the
ultimate tensile strength of the replacement crankshafts ex-
ceeds the ultimate tensile strength of the original crank-
shafts.

60. Having obtained the fatigue endurance limit for the
replacement crankshafts, were vou Jole to calculate the factor
of safety against fatigue failure?



A. (Johnston) Yes. The factor of safety against fatigue
failure was calculated by plotting the maximum principal stress
range measured in the crankpin fillet area on a Goodman dia-
gram, constructed using the fatigue endurance limit and the ul-
timate tensile strength values for the replacement crankshafts.
(Exhibit C=25). The factor of safety against fatigue failure
is 1.48, without taking into account any beneficial effect of
shot peening the fillet regions.

61l. Does a factor of safety of 1.48 provide sufficient as~-

surance that the replacement crankshafts are adequate for their
intended service in the Shoreham EDGs?

A. (McCarthy) Yes.

62. What is the basis for 'your opinion that a factor of
safety of 1.48 is sufficient for the replacement crankshafts?

A. (McCarthy) To explain that I must first explain what
a factor of safety is. With that understanding, the accept-
ability of a factor of 1.48 will become apparent.

63. What is a factor of safety?

A. (McCarthy) A factor of safety is an additional margin
of strength, in either the fatigue strength (enducance limit),
yield strength, or ultimate strength, that is added to a me-
chanical design to compensate for uncertainties, 1.e. effects

or things we don't know. There is significant confusion often
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generated by & failure to identify whether a stated factor of
safety is with regard to fatigue or endurance limit, yield, or
ultimate strength. The factor of safety with regard to these
three different failure modes will generally be different for
the same design or part.

54. What is the difference betwesn a factor of safety in
endurance limit, yield strength, and in ultimate strength?

A. (McCarthy) A factor of safety in endurance limit 1is
the factor of strength the part or design has over that re-
quired for the part to be expected to exhibit infinite life, or
a life of some specified number of cycles in repeated or cyclic
loading. A factor of safety in yield is the factor the yield
strength of the part is greater than the expected service load.
Similarly the factor of safety in ultimate strength or overload
failure is the factor the Breaking strength of the part is
greater than the cxpectéd service load. In older design refer~
ences it is not uncommon to see a very large factor of safety
in overload recommended, and no mention of a factor of safety
in endurance limit or fatigue strength, for parts that were
cyclically loaded and could fail in fatigue. This was before
fatigue and stress concentration effects were as well under-
stood as they are now.

65. What types of uncertainties is the factor an allowance
or compensation for?
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A. (McCarthy) Uncertainties as to service load, material
properties, stress concentration factors, lifetime, etc., which
obviously are directly related to the amount of testing, analy-
=is, and understanding a designer has of a particular part and
its service environment.

66. What is an acceptable allowance for this uncertainity,
or, in other words, what is an acceptable factor of safety?

A. (McCarthy) This is totally determined by the degree
of uncertainity and the difficulty or penalties of adding addi-
tional strength to the design. Where the design envelope and
the nature of the fabricated part are reasonably understood, a
factor of safety in fatigue or cyclic loading of 1.3 to 2.0 is
generally recommended. When the uncertainty of design factors
is greater, higher values will be recommended. Some design
texts will recommend that, if the designer is seriously consid-
ering a factor of safety of greater than Lwo, he should devote
additional time to analyzing the design, rather than accepting
the ignorance which is causing him to select a higher factor of
safety. Portions from several of the most widely used Mechani-
cal Engineering design references are attached as Exhibit C-26.
A factor of safety of 1.48 in fatigue or endurance limit will
produce a much higher factor of safety with regard to yielding
or overload failure.

§7. How well is the design of the replacement cranksnhafts
understood?



5%

A. (McCarthy) To put it simply, extremely well. wWe have
the benefit of the information gained from the failure of che
original crankshafts, full scale instrumented tests of the ac-
tual service loading, material strength tests for the individu-
al parts, torsiograph testing, and extensive three dimensional
analytical modeling of the structure. The crankshaft is being
run in a temperature controlled, c¢il filled environment. It 1is
completely guarded from accidental and unanticipated iampact by
foreign objects by the engine block. Usually a designer has
far, far less information to work with when assessing a design.
This results in uncertainities in the design being reduced sub-
stantially.

68. What does this understanding of the crankshaft dcsxgn
mean in terms ot an acceptable factor of safety.

A. (McCarthy) For well unde[stood designs coperating in
environments that are not severe, a factor of safety in fatigue
or endurance limit of 1.3 to 1.5 is generally accepted. For
this particular part, it would?%y opinion that our degree of
understanding would certainly permit the use of a safety factor
at the lower end of this range, when in fact the zctual safety
factor is at the high end. Therefore the factor of 1.48 1is

guite acceptible.
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ROGER L McCARTHY

Specialized Professional Competence

Mechanical, machine. and mechanism design. Dynamic mechancal system design. analysis modeiing,
control (including dedicated computer control), and failure anatysis. Custom product design. Human
factors engineenng anc lesting: design analysis of man/machine intertace. Design analys:s researcn
Risk analysis; quantification of hazards posed by design and construction of mechanical components.
Products. or system failure in the industnal and transportation emvironments. Design anaiysis through
large scale accident cata analysis and evaluahon, including vehicie design and collision per'ormance
Evaluation of mechanical/electncal design-related explosion hazard: heat transfer design Reinforcec
polymer composite design analysis. including tires. Patent anatysis relating to mechanical cesign

Background and Professionsl Honors

A_B. (Phiicsophy), University of Michigan, with High Distinction

B S.E. (Mechanical Engineenng). University of Michigan, summa cum lauce

S M. (Mechanical Engineenng). Massachuses Institute of Technology

Mech.E. (Mechanical Engineenng). Massachusetts Insntute of Technology

Ph D (Mechanical Engineenng). Massachusetts Institute of Technology .

Presucent.
Failure Analysis Associates
Principal Design Engineer -
Failure Analysis Associates
Program Managet Special Machinery Group,
Foster-Miller Associates. Inc.
Proyect Engineet Machine Design and Development Engineenng. Engineenng Develooment Division.
Proctor & Gambile Company, Inc.

Registerec Professional Mechanical Engineer. Califormia. sM20040

Registered Professional Mechanical Engineer Anzona. 313684

Pri Beta Kappa. Sigma Xi. James 8 Angell Scholar

National Science Founcation Fellow

Outstanding Undergraduate in Mechanical Engineering. University of Michigan

Member Amencan Society of Metals. Amencan Society of Mechanical Engineers. Society of
Automotive Engineers. Amencan Weiding Society. National Safety Counc:'. American Society
for Testing anc Matenails

Member Amencan Society of Safety Engineers

Member Human Factors Society. System Safety Society. Natcnal Society of Professional Engineers

Member Amencan Socier; of Heating, Refngeration. and Air-Congitioning Engineers

Member National Fire Preventon Association

Selected Publications

“Sehool Bus Whee! Rim Safety = Muithioiece vs. Single Piece. National School Bus Report Seringheld
virginia (December 1982) (with G E McCarthy)

‘Warmings on Consumer Procucts' Objective Cntena For Therr Use 26th Annual Meeting of the =uman
Factors Society, Seattie. Washington (October 25-29 1982) (with J N Ropinson J P Finnegan
and R K. Taylor)

‘Average Operator Inachon Charactenstics with Lever Controis — Study of the Column Mountec
Gear Selector Lever 26th Annual Meeting of the Muman Factors Society Seatte Wasnington
(October 25-29. 1982) (with J P Finnegan G F Fowler and S B Brown)

‘Catastrophic Events: Actual Risk versus Societal Impact 1982 Proceeaings Annual Renability anc
Maintainability Symposium. Los Angeles. California (January 26-28 1982) (with J P Finnegan
ang R K Taylor).



“Product Recall Decision Making: Valic Product Safety Indicators. Proceedings of the Fourth Inter-
natonal System Safety Conference. San Francisco. California (July 9-13. 1979). Published
by Professional Engineer Magazine (March 1881)

“Large Vehicle Wheel Servicing: Reduction of Risk Through Impiementation of An OSHA Stangara
Goverming Muitipiece and Single Piece Rims: Phase IV. Published Dy the Natonal Wheel ang Rim

Association (March 1981) (with J. P Finnegan)

‘ “Program to Improve Down Hole Dniiing Motors: Task 2. Lip Seai Design. Failure Analysis Associates
Report FAA-81-7-8 to Sandia National Laboratones (October 1980) (with V Pecoro)

“A Safety and Fracture Mechanics Analysis of the Pneumatic Tire: A Perspective on the Firestone
500 Radial Tire. Presented at the International Conference on Reliabiiity. Stress Analysis
and Faiiure Prevennon. of the Amencan Society of Mechanical Engineers. San Francisco, Califormia
(August 18-21, 1980) (with W. G. Knauss).

“Multioiece and Single Piece Rims: The Risk Associated with The:r Unique Design Charactensncs.
Phase |11 Published by the National Wheel anc Rim Association (June 1980) (with J_ P Finnegan)

‘An Engineening Satety Analys:s of the Steel Seitec Racial Tire.” Socety of Automotive Engineers
Pager #800840 (June 9-13, 1980).

“A Simple Technique tc Improve the Allocation of Safety Inspection Resources. Proceedings of the
Fourth International System Safety Conference. San Francisco, California (July 8-13.1978)
(with P M. Besuner).

“An Engineenng Anatysis of the Risk Associated with Multioiece Wheels. National =ighway Tratfic
Safety Administration. ANPR Docket No. 71-19. Number 7 (June 1879) (with J. P Finnegan).
“Planar Thermic Elements for Thermal Control Systems.” Journal of Dynamic Systems. Measurement

and Control. Voi. 99. Senes G, No. 1 (Marcn 1877) (with B. S. Buckiey).
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. Office: 516/929-8300,

18 Fourth Place
Syosset, New York 11791 Ext. 3637

EXPERIENCE SUMMARY:

Over eight years of progressively increasing responsibility in the performance and
management of engineering mechanics activities on nuclear power plant piping sys-
tems and equipment for electric utility and consulting engineering firms.

EDUCATION:

Columbia University School
MNew York, New York

of Engineering and Applied Sciences,

Bachelor of Science, Mechanical Engineering - May 1973
Master of Science, Mechanical Engineering = October 1974
Mechanical Engineer (Professional Degree) = January 1961

Queens College, City University of New York, Queens, New York

Bachelor of Arts, Physics - May 1973

EXPERIENCE: (See Attachment for Details)

Stress Analyst, Nuclear Engineering Department
Long Island Lighting Company

175 East 0l1d Country Road

Hicksville, NY 11801

1981 to Present

Shoreham Nuclear Power Station - Unit Wo. 1
Mark 11 BWR/4 Capacity 819 Mw HMet

Responsible Owner's representative for the engineering,
coordination, review and approval of stress related
activities performed in support of Shoreham licensing,
start-up and system turnover.

1980 to 1961 senior Engineer, Stress Anlaysis Engineering Denartrent
purns and Roe, Incorporated
185 Crossways Park Orive
woodbury, NY 11797

washington Nuclear Project (Hanford) Unit Mo. 2

Mark II BWR/5 Capacity 1100 Mw Net
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EXPERIENCE (Cont'd.)

1978 to 1980

1977 to 1978

PROFESSIOMAL
SOCIETY MEMBERSHIP:

REFERENCES:

Senior Engineer, Stress Analysis Engineering Department
Ebasco Services, Incorporated

2 World Trade Center

New York, NY 10048

Laguna Verde Units No. 1 and 2
Mark II BWR/é Capacity 600 Mw Net

Stress Engineer responsible for the design, analysis and
checking of major ASME III Code Class 2, 3 and USAS B3l.l

nuclear power piping systems.

Engineer 'A', Stress Analysis Engineering Department
Burns and Roe, Incorporated

185 Crossways Park Drive

Woodbury, NY 11797

Washington Nuclear Project (HManford) Unit No. 2
Mark I1 BWR/5 Capacity 1100 Mw Net

Stress Engineer responsible for the combined application of
finite element methods (ANSYS), piping flexibility analysis
(ADLPIPE) and Fortran IV computer programming to achieve
the optimuna design of nuclear power piping systems and
their supports (normal/pipe-rupture) according to project
specifications.

Assoz.ate Member - American Society of Mechanical Engineers

Assoclate Member - New York State Society of Professional
Cngineers

Member - Tau Beta P{ (Mational Engineering Honor
Society)

Will be furnished on request.
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DETAILS OF EXPERIENCE LISTINC

Stress Analyst, Nuclear Engineering Department
Long Island Lighting Company

175 East 0ld Country Road

Hicksville, NY 11801

Shoreham Nuclear Power Station Unit No, 1
Mark II BWR/& Capacity 819 Mw Net

Responsible Owner's representative for the engineering, coordination,
review and approval of stress-related activities performed in support
of Shoreham licensing, start-up and system turnover. Major assign-
ments included the following:

© In responsible charge of engineering review and approval of
calculations performed by project consultants (Stone & ¥abster,
Inc., Ceneral Electric) for seismic qualification and hydro-
dynamic re-evaluation of all safety-related equipment subject
to IEEE-344, 1975 and the latest NRC criteria. Represented
client interests at NRC-Equipment Qualification Branch tecn-
nical audits of detalled dynamics analyses and test reports.
Interfaced and coordinated between NRC and consultants to ob-
tain acceptable resolutions on outstanding technical concerns.

© Member of Motor Operator Test CGroup addressing issu:s on vibra-
tion aging and mechanical fatigue of Limitorgue motor operators.
Participated in formulation of procedures and test specifica-
tions used to qualify the equipment to long-duration, high
frequency loads.

o Initiated and coordinated stress-engineering software develop-
ment for the Nuclear Engineering Department. Conducted evalua-
tions to assemble an applications package cunsisting of essential
struciural and piping codes.

© Lead Engineer for the Independent Design Review of the safety-related
portions of the ECCS Core Spray System piping, supports, eguipment
and structures. Developed program plan and description, reviewec
technical nroposals. Coordinated audit open items/findings reso-
lutions between Independent Design Reviewer (Teledyne Engineering
Services) and project consultants.

o Project Engineer for the As-Bullt Piping Reconciliation Program
responsible for ronitoring and minimizing the impact of fleld
modifications due to calculation close-out and reviews.

o LILCO Engineering Specialist for the Transamerica Delaval (T0I)
Recovery Program. Reviewed dlagnostic calculations on failure
of engine crankshaft and analyses of replacement crankshaft de-
sign. Developed “tracking System” for nuclear/nen-nuclear diescl
engine failure expericnce for usc in the TDI Owner's Design
Review/Quality Revalidation effort.
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Special Yralnxgg

LILCO sponsored departmental training lectures. Covered topics
included: :

© 10 CFR 50 Appendix B Quality Assurance Requirements

© BWR Systems Familiarization Course

© Ceneral Employee Training (CET) (for access to vital plant areas)
© Shoreham Emergency Preparedness Training

o English Language Institute Study Course

o Technical Specialist QA Auditer Training

Senior Engineer, Stress Analysis Engineering Department

Burns and Roe, Incorporated

185 Crossways Park Drive

Woodbury, N.Y. 11797

¥ashington Public Power Supply System

Washington Huclear Project (Hanford) Unit No. 2
Mark II 'M/S Capacity. 1100 Mw Net

In responsible charge of engincering evaluations in the following
areas:

o Lead Engineer for the fatigue analysis of MSRV lines and down-
comers subjected to extended duration LOCA-related hydrodynanic
loads. Supervised erjineering personnel in lower classifications.

0 Member of Mark II SRSS/LCAC (Square-Root-Sum-Square and Load
Combination Acceptance Criteria) Subcommittee addressing issues
on MSRV and downcomer fatigue analysis, essential pipring
functional capabllity, SRSS Newmark-Kennedy Criteria and high
frequency content of Mark II loads.

o Lead Engineer for analysis of drywell CCCS (Emergency Core
Cooling Systems) for Annulus Pressurization faultea lcading
conditions. Assisted and traincd other stress anal ssts in
performing calculations on conformance with project design
specifications and ASIE code.

Conceptual Engineering

o Developed an analytical approacn for determining the optimum sup-
port configuration restraining large, eccentric motor-operator
valves. Cuidelines in the form of simplified computational pro-
cedures and tables were prepared. (Published paper titled,
"Optimum Rdgld Support Spacing for Eccentric Operator Valves,"
June 1981.)

A-2
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From
5/78
to
&/80

Senlor Engineer, Stress Analysis Engineering Department
Ebasco Services Incorporated

2 World Trade Center

New York, N.Y. 10048

Stress Engineer responsible for the design, analysis, and checking
of major ASME Code Class 2, 3 and USAS B3l.l nuclear power plping
systems.

Comision Federal de Electricidad

Laguna Verde Units No. 1 and 2
Mark II BWR/4 Capacity 600 Mw Net

Responsible for thermal, pressure, deadweight and seismic design,
analysis and checking of safety-related systems according to ASIE
Boiler and Pressure Vessel Code, Section III and USAS B3l.l using
the proprietary pipe flexibility code PIPESTRESS 2010.

Developed initial support location, selection and sizing (or modi-
fied line routing, when necessary) on the following BWR systems:
reactor water cleanup (RWCU), reactor core isolation cooling (RCIC),
high pressure core spray (#PCS), low pressure core spray (LPCS), re-
sidual heat removal (RMR), standby ligquid control (SLC), and numerous
other Reactor and Control Bullding systems.

Prepared, checked and reviewed system stress analysis reports. In-
terfaced eguipment allowable nozzle loads, plpe support loads, and
postulated pipe stress break locations with other disciplines.

Mouston Lighting and Power Company

Allens Creek Nuclear Cenerating Station
Mark II1 BWR Capacity 1200 Mw Net

Performed investigative study to determine the structural response
of proposed Main Steam and Reactor Feedwater seismic interface/
pipe rupture restraint system outside primary containment. An
in-house dynamic-plastic finite element code, PLAST 2267, used

for analysis.

Conceptural Engineering

Responsible for deriving maximum seismic support spans based upon
a frequency design criteria. Nondimensional charts and tables
developed for supports around right angle elbows, large radius
bends, and parallel offset confligurations. Prepared summary re-
port for inclusion In project Pipe Stress Analysis Cuidelines.

A3
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From
2/77

4/78

Special Training

Ebasco Services, Inc. sponsored departmental training lecture series.
Covered topics included:

Code Stress Basis

Quality Assurance

Stress Analysis of rossil Plant Piping
Pipe Rupture Interface with Stress Analysis
Thermal Stress Analysis According to B3l.1
Seismic Charts Analysis

Vibration Theory and Problems in Piping

Engineer 'A', Stress Analysis Engineering Department
Burns and Roe, Incorporated

185 Crossways Park Drive

Woodbury, N.Y. 11797

Stress Engineer responsible for the combined application of finite
element methods (ANSYS), piping flexibility analysis (ADLPIPE) and
Fortran computer programming to achieve the optimum design of nuclear
power piping systems and their component supports according to the

ax?x:ucablc portions of ASME Boiler and Pressure Vessel Code, Section

Washington Public Power Supply System

Washington Nuclear Project (hanfbrd) Unit No. 2
Mark Il BWR/S Capacity 1100 Mw Net

Responsible for the pipe rupture analysis of Main Steam high
energy line breaks outside primary containment. Non-linear,
elasto-plastic, dynamic finite element analysis (ANSYS) used
to determine whip restraint gap size, maximum support member
forces/moments, plastic piping response, penetration nozzle
reactions. MSIV end loads and deformatisns. Prepared and
reviewed final stress analysis report.

Responsible for the engineering, design and analysiz of major
wetwell piping and components subjected to direct hydrodynamic
Mark 11 submerged structure loads. Time history and response
spectra techniques (ADLPIPE) used to locate supports anc evalu-
ate piping response on MSRV lines, downcomers and miscellancous
wetwel! penetrations under normal/upset/emergency/faulied hydro-
dynamic loading conditions.

A-b
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o Coordinated application of DFFR (CE Dynamic Forcing Function

Report) and DAR (Design Assessment Report) for developing force
vs. time curves due to SRV discharge, Chugging, Condensation
Oscillation, Pool Swell and Fallback input to pipe stress analy-
sis. Developed Fortran programs for data file manipulation.

Performed detailed analysis of MSRV X-Quencher device and its
associated support structure under direct and indirect struct-
ural loads. Verifiasd member sizes and anchor bolt-down adeguacy.
Prepared final stress report.

Jersey Central Power and Light

Three Mile Island Unit No. 2
PWR Capacity 850 Mw Net

Responsible for verifying the design adequacy of Reactor Pressure
Vessel and Main Steam Cenerator base plate shear pin bolt design
under longitudinal and circumferential hot/cold leg coolant line
breaks. The dynamic finite element codes STARDYME and ANSYS
were used in conjunction with an empirically developea collapse
moment equation., Prepared final stress report.

Conceptual Engineering

q
Prepared Fortran software necessary to interface company developed
piping graphics package with ADLPIPE, a conventional pipe flexi-
bility code. Linkage permitted free thermal execution of
designers' proposed routing while simultaneously plotting the
layout on orthographic or isometric view.

Special Training

"Practical Seismic Design of Structures" administed b
Structures Croup, Metropolitan Section ASCE.

"Advanced Topics and New Developments In Finite Element
Methods" administered by MARC Analysis Research Corporation.
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p ‘ E ' l Biographical Data On March 16, 1983
Dr. Simon K. Chen, PE

CONSIALTANTS

Position President

Home 325 Racine Street, Delavan, WI 53115
Home Phone: 4&14-728-699%4

Education -

B.5., M.E. 1547 National Chiao-Tung University

M.S., M.E. 1959 University of Michigan

Ph.D., M.E. 1952 University of Wisconsin

M.B.A. 1964 Unfversity of Chicago,
Executive Program

Work Experience

President, Power and Energy International, Inc. present
Technical consulting and product development

President, Beloit Power Systems, Inc. 1978
Manufacturers of engine and turbine driven alternators,
up to 15,000KW, rotary positive screw gas compressor,
power plant controls, and gen-sets.

V.P., Engineering and Application, Fairbanks-Morse Power Systems
Colt Industries
Developer of 0.P, Blower series 1ine with increased rating,

0.P. sparked gas engine, manufacturer of SEMT-PC-2 for
marines, stationary and nuclear standby “applications,
developer of 38A-2C engine, producer of large irrigation pusp,
rotary compressor, alternators and motors.

Divisional Chief Engineer, Diesel Engine RAD, International
Harvester Company
Developer and manufacturers of vehicular diesels and spark-
gas engines for construction equipment, farm equipment,
medium-duty truck, and industrial applicatiors.

Chief Project Research Engineer, Engineering Research, IH
Corporate research on alternate power plant, engine combus-
tion, advanced power train concept, advanced vehicle
analysis, and corporate product planning.

Project Engineer, IH, Melrose Park
In charge of combustion research on diese! and stratified
charge engine.

Technical Society Membership List and Honors

SAE, ASME, SNAME, EGSMA, CIE, Who's Who in the World, Who's Who in Finance and
Industry, Engineers of Distinction by Engineers Joint Council in 1973, SAE

Arch 7. Colwel) Merit Award in 1966, University of Wisconsin Alumni Distinguished
Service Award, 1973, Chinese Institute of Enginecr's Achievement Award in 1976,
Director and Technical Chairman of Diese! Engine Manufacturing Association,
197173, Member Compressed Air and Gas Institute, 1973-79, SAE Fellow-1283,
Registered Professional Engineer - State of Wisconsin.
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- Dr. Simon K. Chen

= "Compression and End Gas Temperatures from lodine Absorption Spectra,*
:COGCUWP. m. "“-

= "Development of a Single Cylinder Coapression Ignition Research Engine,"”
Co-author, SAE 650733, 1965.

= "Development and Evaluation of the Simulation of the Compression-Ignition
Engine," Co-author, SAE 650451, 1965.

- 'En?im Development Criteria and Techniques,* Modern Engineering and Technology
Seminar, Taiwan, Republic of China, July 1974.

= "Engine Cycle Analysis and Combustion Problems,* Modern Engineering and
Technology Seminar, Taiwan, Republic of China, July 1974,

- "Diesel Application,” Modern Engineering and Technology Seminar, Taiwan,
Republic of China, July 1974.

= “Highlights of the Energy Session,” Energy Quarterly, Republic of China,
Janyary 1875,

= "A Collection of Abridged Management Papers,” Modern Engineering and Technology
Seminar, Taiwan, Republic of China, July 1976.

- "Harketing in a Competitive Market,” Modern Engineering and Technology Seminar,
Taiwan, Republic of China, July 1976.

- “Management Philosophy and High Technology Development,* Energy Quarter) ¥
Taiwan, Republic of China, January 1978,

= “Vibration Analysis for a Sound Generator-Set Design,® Electrical Generating
Systems Marketing Association, Chicago, IL, September 26-27, 1978.

- "Waste Heat Recovery Cycle Analysis and Systems for Diese! and Gas Turbine
Engines,” 13th CIMAC Conference, Vienna, Austria, May 7-10, 1979,

- "Small Industrial Diese! Planning,” September 16, 1980.

= "An International Perspective of Taiwan's Automotive Industry," Society of
Automotive Engineers, SAE-ROC Technica) Meeting, Tawian, Republic of China,
November 23-25, 1881.

= "The Development of ROC Machine Too! Industry and the Impact of Automation,*
Industrial Technology Research Institute, Taiwan, Republic of China,
Septemoer 1981.

= "Japan's Robot and Robotics Development,* March 11, 1982.

= "Techno-Economic Recommendations to Fight Recession Accelerated by Energy
Shock," May 5, 1982.

= "US Robots and Robotics,*” August 1983,

« "A Review of Engini. Advanced Cycle and Rankine Bottoming Cycle and Their Loss
Evaluations,” Co-authored, SAE 830124, 1983.

= "Flexible Manufacturing Systems Applications,* Modern Engineering and Tech-
nology Seminar, Singapors, November 1983,

- "The Impact of Automation on Newly Industrialized Countries,® Modern Engineer-
ing and Technology Seminar, Singapore, Hovember 1903,

Mum'mn. PO 1084 B85 Lawton Ave  Beost. Wi 53911 808/ 363- 707
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LILCO, August 14, 1984

UNITED STATES OF AMERICA
NUCLEAR RECULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of

LONG ISLAND LIGHTING COMPANY Docket No. 50-322 (OL)

(Shoreham Nuclear Power
Station, Unit 1)

Nt N N N N N

TESTIMONY OF EDWARD J. YOUNGLING, AND
FRANZ F. PISCHINGER ON BEHALF OF
LONG ISLAND LIGHTING COMPANY ON
SUFFOLK COUNTY'S CONTENTION REGARDING
REPLACEMENT CRANKSHAFTS ON DIESEL GENERATORS AT SHOREHAM
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1. Please state your names, business affiliations and
addresses.

A. (Pischinger) My pame is Dr. Franz F. Pischinger. I am
president of FEV (Research Society for Energy, Technology and
Internal Combustion Engines) and a professor at the University of
Aachen, Institute of Applied Thermodynamics. My business address
is Erkfeld 4, Aachen, West Germany.

(Youngling) My name is Edward J. Youngling. I am employed
by Long Island Lighting Compary, North Country Road, Wading
River, New York 11792.

2. Please summarize your professional qualifications and
gg::.izif in the investigation of the replacement crankshafts at

A. (Pischinger) I obtained my diploma (or master's) in 1952
and my doctorate in 1954 from the Technical University in Graz,
Austria. I am currently and have been since 1971 a
professor at the University of Aachen at the Institute of Appliec
Thermodynamics. I am also the owner and president of the
Research Society for Energy, Technology and Intermal Combustion
Engines (FEV), a private consulting firm in Aachen, which 1
formed in 1979. From 1958 until 1962 I was employed as head of
the research department by AVL Research and Development in Graz,
Austria, and from 1962 until 1971, 1 worked as a department
manager and later as the head of diesel engine development at
KHD. My resume is Attachment 1.

My role in evaluating the replacement crankshafts at

Shorehar has been to critically review the work performec by
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Failure Analysis Associates (FaAA) and determine whether the
crankshafts are adequate for their intended service.

(Youngling) 1 am Manager of the Nuclear Engineering
Department for LILCO. Prior to May, 1984, 1 was Startup Manager
for the Shoreham Nuclear Power Station and was responsible for
all pre-operational test activities. In this capacity, 1 was
directly involved in the testing of Shoreham's diesel generators
and supervised the operation of Shoreham's diesels for over 3350
hours. 1 am familiar with the testing requirements for the
diesels over the 40 year life of the plant. Prior to being
Startup Manager, 1 held a number of positione at Shoreham
including that of Chief Technical Engineer for four years. I
have a Bachelor of Science Degree in Mechanical Engineering from
Lehigh University. My resume is Attachment 2.

3. What is the purpose eof this testimony?

A. (Youngling, Pischinger) The purpose of this testimony is
to address Emergency Diesel Generator Contention 1l(a), admitted
by the Board in its July 17, 1984 Memorandum and Order, which is
whether:

The replacement crankshafts at Shoreham are not

adequately designed for operating at full load (3500

KW) or overload (3900 KW), as required by FSAR Section

8.3.1.1.5, because they do not meet the standards of

the American Bureau of Shipping, Lloyd's Registry of

Shippint. or the Internatinnal Association of

Classification Societies. In addition, the replacement

crankshafts are not adequately designed for operatin

at overload, and their design is marginal for operating

at full load, under the German criteria used by FEV.

4. Dr. Pischinger, please describe the scope of your work
on the replacement crankshafts at Shoreham.



A. (Pischinger) I have visited the Shoreham plant on
several occasions and inspected the diesel engines. 1 have
thoroughly reviewed the work performed by FaAA on the renlacement
crankshafts and I have compared the design of the crankshafts
against a very conservative German design criteria.

5. Please describe the design criteria FEV used to review
the replacement crankshafts.

A. (Pischinger) FEV reviewed the replacement crankshafts
under the Kritzer-Stahl design criteria. These are conservative
guidelines that are used in the German diesel engine industry as
initial dimensional recommendations.

e St e L R Tl tal R
criteria?

A. (Pischinger) Under the Kritzer-Stahl design criteria,
the crankshafts should have unlimited life for operation at 3500
KW. 1In addition, FEV estimates that the crankshafts should be
able to cperate at 3900 KW for a ainimum of 'ghoun. This is
far in excess of the number of hours the crankshafts will ever
operate at 3900 KW over the 40 year life of the plant.
tate ooy o Lot Fstes Free shot peeming the |
replacement crankshafts?

A. (Pischinger) No. However, if we assume a g‘inczuu
in the fatigue endurance limit from the shot peening, the
crankshafts should have unlimited life for operation at 3900 Kv,
as well as 3500 KW,

8. 1s compliance with the Kritzer-Stahl design criteria, or

any other code, necessary to assure that the replacement
crankshafts are adequate’




A. (Pischinger) No. With most design codes, and

particularly with the Kritzer-Stahl criteria, conservatism has
been included in the criteria to estimate the crankshaft design
requirements without the benefit of actual engine construction
and development testing. However, it is common and normal
practice in the diesel engine industry to rely upon field
testing and failure analvses to develop a crankshaft that
satisfactorily performs its intended service. Therefore, it is
my opinion that the design analysis and field testing of the
instrumented crankshaft conducted by FaAA is an appropriate and
accurate method of assessing the adequacy of the replacement
crankshafts.

9. Do you have an opinion about the adequacy of the
z;:l;;:::::.c:::tzz:gtn to perform their intended functions in
A. (Pischinger) Yes. In my opinion the replacement
crankshafts are adequate for their intended service at Shoreham
and have a sufficient safety margin. My opinion is based upon

the evaluation of the crankshafts by FaAA, the results of the
FaAA tests and the fact that the cons:rvative Kritzer-Stahl
design criteria predicts unlimited life at 3500 FW and a minimum

200>
of @8 hours at 3900 KW, without taking into account shot

peening.

10, Do you support and concur with FaAA's conclusions
regarding the adequacy of the replacement crankshafts’

A. (Pischinger) I agree completely with FaAA's conclusion
that the replacement crankshafts are totally adequate for their

intended service.



11. Dr. Pischinger has indicaged that the crankshafts can
operate at 3900 KW for at least &#€“fours. What is the maximum
number of hours the EDC's would possibly cperate at 3900 KW over
the 40 year life of the plant?

A. (Youngling) The engines never attain a loading level of
3900 KW in support of an accident sequence at the plant. The
naximﬁm postulated load stated in the FSAR is 3881 KW for EDG
103. The maximum postulated loads for EDG's 101 and 102 are 3409
KW and 3383 KW. These peak loads occur during the first ten
minutes of the accident sequence and significant load reductions
occur thereafter. For example, after the first ten minutes the
load on EDG 103 is reduced 2641 KW,

The engines operate at 3900 KW only during survelliance
testing. This testing is performed on an l8-month interval in
accordance with plant technical specifications. Each engine is
expected to operate at 3900 K¥ for no more than 60 hours during
testing over the 40-year life of the plant. Therefore, it is
obvious that the crankshafts are coﬁﬁlecely adequate for their

intended service at Shoreham.

12. Has LILCO performed any tests to measure actual peak
loads on the diesel generators during a LOCA event?

A. (Youngling) Yes. During the preoperational test program
LOCA conditiorns were simulated and plant response resulted in a
peak diesel generator load that was even less than the FSAR peak
loads.

CONCLUSION

13, Please summarize your conclusions.
A. (Pischinger) The crankshafts comply with the

conservative Kritzer-Stahl design criteria for operation at full



load. Compliance with the Kritzer-Stahl design criteria at
overload is not required to determine that tne crankshafts are
adequate. The replacement crankshafts are completely adequate
for their intended service at Shoreham. This has been

demonstrated by analysis and testing of the crankshafts.
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frofessor Dr.techn., Franz . Pischinger
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Bdward J. Youngling
Manager, Nuclear Engineering Department

Assigned as Manager, Nuclear Engineering Derartment in May 1984. Report to
the Vice President, Nuclear. Responsitle for the overall operation of the
Nuclear Engineering Department. The Nuclear Engineering Department is
charyed with providing the technical direction for engineering, fuel
management, and radiation protection for the purpose of maintaining the
design basis of the Shoreham Nuclear Fuwer Station.

Responsible for the organizaticnal development of the Nuclear Engineering
Department and the definition of functions and responsibilities of the
Muclear Systems Engineering, Nuclear Fuel, Nuclear Project Engineering,
Engineering Assurance and Radiation Protection Divisions.

Provide timely technical support to Shcreham plant operating staff for
routine and abnormal operations in freas of nuclear engineering,
core analysis, ndnum prote tion, health physics, chemistry and

electrical, civil, power and enviromme ital engineering for projects related
to Shoreham. Direct activities relate ! to muclear fuel cycle management
and establish muclear material accountability. Establish core analysis
lymtop:widgmtonovamtmddvicemcmtmlmdwiﬂdrml
patterns. Provide technical direction for the Camany's Radiclogical
and health physics technology assessments for incorporation in the
Campany's ALARA radiation dose reduction program. Responsible for the
Campany's ALARA radiation dose reduction program. Participate with Nuclear
Cperations Support and Plant Operating Staff in the develcpment and
implementation of the Corporate Licensing Policy.

Prepare uﬂupp:wedlhdgetsmhﬂdwmmacdvides
necessary to &amply with Corporate requirements. Prepare testimony and
mummmumtmu,muwlmwmm
as recuired (PSC Prudency, PSC Rate Case, NRC Hearings, etc.). Administer
R&D effarts within the Department in support of the Corporate R&D program.
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Edward J. Youngling

Responsible for the finalization of the Shoreham Delaval Diesel Generator
Design Review/Quality Revalidation Program.

Graduated fram Lehigh University in 1966 with a Bachelor of Science Degree
in Mechanical Engineering. From Jure 1966 to March 1968 attended Union
and achieved credits towards a Masters of Science Degree in Nuclear

Engineering. Successfully campleted the following training courses:

"Introduction to Nuclear Puower® by NUS Corp., July 1970

*Boiler Control Fundamentals® by General Electric Co., Jamuary 1972

"Funcamentals of BWR Operation® by General Electric Co. at the GE Dresden

Simulator, August 1972

*Process Camputer Concepts and Practices®" by General Electric Co.,

February 1973

“Shoreham Research Reactor Training Program® at Brookhaven National

m:mmlmm (NRC SROC License candidate research
reactor training requirement), May 1975

*Planning for Nuclear Brergencies® bv Harvard School of Public Health,

May 1976

*Interagency Course in Radiclogical "mergency Response Planning in Support

of Pixed Nuclear Facilities" by Nuc. sar Requlatory Commission,

Septexber 1978

*Custoner Engineer Training Program i the Methods Used to conduct Maxdmum

Turbine Capacity Tests and Analyze F sults to Detect and Coxrect Cycle

Losses® by the General Electric ., arge Stess Turhine Division,

Septesber 19739

*Shoreham Nuclear Power Station On-Sit Training Program® (RRC SROC license

candidate plant systems training requ -ement), Jamuary - April 1979

*"LII00 Advanced Supervisory Workshop®, pril 1979

"Assertiveness Training Works op®, Now ber 1980

*"LIIO0 Management Workshop®, December . 480

*Shoreham General Srployee Training®, 383

Achieved a Senicar Operator Certification from the General Electric Company
on the Duane Arnold Energy Center Boiling Water Reactor.

March 1981 - May 1984

Wuswmmmnn. Responsible for the
Precperational test activities fnr the Shoreham Nuclear Power Station.

Report to the Vice President-Nuclear. Responsible for coordir 'ting all
Checkout and Initial Operations and Precperaticnal Testing. Set initial
construction “priorities by systam/subsystsm and ponitor construction
progresc as it relates to the startup schedule. Had the authority to
modify construction schedule as conditions demand. Chaired construction
release meetings at which status of construction, as it relates to systems
schecduled to be released, was discussed. Member of the Joint Test Group.
Ensured that the established procecires of documentaticn control were

followed, hspam.ble for the review, monitoring, supervision and approval

Page 2
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Edward J. Youngling

of Checkout and Initial Operations Tests, Precperational Tests, and
Acceptance Tests, review of all test results sumnaries and recammend
acceptance, rejection or modification by the JIG according to results.
Responsible for the production of all the software required for testing of
Shoreham. Certified Level III per ANSI N45.2.6 - 1978.

In August 1983 named as Manager for the Shoreham Delaval Emergency Diesel
Generator Crankshaft Failure Recovery Program. Respansible for

coordinating the failure analysis, rebuilding, retesting and
requalification of the three diesel generator units.

Prepared testimony, was depositioned and testified before the Atomic Safety
and Licensing Board regarding Shcreham contentions dealing with quality
assurance, Ttartup testing and emergency diesel generators. Prepared
testimony and testified before the New York State Public Service
Comission. Responsible for direct interface with NRC Resident, Regicnal
and Staff perscmmel for matters related to the precperational test program
and emergency diesel generators recovery effort.

May 1979 - March 1981

Assigned as Nuclear Services Supervisor in May 1979, reporting to the
Manager, Nuclear Operations Support Division. Responsible for the
management and coordination of those support services required by LIICO
Ncloar Poswer Stations., These support services included coordination of
mjor station modifications, performance of operational desicn reviews,
coordinating the resoxves of other LIILOO Departments and outside
corsultants to achieve a desired result assigned to the Division,
coordinating long-range plamning activities associated with plant
maintenance, fuel cycle strategy and budget and cost control, monitoring

thereto applicable to the facility.

Participated on the LIIOO Corporate Task Forces assessing Shoreham design
and operations, corporate commumnications, crisis manacament and overall
campany emergency preparecness following the Three Mile Island Unit 2
accident., Chairman of the Shoreham Review Task Group, responsible for
developing action plans for implementing post TMI recommendations.
Responsible {or the shoreham Control Room human factors design review.

Developed the corporate policy mamual defining interdepartmental
respansibilities for the LIILO Nuclear Program.




Edward J. Youngling

February 1975 - May 1979

Assigned as Chief Technical Engineer of the Shoreham Nuclear Power Station
~ Unit 1 in Jamuary 1975. Responsible for the activities of the
Instrurentation and Control, Health Physics, Radiochemistry and Reactor
mqinaa.rim.Scctimsotm plant staff, including the development of

the plant Licensed Source User's Camittees as stipulated in NRC Nuclear
Material License No. 31-17432-01, February 1977.

August 1974 - Jamary 1973

Reassigned to the plant staff as the Instrumentation and Control Engineer,
then Acting Chief Engineer-Technical. Responsible for manpower planning
and the development of the technical training programs for subordinate
perscnnel. Participated in generating portions of the Shoreham Safety
mmm.mmmmmmdpmtmm
procedures, lesson plans and systesm descriptions.

July 1973 - July 1974

Named the Instrurentation and Control Dngineer for Shoreham Moclear Power
Station and assigned to the General Electric Company Startup, Test and
Operations (STO) arganization at the Duane Amold Energy Center in Cedar
Rapids, lowa. Participated in the precperaticnal test program in the areas
of in-core muclear process radiation and reactor vessel (pressure, level
and temperature) instrumentation. Acted as G.E. shift engineer during fuel
loading operations and as assistant to G.E. shift engineer during startwp
testing and power ascension program. Participated in the G.E. shift
engineer training program and sat for the G.E. Certification Examination
for DAEC.

August 1972 - une 1973

Reassigned to Shoreham Nuclear Power Station Project as the Assistant
Project Engineer, then Project Engineer. Respausible for overall plant
design control. Cocrdinated design effort between LIICO, Stone and Webster
Egineering Corporation, General Electric Co. MNuclear Energy Division,
various major’equipment suppliers and requlatory agencies.

Noverber 1971 - July 1972

Reassigned wmmmsuméwmummmof
Northport Unit No. 3. Directly responsible for the startup of the boliler
for this 380MW unit including the fuel safety system, the cambustion and

Page 4
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Edward J. Youngling

feedwater control systems and associated mechanical equipment. Assumed
overall plant shift cperations responsibility during the latter stages of
startup. Was an instructor in the Unit No. 3 systems training program
given to plant supervisors, cperators, technic.ans, and mechanics.

November 19€9 - October 1971

Assigned to the Shoreham Nuclear Power Station Project in the Nuclear
Engineering Department., Participated in the engineering review of the
Shoreham plant design in the following areas: plant equipment layout,
ecuipment specifications, equipment selecticn, main control board design,
plant operations logic, plant instrumentation, plant camputers. Review
included contacts with the A-E, Stone and Webster, NSSS supplier, General
Electric Company, various vendors and visits to several nuclear stations.

April 1968 - Cctober 1969

Brployed by the long Island Lighting Company and assigned to the Northport
Power Station. During the pericd, assisted in the startup of Northport
Unit 2, assisted in the station maintenance section supervising route and
shutdown maintenance activities and actad as the station Results Engineer
responsible for the repair and calibration of the station instrument and
control systems and for monitoring station performance.

June 1966 - March 1968

Brployed by the General Electric Copany at the Knolls Atamic Power
Labcratory. Stationed at the West Milton Site as a Mechanical Test
Engineer on the S3G Prototype "USS Triton" submarine. While at the S3G
plant my responsibilities were to prepare procecures for tests and
operztions which were not in accordance with normal plant operations;
supervise the actual tests, analyze the results and issue reports to the
AEC. The following specific activities were engaged in: campleted
selected sessions of the Engineering Officer of the Watch Training Course,
participated in numercus plant tests including routing low power physics
testing including directing reactor control rod movements through Navy
reactor operators, maneuvering transients, main coolant pump tests, power
runs, various engine room tests and ultrasonic testing to trend pipeline
degradation. Participated in the Advanced Reactor Control Program as Lead
Shift Test Engineer, including campletion of reguired training program, and
perfarming precperational tests and integrated plant acceptance testing.

Member - Américan MNuclear Society. Held a Guest Associate Engineer
appointment in the Reactor Division at Brookhaven Naticnal Laboratory.
Member - Pi Tau Sigma. Hold an Engineer in Training Certificate - State of
Pennsylvania (State Registration Board for Professicnal Engineers).



Attachment 3



0030 01 22611
waga | CROSS-EXAMINATION

BY MR. SCHEIDT:
Q. Dr. Johnston, you aren’t a diesel engine
expert, are you?

DR. JOHNSTONs My experience and

2

3

-

5

6 expertise is in the area of structural analysis of

7 structural mechanical components which would include
8 crankshafts in large diesel generators. That is the
9 area in which — structural analysis is the area in
0 which 1 have both practice and experience, also is
11 the area of my education, also the area in which I

12 have lectured at Stanford University.

13 Q. So, you are not a diesel engine expert,
' 14 you are a structural analysis experti is that your

15 testimony?

v DR. JOHNSTON: Yes, I am a structural

17 analyst.

18 Q. And you are not a diesel engine expert?

19 DR. JOHNSTONs I am an expert in diesel

20 generators to the extent that it relates to the

21 analysis of diesel engine components by techniques
22 such as dynamic analysis, modal analysis, finite
23 element analysis.

. - 24 Q. And prior to performing any of your work

25 for the TDI Owners”’ Group, did you ever have any
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experience in the actual design of diesel generatcrs?

DR. JOHNSTON: My experience prior to and
subsequent to the Shorehzm project has not been in
the design of diesel:generators. It has been in the
analysis of components, structural components such
as crankshafts.

Q. And you had no experience in the
manufacture of diesel generators or diesel engine
componentss isn’t that true?

DR. JOHNSTON: I have no experience in
manufaciuring precesses.

Q. And other than, perhaps, driving diesel
engine vehicles, you never had any experience in
operating diesel generatorsi isn’t tha; true?

DR. JOHNSTON: I am not a diesel engine
oﬁcrator.

Q. And, in fact, your familiarity with
diesel generators prior to your work with the TDI
Owners” Group was limited to general knowledge that
an engineer might have from reading papers and

discussing matters with your cclleagues, isn‘t that

true?

DR. JOHNSTON: My experience with diesel
generators would only be that which is related to my

capabilities and experience in the analysis of
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structural compenents. It wouldn’t be included in
diesel generators or other machinery cr other
structures.

Q. . Thank you, Dr. Johnston.

Prior to your performing any work for the
TD1 Owners” Group you had never before analyzed the
crankshaft structure, isn‘t that true?

MR. STROUPE: [“m going to object to the
form of that question. 1f he wants to ask him a yes
or no question thet’s fine, but I think these
continual leading questions, and the witnesses
exhibit no hostility, are improper.

JUDGE BRENNER: It’s cross-examination,
he’s allowed to ask leading questions.

MR. STROUPE: I understand that. But I
still believe the way the questions are being asked
that they are improper.

JUDGE BRENNER: The obhjection is
overruled. I think they’re proper.

DR. JOHNSTON:s I think my experience and
education 1s quite clear. It is in the area of
structural analysis, both statically and dynamically.
It is applicable to the analysis of many components
including crankshafts, and I — that is the area

that 1 specialize in. I am not an operator or
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manufacturer of generators and I have not in the

past specifically been involved in the design of
engine components but I have been involved in the

analysis of such components,

Q. My question, Dr. Johnston, was isn“t it
true that you haven’t structurally analyzed the
crankshaft for diesel engines befcre?

DR. JOHNSTON: Specificalliy, I have not
analyzed a crankshaft for a diesel engine prior to
this project.

Q. Thank you.
DR. JOHNSTON: Although the same

techniques are used to analyze many other similar
components.

Q. When you say similar, what components or
object do you believe is the most similar to the

crankshaft that you performed the structural

analysis on?

DR. JOHNSTON: The tools that I used to
analyze a crankshaft such as the modal super
position technique and finite element analyses,
general techniques that I use to analyze many
components that range from crankshafts to piping
supports to off shore platforms to buildings,

they are used for calculating stresses {n components.
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Those are the tools that I’/m familiar

withe

Q. Well, aren’t pipes different from
crankshafts in terms of structural analysis, aren’t
they subjected to different stresses?

DR. JOANSTON: From the standpoint of
structural analysis, they are not different. The
techniques used to analyze them are the same. Yes,
they are subjected to different stresses, but,
however, the techniques used to analyze such
components are the samz. Tney take into account the
different loading and use the same method to compute
the stresses.

Q. And i{s the structure of a crankshaft such
as that used in the EDG’s at Shoreham significantly
more complex than that of pipes used in nuclear
power plants?

DR. JOHNSTONs Not necessarily.

Q. Well, can you explain —

DR. JOHNSTON: Well, for example, the
intersection between a pipe and a vessel is an
extremely compler stress analysis problem as indeed
is a crankshaft a complex stress analysis problem.
There are some problems that are easy, there are

some problems that are more difficult. Crankshafts
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would not be representative, necessarily, of the
most difficult companent to analyze or necessarily

the most difficult component that I have analyzed.
Qe I will ask my question again, because |
do not believe that you answered i{t.

What component that you have analyzed
before is most similar to that of a crankshaft in
terms of structural analysis?

.~ DR. JOHNSTON: I don’t feel that there’s
any one particular component that I would regard as
similar to a crankshaft that I have analyzed in the
standpoint of what you see it doing or what it looks
like. But as I outlined, the kind of components
that | have analyzed are analyzed by the same
techniques as those of a crankshaft. I“m not sure
whether you would consider a shaft that didn’t have
cranks and webs as similar to a crankshaft. I’m not
sure whether — what you would consider similar to a
crankshaft.

What I have testified to and what I will
state again is that the components that I have
analyzed in the past are similar to those of a
crankshaft because the methods used to analyze them

are similar.

MR. SCHEIDT: Judge Brenner, I“d just
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waga | like the record to reflect that counsel from New
2 York State has now arrived in the courtroom.

. 3 JUDGE BRENNER: Well, you have noted that

0 and I“m sure you intend to be courteous. [ have
5 refrained from noting that last week and this week
6 so it should not be taken as opposite of being
7 courteous but ramifications may flow from the
8 periodic attendance from New York State. You may
9 proceed. You may proceed.
10 Q. Mr. Montgomery, do you consider yourself
11 a diesel engine expert?
12 MR. MONTGOMERY: My experience has been
13 in the area of stress analysis applying the

disciplines of vibration mechanics and fatigue

—
-

15 analysis that were employed in the design review for
16 the replacement crankshaft at Shoreham.

17 The techniques that were employed for the
18 design review on this component as Dr. Johnston has
19 already stated is generic and applicable to a wide
20 variety of components undergoing structural review
21 and analysis.

22 Q. So you are not a diesel engine expert, is
23 that what you’re saying, but you are a stress

N
»

analyst expert?
MR. MONTGOMERY: | am a stress analyst.

&
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Q. Are you not a diesel engine expert?

waga
MR. MONTGOMERY: Insofar as the question

you’re asking relates to diesels, noi however, the
analytical techniques generically apply to a wide
range of components including the crankshaft on the

diesel generator.

Q. So that, Mr. Montgomery, have you ever
either designed or menufactured diesel engine

components?

©C © O N &6 v e w N

MR. MONTGOMERY: I have not been involved

in the manufacturing of diesel engine components.

Q. And have you been involved in the actual

e
N

design of diesel engine components?

—
w

MR. MONTGOMERY: Your question, of course,

=

15 relates to crankshafts.

16 Q. Have you been involved in the actual

17 design of the crankshaft for a diesel engine?

18 MR. MONTGOMERY: [ state that because
19 diesel engine components would include a wide

20 variety of engine elements which would i{nclude {ts
21 various manifolds, piping supports, tubing. In

22 these areas I“’ve had direct relevant experience.
23 Q. Design experience.

MR. MONTGOMERY: In the general sense,

N
-

N
o

yes,
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Q. What do you mean by the general sense?

waga
MR. MONTGOMERY: As my summary of

experience will bear out, I have had direct design
and analysis experience on nuclear safety related
piping and pipe supports at various installations
throughout the country.

Insofar as safety related piping in
applications other than — other than diesz2] generator

applications, I have had direct experience.

O © © 94 o v a W N

Q. So you haven’t had direct experience with

respect to piping on diesel generatorsi is that true?

MR. MONTGOMERY: There’s nothing

w o

significantly different about the piping

configurations.

—
-

15 Q. That wasn’t my quecstion, Mr. Montgomery.
16 MR. STROUPE: I“m going to object to his
17 interrupting the witness, Judge Brenner. I think

18 the witness is entitled to give an answer. If he

19 doesn’t get his answer, then he’s certainly entitled
-0 to request assistance or to ask it again.

21 JUDGE BRENNER: All right. WMr.

22 Montgomery, you should try to answer the question

23 asked first and then to the extent that you want to

. 24 effer an explanation, you can do that. I infer that
25 what you had started out with was the explanation,
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waga ] and the problem is when a witness does that,

2 sometimes he forgets to include the direct answer to

. 3 the question by the end of that. Start out with the
- answer, and then we will assure that you/ll have
5 sufficient opportunity to provide an explanation as
6 long as it’s pertinent to the particular guestion
7 and answer.
8 Do you recall the question at this time?
9 MR. MONTGOMERY: Yes.
10 JUDGE BRENNERs All right. Please answer
11 it.
12 MR. MONTGOMERY: 1 have not had direct
13 responsibility for design and analysis of piping in

a diesel engine applicationt however, as 1 had

—
L3

15 started to explain, the application of the piping

16 and pipe support design analysis tools for this type
17 of configuration is generic, and can be utilized on
18 a diesel engine as well as on any other piping

19 application in the planti so that for the case of

20 the piping configurations supporting the diesel

21 generator, there is nothing specifically or uniquely
22 di fferent about it.

23 Q. Mr. Montgomery, prior to working for

LILCO, did you ever perform a stress analysis on a

n
-

diesel engine crankshaft?

&
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MR. MONTGOMERY: I have not performed a

—

waga
detail stress analysis on a crankshaft prior to
jJoining LILCOs however, as was already stated in the
testimony of Dr. Johnston, the analytical technigues
that are utilized in the design and analysis of the
replacement crankshaft such as forced vibration
solutions to dynamic vibratory problems, fatigue
analysis, modal superposition, all of these are

standardized techniques that are well-known to

O © N 6 Vv o a w N

people in my field.
Q. After the fajilure of the original

crankshafts at Shoreham, did you perform any stress

—
N

analyses of those crankshafts — I’m sorry, prior to

w

the failure of the original crankshafts, have you

»

15 performed any stress analyses of those crankshafts?

16 MR. MONTGOMERY: Your question i{s to me

17 personally?

18 Q. That’s a start.

19 MR. MONTGOMERYt Prior to the failure of

20 the original crankshafts, we’re speaking now of the

21 11 by 13 configuration, 1 was not directly involved

22 in the review of the diesel generator sets or any of its
23 design bases.

N
n~

Q. You say that you were not directly

involved.

&
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What was the extent of your involvement
in the stress analysis of the original crankshafts?

MR. STROUPZs I’m going to object to that
questien. I don’t believe that accurately
characterizes what he said in his answer.

JUDGE BRENNER: | guess it’s a matter of
interpretation. We can let the witness explain it
or you can stay with just the second sentence of
your question, Mr. Scheidt. Either way we’ll get
the answer and you ¢can follow up.

MR. SCHEIDTs Okay. I”711 try to ask the
question again.

BY MR. SCHEIDT:

Q. Prior to the original failure, of the
original crankshafts, you ware not directly involved
in the review of those crankshafts, and I assume
when you say review, you mean stress analysisi {is
that correct, Mr. Montgomery?.

MR. MONTGOMERY: Yes.

Q. What was the extent of your involvement,
if it was not direct?

MR. MONTGOMERY: My involvement was
peripheral, in that in the standby diesel generator sets
had been an activity monitored by other individuals

within the pro ject engineering division.



Q. And were those individuals Stone &

x
[+Y
Q
o
[,

Webster employees or were they LILCO employees?

MR. MONTGOMERY: My firsthand knowledge
was of LILCO employees.

MR. SCHEIDT: 1 don’t want to go into
this area too deeply, but [“d just like to know
which individuals at LILCO were responsible for the

analysis of the original crankshaft prior to its

e & g b B » L N

failure.

MR. STROUPE: I“m going to object to that

= 3

question on the basis there’s no foundation or

evidence that there was any such analysis.

JUDGE BRENNER: Well, we will find that

W N

out in a hurry. I thought you were going to ob ject

-
S

on some other basis, but that objection is overruled.

—
n

16 MR. STROUPEs I would also add to that
17 objection that I believe this would appear to me to
18 be outside the scope of the contentions as they are

L

5

admitted in this proceeding.

20 JUDGE BRENNER: Can you explain the

21 materiality of the question, Mr. Scheidt?

22 MR. SCHEIDT: One second, Judge Brenner.
23 Judge Brenner, the question is related to

N
-

the expertise of the witness in the area of stress

4

analysis.
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I admit it’s not directly related, but it
would be relevant and material to know the extent of
this witness®?s involvement in the analysis, if there
was an analysis, Mr. Stroupe, and the extent of
supervision, i{f he had any supervision, and the
extent of the analysis as a comparative factor with
what went on afterwards.

JUDGE BRENNER: I“/m smiling only because
1 predicted the correct answer. If you wanted to
ask the question, we“1]l allow it on that basis, but
as you said, not too deeply.

MR. SCHEIDT: As I indicated —

JUDGE BRENNER: Because given that reason,
it shouldn’t be necessary.

Do you recall the question after all that,
Mr. Montgomery? He wants to know the names of people
at LILCO, if any, who performed the analyses, stress
analyses of the original crankshafts prior to
failure.

MR. MONTGOMERY: The stress analyses
performed on the original !l by 13=inch crankshaft
configuration s done by Trans-America DelLaval. A
review of that analysis was performed by our Stone &
Webster engineering consultants.

LILCO did not directly perform a stress
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analysis review on the original crankshafts.

Q. Mr. Montgomery, you testified t-at you

were peripherally involved in this review.

What was the extent of your involvement,
what did you do?

MR. MONTGOMERY: I believe that | stated
that | was peripherally involved in matters related
to the emergency diesel generators at Shoreham.

Q. And I would like to know what your
peripheral involvement was.

MR. STROUPE: With regard to the stress
analysis of crankshaft.

JUDGE BRENNER: Is that right, vr.
Scheidt?

MR. SCHEIDT: Yes.

MR. MONTGOMERY: In response to your
direct question, no.

If I can = to restate it, you asked for
what my direct involvement was {n the — or
peripheral involvement was in the stress analysis
review that was being performed prior to the fafilure
of the original 13 by !l crankshafts however, I may
want to point out that subsequent to the failure of
the 11 by 13, | was directly involved in the review
of the TDI calculations as well as the developing
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FaAA evaluations.

Q. Just so that | have an understanding of
what you just testified to, did you state that you
had no involvement in the review of the stress
analysis prior to the failure?

MR. MONTGOMERY: Yes.

Q. And your involvement only came about
after the failure of the original crank shaftsi
isn’t that right?

MR. MONTGOMERYs Yes, that’s correct.

Qe And you were involved in the review of
the analysis of the replacement crankshaftsi isn’t
that true?

MR. MONTGOMERY: 1 was involved in the
capacity of engineering specialist within the DRQR
program which developed out of or out of a
consequence of the failure of the 13 by Il
crankshaft, and in that capacity, I provided
technical review and direction to LILCO consultants
which includes Failure Analysis Associates, Power

and Energy International and Stone & Webster

22626

Corporation in their assessments of the original and

replacement crankshaft.
Q. What technical review did you perform?
MR. MONTGOMERYt I performed reviews of
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the Phase | and Phase 2 replacement crankshaft
reports as well as their supporting calculations as

performed by FaAA.

1 also performed a review of the failure
report on the 13 by .11 crank shaft and its

supporting calculations.

Q. Did you perform any independent review or
independent analysis of the replacement crankshafts?
MR. MONTGCOMERY: The review of the
original crankshaft failure as well as the
replacement crankshaft, as this panel would testify
to, was directly perfc.med by FaAA, and to some

extent PEIl.

In my review of their work, other than
simple checks on the overall analysis, I performed
no in-depth review or parallel review to their = to
replicate their work effort.

Q. And you’ve testified that you also
provided directi~n to the work performed by LILCO
consultants.

Could you elaborate what you mean by
direction of that work?

MR. MONTGOMERYt I provided guidance in

the area of the specific design requirements as

specified in our purchase specification and our
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licensing requirements under LILCO interpretation of
cdr commitments to our specialists for their
implementation into the design review.

Q. What do you mean by LILCO interpretations
of your FSAR requirements?

MR. MONTGOMEZRY: Let me state flatly then
the FSAR requirements.

Q. When you say design requirements, do ycu mean
the DEMA standards?

MR. MONTGOMERY: Yes, that is correct.
Our purchase specification clearly states that the
Diesel Engine Manufacture Association, DEMA
standards are in effect for the replacement
crankshaft.

Q. And what sort of guidance did you provide
LILCO consultants concerning DEMA?

MR. MONTGOMERY: It is our testimony that
the DEMA recommendations be implemented using
conservative conventional analytical techniques, and
in conjunction with our consultants, we interpreted
the DEMA reccmmendations as specified by
methodologies that are developed in the diesel
engine industry over many years and these are
reflected in our various reports.

JUDGE BRENNERs Mr., Scheidt, I wonder {f
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waga I might interrupt on what I hope is not a lengthy
digression. I did not ask the parties whether
anything had been worked out as to particular
sequences within this sequence of the testimony and
if any party raised anything so I assume everything
has been worked out satisfactorily.

I had assumed in my own mind that after

you finished the qualifications of the witnesses,

and 1 sense that you’re now overlapping into Part 3

© v O N O v o b w

on page 64 of the cross plan —

MR. SCHEIDT: Excuse me, Judge Brenner,

—
PR

by the witness’s testimony, that wasn’t my intent,

o

but we’re here =-—

W

JUDGE BRENNER: It“’s perfectly okay. I’m

—
B

15 not criticizing 1it.

16 I had thought that maybe you would go to
17 your primary questions to Mr. Youngling and ODr.

18 Pischinger before focusing on this part of the panel,
19 nct that it was required, hut ju;t in case our time
20 estimates turned out to be incorrect, but I don’t

21 know if that was discussed among the parties.

22 One reason I raised it is that I have

23 something else in mind further down the line that we

said we would try to the extent feasible to make

N
F N

some productive push forward for shot peening at

&



0030 01
waga |
2
"' 3
4
5
6
7
8
e
10
11
12
13

N

W N = O VvV O 9 o v

N
n

N
wm

22630

least. I don’t know if I“11 be able to do any of
that. But does Dr. Pischinger still have a
scheduling problem?

MR. STROUPE: Judge Brenner, Dr.
Pischinger is available for the remainder of this

week.

My understanding is he will be going back
to Germany at the end of this week. He has some
obligations which are undeferable, so to speak. He
will — we have asked him to make an attempt to
accommodate his schedule to come back to this
proceeding, perhaps the week following, a week to
ten days, something like that.

JUDGE BRENNER: All right.

MR. STROUPE: We would obviously like to
discuss later in the week, depending on how this
goes. |

JUDGE BRENNER:s I didn’t mean to get too
far ahead, but if he will not be here next week, it
may not make a difference, but would it affect your
plan, Mr. Scheidt, to ask the questions you have on
approximately page 69 of your cross plan before the
questions starting at part B on page 647

MR. SCHEIDT: It would affect my plans,

Judge Brenner. I can accommodate Dr. Pischinger. I
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prefer to do it after I“ve established some points
on cross—examination and preferably not today.

JUDGE BRENNER: All right. I recognize

that the subjects overlap. All right. Well, I hope

the cross won’t go too far beyond today, but we/ll
see where it goes. Go ahead. I“m sorry for the
interruption.

BY MR. SCHEIDT:

Q. Mr. Montgomery, you testified that you
interpreted the DEMA recommendations as specifying
methodologies that were specified in the diesel
engine industry over a number of yearsi isn’t that

right?

MR. MONTGOMERY: I did not testify that I

interpreted the diesel engine manufacturers
associations recommendations.

The various consultants specifically are
Dr. Simon Chen of Power and Energy International,
who was a former chairman with the technical
committee for DEMA, provided us with excellent
insights into the application of DEMA for our

situation.

Q. Was he the only source of your knowledge -

when I say your, 1 mean LILCO, FaAA, was he the only

source for this interpretation?
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MR. MONTGOMERY: We reached these
conclusions or interpretations based upon a number
of consultants’ input, which includes Trans-America
DeLaval, Failure Analysis Associates and PEl, all of
which concur with the appropriate aspects of the
DEMA calculations attributed to them.

Q. ¥Mr. Montgomery, you spent a significant
amount of time developing the tracking system for
the TDI diesel engine failure experience for use in
the DROR, isn’t that true?

MR. MONTGOMERY: One of my
responsibilities within the URQR program was to
develop and assemble all relevant diesel engine
experience including Shoreham, IDI experience,
nuclear experience, which includes both TDI and
non-TD]l generators, and non-nuclear engines in the
area of TDI’s marine applications. v

Q.- How did you determine which of this
experience was relevant?

MR. STROUPE: At this point in time I am
going to register an objection to this line of
questions. [ don’t see how {t’s relevant to the
admi tted contentions.

JUDGE BRENNERs Well, 1711 let Mr.

Scheidt respond.
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MR. SCHEIDT:t The area is an area that he

waga 1

2 performed what, | believe, was a substantial amount
3 of work and time on. I“m trying to develop what it

. « is that he actually did and how much time he spent
5 on it and so on.
6 MR. STROUPE: 17d like to know how that
| relates to —
B JUDGE BRENNER: Wait a minute.
9 You’re claiming just in the area of his
10 qualifications.
11 MR. SCHEIDT: Background, what work he
12 performed.
13 JUDGE BRENNER: Well, it’s relevant to

that. It’s also, at least he’s apparently not into

H

15 it deeply yet, relevant to the LILCO testimony that
16 extensive experience with the new crankshaft, the 13
17 by 12 crankshaft shows how good they are. So we’ll
18 allow it. Do you understand the question, do you

19 know what the question is?

20 MR. MONTGOMERY: Please repeat it.

21 Q. How did you determine what experience was
22 relevant and not in compiling this tracking system?
23 MR. MONTGOMERY:t The relevancy or

non-relevancy of the individual experience items was

N
»H

not determined by LILCO.

N
wm
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As the DROR Phase 2 final report, nine volume
set will show. within each diesel engine component,
there is an appendix summary sheet which itemizes
the Shoreham, nuclear and non—-nuclear industry
experience for that particular component, and
determines whether or not that failure would have
any consequences or bearing on the design review
performed by the task leader of that componenti so
in the sense of relevancy, that was a determined -
a value determined by the group task leader for that
particular component.

Q. What were the standards used with respect
to crankshafts in determining whether a failure had
a bearing on Shoreham?

MR. MONTGOMERYs As I just stated, the
relevancy or bearing of a particular failure on a
cotiponent”’s design review {s the responsibility of
the assigned task leader.

Q. It may be his responsibility, but do you
know what the standards he used were?

MR. MONTGOMERY: [ assume I would have to
answer this question programmatically.

The assessment of the individual failure
incidents by the responsible task leader would

involve taking into consideration the impact that
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that incident would have on the quality assurance,
quality control, design adequacy, operation and
maintenance, material selection, and any other
factor as it relates to Shoreham, and what was, in
fact, the steps taken at Shoreham to preclude the

occurrence of that failure,

Q. Who was the task leader for crankshafts?
MR. MONTGOMERY: Dr. Paul Johnston.
Q. Perhaps this question ought to be

directed to you, Dr. Johnston.

What were the standards used in
determining what impact these incidents had on
quality assurance, quality control, operation and
maintenance, design adequacy and material selection?

MR. SCHEIDTs Doctor, I would like your
answer and not Mr. Youngling’s, if I may.

JUDGE BRENNERs: Mr. Scheidt, you have eyes
as well as | do. 1 assumed you had no objection to
other members of the panel conferring on some of
your questions. If you do have that problem, say so
sooner rather than later.

MR. SCHEIDT: A certain amount of leeway
can be given but it can be excessive, too.

JUDGE BRENNER: Mr. Youngling, if you

have something to say on this, you can tell us
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directly. It’s a matter of the witness’s part, too.
If it’s just a check, I understand why you might
want to confer and have the witness answer providing
the question is not limited to one witness but we
have a lot, but if there’s a lot to say, its more
efficient to get it directly.

DR. JOHNSTON: As task leader of the
crankshaft design review, the standards used include
the DEMA standards for the stress analysis of the
crankshaft includes material specifications and
material test rrocrts for the materials, inciudes
the inspection reports for the quality assurance
work that covers inspections on the particular
generators, and Mr. Youngling, I think, perhaps,
would address the area of operations and maintenance.

VR. YOUNGLING: Mr. Scheidt, as far as
the operation and maintenance was concerned, the
initial base line documents that we used were the
TDI operations manuals, which specified how to
operate and maintain the manual — the engine generator
sets.

From there, as we went into the operating
experience, and the design reviews, we expanded into
other recommendations that have been put forth by

the Owners’ Group.
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As far as the testing is required, that
mainly relates to the regulatory requirements by the
NRC and our commitments to those requirements in the
Shoreham FSAR.

MR. SCHEIDT: I think we’re moving away
from the original question that was asked and that
was experience of other TDl generators in other
installations and in determining the impact of that
experience on Shoreham. The standards that were
used in determining the impact of that experience on
Shoreham.

MR. STROUPE: Judge Brenner, I will again
make my objection. @#hat has obviously started out
as I think qualification questioning is now into the -
I believe the meat of the DRQR. It was my
understanding that was not an issue in this
litigation. The experience that, I believe, LILCO
used was, perhaps, not experience gained as a result
of the DROR.

JUDGE BRENNER: Well, you know, I
understood that is an objection by LILCO and we make
certain rulings on the admission of the contentions
that bear on that., I don’t want to repeat the whole
discussion, but in not ruling out == in ruling out

certain parts of the contentions, we emphasized that
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just because we were ruling it out did not mean that
other experience was immaterial as applied to
particular context, and apparently not only the
County is taking us up an that, but I suggest to you
that LILCO in its Exhibit C-6, among other places,
has put that experience into issue, and you then
relied on that Exhibit C-6 on your testimony, I
believe, on page 13. And I don’t know if Mr.
Scheidt has planned on being there substantively,
but there is no requirement for a bright line
between qualifications and the substance, and he’s

going to get there sooner nr later, I suspect. It

might as well be now, and you can respond, Mr.

Stroupe- but if you think I“/m misunderstanding
something about your testimony in Exhibit C=6 —
Let me the state my impression, Exhibit
C-6 1ists experience at other diesel generators, and
the testimony = I shouldn’t try to paraphrase from
memory, but it says this experience shows that the
other conclusions about the reliability of the
erankshafts are correct., Let me find it precisely.
Page 13 of the LILCO testimony, McCarthy
et al., on this particular =— for which this
particular panel -— some members of this particular

panel are present, states in the second paragraph of
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experience with 13 inch by 12 inch crankshafts in
DSR-48 generators that establishes the crankshafts
are reliable.

It goes on to cite the table on Exhibit
C-6 that it refers to.

MR. STROUPE: | understand what you’re
saying, Judge Brenner.

JUDGE BRENNER: Questions are at least

O OV O N O U B W N

relevant to thect, even if you disagree its relevance

to other things. It may also be relevant to other

L
N e

things.
Q. The question is what are the standards

W

that were used in determining whether incidents with

ES

15 other TDI generators other than the Shoreham EDG’s
16 had an impact on Shoreham?

17 DR. JOHNSTON: The standard {s based on
18 judgment.

19 Perhaps 1 could just give you an example.
20 One of the items that is entered as

21 experience that should be accounted for in the

22 design review of the replacement crankshafts is the

23 failure of the original crankshafts, and the
. 24 original crankshafts were analyzed so that we
25 understood why it was that they failed, and why it

26 is that we believe that the replacement crankshafts
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are adequate.

Having assessed the differences between
those, we can then reach a judgment that that
particular piece of experience does not present any
problem to the adequacy of the replacement
crankshafts.

Q. My question, though, goes to non=Shoreham
EDGs and how that experience was determined to be
relevant or not to Shoreham generators. I
understand your point on the original crankshafts.

MR. MONTGOMERYs In a2 very similar matter
the problems —

DR. JOHNSTON: The problems we
experienced with V=16 engines, we had analyzed
crankshafts on V=16 engines, we assessed where their
criticals lie, we assessed what the stresses were in
the crankshafts, both in V=167 now and in some
V=167s that experienced difficulties because of
di fferent counter-weighting. We used those to
assess what it is that’s different about crankshafts
that had problems from the crankshafts in the EDG’s
at Shoreham.

By doing that, and comparing the stresses
that existed in crankshafts that nad problems with

those that exist in the replacement crankshafts at
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Shoreham, we can assess the relevance of that

experience.

Q. So it’s your testimony that some of the
standards that you used are the stresses that are
present in other TDI generatorss is that correct,
and how they might differ from the EDG’s at Shorehaw?

DR. JOHNSTON: That is correct.

Q. What other standards do you use?

DR. JOHNSTON: Other standards include
the material specsi for example, the EDG’s at
Shoreham have -- maybe have certified materials that
is compared to the allowables.

JUDGE BRENNER: Dr. Johnston, in your
last answer, were you restricting it to the
crankshafts even though you did not expressly so
state?

DR.. JOHNSTONs Yes, sir, 1 was.

Q. Are there other standards that you used
other than material specifications for the
crankshafts?

DR. JOHNSTON:s The standards for
operation and maintenance typically related to the
TD! manual for that, so that those also !epresent a
body of standards by which operations and

maintenance problems at other sites may be compared
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22642
with that.

Q. Were the TD! operation manuals different
from engine to engine, or were they the same? You
can, for example — for the DSR-48 generators, were
those operatina manuals the same?

MR. STROUPE:s Do I assume correctly this
is restricted to crankshafts?

MR. SCHEIDT: Yes.

DR. JOHNSTONs The operations manuals that
1 have seen for the Shoreham engine is certainly
different then any other operations manual that I
have seen,

Q. Does that include operating manuals for
other nuclear power plants?

DR. JOHNSTON: Yes, it does.

Q. How does it differ? Well, certainly
there’s one area where it differs —

MR. SCHEIDT: Mr. Youngling, I“m
following up with questions to Mr. Johnston,

JUDGE BRENNER: We“ll let you add {f you
want, Mr. Youngling, but this is direct follow=-up to
the difference that Mr, Johnston at least has seen.

MR. YOUNGLING: I4m sorry, Judge.

DR. JOMNSTON: For example, the numbers

of cylinders in an engine at Shoreham would be
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di fferent than a number of cylinders at Catawba,
that would be included in the operations manual for
the two generators.
Q. My question was as between DSR-48
generators, do the operating manuals differ?

DR. JOHNSTONs I have not inspected the
operations manuals for other nuclear service DSR-48
generators.

JUDGE BRENNER: Let’s let Mr. Youngling
add at this point if he wants to answer the guestion
as to what differences there are in the operating
manuals for, | guess the gquestion ended up being
focused on other DSR-48 engines, and {f you then
want to go beyond that, we’/ll accept that also.

MR. YOUNGLING: Depending upon the
arrangement and the configuration, there could be
di fferences in critical speed components in the
engine which would require different precautions as
to where the engine should or should not be operated.

That certainly could relate to the
straight eights and certainly to the V engines which
would make them different. That was the ma jor point
that | wanted to make.

Yes. There could be differences between

the manuals.
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Q. Dr. Johnston, did you ever examine the
operating manuals for TDI DSR-48 engines in
non-nuclear power plants == in non=-nuclear
applications?

DR. JOHNSTON: No, I did not.

Q. Now, were there any other standards that
you used in determininy whether experience with TDI
diesel engines at plants — installations other than
Shoreham had an impact on Shoreham?

%R. MONTGOMERY: In addition to the
standards already mentioned, there are a number of
other general engineering standards for assessing
both the adequacy of particular components and the
reasons for problems in other components. These
would include the endurance limits, for example, of
parts that may have fajled and other material
parameters.

Q. Such as?

DR. JOHNSTON: Such as yield strength,
elongation.

Q. Did the DROR analyze any of the
crankshafts on TDI engines that did not fail to
determine whether they were relevant to the Shoreham

crankshafts?
DR. JOHNSTON: Part of the design review
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process, we have analyzed a number of crankshafts in
NSR-48 engines, and including those at River Bend,
Rancho Seco, also some engines in Saudi Arabia, so
that we have, indeed, compared stress levels in
engines that have operated satisfactorily with those
at Shoreham, and we have included this experience in
a number of reports, including the report on the
failure investigation of the original 13 by JI
crankshaft at Shoreham.

Q. Which engines in Saudi Arabia did you
compare stress levels for?

DR. JOHNSTON: We have compared the
stress levels {n the engines at.Rnhfn in Saudi
Arabla.

Q. Where is this information reported?

DR. J.ANSTON2 The stress levels for the
engine at Rahfa, those calculations have not been
specifically reported in the failure analysis
reports, «lthough the torsional systems for them
have been reported in the TDI submittal to the
American Bureau of Shipping.

Q. You mentioned that some of this
information was contained in the Fa’A reports.

1s it contained in the DRQR reports?

DR. JOHNSTONs Explicit stress analyses
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or the results from the stress analyses are not
included in the DRQR reports for the Rahfa enginesi
however, that experience base has been included.

Q. Has been included where?

DR. JOHNSTONs It is included in part of
our assessment of the adequacy of the 13 by 12
crankshafts.

Q. And that”’s in the FaAA report on the
original crankshafts right?

DR. JOHNSTONs It i{s also in the FaAA
report on the replacement crankshaft dated May 22,
1984,

Q. I1s it included in the DRQR Phase 2 report
on crankshafts?

DR. JOHNSTON: The DROR report is a
summary report that referenced the May 22nd, 1984
Failure Analysis report on the EDG’s. The Failure
Analysis report does include that experience.

Q. Mr. Montgomery, is {t true that the
component tracking system does not track experience
with crankshafts and DSR=48“s that haven’t failed?

MR. MONTGOMERY: You“re talking about the
experience {n the computer tracking system for the
component crankshaft?

MR. SCHEIDT: Yes.



0030 01 22647
MR. MONTGOMERY: Only?

MR. SCHEIDT: Yes.
MR. MONTGOMERY: To the best of my

waga

knowledge, the computer tracking system generically
contains information which encompasses known
failures or problems that have been incurred on a
particular component. It ordinarily does not
reflect positive or service experience on a

particular component.

O © @ N O VvV 2w N

Q. In fact, it doesn’t indicate any analysis

of non=failurest does {t?

MR. MONTGOMERY: For the purposes of the

—
n

DROR review program, a listing of service experience

—
w

serves no immediate function. A listing of knéun

o

15 flaws or failures, maintenance oversights, material
16 inferiority, these are the aspects that require

17 further investigation and review.

18 MR. YOUNGLING: 14d like to add to that,
19 if I could.

20 I think Mr. Johnston pointed out earlier
21 that the DROR and the FaAA people have looked and
22 analyzed other engines that have operated

23 satisfactorily and looked at their crankshaft

N
B

designs, and, perhaps, Dr. Johnston can comment on

nN
s

that again.
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MR. SCHEIDT: 1 don’t think there’s any
need to go over the same testimony.

Q. Dr. Johnston, is it your testimony that
the DROR program only looked at the alleged
satisfactory experience at three locations of DSR-48
engines in addition to Shoreham, Rarcho Seco, River
Bend and Saudi Arabia, Rahfa?

DR. JOHNSTON: No. That’s not cecrrect.

We have looked at engines at a number of
locations which are listed in Table 4.1 of the May
22nd Failure Analysis report.

1 indicated the other three engines as
specific examples of engines which we have analyzed,

The stresses in DSR-48 engines vary a
littie bit from engine to engine due to minor
differences in configurations such as a slightly
different fly wheel, and so the stresses may vary a
small amount from one to another.

We have looked at three other sites to
compare the stress levels, but we have included the
experience of eight sites in that Table 4.1.

MR. STROUPE: Mr. Scheidt, you might want
to note that Table 4.! is contained in LILCO exhibit
C=17.

MR. SCHEIDT: I picked up on that, Mr.
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waga 1 Stroupe.
2 JUDGE BRENNER: Well, it helps the record
. 3 whan he does that, too, Mr. Scheidt.

4 MR. SCHEIDTs I understand.

5 DR. JOHNSTONs: 1“d just like to add that,
6 it is our understanding that these eight sites

7 represent all of the DSR-48“s that are in service,

8 and includes 26 engines.

9 JUDGE BRENNER: That’s the same table as
10 we have as C=63% isn’t it? 1 guess I can compare {t,
11 too, but I thought you knew offhand.

12 MR. STROUPE: That’s correct, Judge.

13 JUDGE BRENNERt When you interrupted to

give us the Exhibit No., I thought you were going to

—_
»

15 give us C-6, and that’s why I’m a little surprised.
16 BY MR. SCHEIDTs

17 Q. Did the DROR program include an

18 examination of the operating manuals for each of

19 these 26 DSR-48 engines.

20 DR. JOHNSTON: Typically, the operations
2l manual would be reviewed as part of the

22 understanding of a failure event that would be

23 reported in the computer component tracking system

N
s

so that the operations manuals for all of these

sices were not reviewed because of the fact that

&
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they did not experience failures.

Q. You stated that all of them were not
examined.

Were any of them examined?

DR. JOHNSTONs Information from the
operations manuals of these other — of some of
these other engines were examined in order to
determine the torsional systems for other enginesi
for example, the Rahfa enginei however, the extracts
of that information was performed by IDI.

Q. You said you relied on TDI for part of
your analysis with respect to these engines.

MR. SCHEIDT: Does answering this
question require a conference, Dr. Johnston?

DR. JOHNSTONs To answer your original
question, the adequacy of the crankshafts was
assessed without relying on information from
Trans-America DelLavals however, the particular
exhibit that we are — have been referring to, the
history of other TDl engines in service was, indeed,
compiled by Trans—America Delaval.

MR. MONTGOMERY: [ would just like to add
to that, that the Shoreham experience, of course,
was provided to TDI by LILCO.

JUDGE BRENNER: || guess they did hear
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waga | about it. ,
2 Mr. Scheidt, I“m looking for a convenient
3 place to stop for lunch. Also I“m going to ask you
. 4 whether you’re ready to move on to Point 2 within

5 your subpart C.

6 MR. SCHEIDT: I would prefer that Dr.

7 Chen be present for that part of the testimony, so I
8 will pick that up when he arrives.

9 JUDGE BRENNER: Let me phrase it
10 carefully. Are you finished with Point | of C?

1 MR. SCHEIDT: Point | under which point,
12 Judge Brenner?

13 JUDGE BRENNER: I think —

MR. SCHEIDTs Point C.

—
»

15 JUDGE BRENNER: [ don’t want to be

16 confusing but I just wanted to know much I revealed
17 would be solely past history which you would have no
18 objection as to giving some insight as to something
19 you might want to refer to so —

20 MR. SCHEIDT: I“m not through on C point
21 le

22 JUDGE BRENNER: How much more do you have
23 on it? We seem to be getting bogged down on {t.

1“m not criticizing any particular question and I

N
»

understand cumulatively it’s important because you

N
()
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want to give us the picture on it, but we’ve got the
picture, so unless — now is the time to think about
whether you have any particular factual points
within the picture you’ve given us

MR. SCHEIDT: I do have greater detai
fact peints on this.

MR. STROUPE: Judge Brenner, | understand
obviously Mr. Scheidt should be given and is given
leeway in his cross-examination, but I note at this
point in time, Dr. Pischinger, I do not believe, has
been asked a single question, and I don’t think if
this pattern keeps developing we’re not going to get
very far with his testimony.

JUDGE BRENNERs Were you here on Friday
or Thursday?

MR. STROUPE: | was here for the morning.

JUDGE BRENNER: He doesn’t —— well, I had
a conversation with Mr., Scheidt this morning and he
indicated he would not be ready to get to Dr.

Pischinger today.
1 indicated =— well, I’m indicating now

because | don’t think | said it quite this way
earlier, although it was what | was thinking earlier,
that I would expect that the County could at least

get up to page 69 of their cross plan by the end of
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waga | the day today, and that would get them to Dr.
Pischinger the first thing tomorrow.

Now, LILCO has all these witnesses up
here as a combined panel. If you had elected to put
Dr. Pischinger and Mr. Youngling up first, then we
would have permitted that and the County would have
had to ask those questions first. 1 don’t mean to
be overly critical because I recognize they overlap

between subject matter and Mr. Scheidt has a little

O © @ N 0 v » W owN

bit of that overlap problem, too. There are some

1 things he’d rather establish first.

12 I did not infer that Mr. Scheidt meant he
13 necessarily had to get up to page 69 in sequence as
14 written in the cross plan. Page 69 is a reference
15 to his cross plan, so we’ll see how 1'«2?"'

16 But you’ve heard my comment on how far |
17 think the County should be able to get.

18 What | meant essentially is that

19 information. I didn’t mean you had to follow {t in

20 sequence. I[?f you had moved around and moved up to
21 page 49 carlier, 1 recognized because you covered
22 that, you would cover some of the earlier material
23 and would want to come back to that tomorrow, but -

MR. SCHEIDT: Judge Brenner, I anticipate

24
»

25 certain points between pages 64 and 69 in which I
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could jump to page 69, question Dr. Pischinger to
*he extent that I wish to gquestion him, and then
come back to that material between those two pages.

JUDGE BRENNER: All right. Fine., That
may make sense from a cubject matter content as well
as a witness accommodation content.

Overall, I thought we were pretty patient
last week and the length of time surprised me. |
did not think it would take all last week to
compiete that panel. There were reasons on both
sides of the aisle for that, and | would hope that
through a combination of the cross-examiner as well
as the speedy response by the witnesses, a direct
question can be answered directly without taking two
or three minutes to confer unnecessarily &t times.
Then we will make better progress this week. You
can see just by the number of pages last week how
many pauses there were before words were actually
put on the transcript.

In addition, 1 voiced my opinion at least
from time to time, as to when I thought it would be
more efficient to get to the questions that the
cross-examiner was leading to more directly, instead
of background. That doesn’t necessarily apply to

anything that occurred today so far, | just want to
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MR. SCHEIDT: Judge Brenner, [ have

—

waga

approximately two or three questions and we can take
a lunch break after that.

JUDGE BRENNER®: All right.

BY MR. SCHEIDT»

Q. How did Trans-America Delaval compile
this information contained in Exhibit C=6, I believe,
concerning the other DSR-48 engines?

DR. JOHNSTON: 1 think that question

O OV 00 94 O U = W N

should be asked to Trans-America DelLaval. [ do not

he =

know how they compiled that particular table.

W

Q. Did FaAA attempt to verify the

information contained in that table?

-—
»

15 DR. JOHNSTON: The information on that
16 table that relates to the Shoreham experience was
17 verified independently through LILCO.

18 Information at other sites has not been
19 verified by Fallure Analysis.

20 Q. And with respect to the examination of
21l the operating manuals to determine whether the

22 torsional systems of the engines were comparable or
23 not, other than looking at the Rahfa orerating

N
=

manual, were there other operating manuals that you

N
wn

looked at to determine comparability of torsional
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systems.

DR. JOHNSTON: Operating manuals are not
the only way to determine the torsional system of
another engine. IJt“s done by looking at the
drawings in conjunction with a torsiograph test
which, of course, is independent of the operating
manual.

In the TDI submittal to the American
Bureau of Shipping, there is a list of a number of
other torsional systems for other DSR-48 engines.

Q. But my question was: Did you look at any
other operating manuals other than Rahfa, as I
believe you indicated you had with respect to Rahfa?

DR. JOHNSTON: 1 did not mearn to indicate —
1 don’t believe I did indicate that I looked at the
operating manual for Rahfa. [ u.. the torsional
system for Rahfa. I have — the only operating
manual that 1 have reviewed that contains
information on DSR-48’s is that of Shoreham.

Q. And where did you obtain the torsional
information on Rahfa?

DR. JOHNSTON: It4s included on page 17
of TDI“s submittal to the American Bureau of
Shipping.

Q. And that is the natural frequency
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calculations for those engines?

DR. JOHNSTON: It’s labeled Tabulation of
Mass Elastic Data for DSR-48 Engines.

Q. And what does that tell you about the
engine?

DR. JOHNSTON: It tells you the lumped
parameters to the lump mass model that represents
the crankshaft including eleven values of inertias
and ten values of its stiffnesses.

Q. Is that the Holzer analysis?

DR. JOHNSTON: No, it’s not. It’s some
of the data that is used for the Holzer analysis.

MR. SCHEIDT: Thank you. We can break
now, Judge Brenner.

JUDGE BRENNER: All right. Let’s take a
break until 1:40.

(Whereupon, at 123130 p.m., the hearing

ad journed, to reconvene at 13140 p.m.,

this same day.)

AFTERNOON SESSION

JUDGE BRENNERt Good afternoon. We’re
back on the record. We“’re prepared to have the
County continue its cross-examination.

MR. SCHEIDT: Judge Brenner, at this time

the County would move to strike portions of
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testimony on page 13 of LILCO testimony relating to
the extensive experience with 13 by 12 inch
crankshafts in DSR-48 engines that allegedly
establishes that the crankshafts were reliable as
well as the accompanying Exhibits C-6 on the grounds
that this information is not reliable.
There is no TDI witness who is sponsoring
this testimony. The witnesses have indicated that
they do not know how this information was compiled
and they, in fact, did not verify thal information.
MR. STROUPEs Judge Brenner, my response ==
JUDGE BRENNER: [71]1 hear from you in a moment.
1 didn’t realize Dr. Chen was here and that should have been
noted among other things. We have to swear him in
MR. STROUPE:s I was going te do that at the
outset.
JUDGE BRENNER: Let’s tale care of it after this
ruling ag long as we jumped into it. Welcome, Dr. Chen.
DR. CHENs Sorry.
JUDGE BRENNER: It’s not your fault {f we
understand the circumstances correctly. Mr. Stroupe, why

don’t you respond.

MR. STROUPE: Our position, Judge Brenmner, put

quite simply, is regardless of what Mr. Scheidt has
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waga indicated, to my knowledge there’s been no showing
that the information is not reliable. On
cross—-examination, they were free to make any points
that they could, in fact, make about the reliability
of this information.

To my knowledge, none of it was pointed
out to be inaccurate by any cross-examination

exhibit or information.

JUDGE BRENNERt Well, have your witnesses

O vV b 94 66 U &2 W N

shown it is reliable, to state it the other way?

e

MR. STROUPE: I“m not sure that the

— .
N e

witnesses have been accurately =—— all of them,

w

questioned about what they know about this. It may

be indeed that Mr. Youngling could have shed some

»

15 light on this had he been asked the question.

i6 JUDGE BRENNER: We’ve given this witness
17 panel a lot dt leeway to have any witness answer it,
18 and I guess 1/d better note that for the record

17 given your comment, although the transcript will net
20 necessarily reflect it, these witnesses feel free to
21 confer among themselves this morning, even when 2

22 question was directed by name to a particular

23 witness, there was at least one time when Mr.

Scheidt indicated he wanted the answer from the

N
»

n
wn

particular witness, but even that was only after
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some moments of conferring had taken place, so {t’s

waga
not true that the witness panel did not have a
chance for all of them to answer any questions, in
my opinion, based on my observation of the dynamics
of the panel this morning.

So I’m not going to accept that. Did you
mean to —- | guess ] understand your answer,

Can you represent to me, Mr. Stroupe,

there is at least one witness on this panel who

O © O &4 6 L & w N

could have answered those questions with more

—
e

information who you felt —

MR. STROUPE: No, I cannot represent that

-
w N

to you, Judge Brenner.

I would say in passing that this

N

15 information has been contained in other documents,
16 it’s been contained in this testimony for some
17 period of time, and we, of course, note that the

IR County filed no motion to strike prior to this
19 proceeding, and had we been noticed that this would
20 be a bone of contention, the reliability of this
21 information, I think we could have certainly done
22 something to prepare ourselves for that eventuality
23 rather than seeing it for the first time on

. 24 cross-examination.

25 JUDGE BRENNER: Staff, do you have a



0030 01 22661

waga question on {t?

MR. GODDARD: The Staff is inclined to
suppert the motion based upon what we’ve heard here
this morning.

In the event that Mr. Stroupe is able to
produce witnesses at a later point in time, having
claimed surprise as to this motion, the staff would
not oppose such a showing, realizing that it mey

somewhat delay the proceeding, but on the basis of

O v O v &b VvV 2 W N

the showing here, the staff would support the motion,

does not feel that there’s anyone here that is

-t @ e
N e

capable of supporting the material here.

1 might further add that in response to

w

Mr. Stroupe’s comment, the publication does not

—
R

15 improve the gquality of the evidence before us.

16 JUDGE BRENNERt I“m sorry, I didn’t hear.
17 MR. GODDARD: The publication, the fact

18 that this has been set forth in the DROR publication,
19 and other places does not lend support to the

20 admissibility of *he testimony here. I do not feel
21 that a showing has been made.

22 MR. STROUPE: Mr., Goddard =--

23 MR. GODDARD: That was my interpretation.

JUDGE BRENNER: Hold it. Talk to each

nN
N

N
wm

other outside if you want to.
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MR. JOHNSON: The state supports the
County on its motion to strike the testimony for the
same reasons that were given by Mr. Scheidt.

JUDGE BRENNER: If you feel {t’s
important, 1711 let you respond to Mr. Goddard’s
comments, Mr. Stroupe.

MR. STROUPE: I just wanted to make it
clear for the record and to the court that my
reference to this particular table and the
information being in other documents was for the
purpose of pointing out that a motion to strike
could have been filed well in advance of this
cross—-examination.

MR. BRIGATI: If may I respond to that —

JUDGE BRENNER: Not not out of
discourtesy. | understand both sides of the
arguments and we try to keep it to a
particular lawyer on one point. Does the immediate
plan of attack rely on a ruling from us right now?

MR. SCHEIDT: I will proceed to question
them on detail of the actual testimony and the
exhibit, if you do not rule now.

JUDGE BRENNER: Why don’t you give us a
few minutes, ! think I“/d like to go next door.

The geography of the bench here makes it
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difficult.
(Discussion in Judge”s Chambers)

JUDGE BRENNER: We’re back on the record.

Ne’re prcpared to grant the motion
subject to ascertaining the involvement or lack
therefore of Dr. Chen in the pertinent portion of
that answer.

I“m looking at page i3 of the testimony
of McCarthy, et al., regarding replacement
crankshafts, and Dr. Chen is listed as a co-author
of the entire answer.,

As we understand the motion to strike,
Mr. Scheidt, you’re askin~ to strike the first two
sentences of the second paragraph of that answer
along with Exhibit C-63% i{s that correct?

MR. SCHEIDT: That’s correct, Judge
Brenner.

JUDGE BRENNERs: All right. Since Dr.
Chen was not here this morning, let’s find out what
his involvement might be and if he is not a sponsor
of those two sentences, we’ll grant the motion and
1711 give the reasons, but let’s swear Dr. Chen in,
find out what the situation is, unless you can tell
us as a representation that he had nothing to do

with those two sentences and is not here to give us
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any insight into Exhibit C-6.

MR. STROUPE: [ believe he may have some
information that could be pertinent to those two
sentences.

JUDGE BRENNER: All right. We’ll find
out.

Dr. Chen, could you please stand and
raise your right hand.

Whereupon,

: DR. SIMON CHEN
was called as a witness by and on behalf of the
Applicant, and having been first duly sworn,
was examined and testified as follows: J

MR. STROUPE: Judge Brenner, would now be
an appropriate time to have Dr. Chen adopt the
testimony?

JUDGE BRENNER: All right.

MR. STROUPE: Dr. Chen, do you have in
front of you testimony filed by LILCO of August 14,
1984 in this proceeding entitled "Testimony of Roger
L. McCarthy, Paul R. Johnson, Eugene F. Vontgomery
and Simon K. Chen on behalf of Long Island Lighting
Company on Suffolk County’s Contention Regarding
Replacement Crankshaft on diesel engines on the

Shoreham”™ along with three volumes of exhibits
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waga | relating to the crankshaft?

2 DR. CHENs Yes, I see them he:re.
3 MR. STROUPE: To the best of your

‘ e knowledge, is the testimony true and correct?
5 DR. CHENs I don’t think I can vouch for
6 every piece of information that’s in here but on
7 those —
8 MR. STROUPE: Excuse me, go ahead.
9 DR. CHEN: On those tMings that [“m
10 involved, I“m sure it will Be truthful to the court.
11 MR. STROUPE: " And do you adopt that
12 testimony as your own?
13 DR. CHEN: Are those under my =-- yes.

MR. STROUPE: Tender for cross.

»

15 JUDGE BRENNER: Dr. Chen, we’ve been

16 discussing page 13 of the testimony, and the answer
17 to question 13 begins on that page.

18 There has bheen some testimony, oral

19 testimony this morning to which vou were not present
20 involving the information in that answer, and [“11l
21 give you a moment to look at it and you may also

22 want to look at the related Exhibit C-6.

23 DR. CHEN: Yes. I see it.

JUDGE BRENNER: With regard to the second

N
S

n
W

paragraph of that answer, the first two sentences,
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waga which begins: In addition, and ends with Exhibit
C-6, did you participate or do you now believe you
can participate as an author of those two sentences
vouching for the statements made in those *wo
sentences as supported by the exhibits or was that
something that Mr. Montgomery prepared without you?
DR. CHEN: Yes. I have participated in

investigating some of the information, certainly not

all the information in Exhibit 6.

O v O N O U a2 wWw N

JUDGE BRENNER: I guess you’d better ask

him some questions, Mr. Scheidt.

It’s unfortunate for you, we recognize

L]

that had Dr. Chen not had his transportation

—
w

problems, we would have been able to handle it all

H

15 at once but we are reluctant to strike it if Dr. Chen can
16 indeed provide some missing information.

17 BY MR. SCHEIDT:

18 Q. Dr. Chen, TDI compiled this information,

19 did it not?

20 DR. CHENs I think sc.

21 Q. Did you verify any of this information

22 DR. CHENs | have certainly verified the

23 LILCO information.

Q. LILCO information?

N
»

DR. CHENs LILCO information.

®
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In other words, the hours run at LILCO
and 1 have that infermation.

Q. Is there any information in Exhibit C-5%
other than Shoreham LILCO information that you
verified?

DR. CHEN: Yes. I have personally
visited Koushe~g plant late November, early December
and made trips over there and went to see those
engines, and also I have made telephone calls twice
early this month to find out, what whether those
engines are running reliably or not, and [ have some
latest hours on those engines, yes.

Q. I“m sorry, Dr. Chen. When did you visit
Kousheng?

DR. CHEN:s Late November or early
December, yes. There are four engines there.

Q. And when did you have these telephone
conversations that you referred to?

DR. CHENs It’s earlier this month, two
weeks ago.

Q. And with whom did you speak?

DR. CHEN:s I spoke through an
intermediary, and he spoke to the — they call
station manager at Kousheng.

Q. And what did he — what information did
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he transmit to you on the number of hours?

DR. CHEN:s Yes. The first question I
asked whether these engines have been operating
satisfactorily up to that point. He said yes.

And then he — 1 said how many hours they
have been running, both total hours log and also
hours above 3300 kw, and I received that information.

Kousheng is a plant which is in operation
since 1980 running pretty much at the design load.

| Q. What is the design load for those engines?

DR. CHEN: [ say the plant is running at
design load. The engines are standby generators and
rated 3,500 kw, just like LILCO engines, they are
eight cylinder, but as far as total hours,
exercising hours every month to conform to their
nuclear standards, so they have not been putting t»o
many hours on as running satisfactory, bhut all four
engines have been running from 110 hours and
something less than 130 hours over 3300 kw ratings
to satisfy their nuclear requirements for the last
two to three years.

Q. Dr. Chen, perhaps I didn’t understancd you.

Are you testifying that they have run
between .110 and 130 hours above =-- at or about 3320

kw?
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DR. CHENs At or above, total hours.

Q. 110 to 1303 is that right?

DR. CHENs: Yes.

Total hours run is more than that, but
above 3300, at 3300 kw are only 110, to 130, because
that’s ail that’s required.

Q. Each angine has run 110, 1307

DR. CHEN: Four engines. I have numbers
on four individual engines, yes, all above —
they’re all somewhat under 130, to the best of my
knowledge, memory today.

Q. Dr. Chen, you testified that these
engines were rated at 3,500 kw, is that correct?
I#1]1 refer you to the exhibit.

DR. CHEN: To the best of my knowledge,
35.

Q. So {t’s your understanding that this
chart is incorrect, this exhibit, C-6, in that
category?

DR. CHENs Well, I cannot vouch for the

Q. Dr. Chen, can you verify the number of
total hours logged indicated in this exhibit for me?
DR. CHEN: Total hours logged is

somewhere between 600 hours and [ believe something
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over 700 hours on each of those engines.

I don’t have the numbers here, but [ can
present it to you. I can present a telex to you of
exactly how many hours logged and how many hours
taken and how many hours above 3300 kw.

The main thing 1 was asking is — they
have no big approximate, they are running
satisfactorily and they say yes, they are running
satisfactorily.

Q. What factors did you ask him to — strike
that.

JUDGE BRENNER: Mr. Scheidt, maybe I can
assist in efficiency.

I71]1 give it back to you if we don’t get
anywhere.

Other than the LILCO data and the
Kousheng data in the table, Dr. Chen, do you have
knowledge to support the truth of the facts in the
rest of that Exhibit C-6?

DR. CHENs I know as a fact that there
are quite a few numbers of these eight cylinder
engines shipped to Saudi Arabis since 1977, 1978 or
even before that.

And I know the existence of those engines,

but I gon’t have any details about how many hours
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JUDGE BRENNER: With respect to Koushengy,
did 1 hear you correctly that as of your recent
check, Kousheng, as of your recent check, about two
weeks ago, each of the four engines had about 770
hours of total operation?

DR. CHEN: The way it’s stated, total

hours logged, started up for one reason or the other.

JUDGE BRENNER: Was my figure correct?

0O v o N bV oA W N

Did 1 hear you right, 702 hours?
DR. CHENs [ would say that’s about the

-
e

average of those four engines. They are up and down

a little bit, maybe some of them will have only 600

—
w

some hours and some of them have 700 some hours. As

n

15 I say, 1 can produce these individual hours.

16 JUDGE BRENNERt On the chart for Kousheng,
17 it gives the date log as 3-15-84, and in the total

18 hours logged column, the highest number for one of

19 the Kousheng engines is 368, and the lowest is 221.
20 DR. CHENs Yes.

21 JUDGE BRENNERs: Is that an unusual number
22 of additional hours for the engines to have logged
23 between March 15, 1984 and sometime early in

September of 19847

n
s

DR. CHEN: | would say for an operating

&
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waga engine, you’re correct, Judge, but I believe that
this total hours logged here corresponds to another
set of numbers I have that I got from telex, and the
other column was the hours taking loads and
generating upward.

That number is very, very close to what’s
in the Exhibit 6.

There’s three sets of numbers that I have

is total hours logged and total hours generating

0O VvV O v b L A W N

power, and then ]I asked specifically the hours

—
-

generating power above 3300 kw.
I have three sets of data by telex.

N

JUDGE BRENNER: With respect to the

—
w

latter category, you testified that the number of

—
>

15 hours at over 3300 kw were somewhere at about 100 to
16 130 per engine for each of the four Kousheng enginesi
17 is that right?

18 DR. CHEN: Yes, sir.

19 JUDGE BRENNER:t And in Exhibit C-6, it

20 has a notation after the Kousheng date, quote,

21 mostly one hundred percent, close quote, and I took
22 that to apply to the total hours logged in the

23 figures on that same chart.

Can you explain the discrepancy between

N
Y

47

my seading of the chart to mean that and the hours
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you’ve reported?

DR. CHEN: I cannot testify saying the
average load is 200 hours since I’m not the author
of that exhibit, sir.

JUDGE BRENNER: Give us a moment. We’re
going to grant the motion to strike LILCO Exhibit
C-6, so, of course, it will stay in the record as an
offer of proof, and what we’d like to do is back up
on the index page and have a third column at least
for that one to indicate that we struck at this
transcript page. We’re also striking the first two
sentences of the second paragraph on page 13 of the
testimony of McCarthy, et al., regarding crankshafts
that would begin with in addition and end with
Exhibit C-6.

{(Thereupon, Lilco Diesel Exhibit C-6 is
re <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>