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I. INTRODUCTION

Mr. Bridenbauagh, please state your name, address,

oczcupation and professional qualifications.

My name is Dale G. Bridenbauagh, and my business address is
1723 Hamilton Avenue, San Jose, California. I am
president of MHR Technical Associates. My qualifications

are attached hereto as Attachment 1.

Mr. Hubbard, please state your name, address, occupation

and professional qualifications.

My name is Richard B. Hubbard, and my business address is
1723 Hamilton Avenue, San Jose, California. I am
vice-president of MHB Technical Associates. My

aqualifications are attached hereto as Attachment 2.
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II. PURPOSE OF TESTIMONY

What is the purpose of vour testimony?

LILCO has souaht an exemption from NRC regulations to
permit low power operation in advance of any NRC decision
on the adeauacy of its onsite emergency diesel generators.
Under 10 CFR 850.12(a) and the NRC's May 16, 1984 decision
(CLI-24-8), a relevant consideration is whether the public
interest and a balance of the ecuities are in favor of the
grant of an exemption. Further, in its May 22 Application
for Fxemption, LILCO has expressed the view that it is
only Aue to problems arising during preoperational testing
of the Transamerica DelLaval, Inc. ("DeLaval") diesels that
the diesels have not yet been licensel. See Application

for Exemption at 25.

The purpose of our testimony is to summarize the results
of an investigation we have undertaken into the facts and
circumstances involving LTLCO's selection and procurement
nf +he DelLaval emergency diesel generators ("diesels") and
of the actions taken by LILCO in conjunction with the

failures subsequently experienced with these engines.



In summar,;. what are vour conclusions?

We conclude :“hat the delays and costs associated with the
Shareham diereis are the responsibility of LILCO (or of
LILZO suppliéers or ~omiractors). These problems did not
onl§ arise during preoperational testina. Rather, since
1974 there have been repeated indications that there might
pe serious probleme wvith the DelLaval diesels. In our
opinion, LILCO knew or should have known of these problems
at an early date anAd should have ctaken steps to ensure
that reliable Fiesels were procured. LILCO failed to take
such steps. Sich steps would have been to (i) commence a
complete desiqn review and revalidation prooram far in
advance of the Scptember (943 date when such a program ac-
tually was started, thus laying the basis for potential
repair and/or aualification of the DeLaval diesels in a
timely manner which would not necessitate application for
an exemption; or (ii) to procure replacement diesels at a
far earlier date, thus having reliable diesels on hand now
instead of the Summer of 1985 when the Colt diesels are
scheduled to be ready. Accordingly, it is our opinion
that it would not be in the public interest and that a
balance of equities woulid not favcr the orant of an

exception from applicable regulations when the primary



reason that LILCO now seecks an 2xemption is because of its

own failure to take reasonahle steps to ensure procurement

of reliable diesels at an earlier time.

Prior to seeking an exemption, how did LILCO propose to

comply with GDC 17 Auring iow power operation?

Since January 1976 when the Shoreham FSAR first came out,
LTLCO has always relied for onsite emergency AC power on

three Delaval diesels. These diesels, as will be

discussed latar in our testimony, were ordered from
DeLaval in 1974 and arrived at Shoreham in 1976. They
were stored for some period of time, and then installed.
Turnover to the startup organization for testing occurred
in Auaust 1980 for Diesel Generator 102, arid in October
1981 for Diesel Generators 101 and 103. 1Intensive

preoperational testing began in September 1982.1/

l/ Direct Testimony of William J. Museler and Fdward J.
Youngling, New York PSC Case No. 27563, November 4, 1982,
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in a previous answer you referenced an investigation of

LILCO's handling of issues related to the Delaval diesels.

Please explain.

ﬁ:vsubmitted written test.mony on February 10, 1984 in the
ongoiny proceeding before the New York Public Service
Commission in PSC Case No. 27563 (Phase ilI), a case
ﬁeslqn@d tc investigate the cost of Shoreham. The purpose
qf*that teétimonyxvas to examine the reasons for the dra-
matic inrrease in the estimated cost of the Shoreham Nu-
clé;r P ant, from an estimated $65-75 million in 1966 to a

ﬁﬁnuaxy 1984 estimate of $3.877 billion or more. In

jzi'eparing that testimony, we evaluated ‘he amount of the

Tost increase that is attributable to LILCO's allegedily

inprudent resporsus Lo régu’ atory. desic i, and technical
ptéblems. Among the issues addresse2¢ was how the cost of
Bhoreham was affected Py LILCO's procurement, installa-

tion, and test nag of the NeLaval d'esels.

Dur investiagation concerning the costs incurred at

Shoreham coneistefl primarily of our participation in the

PSC Phase 11 discovery process. We veviewed documents
provided to Suffolk County and the Publ.'c Service

Commission Staff by LILCO. 1In addition, we assisted

A



Suffolk County in the preparation of interrogatories and
reviewed LILCO's responses to them. MHBR representatives
also attended and participated in many of the interviews
that the Public Service Commission Staff and its consul-
tants conducted with employees of LILCO and Stone and

Webster (LILCO's Contractor Architect-Engineer).

In addition to our role in the AdAiscovery and testimo-
ny phase of the Phase II proceeding, Gregory Minor ani
Dale Rridenbaugh of MHB also provided testimony regarding
the likely cost and schedule to complete Shoreham in Phase
I of that proceeding. Finally, since 1977 MHB has been
consultant to Suffolk County in the Atomic Safety and
Licensing Roard proceeding to determine whether LILCO has
met the reauirements necessary to receive an Operating
License, participating actively in the DeLaval diesel pro-

ceeding, among others.

ITI. LILCO'S 2 FRGENCY DIESEL GENERATOR PROBLLEMS

Priefly describe the major problems LILCO has encountered

recently with its DelLaval diesels.

The three DelLaval diesels at Shoreham have experienced re-

peated deficiencies as set forth herein and in the



Attachments. For example, operational problems with the

diesels at Shoreham occurring a relatively short time

prior to the August 1983 crankshaft failure included cyl-

inder head cracks, rocker arm assembly hold-down bolt
failures, turbocharger bearing failures, and cracks in the

engine block casting. Further, LILCO was fined $40,000 by

the NRC during 19f for its failure to follow required
procedures during the preoperational testing of the die-

sels.

On August 12, 1983, during the testing of replace-
ments for cylinder heads that had cracked, one of the
three diesels, 102, experienced excessive vibration and
erratic load swings. On August 13, 1983, it was
discovered that the crankshaft on diesel 102 was com-
pletely severed. Dhrinq disassembly of the diesels, the
crankshafts of the other two diesels were found to contain

cracks.

In addition, following the crankshaft failure in
Auaust 1933, other probliems were subseauently revealed,

inciuding cracked connecting rod bearings and pistons.Z/

MillardA S. Polliock *o Harold R. Denton, Nov. 23, 1983,
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Ultimatelv, 23 of 24 pistons in the Shoreham engines were

found to be cracked.é/

In Fall, 1983, followina 2 crankshaft failure, and in
recoanitinn of other operational deficiencies as set forth
later herein which have occurred with DelLaval diesels,
LILCO instituted a recovery program aimed at determining
the cause of the crankshaft faiiure, correcting it, and
attempting to ensure that other components of the Shoreham
diesels would operate reliably in the future.i/ In our

opinion, this recovery program came far too late in time.

Were the recent DelLaval problems you just described a

comnlete surprise or were these problems to have been ex-

pected?

’

LILCO Diesel Gen~rator Status Report, November 17, 1983,

Rrian R. McCaffrey to Harold R. Denton, January 6, 1984,
Shoreham Diesel Generator Recovery Program Summary,
SNRC-1003. The MNRC has alsc recognized the need for such
a recovery program. Indeed, _he NRC determired that a
broad pattern of deficiencirs in critical engine compo-
nents has become evident at Shoreham and at other nuclear
and non-nuclear facilities employing DeLaval diesels. The
NRC now believes that the deficiencies stem from
inadeaquacies in design, manufacture and guality control by
DeLaval. Order Requiring Diesel Generator Inspection,”
Grand Gulf Nuclear Station, Docket No. 50-416, May 22,
1984, (In particular, see Attachment 4 thereto.)



The precise prohlems or failures which have heen experi-
enced in the Shoreham Delaval diesels in the last year and
a half were perhaps not expected. However, given prior
events related to the diesels, serious problems cannot bhe
deemed to have been a surprise. Indeed, the reported
cause of the current problems (discussed later in this
testimony) can be traced directly to failures that

occurred early in the design and manufacturing process.i/

How 4o these problems relate to LILCO's Application For

Fxemption?

For example, LILCO retained Failure Analysis Associates
("Failure Analysis") to investigate the August 1983 crank-
shaft failure. Failure Analysis concluded that the crank-
shaft failed because it was not Aesigned to withstand the
cyclic torsional stresses that would be experienced during
the diesels' operation. The conclusion was reached, based
on a relatively simple calculation, that DelLaval had
misdesigned the crankshaft, leading to insufficient capac-
ity to withstand anticipated loads. Emergency Diesel Gen-
erator Crankshaft Failure Investigation, Failure Analysis,
October 31, 1983. LILCO attributed the crankshaft problem
tc a design error in the torsional stress analysis
performed by DPeLaval. LILCO Diesel Generator Status
Report, November 17, 19R83. As will be addressed later in
this testimony, the LILCO and Ston+ and Webster audit of
DeLaval in 1975 d4id not even address the crucial area of
design control. If it had, perhaps the desian deficiency
in the crankshaft would have been a notice of the need for
a thorough design review.

i



It is our position that LTLCO was, in effect, responsible
for failing to detect these deficiencies and for failing
at a far earlier date (i.e., well in advance of Fall 1993)
to institute necessary steps to repair (if possible) or
replace the Delaval diesels. Thus the need for LILCO now
to seek an exemption is really the result of LILCO's own
fault. TIndeed, as set forth in the following portions of
this testimony, our review indicates that from 1974 to
1982, LILCO's approach has been to treat the symptoms
rather than the root cause(s) underlying the problems dis-
closed in the design and fabrication of the Shoreham die-
sels. Thus, there have been repeated problems with these
diesels which put LILCO on notice far before Fall 1983
that somethina was fundamentally wrong with its diesels.
LTLCO ianored the warning signs and never sought to deter-
miné adequately why the problems existed. The need fof
LILCO now to seek an exemption is a direct resuit of
LIILCO's failure to detect and remedy in a timely manner
the broad pattern of deficiencies in the design and

manufacture of the DelLaval diesels.

Does the fact that LILCO initiated a program in Fall 1983
to attempt to mitigate and correct the problems with the

DeLaval diesels change your opinion that LILCO's need for
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an exemption is a result of LILCO's own failure to take

appropriate actions at an earlier date?

No. The fact that LILCO has eventually begun to attempt
to deal with the dAifficult (perhaps insurmountable)
DelLaval diesel problems does not make its prior failure to
act any less the cause of the problem in the first place.
Our noint is that it is not in the public interest, and it
is not equitable to reward a vtility by waiving a compul-
sory safety regulation, when the reason the utility is un-
able to comply with that regulation is a result of its own

insufficient actions.

When did LILCO first become aware cf the potential for

serious deficiences rela_ing to the Delaval diesels?

Tn 1974 LILCO was on notice that heightened OA/OC audit
treatment of DeLaval would be nacessary to ensure that a
reliable and top quality product would be designed and
manufactured. 1In fact, however, despite obvious warning
signais, T.ILCO and Stone and Webster failed to implement
an adequate QA/QC audit program for the design and

manufacture of the DelLaval diesels.



Please state the basisfes) for vour prior answer.

The Ales21s supplied for Shoreham were DelLaval's first
ever contract for supply of a diesel for a nuclear appli=-
cation. To the best of our knowledge, DeLaval had never
even attempted to develop or implement a 10 CFR 50 Appen-
dix B OA program before 1974. Delaval's newness to nucle-
ar work ané Appendix R OA matters, in our opinion, made it
incumbent on LILCO or its delegate to pay close attentinn,

from the beginning, to how well DeLaval was doing in de-

signing ar4 manufacturing the Shoreham diesels. Indeed,
the fact that DeLaval was new to the nuclear field made it
absolutely incumbent on LILCO to ensure that a strirJjent
aulit program was insticuted to ensure that all nuclear
requirements were met. Tn fact, however, LILCO Aid not

N 3 /
institute such a program.2

Since the Shoreham diesels were Delaval's first attempt to
desian and manufacture diesels pursuant to the regulatory
requirements of Appendix A and Appendix B to 10 CFR Part
50, LILCO and Stone and Webster should have anticipated
"buos" in the DeLaval QA program. Thus, Stone and Webster
should bave increased its audits of Delaval activities
during the design and fabrication of the Shoreham diesels
because the need to detect and correct the "bugs" in the
DeLaval QA/OC process was obvious. LILCO's failure to as-
sure that this was done is another basis for our belief
that LILCO's present need for the requested exemption is
its own fault.

- 12



The purchase order for the DeLaval diesels was issu=1
hy LTILCO in May 1974 following a DA survey of the DelLaval
shop conducted by Stone and Webster on February 26,
1974.7/ fThe DeLaval OA manual had been reviewed by Stone
and Wehster one week earlier (on February 19, 1974) and
had been found not to meet several of the regulatory re-
guirements of Appendix B to 10 CFR Part 50. The major
deficiencies discovered by Stone and Webster were that
design control and a number of measures for vendor correc-
tive action, QA record retention, and audits, were not
addressed in the Delaval manual-g/ It was not until March
14, 1974, that Stone and Webster determined that the
DeLaval OA manual, as revised on March 1, 1974, was in

compliance with the intent of 10 CFR Part 50, Appendix B.

Based on the preceding, we conclude that the Stone
and Wehster shop survey should have put Stone and Webster
and LILCO even more on alert (aside from DeLaval's lack of
nucliear experience) in early 1974 of the need *_ closely

watch DelLaval's OA implementation. They did not.

i~

I

€tone and Webster Procurement Quality Control Survey of
Del.aval, G. I. Beaman, February 26, 1974.

Stone and Webster Manual Checklist, DelLaval QA Manual
dated May 1, 1970, Ellen O'Connor, February 19, 1974.



The fact that the February 1974 shop survey was
conducted on a OA manual and program which were in transi-
tion should have led to a new survey and audits of QA
implementation shortly after March 14, 1974 when the QA
manual was found to be adequate or shortly after May 1974
when *he purchase order was issued. This would have
allowed an early fjudament, Auring the ey diesel design
phase, reaarding whether essential OA functions were being
properly performed. LILCO failed to do any such audits in

a timely manner.

Stone & Webster did, much later, conduct an audit of
DeLaval. However, the audit findings, the time of the
audit, its scope, and the lack of additional audits,
support our view that LILCO should be deemed to be respon-
sible for the Aifficulties with the DeLaval diesels. This
mne audit of Delaval by Stone anu Webster was not

conducted until Octobher 2R to 30, 1975, more than 18

months after the initial shop survey that found DeLaval OA
to be deficient and about 18 months after the purchase
order had been placed. Reaudits of the corrective action
measures reaquired of DeLaval as a result of the October
1975 audit were performed on February 23, 1976 and June

18, 1976. 1In both the 1975 audit report and the February



reaudit, Stone and Webster auditors concluded that DNDeLlaval
had failed to fully comply with the reauirements set forth
in its QA manual or with the regulations in Appendix B to

10 CFR Part 50.

The three diesels were shipped to LILCO on the fol-
lowing dates: Adiesel 101, February 27, 1976; diesel 102,
March 27, 1976; diesel 103, May 14, 1976. Therefore, all

three diesels were designed, fabricated, tested, and

shipped prior to implementation of the regquired OA

measures, in effect without full regard for the potential
impact of the identified discrepancies on the hardware.
Indeed, even at the time of the first audit in late 1975,
DelLaval's desian and procurement activities were nearly
complete, and the fabrication of components at the DeLaval
casting and manufacturing facility was well advanced.
Thus, in many respects, the Stone and Webster audit
Largely represented an after-the-fact evaluation which

resulted in little or no effect on the Shoreham diesels.

Rather prophetically, Mr. Bienduga, Stone and Webster
Procurement Quality Control District Chief, observed in a
January 29, 1976 memorandum which concerned the October

1975 audit:



1 feel that DeLaval's response is Lon lit-

tle too late as the audit was conducted to

verify compliance to the P.0O. and approved

Q0/A pregram, not to upgrade their system

for future work. We should either cet a

positive response as to what actions are

being taken now or we should stop the job!

Furthermore, there were significant limitations in
the scope of the audit conducted on behalf of LILCO by
Stone and Webster. The 1975 audit, as well as the
reaudits, investioated DeLaval's compliance with only 11
cf the 18 criteria of Appendix B: Criteria 4, 7, 9, 10
and 12 to 18. The areas audited by Stone and Webster pri-

marily involved procurement and fabrication. Critical

areas including design control (Criterion 3),%/ procedur-

al control (Criterion 5), and document control (Criterion
6) were not addressed in the Stone and Webster audi* or
reaudits. Thus, Aduring the entire course of Delaval's
design and manufacture of the diesels for Shoreham, criti-
cal Appendix B criteria were never audited by LILCO or its
representative. Stone and Wehsters' failure to audit the
DelLaval design activities, including the design verifica-

tion proagram, is a significant omission. Stone and

We note that the critical crankshaft failure of August
1983 resulted from design errors. See note 4 in this tes~
timony.




Webster, in effect, delegated responsibility for design QA

activities to Delaval. Further, Stone and Webster failed
“n recognize early in the desiagn and fabrication schedule
the potential problems that DelLaval might confront in sup-
plving its first diesels for nuclear application. Indeed,
Mr. Bienduga came to this conclusion after tne fact:

My personal feelings regarding this reaudit

is that too much responsibility has been

given a relatively young, inexperienced,

quality engineering group. There seems to

be passive acceptance by the Q/C Magr. of

excuses and not enough supervisory follow

up to get things done.

Granted the LILCO order is their first 'nu-

clear' contract and there are many 'bugs’

to be ironed out but that doesn't help our

situation unless the Q0/C Mgr. is willing to

take positive steps to get the 'bugs' out
of the system.l0

In light of Delavals' failure to meet adeguate QA
standards in other areas, Delaval's lack of nuclear expe-
rience, and Stone and Webster's knowledge of such failure
and inexperience, this was a particularly deficient action
by LILCO's contractor, which supports our belief that the
problems with the Delaval Aiesels could possibly have been

prevented by LILCO.

Stone and Webster Interoffice memorandum, W. V. BRienduga,
February 25, 1976.
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What actions should LILCO have taken after the kxnowledge

it gained or should have gained in the 1974-76 period?

The sarious deficiences in the OA implementation
deficiences identified in 1974-76 should have alerted
LILCO to the need to carefully assess the adequacy of

these diesels at an early date.

Did LILCO commence such an early reassessment program?

No. As noted above, LILCO 4id not start such a program

until Fall 1983.

Retween 1976 and the Fall of 1983 Adid LILCO acquire (or
should it have acauired) further data to indicate the need
for an early revalidation or diesel replacement proagram,
which, if implemented, would have eliminated the need for

LILCO to seek the instant exemption?

Yes. LILCO's experience with the DelLaval diesels commenc-
ing in 1977 should have alerted LILCO at an early date to
potential OA problems, so that at an early date LILCO
should have taken steps to avoid the situation which it

presently confronts.

o I8 '»



Since late 1977, LILCO has discovered and repaired or
sought to remedy numerous problems with the Shoreham die-
sels. For example, 21 problems with the Adiesels that

LILCO experienced prior to 1981 are set forth in a

January 15, 19R1 letter from D.D. Terry of LILCO Start-lUp
to Mr. Taylor. The letter is appended as Attachment 3
hereto. These deficiencies also necessitated a number of
Fnaineering and Design Coordination Reports (see Attach-
ment 4 hereto) in order to attempt to achieve engineering
resolution of these problems, leading one LILCO employee

to observe "we bought the low bidder."

In addition, in 1983, Fnergy Consultants Incorporated
conducted a retrospective assessment for the NRC of
selected operational problems identified in LILCO Defi-
ciency Reports, Repair/Rework Requests, and failure
reports issued by LILCO and DeLaval. Fnergy Consultants'
report, issued prior to the DeLaval crankshaft failure,

concluded:

A large number and variety of problems that
have been experienced can be attributed to
vendor workmanship. These errors, in con-
junction with the problems identified Adur-
ing audits of Delaval's Quality Assurance
Program laudits/reaudits conducted October
1975, February 1976, and June 19761, indi-
cate a weakly implemented Quality Control
Program.




(Pmphasis supplied). Fneray Consultants also

obhserved that:

During the detailed review of various Defi-
ciency Reports, Failure Reports and
Repair/Rework Requests, a significant
number of problems or errors have been
identified which seem to have occurred due
to errors and incomplete or improYerly com-
pleted work by the manufacturer.ll/

Examples of specific problems with the DelLaval diesels
that Energy Consultants concluded fell into this category

are set forth in Attachment 1 of its report.

Other documents also reveal a broad pattern of
problems with the diesels. Indeed, even LTILCO now asserts

that:

Prior to the crankshaft failure, LILCO
had experienced a number of occurrenc :s at-
tributable to defectively designed or fab-
ricated diesel generator components,
including three leaking cylinder heads, de-
fective jacket water pumps, leaking fuel
oil injection lines, inadeauate
turbocharger thrust bearing lubrication,
inadecguate piston skirt to piston crown

Fnergy Consultants Incorporated, "Witness and Evaluation
of Emergency Diesel Generator Testing at Shoreham Nuclear
Power Station for Nuclear Regulatory Commission, Regcion I
Staff, Final Report of NRC Contract No. 05-82-249
Parameter Purchase Order No. NRC-IE-82/83, Task 38", July

12, 1983, appended as Attachment 5.

- 20 -



attachment, broken rocker arm shaft bolts

and cracked subcover assemblies. While

these occurrences were generally of the

type experienced in the shakedown of large

d.esel engines, they avpear, nonetheless,

to be attributable to defective design or

fabrication.l12

In our opinion, LILCO could and should have
recoanized far before Fall 17233 that the Delavali diesels
were probably not reliable, and thus, should have taken
steps at an earlier time to remedy the diesel problem.
However, LILCO failed to do so. 1Instead, it let the situ-
ation deteriorate to the point of a catastrophic failure

of the machines, and now seeks special treatment from the

NRC.

LTILCO's failure to take timely early action to address ‘he
root causes of DeLaval failures is also reflected in
LILCO's failure to take heed of the significant NRC find-
ings of deficiences in the DelLaval OA proaram. For exam-
ple, the NRC Staff has observed that "the number of minor
probiems experienced by the TDI machines in nuclear

service appears to be abnormally high."lz/ A summary of

—
N

-
ad
—

Letter, E.M. Barrett of LILCO to Robert E. Smith, counsel
€nr DelLaval, December 2, 1983, appended as Attachment 6.

Nuclear Regulatory Commission Board Notification R3-160,
October 21, 1983, page 1. Enclosures 2 and 4 to the Board

[Footnote cont'd next page)

s 11 &



operatina prohlems experienced with Delaval diesels, which
was compiled by the NRT Staff, is appended to this testi-
monv as Attachment R.lﬁ/ In addition, Aurina its vendor
inspections in 1983, the NRC inspectors identitied
"conditions which imply that portions of the DeLaval OA
Program have not been carried out in accordance with the

provisions of 10 CFR 50, Appendix B."15/

Further, the NRC vendor inspection program previously
had identified problems in the implementation of the
DeLaval OA program. Beginning in 1979 and continuing
through 1983, the NRC conducted nine inspections at
DeLaval. Sixty-two instances of regulatory violations or

nonconformances were documented.lﬁ/ This number of

(Footnote cont'Ad from previous page)

Notification identify a number of problems that have
occurred with DeLaval diesels over the last three years.
It is appended as Attachment 7.

DeLaval Diesel Generator Operation FExperience, handout
prepared by the Nuclear Regqulatory Commission at a meeting
on DeLaval Adiesels held by the Staff in Bethesda, Maryland
on Januvary 26, 1984, Appended as Attachment 8.

Nuclear Regulatory Commission Board Notification 23-160,
October 21, 1983, page 2 (attached as Attachment 7). The
details of the allegations have not been revealed by the
NRC to avoid compromising the ongoing investigation of
DeLaval heing conducted by ti'e NRC's Office of Investiga-
tions.

Nuclear Requlatory Commission Vendor Inspection Reports
(Detober 14 to 17, 1980), issued January 22, 1981; 81-01,

(Footnote cont'd@ next page)
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problams in the DeLaval OA proaram, many of which remained
uncorrected over three years after the completion of the
Shoreham diesels, further demonstrates that the DelLaval OA
proce=s was suspect and that LILCO, far before Fall 1933,
should have recognized the unreliability of the DelLaval
diesels and taken steps to institute a comprehensive

revalidation proaram or to replace them completely.

Attached to this testimony as Attachment 9 is a sum-
mary of the DelLaval inspection history prepared by the
HRC's Vender Inspection Rranch. The vendor inspection
history was discussed by John Collins, Regional Adminis-
trator for Region IV of the Nuclear Regulatory Commission,
at a January 26, 1984 meeting NRC Staff/DelLaval Owners'
Group meeting. Mr. Collins expressed serious reservations
about the adequacy of both the DeLaval and utilitys' OA/QC
proaram, as follows:

As we indicated at the beginning, we have

summarized in these slides the findings.

But, more that's of interest. 1If you care-
fully review the findings that were handed

(Footnote cont'd from previous page)

to 16, 1981), issued Septemher 18, 1981; R2-01, (January
25 to 29, 1982), issued April 15, 1982; 82-02, (August 23
to 26, 19R2), issued December 8, 1982; and R3-01, (July 11
to 15, 19R3), issued October 3, 1983.

=33 =



to you that were documented in the handout
to you, one thing it says to me, in my
opinion, is that not only has there been
problems at the manufacturing shop, but
also, in my opinion, calls into auestion
the adequacy of the vendor proarams or
surveillance programs that are being
conducted by the utilities. Had some of
these been identified up front by utilities
on-site inspection programs, or receiving
inspection programs, or procurement pro-
arams, T think they could have heen identi-
fied even sooner than now. So, it really
calls into auestion your own programs.l’

(Fmphasis added). Similarly, Mr. William Foster
of the NRC Staff stated recently that the number
and nature of vinlations and nonconformance at
NDalLaval indicated to him that the DeLaval QA

System was "ineffective."18/

What is the significance in the context of this
proceeding of the NRC's findings concerning
DeLaval with respect to LILCO's responsibility
for the diesel failures that .ave required it to

seerk an exemption?

John Collins, "Transcript of Meeting on Del.aval Diesel
Generators," held at the Nuclear Reaulatory Commission
headquarters, Bethesda, Maryland, January 26, 1984,
appended as Attachment 10.

Deposition of William Foster, May 22, 1984, at 16.



LILCO should have been aware of the NRC's

PDeLaval inspection findinas since the reports
were publicly available. LILCO should have read
these NRC inspection reports and taken
appropriate actions. This is especially the
case regarding LILCO since the 1974-76 experi-
ence (discussed a' ve) had given bhases for
concern. We have found little evidence, how-
ever, of any systematic response by LILCO man-
agement to determine the root cause(s) in the
OA/QC program implementation which resulted ia
the numerous nonconformances found at DeLaval by
the NRC. This failure by LILCO further supports
our belief that LILCO's need for an exemption is

the result of its own inappropriate actions or

A:
inaction.19/
19/

LILCO should also have been alerted to potential problems
with the Shoieham diesels as a result of the pattern of
deficiencies in Delaval's production of other diesel
engines for nuclear service, which resulted in numerous
operational problems. These problems were generally
reported by DeLaval in Part 21, Title 10 of the Code of
Federal Regulations revorts, or by the owners of the die-
sels in Part 50.55(e), Title 10 of the Code of Federal
Requlations reports. Copies of such Part 21 reports were
sent to LILCO by DelLaval.




Is there any other basis for vour opinion that

LILCO's need for an a2xemption results from

LILCO's own inappropriate actions?

Yes. DelLaval diesel owners have documented
serious operational prohlems in non-nuclear ap-
plications similar to those experienced by nu-
clear users. Thus, in addition to the problems
LILCO itself experienced with the Delaval die-
sels prior to 1983, if LILCO had looked, it
would have found much additional evidence of the
unsatisfactory design and manufacture of Delaval
Aiesels similar to the Sioreham diesels. 1In our
opinion, in view of the history known to LILCO
of OA problems with DelLaval, LILCO, prior to
1983, should have tracked and responded to the
significant problems with DeLaval diesels in
non=-nuclear applications. This is especially
the case since the lack of operating experience
nf NeLaval diesels in nuclear applications
should have led LILCO to inauire how DelLaval
diesels were performing ir non-nuclear applica-

tions.
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For example, the Delaval Adiesels supplied for
the ship M.V. Columhia have experienced many

component failures including:

o Cylinder heads - design and manufacturing
defects

o Cylinder liner distortion and wear - due to
block distortion

Piston ring distortion and wear - 4due to
block distortion

Cylinder blocks - distortion and cracking

Cnonnecting rod bearings - design of articu-
lated connecting rod assembly

Main bearings - premature wear, high load-

o Camshafts - premature wear20/
Based on the preceding, the authors of the M.V.

Columbia evaluation concluded:

"Mlajor moving components of the engine
failed or required an inordinate amount of
corrective maintenance at a significantly
higher rate as compared to either Delaval's
recommended scheduled maintenance or other

Seaworthy Engine Systems Report No. 124-01, Evaluation Of
The Operational And Maintenance History Of, And Recent
poalzicat{bns To, The Main Engines In the M.V. Columbia,

April, 10A3, Other shipboard failures of the same nature
experienced by the Pride of Texas are set forth in Attach-
ment A to letter from C.C. Wei, Falcon Carriers, Inc. to
C. Matthews, DelLaval, Re: Pride of Texas Engine Problems,
July 22, 1982,




typical diesel manufacturer's TBOs. The
types of failures and number of failures of
some of the major components indicates
desian deficiencies in these components.
Twn critical components which have been
subject to failure, which are not tvypically
expected to routinely fail, were the artic-
ulate? connecting rods and cylinder
blocks.21/
Why do you believe that LILCO's failure to consider
non-nuclear data concerning the DeLaval diesels was inap-

propriate?

As noted above, the lack of DeLaval diesels in nuclear ap-
plications should have led LILCO to inquire regarding
their performance in non-nuclear service. Tndeed, LILCO
itself apparently considered non-nuclear applications of
the Delaval diesels to be relevant to the use of the die-
sels at Shoreham. For example, LILCO relied upon
NDelaval's allegedly aqood non-nuclear experience in other
aspects of this proceeding. In his affidavit attached to
LTLCO's Opposition to Suffolk County's Motion to Add an
Fmergency Diesel Generator Contention, May 16, 1983, Mr.

Youngling of LILCO testified:

Seaworthy Enaine Systems Report No. 124-01, Evaluation Of
The Operational And Maintenance History Of, And Recent
ﬂSZigications‘TS; The Main Fngines In the M,V. Columbia,
Kpril, 10R3,




The vendor has advised LILCO that the basic
diesel engine in the Shoreham diesel gener-
ators has been in production since the

early 1950's. There are 97 diesel engines

in this countrv that are essentiall
identical or very similar to the Shoreham

diesels.
(Emphasis added). Mr. Younaling later testified that:

Some of the diesels that we have cited in
our 97 are marine application diesels,
others are stationary application for power
production and some are nuclear applica-
tions.22
Tf LILCO had carefully scrutinized available data, how-
ever, it would have found actually that very serious

problems were being experienced in non-nuclear Delaval

Aiesels.

In our opinion, a careful and timely look by LILCO at
the non-nuclear experience with DeLaval diesels would have
caused LILCO to review the adequacy of the Shoreham die-
sels well before their catastrophic failure in 1983. How-
ever, there is no evidence prior to 1983 that LILCO man-
agement sought to conduct such reviews, despite the fact

that diesel operation was critical to the startup of

N
N
8

Transcript of diesel proceeding, June 10, 1983 ("Hearing
Transcript”), at 21,291.
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Shoreham and despite the evidence, that grew stronaer
through the vears, and of which LILCO had both direct and
indirect knowledae, that Delaval's diesels were seriously

deficient for nuclear appliication.

Does LILCO's purchase of alternate diesel aenerators, as

stated in the Appnlication for Fxemption (p. 25), support

the reocuested exemptionn?

No. At the October 26, 1983 LILCO Board of Directors
meeting, the LILCO Board ratified a contract with the
Fairbanks Morse FEngine Division of Colt Industries
("Colt") for three 4400 kilowatt diesels for Shoreham at a
cost of $12.985 million. However, that action does not
change our opinion about the reasons LILCO should not be
aranted the requested exemption. Long before 1983, LILCO
could, indeed should, have recognized the extremely
serious problem with the DeLaval diesels and have perhaps
purchased diesels from Colt. Indeed, LILCO could have
selected the Colt diesels originally, and thus have
avoijed altogether the problems with the DelLaval Aiesels

and the need for an exemption.

Colt submitted a bid in 1974 for three 4,296 kilowatt

units. The Colt bid exceeded the Delaval prcosal by only
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§4N0,967 ('.e.,5.52,210,967 for the Colt diesels versus
\‘ '\ .

SZ\IIGAQGb for the Delaval diesels), but the Colt offer
wag dccermined .o be technically unacceptable by LILCO be=-
cause the kiloweét rating was deemed larger than
raauired.zzf We believe that LIICOD was in error in
excluding ?ﬁlt o= this basis. Colt's prior experience in
supplying Auélear arade diesels was given insufficient
weight in LIICO's technical eyiluation. 1In our opinion
LIwCO should have considered whether the QA/QC and other
critical processes would have gone as smoothly with
Deraval, a vendor that had no previous nuclear experience,
as they might have with Colt, which had extensive experi-
ence in aualifying its diesels *or nuclear application.

In this sense, parhaps Delaval was not the lowest guali-

fied bidder.

What impact have the divsel problems had on the date for

the operation of Shoreham?

LILCUL contends that 1t would have been able to proceed

with low power operation of Shoreham shortly after the

»N
w
~

5

"mechnica! Fvaluation, Di~sel Generator Sets - SHI-89,"
Aaril 5, 974, attached tc letter from J.P. Allen, Stone &
Webhster project engine®r, to H.C. Buckley, LILCO
Ptrchasing Agent, April 11, 1974.




O:

Atomic Cafety Licensina Board issued its Partial Tnitial
Decision on September 21, 1983 had it not been for the
probleme encountered with the dieseis. Therefore, it
apnears that the Delaval diesel problems are responsible
for the delays from September 21, 1983 until such time as
Shoresham begins low power operation, and constitute the
reason for LILCO's alleced need for ai. exemption. As
notad previously, however, LILCO had ample opportunity
prior to Fall 1983 to take actions to head off the diesels
being in the critical path. LILCO failed to take

advantage of these numerous opportunities.

IV. CONCLUSIONS

What are your conclusions concerning the selection, pro-
curement, and installation of Shoreham's diesel genera-

tors?

Nur investigation of these problems reveals that LILCO,
Airectly or through its contractor, Stone and Webster,
failed to act appropriately to assure that it acquired and
installed emergency diesel generators suited for use at

Shoreham.

- 3% =



LILZC ar? Stone and Webster failed to properly or
rcomptly obt:ain, review, and follow up on available
informat  on that domorstrated deficiencies in the
DeLaval OA program 31s well as numerous flaws in the

product. resuiting from that proaram;

LILCO improperly excluded full cousideration of the
other potential diesel generator suppliers, specifi-
cally the Colt bid, and failed to properly evaluate

T51t's nuclear exparience:

LILC2 relied too heavily upon DeLaval to design and
manutacture the Adiesels, and thus failed to assure
thiat DeLaval and Stone and Webster carried out their

7elagated OA tasks;

LI.CO failed to conduct a suitable design verifica-
tion of the DelLaval diesels at an early date, and
thus failed t»n detect that the diesels may have sig-
nificant deficiencies that prevent their apmproval for

nuclear anplication.

LILCO failed to adhere tn the NRC's OA/QC require-
ments and thus failed to take the planned and system-

atic actions necessary %o provide adequate confidence



with this position. Rather, it is because of LILCO's
insufficient actions since 1974 in the total diesel gener-
ator procurement and installation process descrid2d above
that this delay has occurreil. The problems arose far in
advance of LILCO's late 19R2 preoperational testing pro-
aram and with prompt actinn could have been addressed a*: a
far earlier Afate, thus eliminatina any possible need for
the exemption application. Thus, we conclude that the ex-
ceptional circumstances claimed by LILCO do not exist,
particularly since LILCO itself is largely responsible for

the problems which have occurred, and thus no exemption is

warranted.
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PROFESSIONAL QUALIFICATIONS OF DALE G. BRIDENBAUGH

DALE G. BRIDENBAUGH

1723 Hamilton Avenue
Suite K

San Jose, CA 95125

(408) 266-2716

EXPERIENCE:
1976 - PRESENT

President -~ MHB Technical Associates, San Jose, California

Co-founder and partner of technical consulting firm. Specialists in energy
consulting to governmental and other groups interested in evaluation of
nuclear plant safety and licensing. Consultant in this capacity to state
agencies in California, New York, Illinois, New Jersey, Pennsylvanis,
Oklahoma and Minnesota ard to the Norwegian Nuclear Power Committ.e,
Swedish Nuclear Inspectorate, and various other organizations and
environmental groups. Performed extensive safety analysis for Swedish
Energy Commissio. and contributed to the Union of Concerned Scientist's
Review of WASH-1400. Consultant to the U.S. NRC - LWR Safety Improvenent
Program, performed Cost Analysis of Spent Fuel Disposal for the Natural
Resources Defense Council, and contributed to the Department of Energy LWR
Safety Improvement Program for Sandia Laboratories. Served as expert
witness in NRC and state utility commission hearings.

1976 = (FEBRUARY - AUGUST)

Consultant, Project Survival, Palo Alto, California

Voluntzer work on Nuclear Safeguards Initiative campaigns in California,
Oregoen, Washington, Arizona, and Colorado. Numerous presentations on

nuclear power and alternative energy options to civic, government, and
college groups. Also resource person for public scrvice presentations on

radio and television.
1973 - 197¢

Manager, Performance Evaluation and Improvement, General Electric Company -
Nuclear Energy Division, San Jose, California

Managed seventeen technical and seven clericel personnel with
responsibility for establishment and management of systems to monitor and

wfe



1972

1968

1966

1963

measure Boiling Water Reactor equipment and system operational

performance. Integrated General Electric resources in customer plant
modifications, coorcdinated correction of causes of forced outages and of
efforts to improve reliability and performance of BWR systems.

Also responsible for development of Division Master Performance Improvement
Plar as well as for numerous Staff special assignments on long-range
studies. Was on special assignment for the management of two different ad
hoc projects formed to resolve unique technical problems.

- 1973

Manager, Product Service, General Electric Company - Nuclear Energy
Division, San Jose, California

Managed group of twenty-one technical and four clerical personnel. Prime
responsibility was to direct interface and liaison personnel involved in
corrective actions required under contract warranties. Also in charge of
refueling and service planmning, performance analysis, and service
communication functions supporting all completed commercial nuclear power
reactors supplied by General Electric, both domestic and overseas (Spain,
Germany, Italy, Japan, India, and Switzerland).

- 1972

Manager, Product Service, General Electric Company - Nuclear Energy
Division, San Jose, California

Managed sixteen technical and six clerical personnel with ‘he
vesponsibility for all customer contact, planning and execution of work
required after the customer acceptance of department-supplied plants and/or
equipment. 7%his included quotation, sale and delivery of spare and renewal
parts. Sales volume of parts increased from $1,000,000 in 1968 to over
$3,000,000 in 1972.

- 1968

Manager, Complaint and Warranty Cervice, General Eledtric Company - Nuclear
Energy Division, San Jose, California

Managed group of six perscns with the responsibility for customer contacts,
planning and execution o° work required after customer acceptance of

department-supplied plants and/or equipment--both domestic and overseas.

- 1966

Field Engineering Supervisor, General Electric Company, Installation and
Service Engineerzng Departmer.-, Los Angeles, California

Supervised approximately eight field -:presentatives with responsibility
for General Electric steam and gas tur.ine installation and maintenance



1956

1955

1952

1953

work in Sou“hern California, Arizona, and Southern Nevada. During this
period was responsible for the installation of eight different central

station steam turbine-generator units, plus much maint .ance activity,

Work included customer contact, preparation of quotations, and contract
negotiations.

- 1963

Field Engineer, General Electric Company, Installation and Service
Engineering Department, Chicago, Illinois

Supervised installation and maintenance of steam turbines of all sizes.
Supervised crews of from ten to more than one hundred wen, depending on the
job. Worked primarily with large utilities but had significant work with
steel, petroleum and other procees industries. Had four years of
experience at construction, startup, trouble-shooting and refueling of the
first large-scale cormercial nuclear power unit.

- 1956

Engineering Training Program, General Electric Company, Erie, Pennsylvania,

and Schenectady, New York

Training assignments in plant facilities design and in steam turbine
testing at two General Electric factory locations.

- 1955

United States Army - Ordnance School, Aberdeen, Maryland

Instructor - Heavy Artillery Repair. Taught classroom and shop disassembly
of artillery pieces.

Engineering Training Program, General Electric Company, Evendale, Ohio

Training assignment with Aircraft Gas Turbine Department.

EDUCATION & AFFILIATIONS:

BSME - 1953, Sfouth Dakota School of Mines and Technology, Rapid City, South
Dakoca, Upper 1/4 of class.

Professional Nuclear Engineer - California. Certificate No. N973.

Member - American Nuclear Society



Various Company Training Courses during career including Professional
Business Maragement, Kepner Tregoe Decision Making, Effective Presentation,
and numerous technical seminars.

HONORS & AWARDS:

Sigma Tau - Honorary Engineering Fraternity,

General Managers Award, General Electric Company.

PERSONAL DATA:

Born November 20, 1931, Miller, South Dakota.
Married, *hree children

6'2", 190 lbs., health - excellent
Honorable discharge from United States Army

Hobbies: Skiing, hiking, work with Boy Scout Groups

PUBLICATIONS & TESTIMONY:

Operating and Maintenance Experience, presented at Twelfth Annual
Seminar for Electric Utility Executives, Pebble Beach, California,
October 1972, published in General Electric NEDC-10697, December 1972.

2. Maintenance and In-Service Inspection, presented at IAEA Symposium on
Experience From Operating and Fueling of Nuclear Power Plants,
Bridenbaugh, Lloyd & Turner, Vienna, Austria, October, 1973.

3. Operating and Maintenance Experience, presented at Thirteenth Anaual
Seminar for Electric Utility Executives, Pebble Beach, California,
November 1973, published in General Electric NEDO-20222, January,
1974,

4, Improving Plant Availabiliiy, presented at Thirteenth Annual Seminar
for Electric Utility Executives, Pebble Beach, California, November
1973, published in .eneral Electric NID0-20222, January, 1974,

5. Application of Plant Outage Experience to Tmprove Plant Performance,
Bridenbaugh and Burdsall, American Power Conference, Chicago,
Illinois, April 14, 1974.

6. Nuclear Valve Testing Cuts Cost, Time, Electrical World, October 39,
1974,




10.

11.

12.

13.

14.

15.

16.

17.

Testimony of D. G. Bridenbaugh, R. B. Hubbard, and G. C. Minor before
the United States Congress, Joint Committee on Atomic Energy, February
18, 1976, Washington, D.C. (Published by the Union of Concerned
Scientists, Cambridge, Massachusetts,)

Testimony of D. G. Bridembaugh, R. B. Hubbard, G. C. Minor tc the
California State Assembly Committee on Resources, Land Use, and
Energy, March 8, 1976.

Testimony by D. G. Bridenbaugh before the California Energy
Commission, entitled, Initiation of Catastrophic Accidents at Diablo
Canyon, Hearings on Emergency Planning, Avila Beach, California,
November 4, 1976,

Testimouy by D. G. Bridenbaugh before the U. S. Nuclear Regulatory
Commission, subject: Diablo Canyon Nuclear Plant Performance, Atomic
Safety and Licensing Board Hearings, December, 1976.

Testimony by D. G. Bridenbaugh before the California Energy
Commission, subject: Interim Spent Fuel Storage Considerations, March
10, 1977,

Testimony of D. G. Bridenbaugh before the New York State Public
Service Commission Siting Board Hearings concerning the Jamesport
Nuclear Power Statica, subject: Effect of Technical and Safety
Deficiencies on Nuclear Plant Cost and Reliability, April, 1977.

Testimony by D. G. Bridenbaugh before the Californiz State Energy
Commission, subject: Decommissioning of Pressurized Water Reactors,
Sundesert Nuclear Plant . arings, June 9, 1977.

Testimony by D. G. Bridenbaugh before the California State Energy
Commission, subject: Economic Relationships of Decommissioning,
Sundesert Nuclear Plant, for the Natural Resources Defense Council,
July 15, 1977.

The Risks of Nuclear Power Reactors: A Review of the NRC Reactor
Safety Study WASH-1400, Kendall, Hubbard, Minor & Bridenbaugh, et al,
for the Union of Concerned Scientists, August, 1977.

Testimony vy D. G. Bridenbaugh before the Vermont State Board of
Health, subject: Operation of Vermont Yankee Nuclear Plant and Its
Impact on Public Health and Safety, October 6, 1977.

Testimony by D. G. Bridenbaugh before the U.S. Nuclear Regulatory
Ccmmission, Atomic Safety and Licensing Board, subject: Deficiencies
in Safety Evaluation of Non-Seismic Issues, Lack of a Definitive

Finding of Safety, Diablo Canyon Nuclear Units, October 18, 1977,
Avila Beach, California.




18.

19.

20.

21.

22.

23.

24,

23,

26.

27.

28.

Testimony by D. G. Bridenbaugh Lefore the Norwegian Commission on
Nuclear Power, subject: Reacior Safety/Risk, October 26, 1977.

Swedish Reactor Safety Study: Barseback Risk Assessrent, MHB
Technical Associates, January, 1978. (Published by the Swedish
Department of Industry as Document DsI 1978:1)

Testimony by D. G. Bridenbaugh before the Louisicna Statz Legislature
Committee on Natural Resources, subject: Nuc.ear Power Plant
Deficiencies Impacting on Safety & Reliability, Baton Rouge,
Louisiana, February 13, 1978.

Spent Fuel Disposal Costs, report prepared by D. G. Bridenbaugh for
the Natural Resources Defense Council (NRDC), August 31, 1978.

Testimony of D. G. Bridenbaugh, G. C. Minor, and R. B. Hubbard before
the Atomic Safety and Licensing Board, in the matter of the Black Fox
Nuclear Power Station Construction Permit Hearings, September 25,
1978, Tulsa, Oklahoma.

Testimony of D. G. Bridenbaugh and R. B. Hubbard before the Louisiana
Public Service Commission, Nuclear Plant and Power Generatio- Costs,

November 19, 1978, Baton Rouge, Louisiana.

Testimony by D. G. Bridenbaugh before the City Council and Electric
Utility Commission of Austin, Texas, Design, Construction, and
Operating Exrerience of Nuclear Gei.rating Facilities, December 5,
1978, Austin, Texas.

Testimony by D. G. Bridenbaugh for the Commonwealth of Massachusetts,
Department of Public Utilities, [mpact of Unresolved Safety Issues,
Generic Deficiencies, and Three Mile Island-initiated Modifications on
Power Generation Cost at the Proposed Pilgrim-2 Nuclear Plant, June 8,

1979.

Improviqg the Safety of LWR Power "lants, MHB Technical Associates,
prepared for U.S. Dept. of Energy, Sandia Laboratories, September 28,
1979.

BWR Pipe and Nozzle Cracks, MHB Technical Associates, for the Swedish
Nuclear Power Inspectorate (SKI), October, 1979.

Uncertainty in Nuclear Risk Assessment Methodology. MHB Technical
Associates, for the Swedish Nuclear Power Inspectorate (SKI), January
1980.




29.

30.

31.

32.

33‘

34.

35.

36.

37.

38.

Testimony of D. G. Bridenbaugh ard G. C. Minor before the Atomic
Safety and Licensing Board, in the matter of Sacramento Municipal
Utility District, Rancho Seco Nuclear Generating Station following
TMI-2 accident, subject: Operator Training and Human Factors
Engineering, for the California Energy Commission, February 11, 1980.

Italian Reactor Safety Study: Caorso Riskx Assessment, MHB Technical
Associates, for Friends of the Earth, Italy, March, 1980.

Decontamination of Krypton-85 from Three Mile Island Nuclear Plant,
H. Keundall, R. Pollard, & I, G. Bridenbaugh, et al, The Union of
Concerned Scientists, deliver.d to the Governor of Pennsylvania, May

15, 1980.

Testimony by D. G. Bridenbaugh before the New Jersey Board of Public
Utilities, on behalf of New Jersey Puvlic Advocate's Office, Division
of Rate Counsel, Analysis of 1979 Salem-1 Refueling Outage, August,
1980.

Minnesota Nuclear Plants Gaseous Emissions Study, MHB Technical
Associates, for Minnesota Pollution Control Agency, September, 1980.

Position Statsment, Proposed Rulemaking on the Storage and Disposal of
Nuclear West-, Joint Cross-Statement of Position of the New England
Coalition on Nuclear Pollution and the Natural Resources Defense
C-uncil, September, 1980.

Testimony by D. G. Bridenbaugh and G. C. Minor, before the New York
State Public Service Commission, In the Matter of Long Island Lighting
Company Temporary Rate Case, prepared for. the Shoreham Opponents
Coalition, September 22, 1980, Shoreham Nuc'ear Plant Construction
Schedule.

Supplemental Testimony by D. G. Bridenbaugh before the New Jersey
Board of Public Utilities, on behalf of New Jersey Department of the
Public Advocate, Division of Rate Counsel, Analysis of 1979 Salem-l
Refueling Outage, December, 1980.

Testimony by D. G. Bridenbaugh and G. C. Minor, before the New Jersey
Board of Public Utilities, on behalf of New Jersey Department of the
Public Advocate, Division of Rate Counsel, Oyster Creek 1980 Re “ueling
Outgsgﬁ}nvelgi!ation, February 1981.

Fconomic Assessment: Ownership Interest in Palo Verde Nuclear
Station, MHB Technical Associates, for the City of Riverside,
September 11, '981.




39.

40.

41.

42.

43.

44 .

45.

a6.

47,

48.

Testimony of D. G. Bridenbaugh before the Public Utilities Commission
of Ohio, in the Matter of the Regulation of the Electric Fuel
Component Contained Within the Rate Schedules of the Toledo Edison
Company and Related Matters, subject: Davis-Besse Nuclear Power
Station 1980-8]1 Outage Review, November, 1981.

Supplemental Testimony of D. G. Bridenbaugh before the Public
Utilities Commission of Ohio, in the matter of the Regulation of the
Electric Fuel Component Contained within the Rate Schedules of the
Toledo Edison Company and Related Matters, subject: Davis-Besse
Nuclear Power Station 1980-8]1 Outage Review, November 1981.

Systems Interaction and Single Failure Criterion, Phase 2 Report, MHB
Technical Associates for the Swedish Nuclear Power Inspectorate (SKI),

January, 1982.

Testimony of D. G. Bridenbaugh and G. C. Minor on behalf of Governor
Edmund G. Brown Jr., before the Atomic Safety and Licensing Board,
regarding Contention 10, Pressurizer Heaters, January 11, 1982,

Testimony of D. G. Bridenbaugh and G. C. Minor on behalf of Governor
Edmund G. Brown Jr., before the Atcuic Safety and Licensing Board,
regarding Conteniion 12, Block and Pilot Operated Relief Valves,
January 11, 1982,

Testimony of D. G. Bridenbaugh before the Commonwealth of
Massachusetts, Department of Public Utilities, on behalf of the
Massachusetts Attorney (eneral, Pilgrim Nuclear Power Station, 1981-82
Outage Investigation, March 11, 1982.

Testimony of D. G. Bridenbaugh before the Pennsylvania Public Utility
Commission, on behalf of the Pennsylvania Office of Consumer Advocate,
Beaver Valley Outage, March, 1982,

Interim testimony of D. G. Bridenbaugh before the Illinois Commerce
Commission, on behalf of the Illinois Attorney General's Office,
Expected Lifetimes and Performance of Nuclear Power Plants, March,

1982.

Testimony of D. G. Bridenbaugh and G. C. Minor before the Atomic
Safety and Licensing Board, on behalf of Suffclk County, in the matier
of Long Island Lighting Company, Shoreham Nuclear Power Station, Unit
1, regarding Suffolk County Contention 11, Passive Mechanical Valve

Failures, April 13, 1982,

Testimony of D. G. Bridenbaugh and R. B. Hubbard, in the Matter of
Jersey Central Power and Light Company For an Increase in Rates for
Electrical Service, on behalf of New Jersey Department of the Public
Advocate, Division of Rate Counsel, Three Mile Island Units 1 &

2, C'eanup and Modification Programs, May, 1982.




49,

31,

52.

54.

55.

56.

57.

Testimony of D. G. Bridenbaugh and G. C. Minor on behalf of Suffolk
County, before the Atomic Safety and Licensing Board, in the matter of
Long Island Lighting Company, Shoreham Nuclear Power Station, Unit 1,
regarding Suffolk County Contention 22, SRV Test Program, May 25,
1982.

Testimony of D. G. Bridenbaugh and G. C. Minor on behalf of Suffolk
County, before the Atomic Safety and Licensing Board, in the matter of
Long Island Lighting Company, Shoreham Nuclear Power Station, Unit 1,
regarding Suffolk County Contention 28(a)(vi) and SOC Contention
7A(6), Reduction of SRV Challenges, June 14, 1982,

Testimony of D. G. Bridenbaugh before the Illinois Commerce
Commission, on behalf of the Illinois Attorney General's Office,
Expected Lifetimes and Performance of Nuclear Power Plants, June 18,

1982.

Testimony of D. G. Bridenbaugh and R. B. Hubbard on behalf of the Ohio
Consumers Counsel, before the Public Utilities Commission of Ohio,
regarding Construction of Perry Nuclear Generating Unit No. 1, October
7, 1982,

Issues Affecting the Viabiling and Acceptability of Nuclear Power

Usage in the United States, prepared by MHB Technical Associates for

congress of the United States, Office of Technology Assessment for use
in conjunction with Workshop on Technological and Regulatory Changes
in Nuclear Power, December 8 & 9, 1982,

Testimony of D. G. Bridenbaugh on behalf cf Rockford League of Women
Voters, before the Atomic Safety and Licensing Board, in the matter of
Commonwealth Edison Company, Byron Station, Units 1| and 2, regarding
Contention 22, Steam Generators, March 1, 1983.

Testimony of G. C. Minor and D. G. Bridenbaugh before the Pennsylvania
Public vtility Commission, on behalf of the Office of Consumer
Advocate, Regarding the Cost of Constructing the Susquehanna Steam
Electric Station, Unit I, Re: Pennsylvania Power and Light, March 18,

1983.

Surrebuttal Testimony of D. G. Bridenbaugh before the Pennsylvania
Public Utility Commission, on behalf of the Office of Consumer
Advocate, Regarding the Cost of Constructing the Susquehanna
Steam Electric Station, Unit I, Re: Pennsylvania Power and Light,

April 20, 1983.

Testimony of D. G. Bridenbaugh In the Matter of Public Service Gas &
Electric, Base Rate Case, Nuclear Construction Expenditures, on behalf
of New Jersey Department of the Public Advocate, Division of Rate
Counsel, October 13, 1983




58.

59.

60.

6l1.

62.

Affidavit of D. G. Bridenbaugh, in the Matter of Jersey Central rower
and Light, on behalf of New Jersey Department of the Public Advocate,
Division of Rate Counsel, TMI Fault Investigation, November 23, 1983,

Testimony of D. G. Bridenbaugh, in the Matter of Public Service

Electric & Gas, on behalf of New Jersey Department of the Public
Advocate, Division of Rate Counsel, LEAC Investigation, Salem-l

Outages, December 1, 1983.

Rebuttal Testimony of D. G. Bridenbaugh, in the Matter of public
Service Electric & Gas, on behalf of New Jersey Department of the
Public Advocate, Division of Rate Counsel, LEAC Investigation, Salem-l

Outages, January 18, 1984,

Testimony of D. G. Bridenbaugh, L. M. Danielson, R. B. Hubbard and G.
C. Minor before the State of New York Public Service Commission, PSC
Case No. 27563, in the matter of Long Island Lighting Company
Proceeding to Investigate the Cost of the Shoreham Nuclear Generating
Facility -- Phase II, on behalf of County of Suffolk, February 10,
1984.

Status Report, WJ Zimmer Plant, Assessment of Options, MHB Technical
Associates, prepared for The Ohio Office of the Consumer's Counsel,
February 23, 1984.
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PROFESSIONAL QUALIFICATIONS OF RICHARD B. HUBBARD

RICHARD B. HUBBARD
MHB Technical Associates

1723

Hamilton Avenue

Suite K
San Jose, California 95125

EXPERIENCE:

9/76

2/76

= PRESENT

Vice-President - MHB Technical Associates, San Jose, California.

Founder, and Vice-President of technical consulting firm. Specialists in
independent energy assessments for government agencies, particularly
technical and economic evaluation of nuclear power facilities. Consultant
in this capacity to California, Massachusetts, Oklahoma and Illinois
Attorney Generals, Minnesota Pollution Control Agency, German Ministry for
Research and Technology, Governor of California, Swedish Energy Commission,
Swedish Nuclear Inspectorate, Suffolk County, Ohio Consumer's Counsel, New
Jersey Public Advocate, and the U. S. Department of Energy. Also provided
studies and testimony for various public interest groups including the
Center for Law in the Public Interest, los Angeles; Public Law Utility
Group, Baton Rouge, Louisiana; Friends of the Earth (FOE), Italy; and the
Union of Concerned Scientists, Cambridge, Massachusetts. Provided
testimony to the U.S. Senate/House Joint Committce on Atomic Energy, the
U.S. House Committee on Interior and Insular Affairs, the California
Assembly, Land Use, and Energy Committee, the Advisory Committee on Reactor
Safeguards, and the Atomic Safety and Licensing Bsard. Performed
comprehensive risk analysis of the accident probabilities and consequences
at the Barseback Nuclear Plant for the Swedish Energy Commission and
edited, as well as contributed to, the Union of Concerned Scientist's
technical review of the NRC's Reactor Safety Study (WASH-1400).

- 9/76

Consultant, Project Survival, Palo Alto, California.

Volunteer work on Nuclear Safeguards Initiative campaigns in California,
Oregon, Washington, Arizona, and Colorado. Numerous presentations on
nuclear power and alternative energy options to civic, governuent, and
college groups. Also resource person for public service presentations on
radio and television.




5/75 - 1/76

Manager - Quality Assurance Section, Nuclear Energy Control and
Instrumentation Department, General Electric Company, San Jose, Calif{ornia.
Report to the Department General Manager. Develop and implement quality
plans, programs, methods, and equipment which assure that products produced
by the Department meet quality requirements as defined in NRC regulation 10
CFR 50, Appendix B, ASME Boiler and Pressure Vessel Code, customer
contracts, and GE Corporate policies and procedures. Product areas include
radiation sensors, reactor vessel internals, fuel handling and servicing
tools, .uclear plant control and protection instrument~tion systems, and
nuclear steam suppliy and Balance of Pliant control room panels. Responsible
for approximately 45 exempt personnel, 22 non-exempt personnel, and 129
hourly personnel with an expense budget of nearly 4 million dollars and
equipment investment budgei of approximately 1.2 million dollars.

11/71 - 5/75

3/70

Manager - Quality Assurance Subsection, Manufacturing Section of Atomic
Power Equipment Department, General Electric Company, San Jose, California.
Report to the Manager of Manufacturing. Same functional and product
responsibilities as in Engagement #1, except at a lower organizational
report level. Developed a quality system which received NRC certification
in 1975. The system was also successfully surveyed for ASME "N" and "NPT"
symbol authorization in 1972 and 1975, plus ASME "U" and "S" symbol
authorizations in 1975. Responsible for from 23 to 39 exempt personnel, 7
to 14 non-exempt personnel, and 53 to 97 hourly personnel.

- 11/71

Manager - Application Engineering Subsection, Nuclear Instrumentation
Department, General Electric Company, San Jose, California.

Responsible for the post order technical interface with .rchitect engineers
and power plant owners to define and schedule the instrumentation and
control systems for the Nuclear Steam Supply and Balance of Plant portion
of nuclear power generating stations. Responsibilities included
preparation of the plant instrument list with approximate location, review
of interface drawings to define functional design requirements, and release
of functional requirements for detailed eguipment designs. Personnel
supervised included 17 engineers an’ 5 non-exempt personnel.

12/69 - 3/70

Chairman - Equipment Room Task Force, Nuclear Instrumentation Department,

General Electric Company, San Jose, California.

Responsible for a special task force reporting to the Department General
Manager to define methods to improve the quality and reduce the



installation time and cost of nuclear power plant control rooms. Study
resulted in the cenception of a factory-fabricated control room consisting
of signal conditioning and operator control panels mounted on modular floor
sections which are completely assembled in the factory and thoroughly
tested for proper operation of interacting devices. Personnel supervised
included 10 exempt personnel.

12/65 - 12/69

8/64

Manager - Proposal Engineering Subsection, Nuclear Instrumentation
Department, General E%ectric Company, San Jose, California.

Responsible for the application of instrumentation systems for nuclear
power reactors during the proposal and pre-order period. Responsible for
technical review of bid specifications, preparation of technical bid
clarifications and exceptions, definition of material list for cost
estimating, and the "as sold" review of contracts prior to turnover to
Application Engineering. Personnel supervised varied from 2 to 9
engineers.

- 12/65

Sales Engineer, Nuclear Electronics Business Section of Atomic Power
Equipment Department, General Electric Company, San Jose, California.
Responsible for the bid review, contract negotation, and sale of
instrumentation systems and components for nuclear power plants, test
reactors, and radiation hot cells. Also responsible for industrial sales
of radiation sensing systems for measurement of chemical properties, level,
and density.

10/61 - 8/64

9/60

Application Engineer, Low Voltage Switchgear Department, General Electric
Company, Philadelphia, Pennsylvania

Responsible for the application and design of advanced diode and
silicon-controlled rectifier (SCR) constant voltage DC power systems and
variable voltage DC power systems four industrial applications. Designed,
fcllowed manufacturing and personally tested an advanced SCR power supply
for product introduction at the Iron and Steel Show. Project Engineer for
a DC power system for an aluminum pot line provided to Anaconda beginning
at the 161KV switchyard and encompassing all the equipment to conve.: the
power to 700 volts DC at 160,000 amperes.

- 10/61

GE Rotational TrainingrPrqupm

Four 3-month assignments on the GE Rotational Training Program for college
technical graduates as fecllows:



a. Installatica and Service Eng. - Detroit, Michigan
Installation and startup testing of the world's largest automated hot
strip steel mill.

b. Tester - Industry Control - Roanoke, Virginia
Factory testing of control panels for control of steel, paper, pulp,
and utility mills and power plants.

c. Engineer - Light Military Electronics - Johnson City, New York
Design of ground support equipment for testing the auto pilots on the
F-105.

d. Sales Engineer - Morrison, Illinois
Sales of appliance controls including range timers and refrigerator

cold controls.

EDUCATION:
Bachelor of Science Electrical Engineering, University of Arizona, 1960.
Master of Business Administration, University of Santa Clara, 1969.

PROFESSIONAL AFFILIATION:

Registered Quality Engineer, License No. QU805, State of California.

Member of Subcommittee 8 of the Nuclear Power Engineering Committee of the
IEEE Power Engineering Society responsible for the preparation and revision
of the following national Q.A. Standards:

a. IEEE 498 (ANSI N45.2.16): Requirements for the Calibration and
Control of Measuring and Test Equipment used in the Construction and
Maintenance of Nuclear Power Generating Stations.

b. IEEE 336 (ANSI N45.2.4): Installation, Inspection, and Testing
Requirements for Ciass lE Instrumentation and Electric Equipment at
Nuclear Power Generating Stations,.

é, IEEE 467 ¢ Quality Assurance Program Requirements for the
Design and Manufacture of Class lE Instrumentation and Electric
Equipment for Nuclear Power Generating Stations.

I am currently a member of the IEEE Comnittee which is preparing a standard
relating to t': selection and utilization of replacement parts for Class IlE

equipment during the construction and operation phase.



PUBLICATIONS AND TESTIMONY:

1.

10.

11.

In-Core System Provides Continuous Flux Map of Reactor Cores, R. B.

Hubbard and C. E. Foreman, Power, November, 1967.

Quality Assurance: Providing It, Proving It, R. B. Hubbard, Power,
May, 1972.

Testimony of R. B. Hubbard, D. G. Bridenbaugh, and G. C. Minor before
the United States Congress, Joint Committee on Automic Energy,
February 18, 1976, Washington, D.C. (Published by the Union of
Concerned Scientists, Cambridge, Massachusetts. ) Excerpts from
testimony published in Quote Without Comment, Chemtech, May, 1976.

Testimony of R. B. Hubbard, D. G. Bridenbaugh, and G. C. Minor to the
California State Assembly Committee on Resources, Land Use, and

Energy, Sacramento, California, March 8, 1976.

Testimony of R. B. Hubbard and G. C. Minor before California State
Senate Committee on Public Utilities, Transit, and Energy, Sacramento,

California, March 23, 1976.

‘lestimony of R. B. Hubbard and G. C. Minor, Judicial Hearings
Regarding Grafenrheinfeld Nuclear Plant, March 16 & 17, 1977,
Wurzburg, Germany.

Testimony of R. B. Hubbard toc United States House of Representatives,
Subcommittee on Energy and the Environment, June 30, 1977, Washington,
D.C., entitled, Effectiveness of NRC Regulations - Modifications to
Diablo Canyon Nuclear Units,

Testimony of R. B. Hubbard to the A'visory Committee on Reactor
Safeguards, August 12, 1977, Washington, D.C., Risk Uncertainty Due to
Deficiencies in Diablo Canyon Quality Assurance Program and Failure to

Implement Current NRC Practices.

The Risks of Nuclear Power Reactors: A Review of the NRC Reactor
Safety Study WASH-1400, Kendall, et, al., edited by R. B. Hubbard and
G. C. Minor for the Union of Concerned Scientists, August, 1977.

Swedish Reactor Safety Study: Barseback Risk Assessment, MHB
Technical Assoclates, January 19/8 (Published by Swedish Department of

Industry as Document DSI (1978:1).

Testimony of R. B. Hubbard before the Energy Facility Siting Counsil,
March 31, 1978, in the matter of Pebble Springs Nuclear Power Plant,
Risk Assessment: Pebble Springs Nuclear Plant, Portland, Oregon.




12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Presentation by R. B. Hubbard before the Federal Ministry for Research
and Technology (BMFT), August 3] and September 1, 1978, Meeting on
Reactor Safety Research, Risk Analysis. Bonn, Germany.

Testimony by R. B. Hubbard, D. G. Bridenbaugh, and G. C. Minor before
the Atomic Safety and Licensing Board, September 25, 1978, in the
matter of the Black Fox Nuclear Power Station Construction Permit
hearings, Tulsa, Oklahoma.

Testimony of R. B. Hubbard before the Atomic Safety and Licensing
Board, November 17, 1978, in the matter of Diablo Canyon Nuclear Power
Plant Operating License Hearings, Operating Basis Earthquake and
Seismic Reanalysis of Structures, Systems, and Components, Avila
Beach, California.

Testimony of R. B. Hubbard and D. G. Bridenbaugh before the Louisiana
Public Service Commission, November 19, 1978, Nuclear Plant and Power

Generation Costs, Baton Rouge, Louisiana.

Testimony of R. B. Hubbard before the California Legislature,
Subcommittee on Energy, Los Angeles, April 12, 1979.

Testimony of R. B, Hubbard and G. C. Minor before the Federal Trade
Commission, on behalf of the Union of Concerned Scientists, Standards
and Certification Proposed Rule 16 CFR Part 457, May 18, 1979,

ALO-62, Improving the Safety of LWR Power Plants, MHB Technical
Associates, prepared for U.S. Department of Energy, Sandia National

Laboratories, September, 1979, available from NTIS.

Testimony by K. B. Hubbard before the Arizona State Legislature,
Special Interim House Committee on Atomic Energy, Overview of Nuclear
Safety, Phoenix, AZ, September 20, 1979.

"The Role of the Technical Consultant", Practising Law Institute
program on "Nuclear Litigation", New York City and Chicago, November,
1979. Available from PLI, New York City.

Uncertainty in Nuclear Risk Assessaent Methodology, MHB Technical
Associates, March, 1980, prepared for and available from Swedish
Nuclear Power Inspectorate, Stockholm, Sweden.

Italian Reactor Safety Study: Caorso Risk Assessment, MHB Technical
Associates, March, 1980, prepared for and available from Friends of
the Earth, Rome, Italy. :




23.

24,

23.

26.

27.

280

29.

30.

3l.

32,

33.

Development of Study Plans: Safety Assessment of Monticello and

Prairie Island Nuclear Stations, MHB Technical Associates, August,

1980, prepared for and available from the Minnesota Pollution Control

Agency.

Affidavit of Richard B. Hubbard and Gregory C. Minor before the
Illinois Commerce Commission, In the Matter of an Investigation of the
Plant Construction Program of the Commonwealth Edison Company,
prepared for the League of Women Voters of Rockford, Tllinois,
November 12, 1980, ICC Case No. 78-0646.

Systems Interaction and Single Failure Criterion, MHB Technical

Associates, January, 1981, prepared for and available from the Swedish
Nuclear Power Inspectorate, Stockholm, Sweden.

Summary of Emergency Response Plannxnggprltetza for Regional and Local

Authorities Near Nuclear Electric Generating Stations, MHB Technical

Associates, June, 1981, prepared for and available from Friends of the
Earth, Rome, Italy.

Economic Assessment: Ownership Interest In Palo Verde Nuclear

Station, September 11, 1981, prepared for and available from the City

of Riverside, California.

Systems Interactioan and Single Failure Criterion: Phase II report,

MHB Technical associates, December, 1981, prepared for and available
from the Swedish Nuclear Power Inspectorate, Stockholm, Sweden.

Testimony of Richard Hubbard and Gregory Minor on Emergency Response
Planning, Diablo Canyon Operating License hearings before ASLB,
January 11, 1982.

Statement of Richard Hubbard before the U.S. House Subcommittee on
Energy and Environment concerning QA program breakdowns, November 19,
1981.

Testimony of Richard Hubbard on Quality Assurance, South Texas
Operating License hearing before ASLB, prefiled June, 1981,

Presentation of Richard Hubbard for Governor Edmund G. Brown, jr.
concerning PG&E's Proposed Seismic Design Reverification Program,
Diablo Canyon Nuclear Power Plant, February 1982.

Testimony of R. B. Hubbard, G. C. Minor, M. W. Goldsmith, S. J.
Harwood cn behalf of Suffolk County, before the Atomic Safety and
Licensing Board, in the matter of Long Island Lighting Company,
Shoreham Nu:lear Power Station, Unit 1, regarding Contention 7B,
Safety Class fication and Systems Interaction, April 13, 1982.




35.

360

37.

38.

39.

aol

41,

42,

Testimony of R. B. Hubbard and D. G. Bridenbaugh, in the matter of
Jersey Central Power and Light Company For an Increase in Rates for
Electrical Service, on behalf of New Jersey Department of the Public
Advocate, Division of Rate Counsel, Three Mile Island Units 1 & 2,
Cleanup and Modification Programs, May, 1982.

Testimony of R. B. Hubbard and G. C. Minor on behalf of Suffolk
County, before the Atomi. Safety and Licensing Board, in the matter of
Long Island Lighting Company, Shoreham Nuclear Power Station, Unit 1,
regarding Suffolk County Contention 27 and SOC Contention 8
Post-Accident Monitoring, May 25, 1982.

Presentation of R. B. Hubbard for Governor Edmund G. Brown, Jr,
concerning Diablo Canyon Reverification Program, Diablo Canyon Nuclear
Power Plant, September, 1982.

Testimony of R. B. Hubbard on behalf of Suffolk County, before the
Atomic Safety and Licensing Board, in the matter of Long Island
Lighting Company, Shoreham Nuclear Power Station, Unit 1, regarding
Suffolk County Contentions 12, 13, 14, and 15, Quality
Assurance/Quality Control, June 29, 1982.

Presentation of Richard B. Hubbard on Behalf of the State of
California, Before the NRC Commissioners, Proposed Phase II Diablo
Canyon Reverification Program (IDVP), November 10, 1982.

Testimony of R. B. Hubbard and Dr. Francisco J. Samaniego on behalf of
Suffolk County, Before the Atomic Safety and Licensing Board, in the
matter of Long Island Lighting Company, Shoreham Nuclear Power
Station, Unit 1, regarding Torrey Pines Technology's Inspection of
Shoreham Nuclear Power Station, December 21, 1982.

Supplemental testimony of G. C. Minor, R. B. Hubbard, and M. W.
Goldsmith on behalf of Suffolk County, before the Atomic Safety and
Licensing Board, in the matter of Long Island Lighting Company,
Shoreham Nuclear Power Station, Unit 1, regarding Suffolk County
Contention 7B, Safety Classification and Systems Interaction, March
23, 1983.

Supplemental Affidavit of R. B. Hubbard before the Atomic Safety and
Licensing Appeal Board Concerning Breakdowns in the Diablo Canyon
Quality Assurance Program, March 29, 1983.

Declaration of R. B. Hubbard before the Atomic Safety and Licensing
Appeal Board, Concerning Breakdowns in Construction Quality Assurance

at Diablo Canyon, May 6, 1983,




43,

44,

45,

46,

Presentaticn by R. B. Hubbard on behalf of Suffolk County to Cuomo
Commission regarding Quality Assurance/Quality Control (QA/QC).

Testimony of R. B. Hubbard on Behalf of the State of California, Before the
Atomic Safety and Licensing Appeal Board, in the matter of Pacific Gas and

Electric Co., Regarding Design Quality Assurance, October, 1983,

Testimony of D. G. Bridenbaugh, L. M. Danielson, R. B. Hubbard and G. C.
Miror before the State of New York Public Service Commission, PSC Case No.
27563, in the matter of Long Island Lighting Company Proceeding to
Investigate the Cost of the Shoreham Nuclear Generating Facility — Phase
II, on behalf of County of Suffolk, February 10, 19&.

Status Rzport, WJ Zimmer Plant, Assessment of Options, MHB Technical

Associatces, prepared for The Ohio Office of the Consumer's Counsel,
February 23, 1984,
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January 15, 1981
J.B. Taylor

Emergency Diesel Generator 102 Procblems Encountered To Date
Shoreham Nuclear Power Station = Unit No. 1
W.0. 44430/48923

The attached report, prepared by T. Brown, J. Higgins and
W. Cook accurately state the problams we have had to date.

An attempt to resclve many of the items was tried on December
18, 1980 when Startup arranged a meeting between ourselves,
SiW and Delaval. Regretfully, Delaval could not attend and no
real progress on sroblem sclutions were made.

Another meeting is scheduled for January 20, 1981 at Shoreham
and hopefully resolution to many problems will be achieved.

Many of the problers ercountered by Startup to date have been

the result of the "Skid Mounted Equipment”, as with this type,

the Construction organization has very minimal involvement other

than "hooking up"™ to it. Along these lines, alignment deficiencies

have been identified, storage problems have been corrected etc..

all of which adds to Startup's scope of work as related to placing
3 the equipment into service.

? A rescheduling effort of the Diesel generators must be conducted

; due to the recent Proposed Site policy to primarily support the
Integrated Flush. At the present time, we can not project a
precp start date due to many unresolved problems and no projected
turnover date for Engines 101 and 103.

- ———

] -~

D.D. Ter
Lead Startup Engineer

DDT:PbcC

cec: T. Brown
J. Higgins
wW. Cook
L.W., Lewin
W.M. Mateijek
SR2-R41.010




PROBLEM REPORT
R4 3~ EMERGENCY DIESEL GENERATORS

procedure that had baen JTG approved for subsystem flushes
were not adeqguate. Specifically, the lube oil flush did
not provide sufficient flow to clean the system. (this
test procedure used B&A pump (40GPM.) which has a normal
flow of about 250GPM. Also, the JW system flush procedure
uses the J.W. heater circulating pump (S0GPM! for a sys-

ter with a normal flow of 800 GPM. This procedure will

be revised to incorporate a temporary flush pump.

Excessive amounts of time were reguired to review component
1ists since (a) initial list missed many items (b) iscme~-
trics are continually changing resulting in added and/or
deleted sections, and (c¢) hanger listings change as isos
are revised and the doiignation changes (E&DCR F 29376).
Changes in component lists are no longer to be reviewed -

only marked noted by test engineer.

Excessive amounts o6f time was required to review punchlist
items. This was compounded by (a) recrganization of lists
by renumbering all items, (b) excessive number of items,
(e) failure to perform verification of completion by

turnover and (d) non-informative responsiblity assignment.



Responsibility is not discussed with the individual
resulting frequently in the wrong discipline being
assigned, the individual being unaware of his responsi-
bil.ty, and the wrong completion code being assigned.
The issuing of the complete list each month instead

of a list ~f changes results in an impossible review

task.

4- Excessive amounts of time are required for review of
preliminaries. New preliminary release packages are
submitted for review with little or no change in the

punchlists. Meetings are called to discuss package

updates with the only change being requests for further
' concessions on number of items required for turnover.
R43A has had six preliminaries and the punchlist is still

! scme 46 pages long.

s i S " K _A -°W
5= Construction“status™fO0r release was poor-=-we-~received=-

a minimum of requested storage history information.
Final engine alignment was not performed. There was

no record of foundation bolt teorgquing. Megger readings
of generator stator were not up to date. Megger rez2ding

of generator field and pearing pillow block were non-

existant,




Mumerous derign_and construction_errors necessitatad ini-
tiation of E&DCR's (653 toiditctlnrgl;dias resulted in

an exorbitant amount of time being expended reviewing
drawings and documents. Mary

of the original problem solutions vere incorrect which
resulted in rewriting the E&DCR or calling SEO to request
the next issue, We have attempted to get the drawings
ypdated to reflect the system as it was designed and to
get the drawings that the diesels were built to, but
usually we are requested to mark up prints reflecting as
built conditions. Problem scluticns are at a standstill

at present, only one has been answered since the end of

October - nineteen are unanswered,

Numerous repair-reworks (38) have been written because

e

Y —— S ———— ;
of many incomplete or defectiveitems. Socme of these are

R - S oA '—/

a result of ELDCR's,some are a gp;ul:.of.poor factory
A AT O :
assembly practices, some are a result of a forced turnover
with incomplete/deficient components, and scme are a re-
sult of poor construction practices, A great amount of
time was expended in obtaining documentations for .rework

“_p..-- "\.-v..,.

Efffigtery wiring. This has also been expended on attempts

to expedite parts and tools for reworks.,



10~

11~

12=-

13-

Extra time has been expended because of numerous techni-
cian changes with no overlap. This has resulted in
;a-o rework, additional time locating equipment, and

additional time locating documents.

Many hours have been expended attempting to cet informa-
tion for C&lO work (especially the tach=-:relay, the fuel
0il] Booster Pump D.C. motor loss of field reley)with
incomplete results. Many hours have been expended
attempting to set up for testing D.C. Circuit breakers
since there is no regulated DC power supply of 30 amp

capacity on site.

Paor storage.conditions.and.work area conrrols-during
construction phases had to be compensated by cleaning

of the 102 generator by Startup support.

Poor design of panel cable support and poor housekeeping
during construction resulted in a prolonged cleaning

effort to achieve error free operation of relays.

Original schedules did not allow time for rewritting
procedures, reperforming C&IO work becausc of design

changes, performing design and construction review.

Original C&IO schedule by previous test engineer allowed
gix weeks. A recalculation including all equipment with
the same allowed time for devices, indicates that fifteen

weeks should be allowed,



14~

15~

18-

19~

Modification of diesel generators to upgradae design
are baing incorporated. This was not allowed for this
in the assigned lch.du;-.

Additional time and manpower was reguired to clean crank
cases of diesel since presearvative of wrong type was sus-

pected to have been used on engine during storage.

Additional Test Encineer time was expended clearing

construction red tags after system release.

Failure to be able to control access to the Liesel room
because construction activities were in progress slowed
Startup activities. Construction work on rewiring MCC,
installing scaffolds (for X60 actuators, service water
line walk, and conduit resupport), and reworks assigned
to construction, Temporary dcors were unlocked, knocked

down and holes were cut in them,

Power feed (120VAC) Repair/Rework (R35-6) prevented com-

plete testing of accessories.

ASME piping was not‘turncd over at original "B" release.
Thern has been confusion in this area concern.ng who

owns which components, We are still unable to use Startup
Suppcrt to break flanges on these systems - this results

in poor control of activities by Startup,



20~ Lack of personnel continuity has impacted progress -
three turnover engineers bave been responsible for R43
sincc May 1980.

21~ Many bours have been spent listing problems with design,
drawings, construction, and documentation. Many hours
. have been spent attending meetings - the only result thus
far has been requests for more paperwork, (lists & copies
of specific E4DCR's) and more meetings. We need to have
the diesel generators Placed on a higher priority if
we are to meet a date required to support other plant

activities.
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- Energy Consultants, Inc.

‘R1SEVENTH STREET ' PITTSBURGH, PA. 1S222-3487 - 412/434-5200

JAR-ENG-83-181
July 12, 1983

Mr. E. B. McCabe

U. S. Nuclear Regulatory Commission

6§31 Park Avenue

King of Prussia, PA 19406 ‘

SUBJECT: WITNESS AND EVALUATION OF EMERGENCY DIESEL GENERATOR TESTING AT
SHOREHAM NUCLEAR POWER STATION FOR NUCLEAR REGULATORY COMMISSION,
REGION I STAFF, FINAL REPORT OF NRC CONTRACT NO. 05-82-249 PARAMETER
PURCHASE ORDER NO. NRC-IE-82/83, TASK 38

Dear Mr. McCabe:

Enclosed are five (5) copies of the final report of the Evaluation and
Witnessing of Emergency Diesel Generator Testing Problems at Shoreham Nuclear
Power Station shich was performed at Shoreham, New York by Mr. Gailard Kunkle
and the Energy Consultants, Inc. staff in accordance with the r:ference
contract. The ffnal report ilacorporates the NRC comments on the preliminary
report provided to Mr. G. Kunkle at the meeting in Regiom I om June 29, 1983.
The prelimiuary report vas submitted to you previously by JAK-ENG-83-161 dated
June 17, 1983.

If you shevld have any questions or comments, please contact me.
Sincerely,
ENERGY CONSULTANTS, INC.

WZW/”

Manager

Design and Consulting

Engineering Department
RJA/cw

Enclosures

ecc: Jim Higgins - U. S. Nuclear Regulatory Commission
Richard A. Lofy - Parameter Incorporated
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EVALUATION OF DIESEL ENGINE PROBLEMS AND TESTING AT SEHOREHAM, NEW YORK

I. INTRODUCTION

A. Summary:

An in depth assessment of selected operational proSlcns was conducted which
included arwas such as corrective maintenance, preventive maintenance and
component f.ilure. This assessment included detailed reviews of selected
problems identified in Long Island Lighting Company (LILCO) Deficiency
Reports, Repair/Rework chucs:s. issued by the Start-up Group and failure
reports issued by LIICO, Delaval and other vendors. 1Inm addition, observation
of maintenance activities as well as a physical inspection cf each emergency
diesel generator unit was conducted during both standby and, when possible,
runoing conditions.

During the review of each item, an attempt was made to determine the

following:
(a) Was the work accomplished in accordance with approved procedures?

(b) Were properly calibrated tools (if applicable) wused during
maintenance?

(¢} Were measurements, adjustments, torquing, etc. values within
prescribed ranges’

(d) Were any trends detectable in readings or component failures?

(e) Were problems/failures caused by design, engine wvibrationm,
incomplete or improper workmanship?

A review of selented preoperational diesel testing was also conducted. Tris
review included observations of in-process testing, reviews of test
procedures, reviews of completed test procedures and evaluation oL completed

test data.



During these reviews and evaluations of the diesel generator:, a number of

problem areas were found to exist and are identified in the following reporc.
In additicn to specific problems/comments, which are identified, a number of
recommendations and observations are also included which should be considered
for corrective actions.

Although some problems are still occurring durtn§ operation/testing, the
frequency at which they occur seems to be decreasing. Additional testing and
corrective action is needed to provide a high level of confidence that the
engires will start end operate reliably. Specific comments and
recommendations are provided in.various sections of this report. Section VI
provides the specific recommendations for acditional testing. Once these
recommendations have been adopted (4in conjunctica with the recommendations of
the LILCO Task Force), and the testing completed with no problems, this should
provide the necessary assurance that the emergency diesel can accomplish their
design functions.

As identified in the recommendations of NUREG/CR-0660, the training and
performance of personnel (including Q/A) 4involved with maintenance and
operation of emergency diesels contributed significantly to the reliabilicy of .
the various emergency engines. This same area appears to be a problem at
Shoreham. The Repair/Revork program including records was felt to need
improvement,

Additional review and evaluation is also needed of various test results as
identified in Sectiom II. 1In addicion, Section V.B provides recommendations
for further investigation as a result of the turbocharger failure.



ENERGY CONSULTANTS, INC.
FOR U. S. NUCLEAR REGULATOR: COMMISSION REGION I

Contract No. NRC Contract No. 05-82-249 Parameter Purchase Order
No. NRC~IE-82/83, Task 38
Docket No. 50-322
License No. CPPR-95
Licensee: Long Island Lighting Company
175 East 0ld Country Road
Hicksville, NY
Facility Name: Shoreham Nuclcnr.Povcr Station
Inspection Location: Shoreham, New York
Inspection Counducted: April 25, 1983 - May 19, 1983

Inspector: _i_’{ : W/A

7
Gailard L. Kunkle, Scniég Consultant, Energy Consultants, Inc.

B. [guipment Identificationm:

Manufacturer: Engine - Transamerica Delaval Company
Generator - Portec Electric Products Division

Model: DSR-48
Serial Numbers: 74010, 74011 and 74012
Ratings: 4,889 horsepower

3,500 kilowatts (continuous)

3,900 kilowatts (2 hour rating)

0.8 power factor

4,375 kilovolt amps

4,160 kilovolts

607.2 amperag:

Co Bachground:

The three emergency diesel generators at the Shoreham Nuclear Power Stationm,
Unit I, have experienced repeated problems during preoperational full load and

endurance tests. The operational problems have included cylinder head
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problems (5 heads reslaced), rocker arm assembly hold-down bolt fallures,
turbocharger bearing fiilure and linear indications in engine block casting.

D. Inspection Objectives: -

~Provide an independent review and assessment of emergency diesel generator
operability and the ability of the diesels to purform their design functionm,
vased on a comparison of design capabilities/performance ratings (as described
in the Shoreham Final Safety Analysis Report, design specifications and vendor
technical manuals) with actual operatiocnal data (as described in licensee
precperational test records). .Hitness ongoing emergency diesel generator
testing, 1if applicable, and assess test results.

Perform an assessment of past preoperational problems. including material
fai ' ures, and determine the appropriateness of corrective actions to pruvide
assurance of future diesel operability. Review, as appropriate, licensee
reccrds of emergency diesel generator preventive and corrective maintenance
act:ons since January 1, 1981 and the licensee's wriiten analysis of diesel
failures and corrective actioms. Assess the need for independent
NRC, contractor material testing and for additional licensee material ctesting,
as may be required.

E. Persons contacted:

Long Island Lighting Company

E. Youngling
J. Rivello

Stcne & Webster Engineering Corporation

R. Purcell N. Rudikoff
T. Paulantonio A. Stakutis
P. Lawrance W. Dick
T. Browm J. Kamayer
W. Cook T. Gray



Transamerica Delaval, Inc.

L. McHugh

R. D. Jacobs and Associates

R. Jacobs

U.S. Nuclear Regulatorv Commission

J. Biggins E. McCabe
H. Nicholas \\ L. Bettenhausen



I1. TESTING

!ack‘round:

To verify the ability of the diesels to perform their design functiom, the
operational data in the preoperational test records were compared to the
design capabilities/performaace ratings described in the Shoreham Final Safety
Analysis Report, design specifications and vendor technical manuals. Actual
testing was witnessed where possible.

Symmary:

Portions of testing on diesel engines 102 and 103 were observed over a period
of two weeks. This testing was being performed in accordance vith
preoperational test procedures PT. 307.003 B-] and PT. 307.005C TCN-l. Im
addition, the results of a completed test procedure PT. 307.005A were
revieved. (It should be noted that the results of this completed procedure
have not been reviewed nor accepted by the LILCO Joint Test Group.) The

comments resulting from these reviews are as follows:

Comment #1: The Nuclear Regulatory Commission Regulatory Guide 1.108
(Revision 1, August 1977) Section C.2(3) requires the emergency diesel
generators to be tested at a load equivalen. to the comtinuous rating for
22 hours and for 2 hours at the 2 hour rating. The continuous full load
rating of each emergency diesel generator set is shown in Table I.
Typical values of data recorded in PT. 307.005A for the full load run are

shown in the last column of Table I.

TABLE I
Continuous Full Load Rating Test Load Values
Kilowatts (KW) 3,500 3,510
Vol=s (V) 4,160 4,228
Amps (A) 607.2 480
Power Factor (PF) 0.8 1.0%
Kilovolt-Amps (KVA) 4,375 3,513

#*Calculated



The low amperage (480 vs. 607.2) and calculated KVA (3,513 vs. 4,375)
shows the diesel generator was not tested at its continuous full load
rating considering current, power gsctor and KVA ratings. (Note: the
higher voltage of 4,225 would only account for a 10 amp lower reading.)

Typical data for the 2 hour load run also shows the engine was mot fully
loaded to its 2 hour load rating oo a current/pover factor basis. Note:
During the 2-hour full load run at the 530 amp load, the engine fuel
racks were Very pear their ¢ull travel stops. 1f the amperage load were
{ncreased, the fuel rncks' may have reached full travel before the

1102 amperage load was achieved.

Note: The lower than rated current obtained during the test did not
simulate pormal bus load conditions (actual bus load would probably have
a lower power factor). The lower current would not result {n the maxizum
generator 13R heat loss. The effects chat ace caused b, heating,

cherefore, were not effectively simulated.

To ensure the emergency diesels are capable of carrying their design
Laergency loads, additiomal testing should be conducted at the emergency
1imits (voltage, amperage & KvA) while operating at 2 0.8 power factor.

Comment #2: Step 8.3.7 of PT. 307.005A states load diesel generator to
full load then defines full load as 3' 9 + 70 KW and 1500 + 100 KVAR.
table 1 of the test procedure records FW but does not record KVAR so the
data cannot be verified 1o addition, step §.4.1 performs ~he 22 hour
full load rum, however, this step only specifies 2 10ad of 3500 + 70, =
0 KW and does not address KVAR load.

1f step 8.3.7 definition of gull lcad is correct, then the generator =ay
pot have been at full load in step g§.4.1 since only about 500 KVAR's were
maintained throughout the test. This 4inconsisteacy should be

{pvestigated and resolved.

Comment #3: In evaluating the recorded data, it was found that the

calrulated W (using the recorded voltage and amperage) did not always
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meet the acceptance criteria unless a power factor of almost one (1) was
assumed. Some examples were observed where the voltage dropped and
amperage dccrc‘scd by about 102 and the recorded KW went up slightly
(KVAR would remain constant). These inconsistencies need further
evaluation to determine if test requirements were actually met.

Comment #4: On April 27, observed that the official copy of PT. 307.005C
in use for diesel testing did not contain TCN #1. (The step in progress
had been changed by TCN #1. This TCN had been issued about two weeks
earlier.)

Comment #5: The data sl.eets in test procedure PT. 307.005C were not
2igned by and therefore did not indicate who the data takers vere

Comment #6: Some instrumentation on the diesels being tested were not
marked to indicate their calibration status as required by ANSI N45.2 and
N18.7. For example, engine tachometer, cooling water thermometers,
turbocharger air pressure, voltage, amperage and lube oil filter inlet
and outlet pressure gages.

Comment #7: Some data had been changed/corrected by write overs making
it difficulet to read.

Coument #8: - In test procedure PT. 307.005A4C precaution 4.7 states
diesel room temperature and humidity should be frequently monitored.
There was no objective evidence that Lhis was being done.

Comment #9: Initial condition 5.5 ia procedure PT. 307.005C was signed
off (with no exception indicated) indicating the HVAC was in vperation,
Sowever, the ventilation was not in normal operation as the ventilation
damper was temporarily bypassed and failed open.

Commen: #10: Step 8.4.1 of PT. 307.005A states "ensure total KVA of
generator does not exceed 4375 KVA". Since there is no method provided
to measure or requirement to calculate this value, it is not clear how

this requirement was met.



Comment #11: The diesel generator load values 4in Table II of

PT. 307.005A are not recorded in the correct units. The table specifies
KW while values are actually recorded in MW.

Comment #12: Various steps in PT. 307.005A were designated to be
witnessed by Operations Q/A. The following steps have been completed but
were not signed by Operations Q/A to indicate they witnessed the steps:
8.3.9, 8.3.11, 8.5.3 and 8.6.1.

Recommerdation #1: The readability of some of the test instrumentation
does not seem to be lccutaéc enough to meet the test requirements. For
example, the minimum subdivieion for KW on the recorder was 200 KW while
the tolerance band specified in the procedure was +40 and ~19 KW.
Similar problems existed for amperage and voltage. Test instruments
should be accurate enough to be compatible with the tolerance of che
acceptance criteria in the procedure, e.r., the readabilicty of most
analog instruments is one-half the smallest scale s 'ivision. The high
speed recorder and charts should be analyzed * verify cthat cheir
accuracy will actually permit reading (interpola .ng) these charts to
tne-quarter or ome-eighth of the smallest scale subdivision as necessary
to assure compliance with the test requirements.



III. CORRECTIVE/PREVENTIVE MAINTENANCE AND MAINTENANCE RECORDS

Background:

Approximately eight percent of the maintenance records (includiag
Repair/Rework Requests, Rework Supervisor Work Summaries and Quality Assurance
Verificatior Reports) were reviewed to determine if the work was accoamplished
in accordance with all vendor technical requirements. This review also
determined if the maintenance and maintenance records properly implemented
both local and NRC thuircn.ntf. In addition, prublems were reviewed to
determine (where possible) if the "root cause” had ac.ually been identified
and currected.

Summary:

In many cases it was not possible to verify, based on the maintesnance records
identified below, that the work had been properly conducted in accordance with
both technical and administrative requirements. These problems fell iato che
following categories:

l. Torquing = The Delaval Technical Manual, Volume I, Appendix IV
provides a table of torque values to be used for various threaded
fasteners. This table also stated that all torque values are bzsed
on the use of a thread lubricant consicting of a 50/50 mixture of
graphite and engine oil.

Comment A: Some maintenance records indicate incorrect torgque
values may have been used. For example, Repair/Rework 408 indicates
the rocker arm assembly was only torcued to 120 ft lbs instead of
the required 365 ft lbs; Repair/Rework 417 indicates the rocker arm
assembly and sub cover were torqued o 365 fr 1lbs, ({.e.,
overtorqued) although the sub cover is only required to be torqued
to 120 ft lbs. The consequences of over or under torquing should be

evaluated.
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Comment B: A number of maintenance records do not provide any
documentation or assurance that threaded fasteners were properly
torqued since no torque values are recorded in the space provided
(Start-up Instruction No. 6) and since the records do not provide
any reference to the use of calibrated torque wrenches (i.e., there
vere no Measuring and Test Equipment (MA&TE) numbers and calibratic
due dates recorded in the space provided). The following
Repair/Rework Packages are typical of this type of problem:

(1) 751 = no torque value and no MATE number
(2) 377 - no torque value and no MATE number

(3) 396 - no torque value and no MATE numbers (similar work on
805 & 808 had required information)

(4) 554 - atites "no torque value, vendor specs”

(5) 637 - no torque values recorded
(6) 712 - no MATE number for torque wrench used on head studs
(7) 394 - no torque values and no MATE numbers

(8) 423 - no torque values and no MATE numbers

Comment C: A number of maintecnance records do not provide any
assurance that the required thread lubricant was used durirg
reassembly and torquing. Some records specifically indicate "none"
or "NA" in the space provided on the form. Other packages did not
include a copy of this completed form to show a lubricant had been
used. Start-up Instruction No. 6 p.ovides a place for recording
type c¢: :hread lubricant. Typical examples are found in the
following Repair/Rework Packages:

elle



(1) 612 and 744 - indicate lubricant was used on head studs,
other studs and bolts were not aidressed

(2) 712 - states "none"

(3) 670 - states "NA"
(4) There is no reference of any luoricant in packages 596,
360, 359, 511, 636, 637, 714 and 820.

omment D: In many .of the maintensace records, the Quality
Assurance verification report is so brief or general it is not
possible to determine what was witnessed and verified. Typical
examples are found im the following Repair/Rework Packages: 612,
349, 351, 360, 670, 712, 423 and 577.

Comment E: Some maintenance records indicated repairs and/or
inspections were performed but the acceptance criteria is not clear.
Typical examples can be found 4in the following Repair/Rawork
Packzges:

(1) 751 - A jacket water pump was disassembled and the pump
impeller was "iaspected and found to be satisfactory”, It
is nor clear what this acceptance was based on since no
Beasurements wvere recorded and Instructions do not specify
what kind of inspection to perform (i.e., visual,
measurement, dye pesetrant).

(2) 546 - During repairs to a jacket water pump, this package
states "stavted lapping and blue checking bore to shaft.
Attained 83X contact on blue check.” No reference is made
to any acceptance criteria for the required percentage of
contact.

Maintenance Pro~edures - Se.eral Repair/Rework Packages were found

which indicated the repair work had been performed in accordance
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with verbal directions from the Delaval service representative. The

specific directions or adjustments were not normally recorded making
it impossible to verify that the work was completed in accordance
with the technical specifications in the Delaval service manual.
One example was found where a thrust reading outside the specified
tolerance was apparently accepted based on verbal direction of the
vendor. Typical examples of these proSlm are found in cthe
following Repair/Rework Packages:

Comment A: 590 - The work summary in this package “checked total
thrust of rotor uux;ably = 0.007* (okay from Al Scott Delaval
representative)”. A Delaval letter of December 6, 1982 (attached to
LDR-926) states the Elliott specifications call for a thrust of
0.008 to 0.018.

Comment B: 374 - The work summary in this package states "adjusted
rocker arms accordingly as per Delaval representative”.

Comment C: 546 = The work sumary in this package states "installed
wat.r pump with new gasket, tighten down bolts to representative
appreval”,

comment D: 554 - This package documented disassembly a jacket water

pump for inspection and replaced the impeller nui. The work summary
states "no torque value, vendor specs”.



IV. VISUAL INSPECTION OF DIESEL GENERATORS

Background:

Visual inspections of each diesel geaerator unit was performed. When
possible, inspections were also performed while the engines were running.
These inspections were performed to determine the general condition of each
engine and detect possible abnormal conditionms.

Summary:

While no major problems were observed on any of the engines, scue conditions
were noted which should be corrected to ensure future problems do not o:cur.
Several other conditions were observed which should be evaluaced to determine
the ueed for further corrective actions. Comments resulting from these
inspections are as follows:

Comment #l: Many instrumentation, contril and gage lines (1/4 inch to
3/4 inch size) are inadequately braced and vibrate excessively during
operation. Some lines appear to need additional brackets while others
have been removed from the brackets provided and were never reinstalled.
For example, the lube oil supply line to the turbocharger failed due to
vibration while in its design brackets.

Comment #2: A label plate on each diesel specified required torque
values. These values do not all agree with the torque values currently
in the technical manual.

Coement #3: Some bolts on the air inlet elbows to the head were loose
and partially unthreaded apparently due to vibration during operation. -
Some bolts had washers, some lock washers and others no washers. The
applicaction of washers and/or lock washers should he specified.



V. REVIEW OF COMPONENT PROBLEMS/FAILURES

A. Engine Head Cracks

Background:

LILCO Deficiency Reports 1040, 1065, 1056 a=d llki. various Repair/Rework
Requests and correspondence with Delaval documents the identification of
cracks in three cylinder heads. The Delaval Failure Analysis Reports indicate
the cracks found 4in the three cylinder heads occurred as a result of
manufacturing defects (hot :cats.rcsulting from sand inclusions in the casting
and uneven cooling). The small amount of leakage that might occur would be
blown out with the exhaust. Since these cracks were self-relieving and non-
propogating, Delaval stated they would not affect operability or availability
in stand-by service. The Lelaval reports also iandicate 1nprove§ casting,
manufacturing and testing techniques would preclude cracks in the latest head
design.

LILCO lectter SNKC-873 indicates that a lesak detection procedure reccmmended by
Delaval will be implemenced until the permanent corrective action can be
accomplished. This permanent cory .ctive action will install cylinder heads of
the latest available design. -

Suulngz:

LILCO's corrective action of installing the latest design heads should
eliminate this problem once the work is completed. This work is currently
scheduled to be completed on a Bon-controlling basis. The leak cetection
procedure recommended by Delaval would identify any future cracks should they
occur.

Based on a review of the actions being taken by LILCO, additional independent
NRC/contractor material testing is not recommended.
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Recommendations:

(a) Since water leakage/build up into a cylinder during long idle
periods could have drastic consequences in an epergency start, it is
recommended that if an engine does not have the new design heads
installed, then it should be barred over with the indicator cocks
vpen on a weekly basis after reactor critical testing has started.
This barrir * procedure, in conjunciian with the barring procedures
recommended by Transamerica Delaval, should assure the engines will
operate satisfactorily with the existing heads.

(b) Since Delaval has indicated stricter marufacturing controls a2ssures
the new heads are a high quality product, consideration should be
given to either auditing or monitoring the production of some of
these new heads or performing detailed receipt inspection and
testing of one or two of these new heads.

B. Turbochur.nr Failure

Backzround:

LILCO Deficiency Report #926 documents the failure of a turbocharger thrust
bearing. The initial evaluation by Delaval indicated the failure occurred due
to a missing guide vane on the nozzle ring. A subsequent report from the
turtocharger manufacturer (United Technclogies Slliott) concluded the missing
blade (vane) had failed in service apparently due tc mechanical fatigue. 1In
addition, Elliott indicated that additional analysis was being conducted on
the nozzle ring and that pressure and temperature readings just upstream of

the turbine inlet casing during a rapid start-up cycle would be helpful.

Summary:
—— e —dvan

Based on the type of failure (mechanical fatigue), it is recommended that this
not be considered an isolated occurrence until it has been determined exactly
what conditions caused the fatigue failure.

-



Recommendation:

Consideration should be given to:
(a) Checking the other turbochargers for possible cracking

(b) Evaluating the possibility of the missing blade having been knocked
back into the exhaust manif-ld as postulatea by Elliott.

C. Engine Block Casting Indications
Background:

LILCO Deficiency Report #1224 and Repair/Rework Request nusbers 867, 868, 869,
870, 871 and 880 provide the details of Stome & Webster Engineering
Corporation's (S&W's) investigation and engineering evaluation of lizear
indications which were found in the ecam galley area of the engine block
casting. The investigation required the indications on each engine to be
checked and mapped using non-destructive examination. A similar design engine
with a substantial number of operating hours was checked by SiW engineers
using nondestructive examinationm. Indications were found of the same
approximate size with no evidence of any proupagation. S&W engineers found
similar indication om a new engine block casting at the factory. This shows
the indications occur during manufac.ure and are not a result of operatioms.
Calculations by Delaval showed the regions where the indications are located
are subject to compressive stresses which would not cause the indications to
propagate. Discussions with S&W lead engineers indicated Delaval {is
conducting tescts on an operating engine in order to verify their calculations
and will issue a report when this testiag is completed. Based on their
evaluation of these indications, S&W has comcluded that this indication will
present no problems to the operation and reliability of the emergency diesel
generators.

o}%e



Summarv:
After a review of the actions taken by S&W and Delaval and discussions wit
the S&W engineers, who conducted the evaluation, it i{s felt that their actions
vere adequate and the conclusions correct. However, the test results should
be reviewed to ensure they verify the calculationms. ‘

D. General Review of Problems

Background:

During the detailed review of various Deficiency Reports, Failure Reports and
Repair/Rework Requests, a significant number of problems or errors have been
identified which seem to have occurred due to errors and incomplete or
improperly completed work by the manufacturer. Attachment I to this section
provides examples of specific problems that fall into this category.

Summarv:

~ A large number and variety of problems that have been experienced can be
attributed to vendor workmanship. These errors, in conjunction with cthe
problems identified during audits of Delaval's Quality Assurance Progranm
(audits/reaudits conducted October 1975, February 1976 and June 1976),
indicate a weakly implemented Quality Control Program.

Recommendation:

Although the number of problems is decreasing significantly, they have nct
been completely eliminated and, therefore, reliability has not been
demonstrated. Based on this, strong consideri}ion should be given ¢to
continued operation or testing until problems have been eliminated and the
engines run reliably. Once the required testing has been completed and all
problems corrected, at least one engine should be started and run for the

design seven days at a nominal load of 3,500 KW.
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The actions taken By Delaval to eliminate these quality-related problems

should also be determined and evaluated. This would ensure problems with

future spare parts will not occur.

To provide the confidence factor that the emergency diesel engines will
operate reliably, the periodic surveillance testing should be increased to
perform a four hour load test each month. If at the end of six months no
tailures have occurred, return to the surveillance testing specified in the
technical .spccif ications.



ATTACHMENT |
GENERAL REVIEW OF PROBLEMS

394 - A memo in this package from a Delaval representative indicates the
casing discharge on a jacket water pump was found partially blocked by excess
casting material.

442 - ELDCR-F41289 - attached to this package indicates Delaval supplied a
Jacket water pump witl the wrong impeller.

351 - (See LDR-0832) - A memo attached to this package indicates a jacket
water pump had been assembled with an extra washer behind the impeller castle
nut and that the impeller had been machined to the wrong drawing which had
beea provided by Delaval. A second pump failed and investigation showed the
impeller had been improperly installed at the factory.

377 = A Delaval Failure Analysis Report (attached to E&DCR-F43525) indicates
the jacket water pump shaft failure was induced by an improperly tightenmed
impeller hub nut. (There were no records to indicate this pump had been
disassembled since it left the factory.)

LDR-816 ~ This deficiency report indicates incorrect springs were installed on
the internal relief valves of the engine driven fuel oil pumps.

359 and 360 - (See LDR-654) - During a pre-start inspec:zion of the gear cases,
it was found that two of the engines were missing some fitted bolts required
on the cam gear. Delaval drawings require drilling holes and installing and

torquing these bolts after final engine timing.

701 & 702 - (See LDRs 1006 and 1024) = During inspection of the Governor Drive
assembly, the following problems were found: :

(a) Coupling grid was broken due to misalignment of the governor
(b) A key of the wrong size was found installed on one engine

«20=-



ATTACHMENT | (CONT'D)

(¢) A coupling half was found pinned to the coupling adapter although
this pin was not shown on the Delaval Drawing.

712, 744, 408, 636, 661, 663, 670, 714, 715 and 717 - (See LDRs 1040, 1065,
1056 and 1141) - Part of the problems with the cracked ¢ylinder heads was
-attributed to manufacturing defects and thin castings. The factory
inspections and testing had failed to identify these deficiencies.

046 - (See LDR-0503) = Lube oil cooler :tubes leaked due to improper rolling of
tubes into the tube sheet which were not identified by vendor quality control.

236 - (See LDR-0560) = The lube o0il pump suction line on one engine was found
without a drilled passageway for the relief valve. This problem was

attributed to an oversight at the factory.

351 - During a routine gear inspection, an extra loose bolt was found ‘n the
gear train. The bolt was badly beaten and chipped.

olle



VI. GENERAL RECOMMENMATIONS

lcck‘round:

During the review of the Diesel Generator operations, testing and maintenance,
a ovmber of conditions were observed which did not specifically violate or
deviate from requirements but which did, in the oﬁinian of the inspector,
indicate weakness or areas which could be improved. Other conditioms in this
category are those for which insufficient information was available to make a
judgement and should be considered for further evaluation.

Summary:

The following list of observations and recommendations should be considered
for turther evaluation and/or possible corrective action:

Recommendation #l: Repair/Rework Requests do not reference specific
repair procedures. They normally only reference the Diesel Construction
specification SHI-089. This makes it difficult or impossible for either
Q/A inspectors or other reviever/auditors to determine what instructions
were actually to be followed. A system that requires identifying the
specific repair procedures would be a major improvement. This would
allow Q/A personnel to review the specific procedure and establish
bold/witness points as necessary. This could be similar to the procedure
for Maintenance Work Requests.

Recommendation #2: gased on the problems identified in the 1975 audit of
Delaval of the failure to have calibrated torque wrenches plus the lack

of adequate documentation in maintenance records for torque value makes
it impossible to ensure all components have been properly torqued. Based
on the work completed to date, it is recommcnded that all components/
parts should have their torque values verified by analysis or tests.

Recommendation #3: As stated in other sections of this report, some

problems or failures are still being experienced when an engine is run
for testing. Some problems result in the engine being shutdown for
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convenience to correct the problem. Other problems such as lube oil lize

failure and jacket water temperature pneumatic switch failure resulred inm
immediate engine shutdown. Testing/operation should continue until the
engines all operate reliably. After all work and testing is completed,
it is recommended that at least one emergency diesel generator should be
started and run for seven days at about 3,500 KW. If a failure ocecurs,
testing should continue until all three engines have demonstrated their
ability to operate reliably under load for the seven-day period.

Recommendation #4: Obtain the results of audits performed on Delaval by
other utilities .n& evaluate their findings and corrective actions (i.e.,
Texas Utilities, Gulf States Utilities and San Diego Cas & Electric).
Based on this information, determine the need for further additional
audits of Delaval. .

Recommendation #5: The engine exhaust inlet and outlet elbow from the
turbocharger are uninsulated and could present a fire hazard from a fuel
oil or lube oil line failure. The need for insulating this area should
be reconsidered or some other assurance provided that shows such a fire

could not occur.

Recommendation #6: There is a substantial opening (about four (4) inches
wide and several feet long) betweer the flywheel and the protective cage
around the generator. S’ace this opening is on the top of the generator
adjacent to the baring device, it presents a possibility of items falling
into the generator causing damage or short circuits. Consideration

should be given to insta.l a protective cover over this opening.

Recommendation #7: 1In several of the problems/failures which Long Island
Lighting Company has experienced, Delaval already had an improved/
upgraded replacement part which effectively eliminated the problem. S&W
and LILCO should make 3 strong effort to have Delaval supply them with a
list of modifications, design changes, product upgrade, etc. which have
been made to this type of engine since the LILCO engines were
manufactured. LILCO and S&W could then review this list and decide which
of the modifications they want to implement.
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‘Recommendation #8: During operation, a significant number of fuel oil and
lube o©il leaks are apparent. These leaks keep one individual busy

cleaning up. During an emergency, personnel may not be available to keep

these leaks cleaned up. This could result in substantial accumulations

presenting a fire hazard. Action should be taken to eliminate as much of

this leakage as practical.

Observation #l: Some of the LILCO Maintenance Support Division personnel
bave completed a diesel maintenance training program a few months ago.
There was insufficient time available to determine the diesel experience
or training for maintenance personnel from the comstruction groups who
have also performed repair work om the diesels.

Observation #2: As noted in other portions of this report, there are
examples that vendor field representatives operate somewhat informally at
times in directing repairs. While he is assigned in cthe field, the
Delaval representative is not clearly under the umbrella of the Delaval
factory quality assurance plan. The utility (LILCO) personnel tend to
accept his comments/actions since he is the "vendor expert”. When a
Delaval reprisentative is performing or directing work at the site, his
actions should comply with the LILCO Q/A Program just the same as any
other plant worker.

Observation #3: The jacket water pumps do not have unique serial numbers
making it very difficult or impossible to maintain traceabilicy

especially during multiple pump changeouts or maintenance.

Observation #4: The FSAR response to NRC question (request) 223.85

states, "As shown on Figure 9.5.7-1, a check valve prevents lubricating
oil from being circulated through the turbocharger” when shutdown.
However, a-nubscqucn: modification (E&DCR F=-34540) has now added a small
lube oil supply to the turbocharger in the shutdown condition. This

response and figure should be reviewed and revised as necessary.

Observation #5: 1In general, it was felt that the qualicy assurance,

engineering and testing administrative procedures cthat applied to

Ry



start-up activities were weakly implemented. A specific concern is the
fact that most of thc_ﬁroblm identified in ;his report have existed for
Over a year and were not identified and corrected by supervisory reviews
or the audit program.
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O LONG ISLAND LIGHTING COMPANY

LW LUMD (A
EXECUTIVE OFFICES 250 OLD COUNTRY ROAD * MINEOLA, NEW YORK 11501

\818) L28-224a
COWARD M BARRCTT .
OENERAL COUMBEL

>,
December 2, 1983 OIO
&
Robert E. Smith, Esq. \\\\\ W 4
Guggenheimer & Untermyer Ul Ty
80 Pine Street ¥ T,
New York, New York 10005 -

Dear Mr. Smith:

This letter is sent to you in your capacity as counsel
to Transamerica Delaval Incorporated (Delaval).

As you know, on August 12, 1983, the crankshaft in
emergency diesel generator 102 at our Shoreham Nuclear Power
Station failed in the course of performance tests of the
engine. LILCO retained Failure Analysis Associates (FaAA)
to conduct a thorough investigation of this failura. In the
course of this investigation, cracks were found in the crank-
shafts of diesel generators 101 ani 103 as well.

FaAA's final report on the cause or causes of the
crankshaft failure demonstrates that the crankshaft failure
occurred as a result of inadequate or defective design.
FaAA also investigated cracked connecting rod bearings and
cracked pistons discovered on the engines. FaAA's interim
report on the cracked bearings indicates those failures
occurred as a result of a combinrtion of causes, including
inadequate or defective design and manufacture. FaAA's
investigation of the cracked pistons and other matters
observed in the inspection of the engines is continuing, but
preliminary indications are that these, too, occurred as a
result of defective or inadequate design.

Prior to the crankshaft failure, LILCO had experienced
a number of occurrences attributable to defectively designed
or fabricated diesel generator components, including three
leaking cylinder heads, defective jacket water pumps, leaking
fuel oil injection lines, inadequate turbocharger thrust
bearing lubrication. inadequate piston skirt to piston crown
attachment, broken rocker arm shaft bolts and cracked sub-
cover assemblies. While these occurrences were generally
of the type experienced in the shakedown of large diesel
engines, they appear, nonetheless, to be attributable to
defective design or fabricationm.
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Robert E. Smith, Esq. December 2, 1983

Based on LILCO's currently available informatiom,
LILCO believes the defects in the diesel generator sets
grovided us by Delaval constitute a breach of the contract
etween LILCO and Delaval for the purchase and sale of those
diesel generator sets, including but not limited to a breach
of warranties contained in and arising out of that contract.

This letter is solely for the purpose of providing notice of
the breach. Nothing contained herein should be construad as
a release of any orher claims that LILCO may have against
Delaval or as a waiver of any rights and remedies LILCO may
have in this matter.

Although LILCO is now giving Delaval notice of
claims, we believe it is in LILCO's and Delaval's best
interests to pursue aggressively the prompt repair and
licensing of the Shoreham diesel generators. We believe
substantial progress has been made toward this goal and
hope that Degaval and LILCO can work together in the future
to complete this important project.

Sincerely,

&4" u y l’{‘24.¢~—\(\’

EMB:1lbs Edward M. Barrett
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NUCLEAR SEQULAT opvcgunusyow
SVASHING TR, & €. 2088t

Octooer 21, 71983
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Dockes No, 30216

MEMORANDUM FOR: Chairman Palladine
Commissioner Gilinsky
Cormissioner Roberts
cormissioner tsu'ls:m-
Commissioner Zernthal

PRw S cérrell G, fisenhut, Directer
Civision of Licensing
SUSJECT: NEW INFORMATION CONCERNING TRANSAMERICA DELAVAL (TDI) EMERGERCY

DIESEL GENERATORS, BOARD NOTIFICATICH 83-160

In accorsance with iRC procedures for board notificztions, the foliswing
information is being provided directly to the Commission. The approprizte
doerds anc parties are being provided with & copy of this memorzncum. The
inforration is 2oclicac’e to Grand Gulf (2n uncontested case), which wili be
befcre the .cnr'ssion fer full power autherization in November, 1983,

Cn Ausust 12 18€3, during post-modification testing, the main crankshaft

cne oF the throe emergency diesel generators (EDG) at the Shoreham huc1!lr
Fower Stztion feiled and droke inte two pieces. The epplicent suhsecuently
inspected the remzining two diesel generators 2t Shoreham arc icentifiec
tcditione]l fiaws in the crankshefis of these machines in location: similar to
the failure of the first machine. A more detailed description of the feilure
fs contaired in Encloture 1 (IE Information Notice No. 83-58).

Theé EDCs &t Shoreham were menufactured by Transamerica Delave’ 'rccrpara ed
(oDI) TDI has &lso provided EDGs to severz) other nuclear power plarts (see
Enciosure 1). The only currently operating reactor with TD] diesels is Grand
Gulf. The TD! diese! at San Onofre is used by Unit !, which 1s shutcown for
seismic mocifications, and the diesels at Rancho Seco are not yet installed.

Besides the failure of the crankshaft at Shoreham, tne staff has roted the
cccurrence of meny minor problems with TD] EDGs, which are sutrarized in
'nc-csu'c c. The staff would expect mincr problems to ozcur during the
stériup testing of any large piece of racninery, such 2s 2 cicsel generator,
tut the nuiher of minor preblems experienced by the TDI machines n nuclear
re~vice preers to be ebncrmeliy high (&lec See Enclesure &),

8308310050




reciticnelly, during vencir instectinne 4 TN] which were pe=frerars pocently
5y regicr IV, ‘porasponse 0 p'legaticrs, *he ot ddentified conciticms
waieh imply that portices ¢ the TD! Oualisy Assurance /02) Program have nct
Jeen carriec out in accorcance with the provigiers of 10 CFR 5C, Azzendiy 2,
regicn IV hes referred ke (2 preblems to the Cf%ice of irvestigations, which
has recuestec that cetails nct be revezled to 2void cerrremieing the ine
vestigetion. ks 2 result of an inspection performed in July 1883, the staf?
‘dentified a potential violation and severz] potentia) noncerformerces which
ere cescribed in IE Inspection Report Wo. $9200334/83-01, dezted Octoder 2,
1683 (Enclosure 5). .

Tre Shcrenem 2ppiicent is investigating the crarbsha®t f2iiyre, but dees ret
gyoeet o oudlish @ repore um*4) Yaser ir October. The staff hes askec tre
875 iSLnT ToaccUess @ series of cuestiers comcerning the Shorerem IDG cescpe,
febricaticn, cperztion, 2nd mgintenance in its “adlyre report (see Enclosure
3). A similar 1ist of ouestiors is being develcped for other applicants.

The identificaticn ¢f OA problems at TDI, taken torether with the nurber of
operztiongl problems and the Shoreham crankshat fziiure, hes reducec the
staff's level of confidence in the reiizbility of a1l TD! diecel cererztors.
The st2*f will recuire, on 2 case by case basis, a cemonstration that thesc
cencerns are not applicable to specific cdiese) generators because cf sut-
gecuert inspections or testing performed specifically %o accress the #hrve

tters. Fursher developments and additional informztion cm this subiect
will be reported to the 2pprepriete Boards. .

\  ;

’

'.\.o"".. ‘..' . 'q;“o\.\b
'”U?TF:\\ 6. Eisernue’, Director
Division of LYcensing

Encleosures:

(1) IE Informziion letice P2.58

(2) Summery of DelLava) DG Problems
(12/80-8/83)

(3) Surmary of September 2, 1883
EDG Meeting on Shoreham

(&) 1E !nfcrmation Notice B83-51

(8) !E Irspectinn Repors lc. §0600334/83-01
vith Octeber 3, 1682 Trarsmitta) Letter
%0 Transimerica Deleve), Inc.

cc: See next page
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ASLE FOR:
orenzm 50-322 (8renner, Ferguson, Morris, Lazurenson, Kline, Shon)
Perry 50-440/441 (Bloch, Bright, Kline)
Comanche Peak 50-445/446 (Bloch, Jordan, McCollan)
Midland 50-329/320 (Bechhoefer, Cowan, Harbour)
Catawba 50-£13/414 (Kelley, Callihan, Foster)
Clinch River 50-537 (Miller, Hanc, Linenberger)
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Clinch River 50-537 (Edles, Johnson, Wilber)




ENCLOSURE

" UKITED ST.T:IS
NUCLZAR RIGULATORY COMMISSION
OFFICE CF INSEZCTION ANS ENSORCEMEINT

WAS=IRSTON, D.C. 20833

Auvgust 30, 13£3

TAFCAMATION KCTICZ NO. 53-55: TRANSAMERJCA DELAVAL DIZSEL GENZRATOR
CRANKSHAFT FAILURE

ACEressees:

£1° muciexr power fecilities holding an operating license (OL) or 2 construzsisn
ser=it (CP),

Juonasy:

This information notice is provided to bring to the attention of licensees ang
construction permit holiders 2 recent event 2t the Shoreham Nuclear Statien in
wiicn & ciesel generator crankshaft failed during pest-mocdification full lcac
testing. The Nuclezr Regulstory Commission stafy is reviewing the prodlem and
its effects. If the evaluation so indicatss, the NAC mey reguest explicit
Ylicenctee or CP holder action. In the interim, we expect the addressees of this
irfcrmztion notice to review the information herein for zpplicebility to their
fazi1ities. No specific action or response is required at this time.

Descrizzion of Circumstances:

Ef<er irstzlletion of eight new cylinder hezds, emerpency diese) generztor
(£26) Ne. 102 feilec during post-modificztion testing whan its crankshaft
essemdly fractured 2t the crankpin and crankarm (webs on the generztor sice of
the Cylinder No. 7 crank. This failure occurred during the last 13 minutes of
testing &t the two-hour overload rating. EDG-102 hac 2 totz] of 12 hours and
25 minutes of two-hcur overload testing when failure occurred. Its instalied
sramngnift assembly n2s 2 crankshafe diameter ¢f 13" anc & crenkpin cizmezer cf
ii". FRepizcement crenksheft essemdlies with 12" Ciameter crenkpins 2re Seing

pro:urgc.

Subsecuert to this failure of EDG-102, the licensee exzmined the crankshafis of
the two other diesel generztor units at the Shoreham site, EDG-101 enc EDG-103,
. by epering the crenkshaft area. The examinztion of the EDS-101 crankshaft
assemsly showed cracking on the Cylinder No. 7 crankweb (penerztor side)

ire cye penetrant incications on the crenks ¢t Cylinder Nos. 3 and 5.
Saringtion of the EDG-103 crankshaft assemdly icentified & crack about 2"

iong enc 3/8" deep on the Cylinder No. 6 crankweb (governor side) anc 2 cen-
rgssing ro¢ to crenkoin bezring failure on Cylinder Ko, 3. The bearing feilure
‘e gt ve?d Sreaking off of apsroximately & 1" x 3" piece and cverneating cf




IN B3-5¢
A 1823

\ ALguss 30, 1823
Fage ¢ ¢f 2

sre surrsuncing erse for ebout 2. Most of the other cracks feund are Simitar
s¢ Soc22%io” ant Srientaticn to the one which resultec in 20G-iC02 crenksrafs
agsessly “ratture.

Tracszmerice Delave)l reported tnet the following nuclear sites have Transamerica
Tev+) cdiese) generators:

Shereham Perry - Midland

Grand GulT Bellefente : Kairtsvilie
Catawne WPPS Phipps Eeng
S2n Cnofre Comanche Peak Piver Bend -
Yogtle | Rancho Seco - Shearon Harris

Z%inck River

She c-2lir‘nary information from the manufecturer is thet the diesels 2t
Srore=sm, fiver 2end, &nc Rancho Seco® are eight cylinder in-Tine engines.
nowever, the crankpin diameter is 11" in the Shorehem units and 12" in the
priss &% the other two sites. The diesel engines at the remzinger cf the
si2es listed zhove are of 2 "V" design and have 12, 16, or 20 cylinders.

The sh2ft materie) for &1) the engines is the same, with the pessible exception
2% <ne 20 cylinger engines. A1l the engines are cesigned tc heve 2pproximetely
she same brzke mezn effective pressure. The torsiona] sysiems of the engines
giffer. At this time it is not clear o wh2t extent other diese) generators

. mzauteceursd by Transamerice Deleval 2re vulnerzble to the same cor similar
fei'ures 25 these experienced by the Shorehim engines.

14 wou have &ny questions regarding this matter, plezse contact the Regionzl
Acminissrezor of the appropriate WRC Regiona)l Office, or this office.

L Y2 s . ®e°

Edward L. Jordan, Director

Division of Emergency Prepzredness
¢n¢ tngineering respense

Office of Inspectiiorn and Erforcement

Tecknice) Contect: W. Laudan, IE
(201) 482-875¢

aterchment:

*4gs ¢f Recently Issuec If Informetion Notices

TVTE sicco: sSecc units are not insteiled; they will be usec tc replace the
g.°t%'ng ciesel generators.
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o Cause Jnr osn. 2s yeo
o Snorenem EDG-102

o hoigcown capscrews, rocker arm 255V,
o Shorenam IDG-103 '

¢ c-pckes cylinzes neels '
o ~2ter in cylincers

san

o Shoreham £26-101,-102,-182

ni-press fuel Tine '
manufecturing cefects
Shoreham I03-132,-103
kiso failed at Grand Gulf on

8/2/83

o unoueiifies conirs) cabies '
o feiled IZSE flame tese -

® resiacEs w

Th nEw C@si3t

Tol sevs isoiaces ‘riluce

< S831g*
g7fes: or

PESTRCEL 452 e
Tl savs ns
o:!ra:iﬂi:;

recizces with rew cesign
fuel line w/stee’

- -
i we-

o jacke: water pump shatt faliures o new cesige pfler foreign Talliore
o fatigue cracking 2t snaft keywey o New cesiszs faile:
o Snorenam £26-102 (30 Aours;, =133 o 3rc cesign inciuces: Naw

(Y70 hours) izpelier zaa),, renoving

hi weter jacket temp. trip °
closed cooling outlet vaive
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R i UNITED STATES
i R e NUSLEAR REGULATORY COMMISSION
.!“;:yf WASHINGTON 3 C. 20888
\.'.*:’..- $E? 21 1%

Docke: Ne.: 50-322

SPSLICANT: Leng Island Lighting Compeny
ORASILITY: Shoreham Nuclear Power Station
SUBJEST: :ggﬁf:; OF SEPTEMBER 2, 1983 EMERGINCY DIESEL GENERATOR

on Seszermser 2, 15E3, & team composec of NAC staff mensens from tne 0f%ice

of Nuciear Rezctor Regulation end from the Region [ office, ang NRC

contractors, met with representatives of the Long Island L9 nting Comoany

(LILCO) to discuss LILCO's plans to investigate the cause of the failure of c
she #102 !ntrvoncy Diesel Generator at Shoreham. A 1i-3 of attendees is

enclosed (Enclosure 1),

On August 12, 1983, durir a load test, the main crankshaft of the #102 EDG
fatled. Subsecuent inspection of the #101 and #103 EDG crankshafts revesled
cracks in jocations similar to that of the break in the #102 cranksnaft,

An investigation of the cause of causes of the failure is underway and wil)
be conducted in accorcence with a master plan (Enclosure 2) which generally
Gescridbes the steps to be tzken. LILCO intends to use the resourses of
gearseriate LILCO organizations, Transamerica Delaval (T21), Stone &

Wetster Ingineering Corporation, and appropriate contractors to carry

out the steps outlined in the master plan., Failure Andlysis Asscciates (FAA)
will conduct the investigation to determine the cause of the crankshaft
fatlure and the cracks.

r, Yeung'iing cescribes the various phases of the prasram. which include

&n indepencent review of the crankshaft torsiona) des gn by FAA, an overs)!
cesign review of the entire EDG, and & review of other crankshaft failures,
He reportec that FAA's torsional analysis results, to dete, dgreed very
closely with both the TDI torsional analysis and with the values measured

by TOI in a torsional test run on the #101 EDG at the 70! factory. LILCO
hes decided to use the #10] EDG as a test-bed to gether additiona) torsions!
test information and was in the process of instrumenting the machine 2% the -
time of this meeting, The tast cata will be used to verify anelytica) models
EnC 10 try 0 correidte the odserved problems with the evfects of previous '
€06 qualificatien testing,




.2.

“e=ders of the NAC s224f Jiscussed some of the philescshy Sering tae 226 zest
recuirements cortainec in the Regulatory Guides, anc essiained the need o
uncerstooc the potential generic implications of tnese fatlures. The stafs
is concerned thet the “ailures may indicate 2 deficiency in the TD! design
“rocess which may show up in other TD! ciese! generasiors in other nuclesr
power piznis. Tne staff then presented LILCO with & liss of Questicns ang
concerns which must be addressed before the staf? can ~ave confidence in tng
ebility of the diesel generators (Enclosure 3). LIL20 wes requested to
respons to these items 2s quickl{ 85 possible, as the necessary information
becomes available, and Mr. Youngling anc Mr, Museler essured that that

coulec t¢ done.

Mr. Museler reportec that TD! had commitied %o provice LILCO with al) the
$ussors necessary Tt solve this prodlem, Me also exziiinec thet FAA woule
S& e term leacer and that 1% had been instructes <o tonsider 211 pessidie
feilure mechanisims and root causes, and not arditrarily dismiss unitkely
causes.

Mr. Dynner and Mr. Christensen, represunting Suffolk County, asked severs)
questions concerning the design of the machine which LILCO promised to
answer, and were assured that they would ce prometly rotified of the results
of the inspections. The staff concluded that LILCO's plan appeared to be
basically sound and proceeding in the right direction.

Ralph Laruso, Project Manager
Licensing Sranca No, 2
Division of Licensing

Enclosures:
As stated

cc: See next page
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ve, ¥, §, Pollock

yice Presicent - Nuclear
Leng ssleng Lignting Company
178 fast 01¢ Country Road
Nicksville, New York 11801

cc. Moward L. Blau, Esouire
Slau ang Conn, PC.
217 Newbridge Road
Micksville, New York 11801

Mr, Jay Duncleberger

New York State Energy Office
Agency Builaing 2

Emoire State Plaze

Albany, New York 12223

Ene Research Group, Inc.
400-1 Totten Pond Road
walthem, Massachusetts 02154

Mr. Jeff Smith

Shoreham Nuclear Power Station
Post Office Box 618

weding River, New York 11782

W. Taylor Rev. ley, 111, Esquire
Kunton & Williams

Post Dffice Box 1535

Richmond, Virginta 23212

Ralpoh Shapiro, Esquire
Cammer & Shapire

9 East 40th Street

Hew York, New York 10016

Mr, Brian Mclaffrey

Long Island Lighting Company
176 €. 01¢ Country Road
Hicksville, New York 11801

Konorable Peter Cohalan

Suffolx County Executive

County Executive/Legislative Blog.
Yeteran's Memcrial Mighway
Rauppeuge, New Yorx 11788

Javid Gilmartin, Ssouire

Suffolk County Atterney

County Crecusive/Legisiative Blcs.
Veteran's Memorie) Wighway
Heutpauge, New Yorx 11788

MME Technica) Associates
1723 Mamilton Avenue, Suite X
San Jese, California 95128

Stechen Latham, Isquire
Twemey, Latham & Snes
Post Office 802 388

33 West Secong Street
Riverhead, New York 1180)

Jonathan D, Feinderg, Esquire
New York State

Dept. of Public Service
Three Empire State Plaza
Albany, New York 12223

Ezra 1. Bialik, Esquire

Assistant Attorney Genera)
Environmenta)l Protection Bursau
New York State Department of Law
2 World Trace Center

New York, New York 10047

Resicent Inspector

Shoreham NPS, U.S. NRC

Post Office Box 8

Rocky Point, New York 11778

Merbert H, Brown, Esquire
Kirkpatrick, Lockhart, MNil1,
Christopher & Phillips
1900 M Street, N.W.
Washington, D.C. 20036

Lawrence Coe Lanpher, Esauire

Kirkpatrick, Lockhart, Ni11,
Christopher & Phillips

1900 M Street, N.W,

washingten, D.C. 20036

Kerla J. Letsche, Esouire
Kirksatrick, Locknare, Wi1Y,
christecnes 4 Phillipy
1800 ™ Street, N.w.
wasnington, 0.C. 20036
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Jemes . Dougherty, fse.
3045 Porter Street

Mr. James Rivello

Flent Manager

Shorenam Nuclear Power Station
P. N, Box 628

wading River, New York 11782

Lawrence Srenner, Esa.
agminissrative Judge

Atemic Safety & Licensing 3oare

V. S, Nuclear Regulate~y Comission
~eshington, D. C. 20858

Or. Goor,o A. Ferguson
School of Ingineering
Howard University

2300 « 6th Street, WW
washington, D. C. 20089

Dr. Peter A, Morris

Asinistrative Judge

Ateatc Safety § Licensing Board

Ve S. Nuclear Regulatory Commigsion
weshingten, D. C. 20885
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' Enclosure 2

grereram Nuclear Power Statier
tsergency Diesel Cenerazer 1
ceamkghefs Tailure Anglysis/Recovery

Master Plan

Aspsevals:

. «'8

sas9d:  Augest o
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SEVERIASSY o2

""z.l! :

The puspsse Gf this Master plan is o descride the
sganizesion and erganizaticnal responribilities for
gs;;.mca::ai whe investigetion inte and recovery frzem the
srankshaft fallure on the sgency Siesel Gererazir 105
at :he Shszenax Nuclear Power Staticn. This master plan
includes a description of these activities associated wich
the failuce analysis; the cisassemdly of the Imesgency
siesel Gerarsaszer st ellev fcr the imvesstigesies of
saised csmpenents; the Teviev of she implicazions ¢f 3his
dailure or he Teliablility ef the otrer two diesel
genezazsss 100 and #103; and the idenzification ef
Teguired reTeSting TO ensure re.iadle dlesel generazer
eperaticn following repairs.

It muss e emphasized that the master plan L8 necessarily
preli=inary in nature. Ravisicns %o the approach will be
sade, il necessazy, as ianfocrmation i3 cbtained during the
acticns set out in shis plan.

This master plan has been put in place By the erjanizaticen
descrined nerein, has zeean revieved by representaiives of
L2LC2 Project Ingineering, LILCC Szarsup, the Sherehanr
Joint Test Group, Operaticonal Quality Assuzance and tne
Vice-Presidant of Nuclear. 1In addition, this plar fas
peean deveicped with the assistance of TransAmerica Delaval
Ine. of Oakland, Califeornias and Talilure Analysis
Asscciates cf Pale Alte, California.

OAGANIZATICN:

AS & result of sne failuze of the csranksnals eon
Lrergency Diesel Generaser 102, an organizasicn has
Bees put in piace consisting ef the ne sssary
e¥PErtise T assess the cause or caus.s of the
erankshafs failure; te recover from that failure and
perferm suitable retesting follewing recovery and te
determine the implicatiecns of this failure on diesel
generasers 101 and 103, The essenzial areas of
AXPEITLEN AZe ANewn An Atsashment No, 1 Crganizasicnal
snsezface Clagrar and consist: ©f mhe fellewing:

4. BSzarsup Perscnnel

3. Ingirmeering Persenrel
g. Beheculing Tezsenne.

. Vandor Representatives (TDD)

-

RE———




2T 1) Szatt.naintosaaeo Suppers Persennel |
Faiiure Ara.ysis lznsulizantis ‘
Cpezazicona. Qualizy Assurance ané TOD CA Persennael

- e

Iz edditicr tOo the orgarizatisn shewn en the
atzachment, suppert from the LILSO Of2ice of Nucleer
88 wall as 3he entire Leng Iecand lighting Cempany are
svailazle, suszh as the Purchasing. Ingineersing,
Maimzernance Services and Quality Assurance
Cepariments.

AQ
f§i§@ itoriu’ endar the @irzecsien & the Sz:arsy;

Manages has the primary line respensibilicy fes
implenerting ané scheduling the ensize effsrs on the
shree diesel engines since the Erergency Diesel
Genezatess are still under Starsup jJurisdieszien.

logcs: Rewverk Reguests initiated by Tast Ingineers
wiil Be the Sase document feor the revork wish
Mainzenance Work Reguests (MWR's) Deing used to
suppert administrative reg.izements ¢f the Taintenance
cerszactor, Catalysic inc. and other maintenance
sUppeTT organizatiens. Irmplementing maintenance and
test procecures wi.l be generazet 3 Prejess :
Engineering, Starzup and TOI and will be provided sc
she 2ieid via the azeove zase documants.,

| TASS

-y 26., & supplemenzal mainteranse esntraster
to the LILED Plant Staff =aintenance sectien, will
!ro;cru the eguipmant for remeval ¢f diesel gererater

€2 from the Diesel Canerator Ygoom by discennecting

the piping, electrical and other appropriate
gennections to the engine and ganerater it acccrdance
with Diese. Generaser 107 Discearestion Cheshiist and
implemencing wveork request documents. .

Geross Inc., & :x|!zn' and hauling eentracter, will
sack and skid the diesel engine out of the room and
transport the asutpncat to the Tursine Bullding

: tuzrine desk, Elevation 61

TransAmerics Delaval Ine. (TDI), she dlenel engine
manvlacsurer, wiil perferm the dlisirsemaly and
rebuilding of the engine. Additionally. the generazer
wiea DO irapecsed urder the ccgniiance gf it
sancdacsatar (Prreet) o devarvice (7 Lt sussaLned any

damage.
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oo represent2tivees WIll OSIserve al. roTivities
aaBocinzed wizs shis investigazien ans wi.. pstvils
sechmical éizeszicn. Tol wiad previes rTaguiret
cez_z2cement TaTts.
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neerinc

siheg

sshg (220) assistec 2 the S
§ Wesszer Site ineecsing C22ice (SEO) wiil poovi
engineering SUPPCIT anc is responsille JoI the I
analysis. To accomplish these tasks 470 will us
cws rsescuc-ces susrlementel Dy Stcnhe ¢ Webster
Engineesing Cc:pora:icn, ?::, Failuce Analvsis
Agse=ia=es ans czher consultants as cecuised. Tallure
ANElVSiE n!SOCll-CS Bas Seen €harseC =S Tare whatevss
=e;Ss a-e necessary T cetesmine the cause o cause
2 the Sailure.
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+> Assurance
TiCna. Qualiity Assurance will grovi
cuized Qualicsy assureanc ‘-'ve—a~e i
.e ZILC0 Quality AssuTance "c-: . <
resencetives will De gresen i;:;:; *he perict ¢?
cnc; e éisassex>ly anc -e-sser ly By the 21 vork
force. The LILCO Quality Assurance Depactment will
soovide suppert tc the OQA erganizaticn seT Qusaltr

gssusance matterss.

Ehifs Comoplimens
Decing ta.s investigetica and the subseguent recovery
che &n shile c-n,l-ﬁe'~ wilil c:rs-s: € ehg Spllicwineg:

tarsup Test Engineer
Engineering Re;:esen.a:zve
TD] Represen~ative
Failuse Anzlysie Associetes
Cor. RescesSes.catiY
¥2interance SuppcTe Supersisor

» - :
“esrese;tative

ke Taz: Engineer will be the SiLi

4f¢t Directecr anc is
resscasible for umplementing the activities édesicnated
cc pe e=ccaplished during that shifs, A pre shils
meeiing will Se hald to Insyrse prcper coverage LS
available 23 to review thTse 2acTivities witn the

Mg - :
aNils epmgl smege.

.
stop Wosk luthesisy
CCR 25 ==t av=hoc.ty.s2 "2TOP WORN™ beced cr the QA
Mencal.
FarsSuant 0 the mgmcrande Ireom cthe fzertup Managerl,
Acsacnrens $#2 end +3 the ¢n shilt TAA Teprecantative
2*% TOI cerrmsenzative nNas Besn ruthorized 19 SICE
LRsY SoTOUEN SRt Teft IntineeT,

3
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8. Review =2 AvS.s
- PR LT .- €L - sq "5 wma _-arl s == -gmess - :
2l CVEShae VECER 8220t Viasd <€ LIGES S8 28%ViESw » 8
actiz 82 zhe Sein: Test Grecop as Sascriled (n zhe
Sherenaz Szasctup Manual.
T=%T. " SISSEL GINIEATOR 102 CRANKESEAFT FAILLRE ANALYEIS A
WX IR B 3 e e .‘-...'F——'E-.'-* -
P ANASAr: » oS iuwy rosunes ASSTSSMENT

.

i b gt

- —

Failuze Analvsis

Ccneocs an srnvesticaziorn of, ang develor 2 dezzailed

f2iluce -aralysis 2o tne CDiesel Generazor 102

CEASRERRSS SC CATAITLNE CRUSES 20T falluce. This

2852 censists 02 the Jollowing.

p ATSENSANEE, SNEPACIien AnE Sccuancazion ¢f Diess.
ssnesasss iz Cucing teassswn ané ceasseni.s

2) Approprizte analvsis of the failed cramwshais,

3) PReview maintenance and coperazticnal history.

Csankshalz Desie
SnELCt 25 inspecticn anc assessment ¢f the adeczuacy
2 the axisting (13" x 11%) an€ zepliacement (13 x
12") TransAamerice Delaval Crank Shafts for Diesel
103

Gene-a2ze-s 101, 102 ané . %his effcrt consiscs cf

che felicwineg:

1) ZReview 02 the TDI cdesicn caicuiaticons,
2) ?Peciozmance ¢f indepencent calculaticns, &s

Tegaired.

3) Pecfcr=ance of coperaticnal torssicnal vibration
t882S &t vasicus s;eels ané engine lcacds o T
existing 13" x 11" crankshalss in
éiesel-generatcrs 101 ané 1C3 arné con the
replacerment 13" x 12" crankshalZs Jor
édiesei~generator 102.

= GINIZATCE PEWOERX § INSFECTION

.-

sater 102

ese. cenerator 102
tc the following:
lindes no., 7 will be
ction/examination 2s=

Insvections § Tests - Di
The insr-eczicns anc tes
include but may not be
s+) The gennsctong °
sulleé to ellew for insp
erlindes liznes éamage.

2.) Mais Ssarires #€, ®, 10 & 11 asiacent o the
Sailuce will be priliec tc inspect foT camage =2
che Seacisg, Searsing shell znc becplate. Thi

k3 will e perfcormed af soon af secssitle tc allew
giachsicn €2 darags.

2.) Ara.veis of engine cil, jechet water anc tearing
=e3k.: will be pescomec.

S AR Crersll sngize inspectices €Guring cezsilec

SEbiy 20T sTsnishalz cam=tval will de

i



£.) & genecassT ingpeciicsnh will ke paricsrmesd
SETE: 258 1 A0t J aBCve SC B8 agCImsiisteld
ssiss 35 Temcving the Clese. generaiss Izom ne

i rocs.
2., Ingsecticrn 2nZ Tests - Diesel Generaztor 1C) ang .03

-ne LnSPETIiONS ant tesis on ciese. cenesetss ... and

102 ipcicdes But may net be iimisesd o the fsllieovisg

1.) 10C% wvista. inspecsicn 02 canxsial: wess ang éve
PenetIant Tests where asprepriace. P Y Y

2.) The ccanecting ccés on cylinéer 6 ——it=—8TIll >
pullec t¢C pesfcrm 100V L¥ anmé U7 of the
gonmetsiag 68 qeuTmaL.

3.7 Sorsignei vibratier seizing cf =he ezanrshal: ir
ghg 105 & TEX will e pariccmac feollevwing 3he
Above inspecticns pear grocedise pravides = el

C. Dissel Ceneczazcr 102 Rewcrck

<LCO nas cvera.l respersidility Zor the Tiesel
Genszazecs 102 zewosk effcrz. She Szazeoup Tes:
Ingineer cn shilt will supesvise the vasious essec:s

o0f =-~e wesk éescribeé belcw.

Catalvtic perscnnel will Cemove pipe, tubing anc
elececicel ccnnecticns, Sisconnect the tucicochacger;
ané éisconnect the genecsztcr in preszeczazicen fes
sacking an€ skiéding the engine cut ¢ the zZocm.

Geczcsa perscnnel will rig ané jack the eng-"e. skié it
g 2 the seen and sove {t azound vis fiat ted to the
turbine buriiding tsuck bay. The exzice eng:ineg will Se
i1r1fcec viz the tuIbine Euilding crane ané se: inside

an exist ng caceé-in acea on the .u'c-”e Builgin
éeck. A clean coom will be set up and access ¢&O

will be established.

TDI personnel will perfcrm the ciszsserdly allowing
“e ARPTOoPTiace inspec:tions toO taxe pla*e. e THi
Service Fepresentative will be the respcnsilble

s;*e'v ser for the TDI workman. Tre generaztcr will
adlsec e inspected for Zamace while cn the tursdine

deck. LILCD and FAA inspecticns will be perfcrmed
using this work.
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Ugon issuing 2 stcy work order cthe

"

——
Asguss <8, 2883
R.iS. Puseeil
o Mi% " impgm
v. NSTasd
== somm o .‘f.-.;-:--.--q‘- & Lt o s — - v~ i
- . we i T o wcrwe m oo mw ot Setalastty bWl £ Pieaises
Seo-gsa- LZuC.82° Fowes STatoSh onit 1
B L. =, 48820/ /38343
L4
Susing the imvestigaticn of the Diesel Generator 102 - F R
«he éuly authorized Tailuse Analysis Asscciate Representative
e~ shife has the authority tC stop worli &s long 2s the SICP
c

t S2use & percscrnnel salety concern.

wesw o-ies Zces -

Tnis s=op weosk authesization is being given to @nsure Thacs
==e Tailure Anplysis hssociates peozle are I & position T
ensu-e that they ce: the maximum infcrmation Ircn the failurse
snveastigasicn.,

e Ana_ysis Assccizts

gilus
csicneéd cf this action

Representative snall nctify the unce
immediately.
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7.2
7.3
7.4

gnclosure 2

informztion Zecuests on Diese) Gerecasz=c /D/6¢!

I. Geners)

Provide 2 written summary of the approzch $o be usec on the Failure
enziysis for DG 102 on &n expedited -basis.

Frovice the precperationz) NDE records of the *hree DG crankshzvss,

Provide the number of crankshaft failures anc poouiation size for ail
Deleval D/Gs, 211 nuclear service Delaval D/Gs, anc¢ 211 R-% D/Gs.

Frovice the failure 2nzlysis, if any, for the e3-ve crankshess ‘2ilures.

Provice the total numder of operating nours con e2¢ch D/C anc the ==z}
numoer of hours 2t 3200 KW or greater.

Provide copies of all LfLCD/S&w audits of Delaval anc responses.
What is the maximum load to which these D/Gs cculd be upgraded?
Whet modifications would be required to make the upgrace?

Khet are the limiting components?

Provide an early reply as to whether these three cuestions can be
easwersc and an estimate 2s to when. :

Provide an explanation of the claim in the June 10, 1SE3 letzer of
Delevei to LILCO that the LILCO DGs are "state cf the 2r:” wizh no other
product improvements which could positively zffece relizbility in light
of the subcover cracks and crankshaft faiiure znd the fact that modiTied
paris were 2vazilable but not identified. Also provide a comnitment *o
review all product improvements available for the Shoreham D/Gs, if these
D/Gs zre to be repaired znd used.

Dees Delzval hive 2 progrem where parts/ccmpanents etc. are moc:<ied
(such as design margins reduced) in orcder to imorove preceoriTTy )
Does this zpply to any D/G parts for Shorehas? jbéy
Provide responses tc 211 NRC open items on D/Gs.

Provide responses to 211 items in NRC consuliznis's resors.
Provice 211 vencor decumentetion on crarkshe iz, certificaztions of

cenformence, specs, NDT records, etc. Incluce statements of how and
where frim each crenk shaft criginated.



- 2.
Frovide Justification for grincing cracks ous of 10 36 eriness =~
Teilure enziysis - defore any grinding is cone.

Provice & committment for testing to demonstrate icequate vidrizion
efter reinst2llzsicn,

Rescense to £/12/82 Delavel Part 21 report on starting 2i- valve
éssemdly,



11, Preccuremens

i. Provide procurement specifications to which the diese] generators were
ordered. In addition, provide the performance specification, and the
inspecticns performed upon receiving the ciese)s o show that the
procurement specifications were met,

2. Discuss 21)] tests performed on the DG's that were odserved by LiLCo 2%
tre menufacturing facilities. Describe 2a)l the tests pe~formed 2t the
menufaciuring facilities that were not observed by LiLCo. The cescription

should incluce test procecures, pertinent irstrumentation diagrams, and
test gdate &nc resulls.

(8]

. :n zcdition to the cualificztion tects nefarmes in dccorgance with the
guicelines XG's 1.9 and 1.108 and iZIIf Stancerc 237, gescrise al) onsize
tests that were performed on the DGs. Provide test procecdures for these

tests and also the d2ta 2nd tests results.

4. In 2¢dition to the deficiency reports 2lreacy provided to the NEC,
describe any installation problems encounteres curing the installation
&nd operztion of the DGs. Provige complets operzting histories of tne
DGs.

§. Provice 2 description of the ariginal design basis of the straignt eignt
DGs used a2t Shorehem and a complete and detailed list of a}l sroduct
improvements made in this product line of DGs. Include in the descriptien
the reccmmended continuous anc maximum loads 2nd the cperating hours for
e2ch reting for each modificatien.

6. Provide 2 latest cocpy of the technical instruction menua) for these DGs.




el

"~

121, Condisicns of the

rrovige the test proceciTes tThet were SeINng JseC &t the Tirs of

feilure.

e
e

Cescribe tre conciticns in the test arez prior to, curing, &nc &fter <re
feilure. The cescription should include all seriinent test infcemacicr,
vital signs. 2nd test concisions such 2s sess grid congition, 21}
instrument reading prior to failure anc pest-fzilure, cither, 211 zraces,
vidraticns noticed and recorded, anc noises.



~y

o

:V. Feilure Invecgtisation

Provice 2 copy of the Feilure Am2lysis 2ssccizses (FA2) crarser,

Provide the manufacturer's design calculztions f2- the *creisnmal gnziveis
of the Dés. In adcition, provide the models used, methods of arrivine
et the jumped Derameters, justifications of any correlating factors usec,
cziculations of 211 the natural frequencies, their moce shepes including
the moce locations. ‘

Describe 211 the torsional testir that was performed by the menufact-
urers on the strzight-eight DEs. The cescripticr snould incluze the test
procecure, test data, test results, ccnfigurations anc camponents ¢ +as
SGs &nc lcezcing cevices curing the test, and the instrumentztion used

gnd their locaticns.

Compare the DCs presently at Shorenam with &)1 sither TD! emergency DGs
models now in use or to be used in other nuclezr generzting stations =0
show that the conditions and/or failure modes present 2% Shoreham will not
occur at these other nuclear plants.

Describe the analytical investigations that FAA is or will be performing
on the DGs. The description shall include the torsionz] vibrztion
analysis, the siress analysis and the evaluation of the TDI torsional
vibration and stress analysis.

Descride all the testing that will be performed by FiA on the emergercy
DGs at Shoreham. The description shall include sés+ procedures anc
objectives, instrumentation and lccation, test datz, test results, test
loadings, test configurztion, power fzztors, and methods of evaluztinn
icad interactien.

Bzsed on the results of the analytical investications and the test
results, describe the effects, if any, that fast starts had on the
failure.

Pescribe all the metzllurgica) and failure 2nzivsis of the cranksnz+s
thet will be performed by FAA,
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cescribe &ny new or 22¢iticnz’ z-eanlems or ge
gocur 2s @& resuls cf the insteiletion of the

<
-
-

]
-

ceticiencies 24 may
sreanksha“t.

Describe and justify the requalificztion testing program thet will pe
pe-formec.on the mocified DGs. The cescription snell include tomsione!
vicrztion and stress testing, 2ny testing in accition to the tes:ing
requirec in RGs 1.9 and 1.108 and IEZZ Standarc 357, ‘

Descridbe the impact of the previous multiplicity of failures on the
modified DGs. : ;
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V] Rcct-Cause Anglveds

Srovice & rosteczuse anzlveis which shows thes the
ccoumentec in vericus deficiency reports enc other
¢re not causzily linkec] for examele,could cocling
contribute to crankshest failure?

vdricus feilures
cocumenzations
weter lezkeage
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UKITED STATES
NUCLEAR RESULATORY COMMISSION
OFFICE OF INSPICTION AND ENFORCIMENT
WASHINGTON, D.C. 20333

August 5, 1983

IT INFORMATION NOTICZ NO. B3-51: DIESEL GENERATOR EVENTS
~ddressees:.

All nuciear power facilities holding an operating license (OL) or a construction

sermit (C?).
sursose:

This information notice is provided to bring to the zttention of )icensees and
construction permit holders some events and experience of generic diese!
generator problems and corrective action taken. It is expected that
recipients will review the information for applicability to their fzcilities.
We other action or response is required.

Description of Circumeances:

In its continuing review of licensee event reports (LEZs), NRC has identified
curing the past five months more than 100 LERs pertaining to diesel generator
probiems. Most of these appear to be material, equipment, or component failures.
No single ccmmon trend can be idemtified. i

NRC is concerned about the large number of diesel generator events. During
discussicns with diesel manufacturers and licensees, it appears that many of
these .events could have been eliminated or prevented by implementation of a
conscientious maintenance and inspection program 2s well 2s monitoring equip-
ment through 2 plant's trend program. Some licensees have instituted such a
pregram to determine the underlying cause of the fziiures (see IE Information
notice 82-10) and to prevent their recurrence. Components or materials thet
have experienced failures are monitored or inspected more frequently. Many
effectec items are repaired or replaced before actua) brezkcown. For exzmple,
cooling water heat exchangers tha: were found to be ineffective after 3 certain
period of time because of tube fouling were replaced. Cooling jacket circulating
wéter pump bearings are inspected fcr wear and replaced in certain intervals.
sressure switches and timers have been found with drifting setpoints and were
reczlibrated or replaced frequently,

Zeceuse ¢f -the large numder of ciesel cenerztor events it is not feasidble %o
tescride 211 tne events recorted. HMowever, Attacnment I $0 this infermzsion

aotice gives several representative examples 2nd corrective 2ctiens taken.
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.¥ the-e ire 2ny cuesticns regircing this matter, ;'ezse cantzcs tne Regicne

AgmirgTretor of the approprizte NRC Regionel Office, or this o ice.

f ‘/ S ——

Sdward L. Jordey, Director

Division of Imergency Preparedness
and Engineering Response

Cffice of Inspection anc Enforcement

Tecrnice! Contace:

AtTTEChTENTS:

1. Seiected Examples of Licensee Event Repor:s
Related to Emergency Diesel Generators

2 List of Recently Issued IE Information Notices
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MERGENCY DIES

QU~2-C2VIES 2, CCTOSER &, 185682

During the monthly preventive maintenance testing of Unit 2 diesel generator,
the diesel tripped on high temperature 10 minutes after loading. The cause
was determined to be fouling in the cocling water hezt exchanger. The hezs
exchanger was repiaced 2nd the diesel testing was setisfactorily completed.
The licensee placed the hezt exchanger on 2 preventive mainterance schesu'e
for ciezning.

SS3.0YAH 2, OCTOSER 20, 1982

Juring & performance test of diesel generator 28-B, the cocling jacket circulating
water pumo on the diesel generator was found to be inoperable 2s a result of 2
ball pezring failure in the pump. The bezring was replaced and the diesel
generator was returned to service.

SUSQUESANNA, OCTOSER 27, 1982

During & pervormznce test of a diesel generator, the diesel generztor tripped
on high vibration. It was postulated that a vibration switch and a pressure
reguiztor were both involved in the trip. Both were repaired and the diesel
generzior was returned o0 service. The equipment will be monitored through
the plant's trend program.

BRUNSWICK 1, NOVEMBER S, 1082

During 2 quick start testing program of diesel oeneraztor No. 4, the diese!
generator tripped on "lew lude ¢i1 pressure." The szme problem occurred 2

geys later on the same unit. Both events resulted from intermitient failures
of the “low lube 0il pressure start time relay" (STR). The relay timed out
before zctuzl pressure was above the low trip setpoint. The relay wes replaced
and the diesel testing was satisfactorily completed.

DRZSDEN 3, NOVEMBER 9, 1982

Curing & Unit 3 ciesel generztor surveillznce tes:t, the diesel generator tripped
or low cooling water pressure. A defective low cooling wzter pressure swiich
czusecd this event. The switch was replaced and the testing was satisfactorily

coraieted.

setome S200, MAY 23, 1683

euring startup testing, the diesel generztor would not reach full coersting
specd. The Woooward govarnor speed adjustimert on the unit stcoped at abeus
€30 rpm. It was found that the pointer disk was hanging up behind the cial
plate. The manufacturer reccmmended filing ébout 1/156-inch ¢#¥ the pointer
disk to 2llow free movement. After th2t the diesel achieved proocer speed.
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LiFFE, APRIL 7, 1983

curing 2 routine inspection of the intake zir check valve of No. 11 diese’
se- :r2tor, the licensee found a check valve holding pin shezred and the chezk
veéive ‘ocse. The same valve on two other diesel generztcrs &t Calver:t (1i%¥s
had been found to be cracked when inspected during 1582. The disk of one of
these <2lves was Tound broken in two ;ieces. The engines in question are
rairbanks Morse Mcdel 387D31/8.

Seczuse these failures did not render the diese! generators inoperable. 2%
evicenced by successPul comsietion of weeilv cperztional tests, nc LIR wes
‘ssued., The licensee pcintec out that there were internz] baffles between *he
theck velves and the diesel turdocharzer which made it unlikely %o nave & siece
cf tne cneck valve enter the diesel's turcocharger, The cneck vazive in guesticn
civerts air between the diesel turbocharger and integral azir-blower. Fiilure of
the check valve would result in air being avzilable through the turbochzrger at
low lcads and would 2ffect the load control.

SHOREHAM, OCTOSER 1S5, 19€2: APRIL 15, 1083: APRIL 20, 1983: MAY &, 1082

During preoperationzl testing of Shoreham's three Transamerica Delaval, Inc.
emergency ciesel generztors, the fcllcwing mechznicz] problems were icentitied

in the past £ months and reported Dy the licensee under 10 CFR 50.33 (e):

Octoter 15, 182 - The jacket waterpump shaft fziled.
April 15, 1983 - The engine head cracked.

~pril 20, 1983 - The fuel injecticn line failed.
May 4, 1683 - The rocker arm bolt failed.

Approximately 2 vears before these problems occurred, the licensee discovered
the following:

Loose harcware in cam ce2rs during initia) onsite inspection.

Yultiple broken cyiincer head exhzust bolts resulting from insufficient
pipe guide clearances in the exhaust menifold.

Cracks in the fuel oil ejector that connects toc the fuel oil drip line.
Absence of a drilled passageway for the relief valve on one lube oil pump
line as required by design.

Leaky Tube o0il cooler tubes resuiting from improper rolling in the tube
sheet,

Crzcks in rocker arm push rod sccket (or cup).

Cam gear fitted bolts not inst2lled at the factory 2s required.

~ton w »w LS
- - - - .

The Iresigms were correcied under the surveiilance of vender represenzitives,
welesr gites with Transamerica Jelave’l diesel generzicrs are listed on
sage < of this attachment,
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LCUIS ~LLIS RZPORTED TWO DIFFSRENT POTENTIAL PROBLEMS. MAY 20, 1983

(Louis Allis is the successor to Belouit Power Systems, Inc., and to Coiz-
f& ~bernks Engine Division)

i. At the diesel generator in the Clinton Nuclear ?'ant, a three-ohase
rectifier 2ssembly in the exciter was not connecsted in parallel, which
could cause field winding insulation to deteriorzte. Louis Allis field
service took corrective action by meking the necessary connections.

Jdetroit Idiscn experienced high vibraticn on its diese) cemerator. The
cause wés locse pole wedzes. Louis ATlis perfcr—z2 & getsilec engineering
evaluation of this proolem and found that in 1$°% & meserial change “rom
MRS 1020 steei to 1045 steel was made. This mears that diesel generztors
manufactured before this change may experience tne szme loose pole wacge
problem. The affected plants are Fermi, Millstone Unit 2, and Hatch.
These plants were notified by copy of the Part 2. resort dated Mzy 20,
1983. i

TRANSAMERICA DELAVAL - 1881 TO 1983

AN

The manufacturer reported the fol1owing turdbccharger thrust bearing lubrication
problem:

The design of the lubricating oil system permits the oil flow to the turbo-
charger beiring only when the diesel generator is rumning. When the diese!
generator is in the standby mode, the turbccharger beiring lube o1 system is
byrassed to prevent 2 possible fire hazard should pressurized oi) leak around
the bearing seals cnto hot impellers. Therefore, during startup, & sufficient
amount of 01 would not be available to adequately lubriczte the turbocharger
bearing. Becezuse diesels are started once a month anc run for a short lencth
cf time, premature beiring wezr w2s experienced deczuse of insufficiert
lubrication.

At San Oncfre, the wear rate for this ccndition after 100 hcurs of operation

" wes eguivalent te 15,000 to 20,000 hours of continuous operaticn.

To ensure proper lubrication during startup, a design modificztion in the form
cf & lubrication oil drip system causing the lubriczting oil to drip on the
bezrings througch an orifice at a given rate was proscsed, installed, and
tected. An alternate method to this design modificztion is a change in the
ocerating procedure. Before a monthly start, an operzior would manually run
the suxiiiary lube oil pump for 20 to 80 seconds arc cornfirm lube o) oressure,
in the event of #n gmergency start, the bezrings will fumction umtil of)
pressucs is ceveicdac,
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Trensamerice Delavel receoried that the following nuciezr sites were 2¥fectes:
Shorgham Perry WwPESS 4
srené GuUIf Bellefonte Midland 1 & 2
Cetawna WPPSS 1 Hartsville
Sen Onofre Comanche Peak 1 & 2 Phipps Bend

The 1\'!ﬂ$¢!$ of the 2bove plants were notified by fo:y of Transamerica Delava)
®art 21 resort catsd Sectemper 19, 1980,
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- LIST OF RECENTLY ISSUED
IE INFORMATION NOTICES
inTermation Daze o7
Netice No. Sudjec. Issus Issved to
83-20 Failure of Class 1E Safety- = 8/1/83 A1l power rezcior
Releted Switchgear Circuit facilities heicing
Breakers to Close on Demand an CGL or CP
g3-4¢ Sampling and Prevention cf 07/25/83 v A1l power reaétor
Intrusicn of Organic Chemi- facilities holding
c2ls Into Reactor Coolant en OL or CP
Systems
Elewd Geseous tffiuent Relezses 07/14 /83 NRC Ticenseg bypro-
of Radioactive lodine-125 and procuct materizl
lodine-131 in Excess of NRC licensees, including
Limits mecdical and acagemic
institutions, radio-
pharmaceuticzl sup-
pliers, and indus-
trial research
83-47 Failure of Hydraulic Snubbers 07/12/82 A1 power reactor
a5 & Result of Contaminated facilities hoicing
Hydraulic Fluid an OL or CP
£3-28 Common-Mode Valve Feilures 07/11/83 A1l power reactor
Degrade Surry's Recirculation facilities holding
Spray Subsystem an OL or CP
83-45 Environmental Qualification 07/01/83 A1l power reactor
Tes: Of General Electric facilities holding
Company "CR-2540" Position an OL or CP
Selector Control Switch
g2.44 Potential Damage to Redundant 07/01/83 ~11 power rezctor
Safety Eoquipment as a Result facilities holding
of Backflow Through the an OL or CP
Equipment
83-43 Improper Settings of Inter- 06/24/83 A1)l power rezctor
meciate Aznge (IR) High feciiities hecioing
Flux Trip Setooints an OL or CP
$3-32 Rezctcor Mode Switch Modi- 06/23/83 1) SaR facilities
ficzzions roliding &n OL or CP

TC * .zerazing License
CP = Construction Permit



! d}"”‘“-, ENCLOSURE 8 UNITED STATLS e L IALEL IS TN
: . ——wbuoURL D

shtem s SN | if,
.v:' s ’ 2 ‘,’ NUCLEAF SEQULATOFRY COMNISS"IN s im0 o e e ‘-" - -
. \ ’.‘ € ‘. LI e 3 b
- : : R{GION IV o5 . o - T
] i “......' : l C ° : -
. b ..,_..-/ K SV RYLN PLATZ DRIVE. SUITE OO | .:' g L ST TN 3
r " ok o ARLINSTON. TixAaS oM —
'..'.'.. .- waw i iV "‘-v‘

CCT 03 1323

Cscretr . £92C0334/83-01

Transamerica Delaval, Incorsorated
Engine anc Compressor Division
ATTN: Mr. C. Mathews

GCeneral Manager
§30 85th Avenue
Catiand, Califernie 83251

Centlenen:

This refers to the inspection concucted by Mr. J. W. Sutton of this office on
July 11-15, 1983, of your facility at Caklang, Czlifornia, associated with ihe
manufacture of emergency diese] generators and to the discussions of our
findings with you and members of your staff at the conclusion of the inspection

This inspection was made a2s 2 result of the issuance of several 10 CFR
Parts 21 anc¢ 50.55(e) reports. The reports pertained to: (1) incorrectly
icentified bolt material, (2) failure of high pressure fuel cil injection
lines, (3) failure of jacket water pump shafts, (2) fzilure of a cranicase
cever bolt, (4) ungualified isoprene material, and (3) ceficient piston
skirts. These conditicns were cbserved singly cr in combinétion at one or
more nuclear gererating stations.

Areés examined and our findings are discussed in the enclosed report. Within
trese are2s, the inspection consisted of an examination of prozedures and
representative records, interviews with personnel, anc observaticns by the

i »spector.

curing the inspection it was found that the implementation of your QA program
failes to me:l certain NRC requirements. The specific findings anc references
Lo the pertinent requirements are identified in the enclosures 1o this letter.

This Notice of Violation is sent to you pursuant to the provisions of

‘section 206 of the Energy Reorganization Act of 1874. VYou are required %o
tudmit to this office within 30 days from the cate of this letter, 2 written
statement containing: (1) a2 description of steps that have Seen or will be
Téxen L0 correct these items; (2) a cescripticn of steps %rhat “ave heen or will
be tiken teo prevert recurrence; and (3) the Cetes your corrective actions :zngd
sreventive mezsures were or wil)l be ccmpleted. Corsiceration =z be given Lo
e.teniing your response Lime for gocd cause shcan,

Yeu are 21sC requested L0 suEmit 2 similar writien stalement fo- each item
which appears in the enclosed hotice of honconformance.
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Transenerica Delave), Incorporated AR
Engine ang Compresscr Division c3. SO

The responses recuested by this letter are not sudbject to the clezrance
rrocedures of the Office of Management anc Sucget as reguired by the fzszracrk
necuction Act of 1580, PL $5-511. '

in accorcance with 10 CFR 2.780 of the Commissicn's regulations, a cepy ef this
letler and the enclesed inspection report will be places in the NRC's Pudlic
Document Room. 1f Lhis report contains any information that you believe to be
exempt from disclosure uncer 10 CFR 9.5(a)(&), it is necessary that you

(a) notify this office by telephone within 10 Cays from the cate of this letter
cf your intention to file 2 regquest for withholcging; ang (b) submit within

<5 cays from the cate of this letter a written 2gplicztion te this cffice to
withhold such information. If your receipt of this letter has been celayved
such that less then 7 cays are 2vailedle for your review, please notify this
cffice prompiiy so that a new Cue Cate may be estzalishecd. Consistent with
Section 2.720(2)(1), any such application must be acccmpanied by an afficavit
executed by the owner of the information which identifies the document or part
sought to be withheld, anc which contains a full statement of the rezsons on
the basis which it is claimed that the information should be withheld from
public cisclosure. This section further reguires the statement to address with
specificity the considerations listed in 10 CFR 2.750(b)(4). The infermztion
sought to be withheld shall be incorporated as far as possible into 2 separate
part of the affidavit. 1If we do not hear from you in this regard within the
specified periods noted .abcve, the report will be placec in the Pudblic Deocument
Asox.

Should you have any questions concerning this inspection, we will be plezsed to
€iscuss them with you.

Sincerely,

ead

“! - A2
Uidis Po:apovséLCﬂ\e 7V
Vendor Program Branch

Enclosures:

- Appendix A = Notice of Violation

2. Appendix B = Notice of Nonconformance

s. Aprencdix C - Inspection Repor: No. ©6900334/83-01
<. Appencix D - Inscection Data Sheets (11 pages)
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APPENDIX A

“ransamerica Delava:, Incorporated
Engine anc Compressor Division
Decket No. 99200334/83-02

NOTICE OF VIDLATION

As 2 result of the inspection conducter on July 11-13, 1883, an¢ in &cscrecance
~itn Sestion 206 of the Enmergy Reorganizetion Act of 1874 anc its implementing
reguletion 10 CFR Part 21, the folle~ing vielation was identified ang has

been categorized in accorcance with the NRC Enforcement Policy (10 CFR Mart 2,
Appendix C), 47 FR 9987 (March 9, 1582):

Section 21.21(b)(1) of 10 CFR Part 21, cated Decemder 30, 1282, states, in part:

- - A director or responsible officer subject to Lhe regulations
of this part or a designated person shal) notify the
Cemamission when he obtains infermation reascnably indicating
@ Tailure to cemply or 2 cefect affecting . . . a basic
component that is within his organization's responsibility
and is supplied for a-facility or activity within the Unitec
States that is subject to the licensing requirements under
Ferts 30, 30, 50, 60, 61, 70, 71, or 72 of ihis chapter. The
above notification is not required if such individual has
actua) knowledge that the Ccmmission has been adequately
informed of such defect or such failure to comply.

Contrz=y to the 2bove, a cirector, ressonsible officer, or cesigrated person
had not nciified the Commission in regard to:

1. Jacket water pump shaft failures on the eme~gency diesel generztors (EDG)
that hac been furnished to the Shcreham Nuclear Power Station.

2. A potential cdefect in the fuel injection line tubing that was used on EDGs
furnished to Grand Gulf and San Oncfre.

This is & Severity Leve) IV violation (Supplement VII).
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APPENDIX B

Transamerica Delava), lncorporated
Engine anc Compressor Division
Docket No. 99500334/83-01

NOTICE OF NONCONFORMANCE

Eased on the results of an NRC inspection concucted on July 11-1%, 1983, iz
dZoeers that certain of your activities were not cancucted in eccorceance with

KRC recuirements as indicated below:

Criterion V of Appendix B to 10 CFR Part 50 states: "Activities affecting
guality shall be prescribed by documented instructions, procecures, or .
grawings, of 2 type appropriate to the circumstances and shal)l be accemplished
in accordance with these instructions, procedures, or crawings. Instructions,
procedures, or drawings shall include appropriate guantitative or Qualitative
acceptance criteria for determining that important activities Fave been
satisfactorily accomplished.” .

Wonconfermences with these requirements are as foliows:

2, Paragraph 4.6.2 of Section 4 of the Quality Assurance Manua) (QAM) cated
April 20, 18E1, states, in part, "when requirec by Purchase Order materia)
received destined to beccme a part of the menufactured item must be
accompanied by a Certificate of Vendor inspection. The méterial is then
inspectec to 211 appliceble specifications utilizing Vencor
Certifications . . . ." 1n agdition, paragraph 4.1.1 of Quality Control
Frocecure 1.P.200, states, in part, "when it is Celermined that product
deviates from specification, an Inspection Repc-t, Form P-24%, wil) be
initiatec by the Receiving lnspector describing the nature of tLhe
defect. "

Contrary to the above, the Transamerica Delava) Incorporated (101)
receiving inspector accepted materia) on Purchase Orger No. 45333, for
which required mil)l test reports had not been received, without issuing
& nenconformance form P-249, >

paragraphs of I1.A and 11.€ cated Janvary 2%, 1876, ane Hovembder 10,
e, respectively, of the Drafiing Toom Practice (DRP) reavires:

(1) ere~ing of layouts on tracing paper; and (2) & specia) title biock on
layeut crawings with 2=ple space for signatures in ful) of <ve cesigner
¢nd wilnesses 2long with dates.

-
-
-
c



Centirary o the above, the fellowing lavsus Stawings for the late 1822
redesign of the emergency ciesel generater (E03) jacket water pums hac
not been (1) drawn on traczing paper enc (2) signed and catec: (a) iC3873,
(b) 03-426-CS-AA, anc (c) 03-425-10-AF ()inec through).

Paragraphs 2.2 and 2.3 of the Engineering Operating Procecure (E0P) &,
cated April 19, 1879, states, respectively, "The designer shal) perform
tha pecessary colculations, if required, and prepare the required design
layouts.

“The designer shall sign, date, and submit the caleculations which he has
checkec “cr cempleteness and accuracy, eleng with the gesign layout as
required, and his signed anc datec form E-213, %o the Marager of
Design."

Paragreph 11.A.6 cated January 29, 1876, of the Draftling Room Practice,
tates, "Important calculations should be written in the proper notebook,
maintzined in the department files."

Contrary to the above, regarding calculations for redesign of defective
EDG jacket water pumps located at Shoreham Nuclear Power Station:

1. Calculations for the first occurrence (1878) which are written in
the proper notebook had not been signed anc dated in the spaces
provided.

2. Calculations for the second occurrence (1582) had not been (a)
signed, and (b) written in the proper nciebook.

Section 6 dated February 27, 1881, of the QAM, contains the follewing
regquirements:

3. Paragraph 6.1.1 states, "Documents establishing and cefining
processes anc procedures pertaining %0 the quality of the procuct
shal] be controllec by the subdivision that has the initia)
responsibility of issuve.”

2. Paragraph 6 2.1 states, in part, “A)) documents relating to the
quality of the product shal) ne reviewed by the manager of the
issuing section or his representative.”

3. Faragraph 6.3.1 states, in part, "A)) cocuments such as Engineering
Qf'wingl ¢ & « MBS h.v. 2 m'ch‘ﬂi‘m .‘o." 1c.ﬂt1."c.‘§°n' ‘“;hor“),
of issuarce anc revision "
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Semtrary Lo 1N¢ adove, "D Sheets" which pertzin te cuality ef the

2rCCoust are 1ssuec by the Engineering Departzent; however, they are nst
~eviewed by the manager as evidenced by the lack of provisiens to

icentify the cate, preparer, reviewer, approver, or revision. Examnles '
are D-4986 and D-49256, which are entitiec, "Assemdbly Instructions," anc
pertain to the [DC jacket water pump. It was noted that the latier
cocument reflectec the relezse date, four revision levels ang cates in

the lower margin of the affected sheets.

Paragraphs 5.2.2 and 5.3.3 of Section 5 cdated February 27, 1881, of the
QAM, regquire that Manufacturing Engineering provide written instructiions
in the formm of rzite sheets, tooling sheets, or special written
instructions, etc., to Manufacturing and Assembly Dezartments.

Faragraph 16.2.1 of Section 16 cated February 27, 1982, of the QAM
states, in part, "Manufacturing anc assemdly Route Sheets are used 2s
records of in-process inspection of parts, Corpunents, and assemd)ies,
A1l Route Sheets are retained by Quality Contro) as objective evidence of
inspection acceptance.”

Contrary t> the above, route sheets for the 2ssemdly of the EDG jacket
water pump reflected on Drawing No. 101973, Revision C, had no® been
retained by Quality Contro) as objective evidence of inspectieon
pcceptance.

Paragraphs 2.4.1 and 9.1.1 of Quality Control Inspection Procedure

No. 200 catec April 1, 1881, requires that the area inspector

(1) inspect, (2) stamp and cate the Procduction Routing Sheet (PRS) in the
space provicded, and (3) stamp and date ang enter Quantity accepted in the
fina) acceptance block of the PRS.

Contrary to the above, regarding EDGC jecket water pump pa ts that were
sanufactured during the time pericd wher defective jacket water purps
were being mogifiec:

1. Stamp and date had not been enterec at COperation Ne. 80 ang final
sccept block of PRS No. 03-426-08-AF water Pump Shaft which was
processed in October 1982. Further, the quantity accepted had not
Seen entered in the guantity accepted block.

3. Stamp hac not been entered in the fima) accept block ef PAS
No. 101969 Sea) Retainer which was processed in Septerser 1982,

$tone ang wetster Engineering Corporation Specification Ne SHI-89 catec
wune 24, 1881, provices the bidoer with the cption of testing or gyranic
aralysis of rmecranica) equipment for seis=ic qualification.
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Facegrazh 15.3.1 ang s subperegcesh 5 of £20F 1 caves horit 25, o
SLate 1hat the engine driven jacket water pump wil) be shake Leste
"Qualificetion Statement for 03-425-04 Jacket water Cooling Pump
Revision" dated Octodber 18, 18582, states, in part, “We submit thai tnese
changes co not have any negative effect on the seismic qualification of
the subject pump ., ., , "

' M

Contrary to the above, dynamic analysis or testing had not been. conductes
on the recesignec EDC jacket water pumps to assure that the seismic
qualification had not been compromised.

Paragrazh A.1 of ECP 7 cated ApriY 20, 1821, states, im pars, "This
protedu~e outlines those steps tasen in ace :;Vishiﬂ; release or revision
e . . . purchase specifications." Purchase specificaticns centain 2
sese for approval.

Contrary to the above, Purchased Materia) Specification Ne. RL 019000
Cated October 6, 1982, had not been approved as evidenced by the lack ef
a signature in the approval block.

TOI's 10 CFR Part 21 report letter dated June 23, 1983, concerning a
potential problem with the iscprene flexible elements of drive couplings,
states, in part, “a copy of this letter wil) be sent to each of the
cognizant parties as listed in paragragh 2, no later than July 1§,

1982." .

Contrary to the above, the TDI notification letters to 10 affected
custerer cognizant parties were cated August 18, 1982




D R - T L

: Wil VWi vV LW 1W I Vel
SEOALITATICN:  TRaMEAMIAICA DELAVAL, INCOARPORATED= = iiem o 2oy mop == oo L
: " ENLANE A4D COMPRECSCR DIVISION '"S77wrrwe @ o b b e tis ot
Qir AND, CALIFLRNIA —rn 1000 : | LI ew Wi )
—
REPORT INSPECTION w———“*;‘:ﬂ?é&ffﬁ
K. : €2900334,83-01 DATE(S) __7/11-15/g2 On=S1TE wouRe: g3

CORRESPUNDINIE ADORISS: Trensemerica Dedavel, Incorporz.es
Engine sng Compressor Divisier
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FRINCIFAL PROOUCY: Emergency #%ese) generators.

1 TRY ACTIVITY: Transamerica Delaval, I=corporated (TDI!) has ns
L centralis for comestic nuclear emprsincy ¢iese) generators (£0Gs).

- -

T )

; b I
N
ASSIGNED INSPECTOR: A\M- P'kx}{-wd LR Y

J\\W. Sutton, Reactive an= Ctmmonent Program D&te s
ctios (R&CPS)

OTHER 1NSPECTOR(S): W. E. Foster, RACPS
R. E. CYVler, R&CPS

- .
APFROVED 2Y: el 9 /29 /3
1. Earnes, Chief, R&CPS Date

INEPECTION BASES AND SCOPE:

A. BASZS: 10 CFR Part 50, Appendix B and 10 CFR Part 21.
B. SCOPE: This inspeciion was made 2s a result of the issuance of severa)
10 CFR Part 21 and 50.55(e) reports. The repcrts pertained to:
(1) incorrectly identified bo 't material, (2) failure of high pressure fuel
©il injection lines, (2) failure uvf jacket water pump shafts, (&) failure of
8 crankcese cover belt, (5) unqualified isoprene mzterial, anc (£) ceficient
piston skirts. These cenditions we-e cbserved singly or in gembiratisn at
ore or more nuclear gererating stations,

- — —

-

incorrezily icertified bolt material: §0-300. Failure of high pressure fuel
011 injection Tines: 30-322, 50-206, 50-361, 50-362, 5C-416, ang 50-417.
(¢ent. zn next psge)

 —
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FLANT SITZ APPLICABILITY: (cont.) ,

Failure of jacket water pump shafts: 50-322. Failure of a crank-ase cover

so.1: 50-416. Ungualified isoprene material: 80-418, 30-417, $0-400, 50-412,

£0-21¢4, 50-424, anc 50-425. Deficient piston skirt: 50-413, 50-41¢, s0-518,

§0-31¢, 50-553, 50-554, 50-400, 50-401.

A. VIOLATIONS:

ctntrary to Sectien 21.21(5)(1) of 12 CFR Part Z1 caied Dece=ser 20, iseg2,

&¢ cirector, responsiple officer, or cesignated person had ne: netifier

e Commissior in regarc teo:

R Jacket water pump shaft faiiures on EDCs that had been furnished to
the Shoreham Nuclear Power Station.

- A potential defect in the fue) injection line tudbing that was used on
EDGs furnished to Grand Gulf and San Onofre.

This is a Severity Level IV viclation (Supplement VII).
B. NINCONFORMARCES::

1. Contrary tp Criterion V of Appendix B to 10 CFR Part 50,
paragraph 4.6.2 of Section 4 of the Quality Assurance Manua) (QAM)
and paragraph 4.1.1 of Quality Control Procecure ].P.200, the
receiving insgector acceptec material on Purchase Order (PD) 43333,
for which required mil) test reports had rot been received, without
issuing 2 nonconformance form P-248S.

5 Contrary to Criterion V of Appendix B to 10 CFR Part 50 and the
commitment cate of July 15, 1682, in TDI's 10 CFR Par: 21 report
gatec June 23, 1882, concerning unqualified material in flexitle
drive couplings of EDGs, the notificaticn letters were not sent
until August 18, 1%82.

3. Contrary to Criterion V of Appendix B to 10 CFR Part SO and

subparagraphs I1.A and 11.B cated January 29, 15875, and November 10,
1565, respectively, of the Drafting Room Practice, the

fellowing layout crawings for the late 1882 redesign of the EDG
jacket water purp had not been (1) €rawn on Lracing paper and

(2) signed and cated: (a) 101672, (b) 03-525-08-AA, and

() ©3-425-10-A% (1ineg threugh).

Centrary to Criterien V of Apsendix B to 10 CFR Fart 80,
2.2 anc 2.2 of Engineering Cperating Procecure (Z0P) & c3
1879, and paragraph 11.A.6 cated January 2%, 1876, of the

aragriphs

P
Tec ~pril 18,
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Dra?iing Room Practice, regarding calculztions for the recesign of
cefective EDC jacket water pumps located at Shoreham Nuzlezr Power
Station:

a. Calculations for the first occurrence (1878), which are
written in the preper nctebook, had not been signec and cated
in the spaces provided.

b. Calculations for the secmnd occurrence (122) hec not been
(a) signed, anc (b) writien in the proper notetook.

5. Contrary ts Criterion V of Appendix B to 10 CFR Part 50 and
paragraphs 6.1.1, 6.2.1, and 6.3.1 of Section 6 datec February 27,
1881, of the QAM, "D Sheets" which pertain to Quality of the product
gre issued by the Engineering Department; hcwever, they are not
reviewed Dy the manager as evidenced By the lack of preovisions to
icentify the cate, preparer, reviewer, approver, or revision.

Exeamples are D-4986 and D-4956 which are entitled, "Assembly
Instructions,” and pertain to the EDG jacket water pump. It was

noted that the latter cocument reflected the release cete, four
revision levels, and cates in the lower margin of the &ffected sheets.

8. Contrary to Criterion V of Appendix B to 10 CFR Part 50 and
paragraphs 5.3.2, 5.3.3, and 18.2.1 of Sections 5 and 16, respectively,
Catec Fecruary 27, 1821, of the QAM, route sheets ‘or -he éssexdly of
the EDS jacket water pump refiected on Drawing No. 101873, Revision C,
had not been retained by Quality Control as objective evicence of
inspection acceptance.

o Contrary to Criterion V of Appendix B to 10 CFR Part S0 anc
paragréphs 2.4.1 and 8.1.1 of Quality Contro)l Inspection Procedure
No. 300 cated April 1, 1981, regarding EDG jacke: water pump parts
that were manufactured during the time perioc when defective jacket
waler pum>s were being modified:

a. Stamp and cdate had not been entered at Operation No. 90 ane
final accept block of PRS No. 03-426-08-AF water pump shaft
which was processec in October 1882. Furiher, the ouantity
accepied hac not been entered in the quantity accepted block.

&TC hac not teer entered in the fina) a:zcept Diczk ¢f PRS

©. 10128% seal retiziner which was prozessed in Seste=bder
S
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8. Contrary to Criterion V of Appendix B to 10 CFR Part 50, Stone anz
Webster Engineering Corporation Specification No. SKI-"J dated
June 24, 1981, paragraph 15.2.1 and its subzaragraph S of ECP 1.
geted Apri\ 20, 1881, and the "Qualification Statement for 03-425-04
Jacket Water Cooling Pump Revision" gatec Octoper 18, 1982, dyvnamic
analysis or testing had not been conductec on the recesignec EDG
jecket water.pumps 10 assure that the seismic qualification had not
been compromised.

0
.

Contrary to Criterion V of Appendix B to 10 CFR Part 50, and
pareégraph A.1 of EOP 7 dated April 20, 1881, Furchased Materia)
Specification No. RL 01S000 cated October 6, 1282, had not been
épproved 2s evidenced by the lack of a signzture in the approval
block.

UKRESOLVED ITEMS:

hone

STATUS CF PREVIOUS INSPECTION FINDINGS

-

(Clesed) Nonconformance A (Repor; No. £2-02): The Quality
Assurance/Quality Contrel organizational chart had not been upcaied
to reflect changes in the QA/QC orgenizatien since January 1,

1se2.

The KRC inspector reviewed the current QA/QC organizational

chart which was revised on January 15, 1633, shou1ng that the
Nendestructive Examination (NDE) Level 111 examiner is no longer the
Manager of Quality Engineering.

- R (Closed) Nencenfermance B (Report No. 82-02): Kobe Stee) Lid. had
not been surveyed at a minimum of once every three years as
required by paragraph 4.4.3 of Scction & of the QAN,

The NRC inspector reviewed a revision to the QAM, subparagraph 4.4.5,
issued April 22, 1883, which ingicates that vendgors who hold current
ASME certificates of authorization or Quality Systems Certificates
neec not be surveyed or 2udited. Chemice) &~alysis of sudject

,Crenkeng?t materials were performed and the mzterials found o be
scceptable. The KRC inspecte- was informed Sy TD] that itheyv intent
tc perferm 3 physicél inspection 2t ¥zbe Sié*) Lid. within tne next
Lhrece months.
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R (Ciosed) Nonconformance C (Repzrt No. 82-02): (a) Component drawings {

released by engineering did not constitute the final inst~uctions to
2ssexdly for definition of acceptance criteria for the governor lube
eil cocler, 2nd (b) instructions for assembly of the governor lube
oil cocler hac nct been provided in writing from manufacturing

. engineering to assembly.

The NRC inspector reviewed the lube oil governor essembly drawing

&nc verified that the Jocation cf the cooler was not identi<ied. In
accition, the parts list for this drawing was reviewed for content.
The route sheet now indicates the 2ssembly drawing. TDI's corrective
action commitments contained in the January 5, 1883, letter to ihe
KRC have been complied with.

€. OTHER FINDINGS AND COMMENTS:

3 Carolina Power and Light Company's (CPL) 10 C?R Part 50.55(e)
notification report, dated January 18, 1983, identified that
bolting material for the CPL Shearon Harris, Unit 1, EDG was not
properly identified in accordance with design requirements.

The NRC inspector reviewed documents and cerrespondence between T01,
tasco, and CPL pertaining to this subject. It appeared to the NRC
inspector that a misunderstancing existed as to whether the bolis and

nuts were requested to be fabriczted to AISI 4140 or ASTM
specifications. The nuts and bolts were bought to tue AISI 4140
specification which conforms to ASTM AlS3 Grade B7 chemical and
mechanical property requirements. Specification CAR-SH-E-11,
Revision 6, did not require ASTM materials to be purchased. TDI's
Tetter of June 22, 1983, to Ebasco outlines this finding. This is
not consicered a generic prodlem.

X Tennessee Valley Autherity (TVA) 10 CFR Part 50.55(e) report to the

NRC cated February 10, 1982, acdressed the failure of TDI to take
corrective action on TVA audit findings described in TVA audit
BlV-47, conducted December 1-3, 1981. Documentation and
correspondence between TVA and TDI to cate was reviewed. Reaudits

< have been performed by TVA to cetermine compliance te their findings.
TOl hac taken action to make sure that preposed corrective actions
were implemented before signing off on the corrective action
fora. Deoccumentation for compliance to this reguirement was
reviewed.

A1l outstancing items were clcsec out by TVA curing 8 TVA reaucit.
TVA's letter to TD] catec August 24, 1822, indicatecg no fincings.
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3. long Islanc Lighting Company (LILCO) filed 2 10 CFR Part 50.35(e)

report on April 20, 1883, with the NRC, Region I. The report stated
that failures had occurred in fuel oil injection lines to the

EDGs that hac been furnished to Shoreham Nuclear Power Station,

Unit 1. As a2 result of the documentation review by the NRC
inspector, the following conditions were found to exis®:

a.

Three diese) generaiors were supplied to the Shoreham Nuclear
Station for emergency power.

A failure occurred to the high pressure fuel oil injecter Tine
during routine testing of Generztor Mo. 102 on March 3, 1683,
The tubing was replaced and on March S, 1S€3, a fue) injection
line failed on Generator No. 103.

Both lines were sent to an independent laboratory for failure
analysis.

A Tailure analysis issued by TDI dated June 24, 1983, concluded
that the failure was attributable to the presence of a

-discontinuity on the inside diameter (7.D. ) af the injection tube.

This discontinuity acted 2s a stress ~iser and combined with the
line operating pressures resulted in i1he fitigue endurance limit
of the mzterial being exceecded. The repcrt indiczted that the
discontinuity was a craw seam that had been created during
menufacture of the tubing.

TDI concucted a 10 CFR Part 21 meeting on June 27, 1983, as
required by the Division 10 C-R Policy Procndure, to evaluate
the findings and to cetermine reportability to the NRC. The
commitiee determined that this pioblem wzs an isolated case

&nd was not reporiable. On July 5, 1S3, another meeting was
held which still determined the concition to be monreportable
due to the fact that many engines had been and are running

with the same type of tubing that had been installed at Shoreham.

The NRC inspector requested a search be made as to when the
tubing used in the Shoreham Units was purchasec and if other
nuclear sites could have injection linmes instz)lec that had
been maznufactured from the szme lot of tubing. i
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TDI searched threir records anc founZ that the tubing was
purchzsed in 1578. Purchese lots are mzde in 2000 ft.
increments with approximately 200 ft. being usec per diese;
unit. The recc~g checks indicated thzt besides “he Shorenam
nuclear site, IDGs had been furnished to Grand Gul? anc

San Onofre nuciear sites which had vtilized tubing frem the
same purchase lot.

TGl Design Spe:zification D-265 catec Octoder 2, 1£72, anc
Revisions A anc B catec August 1B, 1878, and August 18, 1820,
contain the &pziicedle recuirements =eacui=ed to be followes in
regcarc to tudirg menufacturing operztions. The supplier was
reguired to furnish materia) certificates of cenformence a~¢
test reports with each o~ger. Purchase documentation for this
period of time (1876) was not retained by TDI in that the QA
program only requires retention for 5 years. The NRC
inspector revie~ed 2 recent PO for tubing, No. 45333 cated
October 1, 1S81, fer conformance tc purchase requirements.

The PO requirec that mill test reports be furnished. A
nonconformance was identified 2s a result of the acceptance of
the material by the receiving inspector, although mill test
reports had not been receivec (see paragraph B.1).

The action to preclude recurrence was contained in the *zilure
analysis report, June 24, 1983, anc incicated "more rigid QA
procecures were called for. Sections from each length of
tubing should te cut off, sawed lengthwise 2t 80° intervals,
and inspected to ensure there are no draw marks on the tubing
ID. Since draw seams would run the ertire length cf the tuding,
this inspection measure will ensure that no draw seams are
present in any line manufactured from that length of tubing
(200 fr.). Such a QA reguirement shoulc be called for on any
high pressure fuel injection line destined for use on a nuclear
stanc-by emergency diese) generator.”

As a result of the NRC inspector's review of cocumentation,

. consistency of cdrawings, procecures, POs, letters, in-house

memos, ancd repcris, it was concluced that this failure may not
be an isolated occurrence anc that & peotential existed.for

draw seams to te present in fuel injection lines of ciesel
generatlors sussliec to Grang Culf and San Onofre. 1In

&ccition, revie~s of 10 CFR Part 21 eveluztion activities
concerning the ‘uel oil line fTailure consisted of sice ncies

cn lettlers anc relcrds, etc., procucec by TDI perscnne) curing
Deliverec Proc.ct Trouble (CP7) meetings. These were consicered
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2s inadeguate by the NRC inspector to establish the reason for
classifying this occurrence as one of a2 kind. The violation
detailed in paragraph A was identified as a result of this
review.

k. Subsequent to the inspection, TDl filed 2 10 CFR Part 21-
report with NRC, Headquarters. The report is dated July 20,
1283, and icentifies the following nuclear generating stations
with the potential defect: (1) Shoreham, (2) Grand Gulf, and
(Z) San Onofre.

LILCO filed a 10 CFR Part 50.55(e) repert on Octeber 15, 1582, with
the NRC, Region I. The report stated that jacket water pump shafts
had failed on EDGs that had been furnished to Shoreham Nuclear Power
Station, Unit 1. Further, the report stated that the failures
occurred on jacket water pumps that had been medified to preclude
failures that had been experienced in similar units operating cverseas.

The fellowing conditions were cbserved during the course of the
inspection:

2. The Engine and Compressor Division of 7D1 filed a 10 CFR Part 21
report on September 20, 1979, regarding "a potentia) failure of
the drive shaft fer the engine driven jacket water pump which
would result in engine nonavailability." The report sizied that
jacket water pumps of the same design as those that failed had
been installed on the three EDGs that had been furnished to
Shoreham Nuclear Power Station. The NRC inspector was informed
that the jacket water pumps had been modified.

b. A TDI memo cated October 18, 1982, siztes, in part, "In the
past five months, Lilco [Long Islanc Lighting Company]) has
experienced three jacket water pump fzilures." Information
presentec 2s a record of evaluation was includec in open areas
of a form entitled, “Authorization For No Charge Billings"
dated October 7, 1982, and identified LILCD as the customer.
The fellowing hand written/printed information was exhibited
in the open areas: "Review 10 CFR 21 ne-only site concditions
at LILCO eiff OK other plants not a 10 CFR 21 LILCD unique
only site with this preblem attencees [1ist of names catec
10-11-82) LILCD is aware of p-oblem TD! & LILCO wil)l solve
[signe2, catec 11/11/82)." The infer=ztion is not sufficiently
cevziled toc ersdie an acecuate evaluztion of the cecision
regarding reportadiiity. The failure of the jacket water
pumps hac not been reported to the Ccasission. As a result of
the foregoing, the viclation detailec in paragraph A was
identified.
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Layouts are created by redlining existing drawings rather than
by initiating new drawings. The redlineg crawings (layouts)
had not been subjected to the reguired signature/cate cycle.
Calculations had not been controlled in the manner specified.
There was no indication that assembly instructions had been
reviewed/approved. Route sheets for assembly of the jacket
water pump had not been retained; alsc, some route sheets for
manufacturing activity had not been completed as required.

The foregcing, along with cther observaticas, resulied in the
nonconformances detailed in paragraph 8.3 through B.S.

A TD1 memo cated July 16, 1878, which adcresses jacket water
pumps, identifies Gulf States along with LILCO and a foreign
Customer. Requested documents were not presented regarding
Gulf States; as a result, this issue will remain open in order
to determine whether or not Gulf States received suspect
jacket water pumps.

TDI identifies the cause 2s engineering and assembly induced.
The NRC inspector concurs; however, in his judgement, the
ouality organization cannot be excluded. Based upon the
observations of this area cf the inspection, it is net
apparent that adequate corrective actions and preventive
mezsures have been tzken. However, the NRC inspector was
informed that the pumps at Shoreham Nuclear Power Station have
cperated past the times of the previous failures.

In an effort to assess the effectiveness of the corrective
actions and preventive measures, the following areas were
evaluated: (2) change control, (b) manufacturing process
cortrol, and (c) records. This area of the inspection was
accomplished by evaluating the following documents for
recuirements anc/or implementation of requirements: 12
drawings, 3 specifications, 6 procedures, 3 sections of the QA
Manual, 5 memoranca, 7 letters, and 24 other documents
identified as: analysis/calculations, packaging/shipping
notifications, production rruting sheets, qualification

* statement, material requisitions, euthcrization for no charge

biliing, failure analysis repcrt, 2sse=dly instructicng, and -
requests for crafting room action. The fincdings are indicéted
2t other locations of this report.

Subsequent to the inspection, TDI filec & 10 CFR Part 21
report cated July 20, 1683, with NRC, Keaoguarters.
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Two 10 CFR Part 50.55(e) reperts by Mississippi Power and Light '
(MPLL) Company to the NRC were filed on Mar-h 22, 1882, and April 21,
1982. These reports concerned the shorting of the generator by a
sheared crankcase capscrew head of a Unit I, Division II, diesel
generator furnished by TDI. This matter was reported in several
interim reports by MP&L with the most recent one being lnterim
Report Neo. 6. 4

a. During a 24-hour performance test, the unit tripped on a
"Cenerator Differential" which was accompanied by elecirical
arcing inside the generatcr. Later inspeciion verified <hat
the stater insulation hac been damzgec ancd the head from 2 5/8
x 11 threads x 1 3/4" long capscrew was embedded in the stetor.
It was detarmined that the capscrew head was from the diese)
engine's rear crankcase cover. A1l of the capscrews were
replaced by the utility, and an analysis of the failed capscrew
indicated the head broke off cdue to low-stress fatigue cracking
during service. - This cracking appeared to have been initiated
by over or under torgueing of the capscrews.

b. Fingings: Review of the problem with TDI's Grand Gulf site
service personnel provided the following information: The
source of the capscrew head found in the generator stator was
from a top capscrew in the vertical crankcase cover. The
screw shank was still in the cover hole. The screws are
classed 2s noncritical service and recuire torgqueing of 60
foot pounds (Ft. Lb.). Since the metaliurgical amalysis .
indicatec a fatigue failure mechanism, the cause appears to
héve been over or undertorqueing coupled with cperating stresses.
No information was availeble to inZiczte when this inccrrect
toroueing may have occurred. TDI service personne) incicated
that the site Bechtel craftsman would have hac a minimum of two
occasions when they would have removed and replaced the crankcase
ccver for bearing checks after the ciese) generator was de)ivered
to the site. In addition, they would have had a TD] inst-uction
manual which showed the required torcue value of 60 Ft. Lb. for
this size bolt while using a special ludbricant. The TD] service
personnel also indicated that this incicent of 2 sheared screw
head shoriing the generztor was & first “ime occurrence for the
TDI ciese)l generators. The matter was discussed between.TD] &ng
MFEL zersonnel, But no meeting notes were macde aveilasle %o the
ReC irmscector by TDI1.
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6. In 10 CFR Part 50.55(e) reports to the NRC by four electiric wutility
ccmpanies, 2 misapplication of vngualifiec isoprene materic) in the
flexible element of the couplings for diese) generators supplied by
TDI vas icentified. This material was not suitable ‘or use in the
high temperature o1} éimosphere of the diese)l generator and would
deteriorate rapicdly in service. The couplings were manufaciures by
Keppers Company. The utilities reporting were: (1) MPLL for Grand
Gulf Nuciear Station, Units 1 and 2; (2) C°LL for Sheavzm Harris
Nuclear Power Plant, Unit 1, (3) Duke Power for Catawbz Nuclear
Steticn, Units 1 anc 2, anz (3) Ceorgia Po~er for Vogile Nuclear Plant,
Units 1 and 2. This rmatter was alseo reportied by TD] in 10 CFR Part 21
reporis to the “RC on June 23 and July 13, 1982.

2. The action necessary to.correct this deficiency was to change
out the existing flexible element in the coupling with one
made of neoprene which was suitable material for service. TDI,
in their report, identified 10 nuclear power plants which have
affectied diesel generators, and indicated these cognizant
parties would be notified no later than July 15, 1¢82.

b. Findines: The NRC inspector verified the following
infermation through observations, ciscussions, and review of
documents: ‘

(1) The incicent which prompted TDI to report on June 23,
1582, was a failure of 2 coupling flexible element mace
of isoprene in a nonnuclear diese) generator. The
vtilities reported subsequent to the above cate. The
suspect couplings were manufactured by Koppers Company
starting in 1877 and purchased as stock items by TDI
based on TOI's purchased material specification for
"Couplings-Elastomeric, Part No. AK-007-000," cated
November 11, 1876. The origina) version of this
specification did not specify the type material of the
flexible element. After the above failure, TDI issued
Revisions A, B, and C to the specification in 1€81, 1882,
enc 1883, respectively. Change A specified that the
flexidble element should be neczrene which is a suitadle
material. Change B specified service in a 175°F oi)
éimosphere, anc Change C specified that the flexible
element must have a 1/2 " wice rec tand on it to
cistinguish 1t as necprene.
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(2) Review of TDI notification letters verified that all

nuclear order customers with affected diese] generators
were notified of the ceficiency. Hewever, 10 of the TDI
notification letters were dated August 18, 1882. This
date was contirary to the TD] commitment date of July 15,
1582, in their 10 CFR Part 21 report anc resulted in the
nonconformance identified in paragrzph B.2.

(3) Coservaticn of 2 coupling flexible elemert in the stores
cecariment verified that it did not have a red band on it
2s required by Revision C of the purchase specification.
Hewever, this flexible element wzs identifies only by
Part number and it could no% be traced to specific
POs placed with Koppers Company after April 25, 1983.

(4) Review of receiving inspection cards, "Vendor Inspection
Peport," for Koppers Company, incicated that the bases
for receiving inspection of the couplings was Mil-Std 105 D.

(5) Review of 10 CFR Part 21 evaluation recorcs concerning

: the iscprene flexible element estzblished that records were
inacecuate to estadlish the cause of the miszppiication
and the basis for the determinaztion that the item was
reportable under 10 CFR Part 21. The only records
available were entries dated June 15 and June 22, 1882,
in the DPT committee weekly log. The June 15, 1982,
entry indicated Product Engineering was to compile a list
of engines using Kopper's Elastcmer GDV drive couplings,
and the June 22, 1882, entry incicated that it was
determined that the Kopper's Elastomeric coupling was 2
i0 CFR Part 21 reportable item ang the responsible
individuals were to issue the appropriate notification.
These DPT committee meeting notes cid not provice
sufficient informztion to show the bases for the
evaluation (and do not appear to meet the requirements
10 CFR Part 21, paragraph 21.51(a) and (b)).

In five *D CFR Part 5C.55(e) reporis to the NARC by three electric
etility ccmpanies, & deficiency in the piston skirt castings of
ciesel gererators was icentified. This matiter concernec the .
petential failure of the engine piston skirt cestinrgs of ciesel
generetors suzplied by TDI. Sueh failures would result in the
unzvailedility of the diesel gererators. The castings were
manufaciures by TD! tetween Decerier 1978 zag Ociover 1881,

The vtilities reporting were: (1) Duke Pomer for the Caiéwba
Nuclear Station, Units 1 and 2; (2) TVA for Martsville




Nucliear Flant, Units 1 and 2, and Phipps 2end Nuclear Plant

Unit

1 ang 2; and (3) CP&L for tne Shearor Herri

Plans, Units 1 and 2. This matter was also rep

“n
-

The
gisc

CFR Part 21 report to the NRC on Octoter

KRC inspector ascertained
ussions and review of dor

promptec 1{.

practice to
ling method was
high resicdual stresses in the cas
with operating stresses, could result
castings. The report also provided recommended correc
measures inclucing NDE, stress relieving at 1050°F,
selective grinding of the affected castings.

Review of six TDI netification letters verified that al)
vtility nuclear units with affected diesel generators were
acccunted for The Tetters incluced a list of foundry shop
order numbers and serial numbers of the affected castings to
aid the utilities in identifying the suspect castings. The

ters also recommended that the castings be returned to TDI
for KDE and stress relieving if possible, or replacement with
suitable castings, and return for 11ation As of this
inspection cate, only Duke P . ) 1. f States
Utilities have returned skirt

Review of a current process routing for J oS covering

outing 2301 ¢
reprocessing of returned castings verifie orrective
action was being oe'f”'~e‘ under control) ' ions using
process travelers, qualifiec p onnel, ures Other
ecorcds reviewed fo a) specia)
cti cecifi ie , » (b . cate of
)
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incluced the orig{na1 master engine book of recorgs for b
c¢iese) generator S.N. 75018-2762. Within this area cf the

inspection, no nonconformances or unresolved items were
igentified.

F. EXIT INTERVIEW:

Ouring the exit interview, at which time the ingpectian fingings were
discussed, the NRC inspcctors were informed by TDI's management that
they »ould take excegtion to a1) of the vielatizns that had been
icentified curing the inspection. The NRC inspector ingcicated that this
position woulc be identified in the inspection report. It was
determined by staff review subsequent to the inspec.ion to cefer issue
of one violation which had been fgentified to TD! management until after

performance of further inspection. This violation subject pertained to
inacdequate evaluation recoros.
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Delaval Diese! Generator Operation Exnerience

U. S. Nuclear Experience

In 1974, the Long Island Lighting Company (LILCo) contracted with TD! to
purchase three emergency diese! generators for the Shoreham Nuclear Power
Station. This was the first order received by TD! to provide an EDG for a

commercial nuc’ear power station. In the next seven years, engines for 14
other plants were ordered from TDI,

San Onofre 1

®* Two TDI Diese! Engines Installed in 1976 - DSRV.20

® Serfal Nc, 75041/42, Rated at 6000KW (nominal)
8800KW (peak)

® Engine Run Time to Date - 450 hours per engine

The first plant to actually place a TD! engine into nuclear service was San

Onofre Unit 1 (SONGS 1), which purchased two V-20 units to provide emergency
power for its feed pumps, which also serve as Emergency Core Coo'ing System

pumps . .

The enaines at SONGS 1 were installed in 1976, and declared operationa’ in
April 1977, Since then, SONGS has experienced some problems with the
operation of the engine turbochargers, a lube oi' pressure sensing !'ine
failure which resulted in a fire, and several other minor problems, BSecause
SONGS did not commit to meet the guidelines of Regulatory Guide 1,108, but
rather Regulatory Guide 1.9, the program it used to test the engines before
they were placed in service was more abbreviated than for a new plant, A
detailed Yist of problems to date follows.

Date - Problem Cause/Solution
12/80 Excessive Turbocharger No Tube o0l during standby.
thrust bearing wear, Lube nil system modifiec,

10 CFR Part 21 report fssued
because problem generic,

7/81 Lube o011 leak and fire, Excessive vibration of
a Tube 01) test 'ine which
had inadvertently been 'eft
installed by the licensee,
Line removed,

12/81 Piston modification to Pistons reworked by TD! to
3 prevent crown separation, respond to Part 2! renort,
Problem identified at Srand
Gul¥,
9/83 Unqualified instrument Replaced fn accordance with
cable, Part 21 report.



Grand Gu'f

Two TDI engines installed - Mode) DSRV-16
Serial No. 74033/34, Rated at 7000Kw

Operating Hours to Date - Division [ = 1100 hours; Division II = 700 hours

e

In 1981, Mississipp! Power & Light (MPAL) commenced pre-operationa’ testing of

two V=16 engines installed at Grand Gu'f Unit 1.

They represent the first

V=16 units ordered from TDI, and in fact, one of the Grand Gulf engines was
used to qualify the entire TDI V<16 1ine of machines for nuclear applications

The Grand Guf engines have experienced

significant problems in completing the

pre-operational test program, have had several major failures, including a

fuel Tine break which caused a fire, and many minor failures, A detailed list

of problers at Grand Gulf follows.

Date

11/81

3/81

6/11/82

8/23/82

8/82
3/8/82

1/29/82

3/23/82

Problem

Piston crown separation during
operation,

Excessive turbocharger thrust
bearing wear.

Air starting valve capscrews
replaced. Too long for holes.

Flexible drive coupling material
incompatible with operating
environment.

Latching relay failed during
testing.

Air start sensing line not
seismically supported,

Governor lube o011 cooler
located too high, Possibility
0' trapping air in SyS'..E"‘.

Engine pneumatic logic
improperly design. Could
result in premature engine
shutdown,

-]

Cause/Solution

Holddown studs failed.
Pistons returned to TDI
for rework., Generic
problem,

No Tube of! during standby,
Lube o1l system modified.

Response to Part 21 report.

Replaced with different
material,

Relay replaced,

Sensing Yine relocated and

proper'y supported,.
Lube 01 cooler relocated to

lower elevation,

Pneumatic Yogic desion

corrected.,




4/29/81

3/15/82

8/2/8

9/4/83

8/11/83

1983

1983

7/83

10/28/62

During EDC
Installacion
12/83

12/83

9/83

Rreples

Non-Class 1E motors supp'ied
with EDG auxiliary system

pumps .
Crankcase cover capscrew

failed. Kead lodged in
generator and shorted it out.

High pressure fue! injection
Tine failed.

Fue) o1) Yine f|1io¢. Caused
major fire,

Cracks n connecting push
red welds,

Turbocharger vibration,
fracked Jacket water we'ds,

L

Turbocharger mounting bolt
fatlures,

Atr start valve faflures.

Fue! 41 Yeak,
Cracke! push rod weld,

Cylinder head :racks.
Cylinder haad cracks,
Cracks 1n pieton skirts
on Division !! EDG.

Unaualified instrument cabdle,

Solution

Motors replaced with Class 1E
qualified motors.

Capscrews replaced with
higher strength screws.
Lock tab washers insta'led.
Generator screens nstalled,

Manufacturing defect in
tudbing. Tuuing replaced.

High cycle fatigue of
Sun?01ock fitting., Additiona’
tubing supports to be
installed.

A1) push rods replaced.

Turbocharger replaced.

Excessive turbocharger
vibration, Cracks re-
we'lded.

Excessive turbocharger
vibration, Bolts replaced.

Cause unknown, System cleaned
and severa! valves replaced.
More frequent maintenance
scheduled,

Tubing replaced.
Push rod replaced.

Head replaced,

Two heacds replaced,

A'Y Division 1] pistons
redlaced, Division ! pistons
to be inspected,

Replaced in response to
Part 21 report,




Shorehem

* Three TDI Disse! Engines installed, Mode' DSR-48

* Serial No. 74010-12, Rated at 3500Kw

* Operating hours at time of crankshaft failure (8/83)
« #101 = 646 (cracked crankshaft)
« #102 = 718 (fatled crankshaft)
« #103 = 818 (cracked crankshaft)

The engines at Shoreham are the first strafght<8 units to be placed in nuclear
service in the U, S. One of the Shoreham engines (#101) was used to oualify
the straight<8 series (R48) diese) engine for nuclear service.

Pre-operational testing of the engines at Shoreham started in late 1981 and
continued until the major failure of the #102 crankshaft on August 12, 1983,
After the performance of extensive tests in late September and early October,
which were observed by staff members from NRR and Region !, as we!l as an NRC
consultant, LILCo pretented the resilts of fts crankshaft failure
fnvestigation in a meeting on November 3, 1983, It reported that the
crankshaft had been improperly designed, and had failed because the loading
function used in the original design calculations was too small, LILCo also
reported that 1t was investigating four failed connecting rod bearings which
were discovered when the EDGs were disassembled, Their preliminary finding
was that the failures occurred because the bearing material did not meet
specifications, and the bearing loads had not been properly accounted for,

A detatled 11st of the EDG problems at Shoreham follows,

Date Problem u Tytion
3/81 Excessive turbocharger thrust No Tube of! during standby,
bearing wear, Lube of! system modified,
12/81 Piston modifications to prevent  Pistons reworked by TDI to
crown separation, respond to Part 2] report,
;rgu’om fdentified at Grand
ulf?,

9/82 Engine jacket water pump Water pumps reworked by TOI,
modifications, :

6/82 Alr starting valve capscrews Response to Part 21 report,
replaced. Too long for holes,

9/82 Engine jacket water pump shaft Pump shafts redesigned and
fatled by fatigue. rep’aced,

Spring/1983 Cracks in engine cylinder heads. Fabrication flaws, AV
heads replaced,




Date

3/83

3/83

8/12/83

9/83

10/83

11/83
8/83

9/83

Problem

Two fuel o011 injection lines
rupsured,

Engine rocker arm shaft bolt
failure.

Lroken crankshaft. Cracks in
vemainine crankshafts.

Cracked cornecting rod bearings.
tracied pistor skirts.,

Broken (yiinder %ead stud nuts.

Sracked bedplates in area of
m:in journal bearings.

Ungualified instrument cable.

Cause/Solution

Manufacturing defect in
tubing. Tubing replaced
with shielded design.

High stress cycle fatigue.
Boits replaced with new
des<ign.

Inadequate cesign. Replaced
with larjer diameter
crankshafts,

Inadequate design and
substandard material.
Replacea with new design.

Rapiaced all niston skirts
with new design. Generic
problem,

Renlaced all head stud nuts.
Cracks evaluated by LILCo and
determired to not be
significant.

Replaced in response to
Part 21 report.



Operating Experience - Non-Nuclear

Marine Applications ’

Besides being used for stationary electric power generation, TD! diese)
engines have been placed in service as propulsion units on commercia) carge
vessels, As part of the Shoreham operating license hearing, an intervenor,
Suffolk County, requested and was granted by the Licensing Board, subpoenas
for the State of Alaska, U, S. Steel, and Titan Navigation, Inc. These three
organizations operate vessels which use TDI V-16 diesel engines which are very
similar to most of the TDI units installed in nuclear power plants. The
responses which were received indicate that the TDI engines in marine service
for these organizations have experienced severe reliability problems. Most
have related to faulty cylinder heads, but they have also included problems
with pistons, cylinder liners, turbochargers, cylinder blocks, connecting
rods, connecting rod bearings, main journal bearings, and camshafts. A
detailed experience 1ist follows. The staff is reviewing this materia) to see
how much of it is applicable to engines in nuclear service.
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Marine Experience with TD! Diese) Generators

State of Alaska, M. V. Columbia

® Vessel fitted with two DMRV-16-4 Engines - Serial No. 72033/34

® Rated at 9200 HP (6900 KW) at 450 RPM

® Vessel and engines placed in service in June 1974,

® Each engine has approximately 30,000 hours of operating time to date.
Document Date Problem Description
12/76 A1l cylinder liner seals replaced. Al

cylinder heads have been removed,
reinstalled, or renewed at least three
times.

A1l pistons have been removed and
reinstalled at least once.

Turbochargers have been removed, repaired
and reinstalled, or renewed 16 times due
to leaking oil seals, vibration, rotor
damage, or defective bearing seal housing.

Exhaust manifolds have been removed and
reinstalled because of frozen expansion
Joints and resulting cylinder head flange
face damage.

Lube 011 consumption is excessive.
6/15/78 Rapid deteriorations of fire seal rings
‘ causing blowby across gasket surface of
cylinder heads.

Very low lube o0il filter 1ife (40 hours).
Caused by blowby of pistons and valve guides,

Stainless steel exhaust bellows burn out
rapidly. Installed backwards by TDI.

11/28/78 (Letter to Alaska from TDI).

Recommends timing changes to improve
turbocharger performance.



Document Date

1731779

2/2/79

-8 -

Problem Description

Valve seats and valve guides not
concentric. Results in bad valve contact.

Defective piston rings shipped as
replacement parts.

Peworked cylinder head received from TDI
without all required modifications and
with damaged gasket face.

Newly furnished cylinder liners received
with incorrect surface finish (twice).

Connecting rod bearings furnished as spare
parts were wrong size - 13" vice 12".

Turbocharger exhaust flex section
incorrectly furnished by TDI.

Chrome plating failure of pisten rings.
Caused heavy scoring of cylinder liner.
Associated cylinder head found cracked.

Seven cylinder heads repiaced during 15
weeks of operation,

Excessive lube oil f4¢1ter change out
rate. Due to piston Llowby.

Fuel injector sp-ay tips changed at TDI
recommendation to reduce carbon buildup
and eliminate washing of liner walls with
fuel oil.

Three major overhauls of engines in 5 years
of operation.

Carbon accumulations in rocker box areas.

Excessive oil vapor discharge from engine
crankcases.

Heavy carbon deposits on valve springs.
Suspect valve blowby.

When exhaust valve guides were modified by
TDI, they did not follow the procedure
outlined in their SIM (Service .nformation
Memo) .



Document Date

3/19/79

6/14/79

12/26/79

g W

Problem Description

Loose piston pin end caps.

Incorrect piston crown to skirt bolt
torque.

Bad connecting rod bearings. Excessive
wear, cracks.

Damaged connecting rod bolts.

Valve push rods cracked at weld of pall to
pipe. QC problem.

Crankshaft size changed after engines for
ship installed. No notice to owners of
reason for change.

Excessive main bearing wear,
Camshaft lobe hard facing worn.

TD! recommended the installation of a new
flexible exhaust duct which was too short
(new design). Installation attempted at
insistence of TDI. Unit damaged by
attempt and returned to TDI for repair.

QC or material problems with respect to
non-concentricity/out-of-round valve
seats, push rods, rod bolts, bearing
shells, valve stem plating.

Thermal growth and cracking of exhaust
manifold,

Failure of new connecting bearings.

Cracks of 25% of connecting rods.



Document Date

1/16/80

2/5/80

2/29/80

3/24/80

Problem Description

Ten (10) new cy'inder heads have cracks.
This includes 8 that were previously
repaired.

Fifteen (15) valves are defective with

chrome flaking off the valve stems.
Valve.stems are being deformed.
Five additional push rods have cracks.

Turbocharger 2ir cooler inlet housing is
cracked for fourth time.

Internal bracing in engine intercoolers is
cracked,

Piston rings installed 1mpropér1y because
mistake by TDI in the drawing used by TDI
shop.

Piston crown-to-skirt nut torgue
inconsistent among nuts on various pistons.

Excessive 1ink rod bushing bail wear
caused by improperly relieved, drilled oil
passages on the matching -1ink rod pins.
Abnormal carbon deposits and formations
noted on pistons and cylinder head
assemblies,

Fretting of jaw areas of connecting rods.

Insufficient turbo (manifold) air except
at near full speed operation.

Cracked exhaust manifold end plates.
Cracking of connecting rod boxes.

Cracking of newly installed connecting rod
bearing shells at 4500/hours.



Document Date

4/18/80

5/12/80-

« 11w

Problem Description

Fretting of 1ink rod 2nd 1ink rod pins at
their attachment together,

Fretting between 1ink rod bushings and °
1ink rod bushing bore.

Galling of 1ink rod bushings in way of
1ink rod pin outer drilled.oi) passages.

Improper wear/contact pattern on newly
installed connecting rod bearings at
4500/hours. Four-point loading.

Insufficient connecting rod bearing
wear/contact area to journal wherein it is
less than 15% of the total bearing area.

Upsetting of stems in valve keeper area,

Damage to number four piston ring &nd ring
groove on all pistons modified during the
1978-79 engine teardown and rebuilt after
4500/hours operation.

Fretting between piston crown and skirts
at 4500/hours since piston modifications.

Variations in piston bolt torque, beyond
specified 1imits, at 4500/hours since
piston modifications.

Damage to rod bolts, including cracking,
and damage to threads on both the bolt and
in the rod boxes.

Exhaust manifold conversion kits received
with cuts and grooves in finished
surface. Required rework by owner before
installation.

New connecting rods received without
required code (American Bureau of Shipping)
approval. TDI did not have record of which
rods were shipped with approval or without
approval,

Some new connecting rods shipped with
oversize bearings but no note to customer
informing of difference.



Document Date

5/14/80

5/15/80

5/27/80

5/25/80

9/4/80

9/30/80

e 12 -

Problem Description

Cylinder head returned to TD! has been
lost by TDI. Cannot be locatec.

Customer received new connecting rod bolt
in rusty condition with damaged threads.

Customer received reworked cylinder heads
with 1ip Teft on exhaust seats which
prevents valves from seating.

Customer noted that it now was in
possession of two cylinder heads with the
same serial number,

Could not install lockwire in new
connecting rod cap screw. Hole drilled
partway through with drill broken off in
center of hole. Also noted that edges of
lockwire holes on other screws had not
been rouncad to prevent damage to lockwire,

Discovered leaks in newly installed

.exhaust manifold head plates.

(Meeting Summary)

TDI says that all cylinder head problems
should be corrected by new design.

TDI reports that connecting rod bearing
cracks could have resulted from bad
bearing alloy makeup by vendors. TDI
Tooking at diff.rent bearing materials.

TDI stated that they had erred on piston
modifications. Effected others besides
COLUMBIA.

Eleven remaining master connecting rods to
be sent to TDI to have oversize bearings
and other modifications installed.

Many of the original cylinder heads that
were returned to TDI for rework were
exchanged for other used heads.



Document Date

11/6/80

12/10/80

1/16/81

o 13 e

Problem Description

Cylinder head changed due to heavy
external water leakage.

Severe smoke causing excessive lube 01
contamination and engine room atmosphere
problems. Engine secured to prevent
possible crankcase explosion.

A1l connecting rods removed. New rod cap
screws and washers to be installed because
increased torque specified by TD! caused
galling.

New connectine rod bearing shell found
cracked.

Heavy wear noted on piston side thrust
areas. Heavy “ard carbon buildup noted in
area of compression rings. Fourth rinj
groove ar2a to be veworked by TD! due to
design/machine errcr by TDI during
previous modifinautions,

Ninetzen (19) of 32 cylinder lirers exceed
spec for out-of-round. TDI to modify
Timits to permit continued usage.

Twenty-one (21) of 32 liners lost crush.
New phenomena. Repairs require machining
of engine block.

Fuel injectors removed and to be changed
from 140° spray pattern to 135° pattern.
Original nozzles had 150° pattern.
Cylinder block bores found to be distorted.

Four new engine camshafts installed.



Document Date

3/13/81

4/9/81

i

Problem Description

Reworked cylinder heads were returned to
the customer without removing the grinding
compound from the valves and valve seats.

Two reworked pistons returned to customer
without roll pins, which lock the securing
nuts in place.

Cylinder liner delivered with wrong
surface finish,

Cracks found in cylinder blocks. AN
replaced, '

Main engine blocks found to be cracked and
warped. The main block-to-base through
bolts appear to have been improperly
torqued during initial assembly.

One "new" camshaft found to be a rebuilt
unit containing several damaged bearing
journal areas,

The threaded head stud holes in the new
cylinder blocks were not counterbored
deeper, as TDI had indicated they
currently do. This was to eiiminate
cracking of the block near the stud
holes. The customer re-machined each of
the 256 head studs to accomplish the same
intent.

Several reworked pistons were returned
without groove pins.

In response to a request for 20 1i" .
capscrews and washers, TD! supplied 1 7/8"
capscrews.

Drawings furnished by TDI for head stud
modifications were not applicable to the
studs in question.

50% of the fuel pump bases would not fit
onto the new cylinder blocks because of
slight changes in the design of the blocks.



Document Date

4/29/81

6/1/81

11/19/81

7/29/82

- 15 -

Problem Description

Two new cylinder liners provided with
incorrect surface finish.

One new cylinder liner provided with
flange thickness larger than
manufacturer's maximum tolerance.

New connecting rod capscrews were found to
be galled and unfit for use.

Service manual showed incorrec .
installation of engine camshafts.

2/3 of fuel cam tappet assemblies on one
engine could not be installed on one
engine because the new cylinder blocks had
not been properly counterbored.

Cylinder 1iner counterbore depths were off
to such an extent that difficulty
experienced in establishing proper liner
crush.

Weld spatter noted on many seating
surfaces.

-‘Dirt, sand, and metal showings found in

passages and holes which should have been
clean.

Cylinder head Qater port outlet locations
varied considerably, causing a water flow
restriction.

Air start distributor not properly
assembled at factory.

Exhaust manifold head plate developed a
leak. Cracks found around 2 of 3 tie rods
due to poor initial welding.

Defective valve springs found on one
engine.

Valve rotator failed.

Cracks discovered in the intercooler.




Document'Date

3 -

Problem Description

7/29/82

10/15/82

3/9/83

"In nine years of operation every basic
engine component has been modified or
replaced with an improved item, at least
once, with the exception of the crankshaft
(which is obsolete and has not been used
for years), the engine base, the fue’
pumps and the governor. The last two
items are not manufactured by TDI!."

Turbochargers replaced.

Exhaust valve lubricating system to be
installed.

Cracks discovered in three cylinder heads.

Reworked cylinder returned to customer
with tap broken off in threaded hole.
Others returned with internal cracks and
damaged flange faces.
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Titan Navigation, M. V. Pride of Texas

® Vessel fitted with two DMRV-12-4 engines, Serial No. unknown
Rated at 7800 HP at 450 RPM

® Engines installed 1981 - no information on total engine hours to date.

Document Date Problem Description

7/16/82 : Catastrophic piston failure. Due to crack
-in piston skirt. Engine had 579! hours of
operation.

4/1/82 Cylinder block broken and cracked.

Cylinder head cracked.
Cylinder liner cracked.
Piston skirt fractured.

Suspect that all of above problems caused
by water leaking into cylinder from air
intake manifold. Leaking tubes found in
air intercooler,

8/19/82 Cracks discovered in six piston skirts.

7/22/82 Cracked exhaust valve seats in cylinder
heads. Engine had 3000 hours service.

Camshaft Tobe design appears to be
deficient. Causes excessive stress on
fuel cam lobe and roller.

Tappet assembly rollers severely galled,
Believed to be due to camshaft and lobe
placement and inadequate heat treatment.

Fuel cam lobes have failed twice due to
improper heat treatment,

Chrome plating lost from one piston wrist
pin.

A1l four intercoolers have failed because
of erosion due to high fluid velocity.

Air start valves have suddenly ceased to
function, for no apparent reason.



Document Date

4/1/83

- 18 -

. Problem Description

Plugs in crankshaft o1l ways may be -
cracking because improper material used.
Under investigation.

Fuel ofl return lines have failed. To be
replaced with heavier wall tubing.

Exhaust valves fail after about 2000 hours
of use. Serious problems with cylinder
head cracks.

Turbochargers experiencing difficulty
supplying sufficient air,



U. S. Steel, MV E. H. Gott

® Vessel fitted with two DMRV engines (mode! unknown)

Engine Serial No. 75039-40

®* No information on engine hours to date.

Document Date

11/13/80
1171779
6/1/80
10/8/81

Problem Descripntion

Cracked cylinder head, Replaced.
Cracked cylinder head. Replacec.
Cracked cylinder head. Replaced.
Cracked cylinder head. Replaced.

Note: This information was summarized from
documents provided by U, S. Steel in
response to a subpoena which asked
specifically for information about cyliner
head failures. Many cther portions of the
documents were deleted by U, S, Stee!, and
it appear=s that the deleted portions
referred to problems with other engine

" parts.
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Other Applications

The staff understands that other TDI engines are in service as stationary
electric power generators. The operating history of these engines will
be taken into consideration during the sta“f assessment of TDI! engines.



Reference List

Shoreﬁam o
Letter dated 1/6/84 from B. McCaffrey (LILCo) to H. Denton (NRC)

Board Notification 83-160 dated 10/21/83

Board Notification 83-160 dated 11/17/83

Letter dated 12/9/83 from J. Smith (LILCo) to T. Muley (NRC)

Letter dated 12/9/83 from A, Schwencer {NRC) to M. Pollock (LI.Co)
Letter dated 12/25/83 from A. Sc 2wncer (NRC) to M. Pollock (LILCo)
Letter dated 12/16/83 from C. Matthews (TDI) to T. Novak (NRC)

Letter dated 12/16/83 from J. Smith (LILCo) to T. Murley (NRC) _
Letter dated 12/16/83 from A. Dynner (Suffolk County) to A. Earley (LILCo)
Letter dated 10/20/83 fror i. Earley (LILCo) to L. Brenner (NRC)

Letter dated 10/16/83 fron R. Boyer (TDI) to NRC

Letter dated 11/17/83 from A. Earley (LILCo) to L. Brenner (NRC)

IE Information Notice 83-51, dated 8/5/83

IE Inspection Report 99900334/83-01, dated 10/3/83

IE Information Notice 83-58, cdatec 8/30/83

Grand Gulf

Letter dated 11/15/83 from L. Cale (MP&L) to H. Denton (NRC)

Letter dated 10/19/83 from L. Dale (MP&L) to H. Denton (NRC)

LER 50-416/83-171/03L-0 dated 11/28/83

Letter dated 10/26/83 from L. Dale (MPQL) to H. Denton (NRC)

LER 50-416/83-082/01T-C ;

LER 50-416/83-126/01T-0
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San Onofre Unit 1

LER $0-206/81-017 dated 8/12/81

Letter dated 9/15/81 from H., Ray (SCE) to R. Engelken (NRC)
LER 50-206/80-039 dated 12/23/80

Letter dated 6/8/81 from J. Haynes (SCE) to R. Engelken (NRC)
Marine Applications '

Letter dated 12/21/83 from A. Dynner (Suffolk County) to A. Earley (LILCo)

Includes many other individual documents.
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Vendor Inspection History

To date, the Region !V Vendor Inspection program has inspectecd the TD!
facility in Oakland, California, nine times. The following inspection reports
have been published in the PDR regarding these inspections:

Docket No. 99900334/79-1, dated 3/20/79

Docket No. 99200334/80-01, dated 1/22/81
Docket No. 99900334/81-01, dated 5/27/81
Docket No. 99900334/81-02, dated 9/18/81
Docket Mo. 999C0334/82-01, datec 4/15/82
Docket No., 99900334/82-02, cated 12/8/82
Docket No. 99900334/83-01, datec 10/3/83

N B WP
R

Attached is a summary by the Vendor Inspection Branch of the TDI inspection
history. The history includes some results from the last two inspections,
which are being reviewed for proprietary information, and which will be
publisned when that review is complete.



ATTACHMENT

TRANSAMERICA DELAVAL INSPECTION HISTORY
VENDOR PROGRAM BRANCH FINDINGS 1979-1983

MANUFACTURING PROCESS CONTROL:

~

10.

Performance of reguired inspections for completed cperations on Snop
Engine No. 2931 Tank Lube Oi1 Sump Inlet Compartment could not De
verified, in that neither inspection acceptance stamps were present on the
route sheets for the completed operations nor were inspection reports
available to indicate rejectable concitions hac been found upon
inspection.

Route shee.; were not available to confirm required inspection acceptance
of assembly operations for the emergency ciese! generator (EDG) Jacket
water pump reflected on Drawing No. 101873, Revision C.

Absence of evidence of inspection acceptance for components manufactured
during jacket water pump modifications performed in September and October
1982,

a. Acceptance signoff by QC. inspectors was made on route sheets in
regard” to installation of rocker arm holc down bolts. These bolts
were subsequently found to be missing on inspection at the Shoreham
Nuclear Power Station (SNPS).

b. Shipment of reworked pistons to San Onofre, Unit 1, prior to cates
indicated on route sheets by QC inspectors that various manufacturing
operations were accepted.

a. Route sheet: not issued for rework of 92 pistons from SNPS and Grand
Gulf EDGs and there is, thus, no evidence of inspection acceptance of
the various manufacturing operations.

b. No records of gquality activities for rework activities on Grand Gulf
EDG pistons which was & specific requirement of the procurement
specification.

Absence of required NDE reports for SNPS replacement cylinder heac
castings.

Apparent use of ungualified personne! for performance of NDE operations on
SNPS replacement cylinder head assemblies.

Improper signoffs and dates for acceptance of SNPS replacement cy!inder
heads with respect to personne) identity and use cf 2 surrencersc
inspection stamp prior to expiration of the minimum 6=month period.

Use of a different hard facing welding procedure specification tc that
specified on the route sheets for valve seats in SNPS replacement cylinder
head assemblies.

Requirements not provided for welding of anc acceptance of Snearon Harris
EDG fuel oi) line clamps.
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with engineering component drawing instructions with respect to
performance of specified stress relief heat treatment.

Route shee's for Job No. 02933 did not provide instructions in regard to
swaging operations performed on crankshaft oil plugs.

No assembly route sheets available for SNPS replacement cylinder heac
assemblies.

CONTROL OF SPECIAL PROCESSES:

3

|
|
Prior to October 1981, manufacture of piston skirt castings did not comply
Absence of procedures for examination of Level III NDE personne! and
failure to qualify personnel performing visual examinations in accordance
with ASME Code requirements. '
a. Performance of vertical up position welding on ASME Section 1!l

piping (Shop Engine No. 2931, Shop Order No. 94302) by welder

qualified only for flat position welding.

b. Welding of i 2=inch ASME Section III piping assembly by unqualified
we lder. -

Observations during three different inspections of failure to return
unused welding electrodes in required 4-hour Yssuance period.

Identification of welders used for certain operations on Shop Engine
Nos. 2931 and 2959 could not be verified.

Unacceptable fillet weld size in Shop Engine No. 2931 Tank Lube Qi1 Sump
Inlet Compartment due to bad fitup of tank roof and sidewal) resulting in
almost flush condition.

Jse of welding electrode sizes that were not permitted by applicable
welding procedure specifications on Job Nos. 94922 ang 96632.

Use of Job No. 95395 of welding amperage and vo'tage in excess of welcing
procedure specification requirements.

Performance of welding on Job Order No. $7-485-3085 without specified
revision of welding procedure specification being in welder's possession.

Certifization rezords for nondestructive examinztion persenre) =i¢ not
indicate the use of ten checkpoints by the examiner during the practica’
examination as required by SNT-TC-1A an¢ internal procedures.

PROCURSMENT CONTROL:

1.

Failure of Quality Engineering to both update Qualified Suppliers List
every 3 months and to provide a monthly summary of vendor qua'ity ratings
to QC anc¢ Purchasing.
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2. Evidence not available to assure that the seller of auxiliary lube o0il and
Jacket water pump motors complied with the requirements of the purchase
order,.

3. Betts Spring Company, a supplier of critica) valve springs, had not been
surveyed every 3 years. The avajlable eviderce showed it was
approximately 5 years since a survey had been made.

4. Associated Spring Company (Barnes Group) was placed on the Approved
Suppliers List and used for procurement without complietion of a survey or
audit.

S. Kobe Steel Ltd., a supplier of .crankshaft, was not surveyed every 3 years
as required by the quality assurance program. The only availabie record
was a self'evaluation survey form completec by Kobe Stee’'s American
representative.

6. Fuel! oil tubing for Purchase Order No. 45333 was accepted by receiving
inspection without fssue of a nonconformance report, although required
mill test reports had not been received.

;o Purchased Material Specification No. RL 019000 dated October 6, 1982, was
not approved as required by Engineering Operating Procedure 7.

8. A QA program was not imposed on the manuficturer of exhaust silencers for
EDGs furnished to Perry, Units 1 and 2, as required by Perry Specification
Nos. SP=750-4549-00 and SP-706-4543-00. '

9. Purchased material specifications for engine mounted electrical contro!
cables required only commercial grades of cable and did not invoke
applicable customer specification requirements. '

b L I No available evidence to indicate that materials which were used to
fabricate EDG ASME Secticn III Code Class 3 component supports
(Hid1and)‘qnd fuel oil systems (Midland and Grand Gu)f) were procurec
from vendors who were either identified on the Approved Supplizrs
List or had been subject to audits.

b. Prior to 1982, ASME Section II! Code fasteners were procured from
vendors who had neither been audited nor were identified on the
Aoproved Suppliers List as being approved for supply of this product.

e
=

Accertance by receiving fnspection of ASME Section 11T Code “astensr
certifications which did not comply with purchase order reauirements with
respect to: (a) conformance of chemica) composision %¢ mater<:’
specification requirements, (b) completeness of mechanica) test data, and
(c) compliance with ASME Section II! Code requirements for reporting of
material heat treatment.
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Failure to comply with testing requirements of paragraph NCA-3867.4(e) in
the ASME Sectfon III Code when purchasting stock materials from unsurveyec
vendors.

MATERIAL IDENTITY AND CONTROL:

Eleven discrepancies in materia) identity observed in a sample of 4% Detween
the identity of material issued and that recorded as being used for Micland EDG
S/N 77002 piping system component supports.

DESIGN AND DOCUMENT CONTROL:

1.

Failure to comply with Division Standard Practice Nos. 4.101 ang &.201
requirements with respect to:

a. Release of a drawing revision to the shop without receiving approval
of the applicable Engineering Change Notice from Industria)
Engineering.

b. Maintenance of the Engineering Change Log, classification of changes
as major or minor, and initiation of required forms.

Parts 1ist and component drawings released by Engineering did not define
acceptance criteria for installation of crankshaft oil plugs.

Absence of any instructions in regard to installation location of governor
Tube of1 cooler to engine. L y

Failure to comply with Drafting Room Practice during 1982 redesign of the
EDG jacket water pump in regard to certain layout drawings not being
efther drawn on tracing paper or signed and dated.

Dynamic analysis or testing not performed in accordance with Stone &
Webster Specification No. SHI-89 after redesign of the SNPS EDG jacket
water pumps.

Failure to comply with Engineering Operating Procedure 4 and Drafting Room
Practice requirements with respect to signing ahg dating of calculations
Dy the designer for the SNPS jacket water pump redesign.

No evidencé of required approval of "D Sheets" by the applicable
Engineering manager. Examples noted were D-4986 and D-4956 wnich were
entitled, "Assembly Instrugtions,” ancd pertazines te the EDG izzizt waser
pump .

Jacket water pump analyses dated September 24 and October 4, 1982, and
July 15, 1983, for SNPS had not receivec reguired certification from the
staff Registerec Professional Engineer.
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NONCONFORMANCES AND CORRECTIVE ACTION:

1. No evidence to indicate that required quarterly submitta) of completed
f corrective action activity to the Division Genera) Manager had ever been
accomplished. :

2. Failure of Quality Engineering to brocess 2 required Corrective Action
Reyuest Form after customer identification of TOI failure to meet we'lc
quality requirements in ASME Section III Code Class 3 diesel generator
piping.

3. a. Removal and replacement of a defective weld in Shop Enginer No. 2931,
Part No., 02-717-02YR, without required rejection and documentation on
an Inspection Report.

. Disposition of a dimensional nonconformance on Shop Engine No 2931;
Part No. 02-540-07-87, made by QC supervision without required
submission of the Inspection Report to the Materia) Review Board for
review.

4. Failure to comply with ASME QA Manua) requirements with respect to
immeciate identification of nonconforming items on Inspection Reports anc
. segregation of the items. ’

5. Weld shop audit not performed ‘in the fal) of 198]1 in accordance with
corrective action commitments made to the NRC.

EQUIPMENT CALIBRATION:

1. Actual calibration measurements for micrometers and a pressure gage were
not recorded as required by Quality Contro) Precedure No. 1P=100.

2. Gage used to measure, accept/reject the diameter anc depth of the 'ink rod
dowe! counterbore had not been identified in accordance with QA program
requirements for calibration equipment.

) Measures were not established to assure that toc!s used in crankshaft oi!
plug installation were properly controlle¢ and acdjustec at specifiec
periods to maintain accuracy within necessary limits,

4, a. A welding machine in Weld Area No. 3 (Foundry) was observed in
September 1983 to have calibration stichers showing a calibration due
Cate of August 30, 1980. The QA program za'ib=3z%‘2n freouenrcy
requirement for this equipment is 12 months.

L. A heat treat furnace was observed in September 1983 to have
calibration stickers on the meters anc temperature recorder snowing a
calibration due date of March 13, 1983.



INTERNAL AUDITS:

Failure to perform required semiannual aucits of the Foundry, Manufacturing and
support activities.

10 CFR PART 21 PRACTICES:

1.

Records were not available with respect to fractured thermostatic contro’
valves in Grand Gulf, Unit 1, EDGs to incicate either that an evaluation
had Deen conducted in accordance with 10 CFR Part 21 requirements or tnat
actions had been taken to determine whether the product deviation
contributing to the valve fractures (i.e., improper use of razisec face
flanges in connecting piping) was present in equipnant supplied to other
customers. .

Notification to affected parties in regard to a potentia) problem with
isoprene flexible elements of drive couplings was made after the committed
date in the 10 CFR Part 21 report.

Failure to notify the NRC in regard to:

a. Jacket water pump shaft failures at SNPS.

b. Potential defect in fuel injection line tubing that was used on EDGs
furnished to Grand Guld and San Onofre, Unit 1. .

QA _RECORDS:

1.

Records not available to demonstrate environméenta) qualification of
auxiliary lube of)] and jacket water pump motors with respect to Sechte)
Specification Nos. 9645-M=018.0 anc 9645-G-QA-1.

Failure to protect records against fire in accordance with QA Manua)
requirements noted during two separate inspections.

MISCELLANEOQUS:

Fatlure to have Certificate of Compliance for SNPS replacemert cylinder head
assemblies notarized in accordance with customer speci'fication reguirements.

’
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

A Meeting on TDI DIZSEL GENERATORS

Paillips Building
Bethesca, Maryland
Thursday, January 26, 1284

A meeting on TDI Diesel Generatsrs convenes

at 3:04 o.r., Harold Denton presided.
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“R. DENTON: Good afternoon. My name is

Barold Denton. What we are going to discuss today is
the results of the staff review of the reliability of
the Delaval diesel.

We started looking intensively in this area

when problems began to develop at San Onofre, Granéd Gul=s,
and at Shoreham. Since that time, our review has ev-
panded.

We are prepared today to discuss with you in
detail the results of all the information that has corme
to our attention regarding the operating performance of

these diesels.

We also have with us today the Recional Ad-

ministrator from Region IV, John Collins, who conducts
our vendor inspection program. He will describe the

results of his vendor inspections at the factorv of

Delaval Diesels.

I understand that the Owner's Group has
been informed of the utilities who own these Ziesels,
and they are represented today bv Jim McGauchy, who is
the Chairman of the Owner's Group. I understancd that
the Chief Cxecutive of Delaval Diesel Corporation :is
also present, and that his representatives will ce
making a presentation.

Let me discuss a few cround rules %o tecin
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with, to make the meeting go smoother. We are taking a

transcript of this meeting. The issue is in contention,

as you know, at several Proceedings. And this makes it

easier for us to provide the Hearing Boards a complete

and accurate record of what information is made available
today. Because of this transcript, it's verw important
that anyone who has questions or comments be sure to
identify themselves for the record when they ask guestions.

The way I would like to walk through this oro-
cess is to have the staff first describe in some de-
tail the information that has become available in the
last few nonths on the performance of these diesels in
the field. This is mainly at nuclear power plants, but
we alsc collected data from some non-nuclear sources.

Then, we will cover the vendor inspection, as
I mentioned.. Then, we turn the meeting over to the
utility Owner's Grous, sho I understand i1s orepared o
describe their remedial Program to try to estaclis:h the
reliability of these diesels.

I uncderstand, Jim, that YOu may nave an »cen-
ing == opening remarks to sav before we begin. ¥Why Zen't
you do that now?

IR. MCGAUGHY: Good afternoon.
Jim McGauchy. I am Vice-President of Mississipzi Power

anc Lignt Companv. I am Speaxing to ou todayv as CThairmar
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©f the Delaval Diesel Owner's Group.

The issues -that will be pPresented here, we

feel the Problems that have been found in Our pre-operational

testing program and our subseguent research and reportec
to the NRC, as they've been found, using the proper pre-A
scribed methods. For Some time, all the owner's of these
enginss have bound together pdtting the best minds avail-
able in the world on these issues in the one effor: to
Study and correct these issues.

Our coals ané the goals of the NRC are the

-

same. We are committed o provide our Plant to reliable
emergency backup Power supplies., we feel this comprehen=-
sive program we have in place, in place now, werking now,
will do just that.

We are here tocay to tell YOou about what it

is that we nave been doing. The elements of ocur progranm

are four. The first element is resolve the known Qroclems,,

botn generic Problems and proclems in the specific engines
themselves, to design and find fives S0 these croclerms.
In addition, we will take -- ané are :n the
Process of taking each engine from the grounc 4P, reviews
ing its desicn, its construction, its Procurement anid
doing a quality revalidation on €ach and ever: erczine.

From the results of the gualisy revalidation, =aen wve

§C 1into testing, and the testing involves non-< structive
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testing, destructive testing, operational testing of
components, operational testing of the engines. This
work is in progress now.

And also then we will, through this group,
respond to the questions, of course, that the NRC will
Put to us. The participants in our Program are as
foliaws. We have the eleven owners, and I will have a
list of those for you later. Eleven utilities. Faaa
Associates, who are renown indeing failure analysis work,
We have the wnoleheartec Support of Delaval in this
effort, both in gathering of information and cathering
of cdesign data, and in review of this data. Stone and
Webstc:lzngineering is supporting this effort. Aand also
several diesel cenerator consultants from around the
world.

The organization the Owner's Grour has set up
nas me as Chairman, :r. Joe George of Texas Utilities as
Vice-Chairman. Executive Committee made up of Ehe eleven
utilities. The Technical Directer of the progcram is r.
Bill Museler of LILCO. We have taken tne DLogram that
LILCO has started on their site, adding tc it. The work
is beincg done at the LILCO site.

As sOu see, in resolving the xnown failures amé
determining sclutions %o those proclems, FaAl is s&8xine

the lead; that is their speciality. In terms of sesizn
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review and guality revalidation, we have FAAA,'Stone and
Webster, our various consultations, and we have engineers
from each utility working in this effors. The testing
program definition and carrying out the testing program
will be Jone, »f course, by the utilities who own the
engines anu operate them, and by FaAA who will assist us
in that effor:.

Ty vive you an idea of the extent of this pro-
gram, I would like to put this chart up. This is the
Organization tnat is in place. We have ov;r a hundred and
twenty peoyle full-time working on this effort, working on
this effor: tow. This is in procress. We are confident
that when we corplete this procram, that we will have
reliable cnoines to provicde backup power supplies for these
olants.

Thank you.

“R. DENTON. As those of vnd know, who own
these d;eSels, this is a very important safety issue for
the NRC. There are about fifty-seven encines nmade ey
Transamer.:a lJelaval that are in this, owned v tie six-
teen utilizivs that are on our list. MNone of t=e Pelaval
diesels arn 1: orerating plants, which means it's not an
imminent sif~s problem today, bus certainly it Ras o
found imvl.catiens for schedules “or some of she deilizies

1{ the prozlem is not adequately addressed.
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I did want to mention my perspective on the
safety side to be sure it'; well understood. The enly
plants that are operating that have Delaval diesels are
San Onofre Unit 1. That plant is shut down for a seismic

modification. Grand Gulf, which is limited to a five

percent power license and is presently shut down. And,

Rancho Seco, which is using other diesels, but I under-

stand has ordered, or has in olace, several Delaval diesels

which they have intended to install.

We view this as a verv serious oroblem €for the
industry. It is unique to have a problem in what I will
call a convention component of American technology. You
wouldn't think that diesel generators would get on the
critical path of the nuclear rower reactors, but that's

very likely wnat has happened.

And just so there is no doubt about where the
staff stands on this issue, we are not prepared to ¢o
forth and recommend the issuance of new licenses on any
plant that has Delaval diesels until the issues that are
raised here today are acdecuately addressecd. I+ souncs
like we have a very ambitious orocram. What I want =5 &o
is make sure you have all the information we have.

And if we come to an unde.standinc aktout &!
factual basis that we are working with, sc we can move

Lo a discussion of the information we have been able =2
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gather, and irf everyone weould hold their questions to the
extent they can, we can get through the presentations

faster.

We will provide ample opportunity for discus-
sion after we have gotten the factual basis on the table.
Then, we will turn to a detailed presentation of your
Program. And I plan to provide a break somewhere in the
meeting. But we will pProbably go until about six o'ecloek.

The first presentation will be made by Frank f
Miraglia and assisted by Carl Berlinger. cCarl SBerlincer
is a Senior Manager on the NRC staff. Vie designated him
as the ;crson responsible for ultimately revieving your
pProgram and making sure that it is an acceptable, adeguate
program.

So, Frank, why don't I turn over to vou to
cover what we know about the operating experience.

MR. MIRAGLIA: My name is Frank Miraglia.

am the Assistant Director of the Safety Assessment Mivisicry

of Licensing.

The first view cragh is a list == the Sirst
view graph indicates the fifty-seven Delaval cdiesels that
have been procured .or use at sixteen different nuclear
Power plant sites. May I have the second view grapgh?

Wwe are going to discuss the U.S. experience

with these Jdiesels in the operating stations o Zate.
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The next slide is a brief summary of the operat-
ing experience with San Onofre 1l station. The informa-
tion.on this view-graph is in a vVery summarized fashion.

We have a more detailed handout that will be availacle
at the end of the meeting that has additional details
about the Operating experience and chronology with some
©f these machines at the various nuclear power stations.

There are two Delaval diesels at San Onofre 1.
They were installed in 1976. They are Delaval V-20
engines. They were declared operational in 1%877. The
operating time on each engine at San Onofre is approximate-
ly 450 hours. These are actually the first Delaval diesels
to eater nuclear service.

Problcms‘to date are indicated on the slicde.
They've had turbocharger thrust bearing problems. This
event resulted in a Part 21 report, was issued and pro-
blem was considered to be of a generic nature.

They've had a lube cil leak and fire, which
was a result of a fuel line failure, test line cff a ludbe
©il line which failed because of vibration. Andé it was a
small fire.

The Pistons have been modified at San Onofze 1
£O correct a problem that is noted at Grané Gulf and
resulted in a Part 21 notificatien there, to prevent crown

separation.
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They've had an ungualified instrument cable,
which also was replaced in conformance with reportéd
Part 21 occurrence. And just recently in another Part 21
report, there is potentially defective coupling material.
That Part 21 report was filed earlier this montk.

The next slide is a suamary of the experience

.on the =-- of the Grand Gulf diesels. They have Delaval

diesels. They are the V-16. The cperational hours on

the diesels are 1100 hours on the Division I diesels,

and seven hundred hours on the Division II diesels.
These are the first V-16 Delaval diesels to

enter nuclear service. The problems to date are the --

Number one is the pistol crown separation. That was a
generic problem and identified this paéticular proclen
as a Part 21 for the Delaval diesels.

They nave exverienced ciston skirt cracks,

and piston skirts have been replaced on the Division II

diesels.

They've had a fuel line failure, which resulites

r

in a fire. And the fuel line failure was cue to fatiuve.
They have experienced cylinder nead crackingc on these
diesels. The heads have been replaced.

In addition to those, thev've had the =ursc-

charger problems. I believe three 2ifferens instances of

turbocharger preblems. And, acain, yYoOu can see commcnal.is
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between this experience and the San Onofre experience.
They have experienced push rod cracking pro-
blcm;. In addition, they've had the generator short due
to an engine fastener. This was a crankcase capscrew
faileé and ~ad lodged in the generator and shorted the

generator out.

‘n addition, Grand Gulf has also experienced
problems ~.ta their air starting valves which has resulted

in failure of the generators to start.

This summarizes the experience with the San
Onofre and :he Grand Gulf units. I would like to have
Ralph Caruso summarize for you the experience to date
on the Shorcnam machines and also to present a brief
summary of the information that we have been able to
gather from non-nuclear marine experience with similar

type diescls.

Ralph Caruso.

‘R. CARUSO: The engines installed at Shoreham
are 'locdel IER-48, straight-8 engines. They are rated as

had dal:s R

3500 kilc.atss and approximately 700 hours rcuchl:
on each cn..nc 2t the time of a major failure of crank-
shaft in ‘usust of 1983.

Thitse engines were the firss straicht=2 encines
£C De instilled in the United States in service. Shorenan

has had a n.=cer of minor problems and one ma‘or procler.
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To date, they've had problems with Jacket water
punp_propellors. This problem occurred twice. Two fuel
©il lines have ruptured due to manufacturing defects.
Those two ruptures resulted in Pars 21 reports being is-
sued for San Onofre and Grand Gulf.

In August they had the failure of the crank-
shaft in the Number 102 diesel generator. Subseguent
inspections of Number 101 and 103 engines revealed cracks
in the crankshafts of those engines, ané in approximately
the same location as the failure of the 102 engine.

Upon disassembly of the engine tc repair the
crankshaft problems, connecting :ngffl ures were dis-
covereda, not just on the engine with the faile< crank=-

shaft but also on another engine. Subseguent inspection

revealec problems with piston skirts, with cracks in the
pPiston skirts. Those piston skirts have been reclaced at

Shcreham.

Anc, in addition, over the life of =he glant
they have exverienced seve:al problems with different
types of ‘asteners used to attach critical comgonents :o-

gether in the engine.

The staff has received a consideracle imount
of information regarding marine experience from three
The [
necines e

dillerent operators of marine encines. 4nar;:e ......

are : b - Ki
are talking apcut, @ the V-l6 and V-12 engines. The are ¢
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very similar, if not identical, to engines that are being

installed .r nuclear power plants in the United States.
The operating experience for these engines is
varied at this time, with engine operating hours varying
from 3000 to 30,000 hours. To date, all three operators
have reported cylinder head cracking to various different

extents.

Two operators have reported pisten cracking.
One operator reported the complete failure of two pistons.

Problems have also been noted with excessive
bearing wear, turbocharger instability, and turbocharger
vibration. Cracks have been noted in push rods wasues. Q
Cracks have been noted in connecting rods.

In addition, cylinder blocks have been replacesd

by one of the operators.

This is a summary of the marine experience %o

date.

MR. DENTON: We have given You a very guisk
summary, Dut there is extensive information available in
what we will hand out later in the presentation.

And Just because we have gone throueh 1% zuiekin,

I don't want ,ou to think that this is all there is. ~here ;//

is really zuite a bit of poor operating histor, with this

piece of escuipment in the time that we “ave been aslie =»

assemble i1t.




1 I think some of the reasons for this poor

2 # pcttoynnnco will be obvious when you hear from our next
3 speaker, John Collins, who I mentioned reads up the

4 vendor inspection program. John. -

5 MR. COLLINS: Thank you, Harold. Now, we are
6 passing out the view-graphs which cover a summary of the
7 major findings that we've had of the inspection.

L] Since 1979, we have made nine inspections of
9 Delaval. Seven of those inspection reports are identified
10 in handout material. They are available in the PDR., 1¢
1 you would like copies and you cannot get copies, contact

myself in Arlington or lan Barnes of our Vendor Branch,

13 we will be very happy to see that copies of these repor:s
14 ! are sent to you.
3 f The remaining two reports have been forwarded
18 to the Company for proprietary review. That tcéiow.
17 | period should be up tomorrow. If there are not any pro=-
18 | prietary problems, they will be placed in the PDR and tiev
19 ; will be 3vailable, too. 8o, if you want to contac: ~e,
2 my number in Arlington is Area Code 817-860-8223. ZIr,
a | Mr. Barnes, same area code, 860-8176.

| We have -- as I hope everybody has Enc s..les
2 j now, our finding of cCeficiencies covered sust atout ever
" ‘ subject. They included areas on manufacturing grocess

]
28 ; control, control of special srocesses, procurerent sontssly
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material identity and control, design and document control,

equipment calibration, lack of. internal audits or improper
or not sufficient disposition of audit findings, and then

|

deficiencies in QA records.

At this time, I am going to ask lan Barnes,
who is the Chief of the Reactor Section for the Vendor
Program to go through some of the highlights of the
inspection findings with you. We are not going to read
them to you. You have them, but I think it's important

we at least identify some of them.

The other handout material has a more complete
summary of all of the findings that were made or documented
in the nine reports. So, Ian, why don't you walk us
through some of the liqniticané f£indings?

MR. BARNES: Good af*-_aoon. The first slide
that is on now shows a categorization of the vendor

program branch inspection findings by subject area. It

represents a total of sixty-two non-conformances and

violations that were issued as a result of the nine in-

spections.

As John has just indicated, a Zescription of
all of the findings in that particular slide are in-
cluded in a handout that is being zassed around. Trom
this inspection history summary, we have extracsed

-

examples of inspection findings that raise concerns "/i%n

=
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regard to the adeqguacy of impleme: tation ané the effective-

ness of the Transamerica Delaval program.

: The next slide, plecse. The first subject I
em goine to address is manufacturing process control.
We have put irccific examples of inspection findings in
a subject arca, but bringing the question of'implementa-
tion effec::. cness, manufacturing process controls, and
the perfor~ance of quaiity function of Transamerica

De.aval.

“$ ou will note from this slice, instances
wWers notec ..fre route sheets were not available to
the Vencor ”-anch review. For example, the first item on
the slice, ;acx’: water pump. Reworked operations for
ninety-two pistons that were supplied to Shoreham ané Zrané
Gulf, that's the £fifth iter. Replacements of cvlinder
heal assemolies for Shoreham, thdt's tae final item en

the slide.

“cute sheets from Transamerica Delaval proviie
the primar, Sasis for verifving that the inspecticn
tions ha'» sen performed. The absense o¢ s-ose Touce

sheets c.. -ot allow us to verif: :zhat reguireé inscecsion
of manufactiring operaticns had, in fact. -een accomplished.
& 4 4 s 8
tamcles of findings which address the per-

formance »>: o zuality control funcstion is SAOWR in =néd

seconc, tnird and fourth items, i1.e. there ~as ~o aviience
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of acceptance of certain operations on components for
Jjacket water pumps pertaining to modification efforses.

. As Ralph indicated earlier, there had been
two successive problems invblving jacket water pump pro-
blems at Shorehanm. And, sc evidence of sign-off to
installation of rocker arm hold down bolts were foucd
cubsequent at Shoreham, were found subseguent to be mis-
sing.

In regard to San Onofre, Piston reworked, with

the date of sign-off for'mnnufacturer operaticns occurring

actually two to three weeks after the pistons had been

returned to San Onofre.

If you look, in regard to the seventh item on
this list, is the apparent use as indicated by the route
sheets of ungualified personnel performing non-descrintive
examinations on SNPs replacement cvlinder heacd.

The eighth item, which is an absence o¢ any
documented provisions for control of installation of
fuel oil line clamps in regaré to Shearon Harris. e
believe that's generic to all of the engines, in taat one
of the fuel oil line failures at Grand Gulf 2as ceen
attributed in part to the absence of required line clamp.
We Delieve this finding is zuite significant.

It has been mentioned earlier about erackine

problems in piston skirts. Review of engineerine Jrawines
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for the various designs of piston skirts show, in fact,
that there was an engineering requirement to perform
ltr-;s relief heat treatment after normalizing of the
castings. The corrective action that, in part, is being
carried out for piston skirts is to perforﬁ stress rilicf.
There was an initial reguirement always in effect to do
that very thing.

The next slide. This slide shows a few

examples of inspection findings in regard to procurement

document control deficiencies, use of vendors, the materials

that without performing any service o: audits of those
vencors to establish adequacy of their own programs, and

inadeguate receiving inspection.

In the more comprehensive handout that is being
distributed, you will find additional examples of inace-
Quate receiving inspection and using other vendors witiour

performing reguired service or audits.

wext slicde. In the area of material identicty
and control, an inspection of this subject showed eleven

discrepancies were observed in a smaple of fortv-five,

[
"

I believe, in material identity between that recorde:

I
3

the time of the misuse of the material to a civen -e¢b
the identity of the material that was recorded on the

finished erncine.

ext slide. We have inclucde:i the next s.lize
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to show examples of the failure of the quality issuance
function to comply with both QA program requirements for

corrective action and non-conformance conditions to be

identified and the specific instance of failure to comply
with corrective action commitments made to the VBC in

regard to the performance of their ASME weld shop.

In the same context, their ASME weld shop, recurring ex-
amples were noted during successive inspections for
failure to enforce pfoqram commitments with respect to
control of welding electrodes in regard to that console

moisture.

Vext slide. The next slide is an additional
example of the failure of the QA function to comply with
program requirements for audits of their manufacturing

activities.

The final slide, John. ‘e have included this
to illustrate that we have certain concerns in recard to
the adeguacy of the Delaval evaluation and reporting
practices in regard to 10 CFR Part 21.

MR. COLLINS: As we indicated at =he 2eeinning,
we have summarized in these slides the findings. 3us,
as I also incdicated, I think there is a lot more =~at's
of interest. 1If you carefully review the sindings :aac

were hanced to you that were documented in the =andeus ==

yOu, one thing it says to me, in my opinion, is =hat
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not only has there been problems at the manufacturing
shop but also, in my opinion, calls into question the
adequacy of the vendor programs or surveillance proqQams
that are being conducted by the utilities. Had some of
these been identified up front by utilitiés on-site
inspection prcgrams, or receiving inspe ction programs, or
procurement programs, I think they could have been identi-
fied even sooner than now.

So, it really calls into guestion your own
programs. Darrell.

MR. ZISZNHUT: Well, let's see, we went through

the two aspects in such a short summary fashion, the
Cperating experience and the inspection findings, that one
might draw connections that they infer, or might leave it
to the operating experience, these were meant to be shors
summaries. We certainly are goeing to be, on the starfs,
undertaking a more detailed look at all these aspects,
in both the experience, the inspection results.

As mentioned earlier, Carl Serlincer is -eading
4 major review e.fort. But I guess you have =2 si: sack
and say: Where does this leave us right now?

And right now, our preliminary conclusion ==
and that conclus.on is based on these limitec Looks == .5
that certainly our level of confidence in the ~verall

reliability of TDI diesels in general is significantly
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reduced. We've got to say that from the front end.

And, secondly, as Harold Denton menticned in
the beginninc, is that before we undertake the licensing
of any plants with TDI diesels at this time, these issues
clearly arc ..oing to have to be addressed. These issues
are clearl; -:o jquality aspect from both the design, the
construction, the operating experience is going to have
to be factorod i1n, and the overall ability of these diesels
to reliabl, nerform their function is geing to have to

be demons:irated.

.That's basically where we are today. as we
said earl,, wnd Jim McGaughy pointed out, there is a
major industry, undertaking, a major program has been laid
out, that we hope is going to address all of these issues.
And, obviously, they are going to have to address *he~ to
the staff's satisfaction.

with that as a short summary, I cuess I wouléd
like to open it up to the staff presentation ‘or any
questicns tcfore we go to the second part this afterncon
on either ~;:c¢, the operating experience piece, or on
the insrection results found today. Any zuesticons?
(Wo regl. ., Jan't get off that easy.

«2, &f there are no guestions, why den's

i sucgest .t vould probably Le easier, Jim, on ‘our

presentation .I ve took a short oreakx now rather shan
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