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Oear . Berlinger:

SUBJECT: GRAND GULF NUCLEAR STATION STANOBY DIESEL GENERATORS: RELIABILITY
REPORT SUBMITTED TO NRC 3Y MISSISSIPP! POWER AND LIGHT COMPANY
LETTER DATED FEBRUARY 20, 1984

In responsa to your request of Friday, March 23, PNL reviewed the sub-
JeCt regort and discussed it with Jou Dy telephone on Thursday, March

‘ Those who participated in the review are identified in the en-

closed summary of our comments and conclusions. Four of the reyiewers
participated in the telephane conversation: 0. A, Dingee, A. G. Henriksen
(consultant), 3. J. Kirkwood (consultant), and myself.

You asked during the above-mentioned telephone conversation for our
comments on the issues of engine start and engine operapility. Qur
comments are as follows:

Engine start - On the basis of tests at Grand Guif (summarized in
TapTe T<Z QT the subject re00rt) and at tne Shoreham Nuclear ower
Station, the Transamerica Oelaval, Inc. (TDI) diesel angines stare
with a high degree of reliapility. we have seen no evidence to
suggest that there is any problem peculiar to TDI engines n ss3r--
ing them within required time constraints.

tngine operability - The Information availabie for our review s
ACT surTicient to provide a basis for predicting sngine oper-
Wility. In particular, unresolved issues that pertain to «ey
comoonents (e.g., connecting rods and cylinder heags) need to he
dddressed hefore engine operability can pe predicteg with reason-
ible certainty. Additional comments on this issue are included in
Section II of the enclosed summary .
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Please don't hesistate to call me if you have any questions on the com-
ments contained in this letter or in the enclosure.

Sincerely,

Ykt =74

Walter W. Laity
PNL Project Manager

WWL: fo
Enclosure

cc: M. Plahuta, DOE-RL



I. Hasis of Raview

This review incorporates the comments and discussions of the following
staff after approximately a one-day reading and a one-day working sessfon:

PNL Core Team'™

Ricardo Engineering (I, V, Webber, et. al.)(**)
S. H. Bush, consultant

8. J. Kirkwood, consultant

A. Henriksen, consultant

This review focussed on an evaluation of the current relfability and
operabi1ity of the MPAL TDI engines to meet the requirements tc serve
as backup power at the Grand Gulf nuclear plant operating at full
power. This review dealt with the information provided in the MPAL
lTetter to Mr. Harold Denton, dated February 20, 1984,

The review addressed the 16 generic {ssues {dentif!ed by the TDI
Owners' Group that were addressed in the MPSL submittal. Additional
considerations are also noted.

The presentation generally fol lows the order of ‘ssues addressed in the
MPLL submittal; the review of {tems where MP3L has effected repairs or
mod{fications s provided first. A summary position fol lows as section
II. This is followed by a review of the MPLL response to concerns for
other fssues rafsed at the January 26, 1984 Owners' Group meeting at

Shoreham. Finally a review of the MPAL Testing and Maintenance Program
fs provided.

(®IW. W, Lafty, D. A, Dingee, S. DO. Dahigren, M, Clement, J. R, Nesbitt. J.
Alzheimer

(*")R1cardo Engineering provided comments Dy telephone on the nasis of a
review done at their fac{lities in the UK. No Ricardo representatives
were available tc participate in the meeting at PNL on March 28, or %o
review the comments and conclusions documented n the repor+. Likewise,
S. H. Bush was not available for review and comment on the conclusions.



II. Summacy of Conclusions and Qbservations

The {nformation available for our review is not sufficient to provide a
basfs for determining whether or not TDI engines at Grand Gulf can meet
requirements for emergency sarvice. Major unresolved {ssues (addressed
later in this review) include:

connecting rods

wrist pin bushings
cylinder heads
turbtocharger

connecting rod bearings
testing/maintenance plans

0O 00 00O

The reviewers note that action taken during implementation of the
Owners' Group Program Plan may reveal {ssues that have not been
addressed in the MPAL report of February 20, 1984, These issues may
bear on the operability and relfapnility of the TDI engfnes at Grand
Gulf. Accordingly, the {ssues addressed in the MPLL report ars not
necassarily the only {ssues that wi11 need to be addressed for these
engines.

An appropriate survefllance and maintenance program night provide a
basis for engine operation during the period when the Cwners' Group
Program Plan {s befng implemented. We cannot predict at this time
whether or not the surveillance and maintenance program would be
sufficient to ensure that the diesels could be expected to meet all of
the emergency power requirements described in the Grand Gulf FSAR. This
tentative conclusfon 1s subject to the following:

o Identification of the root causes of unresolved problems (e.g.,
rejectable fndications fn cylinder heads), and appropriate
corrective action.

o Verification through inspections currently underway at Grand
Gulf that engine components are exhibiting only .ormal wear in
the operating experience accumulated to date.

I11. Review Results - Grand Gulf Eogine Repairs and Modifications
{MP3|_Repor= lections 2 through 9)

A. PBistons
l. Considerations:
o Because the peak pressure in the TDI engine at XKodfak ‘s about

3/4 the peak pressure in the Grand Gulf engfne at full power,
the operating time at Kodfak s not of as much value as *he



2.

1.

2.

<’

‘~a>er operating time in the TDI RS engfne, which cperates at a
higher peak pressure. Further, the R-5 tests wil) only be
relevant to te AE piston skirts used ‘n the Grand Gulf angines
ff 1t can be demonstrated that the AE piston skirts usead in the
former are the same as those used ‘n the latter.

Qur tentative conclusion concerning the suitabtlity of the AE
piston skirts {s comtingent upon finding no rejectable inaica-
tions in them following the recently completed §00 hour test at
Grand Gulf.

Conclusion

0 Subject to the above considerations, the ov idence avaflable to

the reviewers suggests that the AE piston skirts are suftable
for Grand Gulf operation.

8. Qylindar Heads

Considerations

v Crack propagatfon in a cyl1inder neaa quring operation may lead to

.

serfous damage to the engine and/or turbocharger, possibly
resulting in sudden emgine shutdown.

The MPLL report of 25% of the heads with rejectable indications
s very high. The cause -of the rejectadble {ndications has not
been fdent{fied.

An analysis of failure rates of cylinder heads of this type
operated at comparable loads may be nstructive for estabiishing
confidence n the suitabil ity of these heads for engines in
nuclear seivice.

It would be of interest to know whether the heads cperating n
the R-5 engine are of the same design and whether they are
performing without development of rejectable indications.

Canclusion

o The cause of the rejectable indications has not been {denti fied.

Accordingly, there {s insufficient evidence to say that the
heads will perform relfably,



The evidence availaple *o the reviewers is insufficient tc conclude
whether the problems fdent!fied at Shoreham are applicable to Grand
Gulf, Pertinent fnformation for estadblishing bearing suitability
includes the following:

© Radfographic fnspecticn of all bearings to acceptance criteria
establ fshed by the Owners' Group 1n a recently {ssued bearirg
shel 1 report.

o Inspection and documentation of wear patterns of all bearings at
Grand Gu1f to verify absence of abnormal conditions, such as end
loading.

0. Push Rqdg
. Considarationg

© A push rod fatlure will ultimately lead to shutdown of a
cylinder and will require sarly shutdown of the engines,

o The MPRL submittal addresses corrective action for the connector
push rods but does not address the 2% failure of the main rogs.

e

O There s no evidence that the new design has been proven to be
reliable.

2. Cancluysion

o Adequacy of the modffications should be verified through 100%
fnspection of the push rods +o establfsh that no cracks
developed during recent testing at Grand Gulf which fncluded
800 hours at full power,

E. Crapkshaf+
1. Considerations

© Results in the MPaL report of analyses performed {ndepengently
Oy TDI and Sechte! Suggest that the stresses in the crankshaft
used 1n the TDI engines at Grand Gulf are acceptable.

o Inciptfent problems would be fndfcated Dy wear patterns on the
bearing. Likewise, hot* ang cold shaft geflection reacings



reveal alignment problems that could 1ead to aifficulties with
shaft, bearings, bearing supports and base,

0 The reviewers fee! that TDI statistics concerning shaft problems
would be pertinent to establish confidence in the Grang Gulf
designs.

2. Conclusign

o The Grand Gul?f crankshaft designs appear to be satisfactory.
This 1s contingent upon MPSL determination that other
crankshafts of this design in similar service have not failed
due to design deficiencies, an examination of bearing wear
patterns, and hot and cold crankshaf+ deflection readfngs.

Fo LaB. Fusl Ling Failure
l.fanmmmnummm

o The problem appears to be an solated cne, not generic.

© The problem definitien and solutfon are deemed to be acceptable.
MPLL should determine that no new vibration response problems
have been {ntroduced by their sclutioen.

G. H.P. Fuel Line Fatlyre

1. Considerations

@ The problem appears to be related to manufacturing rather than
design,

o MPLL d1d not fndicate how (or whether) the new l1ines were
inspected to verify absence of the drawseam,

© The 1ine pressure cycles are severe; ranging from near
atmospheric to about 5,000 PS1 and cycling at the rate of 1/2
the engine speed (1.e., 225 rpm) .,

"ot deflection readings should be completed within 1S minutes of engine
shutdown to be valid.



2. Conclusion

© The problem appears to be ddequately uncerstood and the solution
fs acceptable. MPLL should verify through fnspection that the
new lines are not defective.

. Conaiderations and Conclusion

o Failure of crankcase door capscrews s relatively common due %o
difficulty in obtafning even loading at the capscrew panel
{nterface. The reportad consequence, namely a piece of the bolt
entering the generators, s unusual. The solution (protecting
the generator) fs accaptable.

- ' 3

Eroplams (MPLL Regort Attachment 1)
A. Qulindar Liners

1. ."mviﬂlﬁmma.mm

o The me.hod of examination of +he damaged 1iner was not stated.
The reviewers agree with the probable cause of the groeving
observed in that liner.

@ The corrective action (replacing the damaged 1iner) is Judged to
be acceptable,

I.Wmm;m

o The MPAL report does not address whether cylinder block cracks
of the type noted at another nuclear installation are present in
the Grand Gulf engines. If such Cracks are present, the issue
needs to be addressed. Ve have No Dasis at this time to comment
on the Grand Gulf cylindor Slocks.

. Considerations and Capclysion

© The information presented suggests that the problem stems from a
fatlure in maintenance to apply proper bolt torque. The
corrective action (verification of correct preload values in
main bearing studs) appears acdequate, subject -o verification by



MPLL with TDI of historical data to confirm that the problem

does not involve other +han maintenance considerations in
fnstailafons similar to Grand Gulf,

0. Head Studs
1. Considerations and Conclusion

o There s no basis in the MPLL report to comment on this prodiem.

€. BRogker Arm Capscrews
1. Considerations and Conclusion

0 A recent report {ssued by the Owners' Group on this topic

dddresses: (1) design, (2) materials, and (3) retorgquing.

O MPLL should implement the Owners' Group recommendations.
F. Iuchochargar
1. Consideratigns

o The MPLL statements on misalignment as the cause does not
provide a convincing argument.

o It fs considered unltkely that vibration generated internal to

the turtocharger could be the cause. Such fmbalance woulg

rapidly lead to destruction of the bearings and rotor.

o It s considered more T1kely that vibration is caused by engine

vibration transmitted 1nappropr1at01y through turdocharger

supports and/or piping.

o MP&L shoulq verify that appropriate consideration has been given
to exhaust pipe residual loads on the turbocharger. These loads
contribute to the loads on turbocharger mounting bolts, anc may

contribute to excitation of turbocharge mounting vibration.

2. QConclusion
o There f{s insufficient evidence *o accept the MPAL problem
resolution.
3. Qbservation

0 With regard tc the turbocharger thrust dearing failure that
been experienced at Shorsham, we concur that the Granag Gul ¥

has



diesel engines appear tc be adequately protected with an
electrical ly-operated prelube system for normal startup. In the
evant of a ™lack start" ({.e., no electrical power), however,
there appears to be no protection.

G. LCoonecting Rods
1. Considerations

o Consequences of connecting rod failure include {mmed!ate
shutdown of the engine, possibly catastrophic damage, and a
potentially severe hazard to operating personnel in the vicinity
of the engine.

© The reference to marine experience {s not necessarily applicable
because of differences in engine loading.

o Evidence presented suggests that a reduction in frequency of
failures may have been achieved but not necessarily a sclution
to the problem.

o The 10 hour figure fs given as the average hours of operaticn
between occurrences. It fs not accompanied by a time
distribution of failures which may be an {mportant
consideration.

2. Conclusign -

o The evidence presented does not provide a sufficient basis for
conclusfons regarding the adequacy of the connecting rods for
the fntended service. Because of the potentfal ly seriocus
consequences of connecting rod faflure, a conservative approach
to establishing connecting rod adequacy fs called for. This
approach should take into cons‘deration such factors as the root
cause of connecting rod cracking, appropriate tests to verify
corrective action, probable minimum time between failure under
worst-case conditions that may be impocsed on Grand Gulf engines,
and appropriate ongoing surveillance to ensure that *he
connecting rods remain sound 1n service.

o The problem appears to he adequately understood and the soluticn
{s acceptable.



2. Qhsarvation

o It 1s common practice in non-nuclear fnstallations to have an
electrically driven stancby jacket water pump.

I. Alr Start Valve Capscrews
\. Considarations and Conclusion

o The problem appears to be adequately understood and the solution
1s acceptabdle.

o Fatlure of wrist pin bushings may have serious consaquencas,
comparable or worse than failure of the connecting rod bearings.

0 Unit Toadings on wrist pin bushings are larger than on
connecting rod bearings.

0 Al1 efght wrist pin bushings removed from the 101 engine at
Shoreham during the week of March 19 were dye checked and found
to be cracked. No pattern of cracking was evident. It was alsc
reported, but not verified, that new bushings recefved at
Shoreham from TDI but not Installed, are also cracked. This
suggests that the cracking is a manufacturing problem, ang {f
so» 1t may be present in the wrist pin bushings in the TDI
engines at Grand Gu!lf. Accaordingly, we belfeve that al] wrist
pin bushings should be dye checked and those found +o have
cracks should be replaced with bushings that are not cracked.

o This preblem neads to be addressed immedfately because of the
seriousness of the consequences.,

¥4 . 4 T 4
{MPLL Report Section 11.0)
© The test program to demonstrate the acequacy of the TDI engines

should be related to the demands that may be placed on the angines
under emergency conditions as described {n the Grang Gu!f FSAR.

o The test program followed after replacement of the piston skirts as
described fn section 11.3 of the MPAL Feport appears to meet
standard fndustry practice. However, the summary of testing
presented in Table ll-1 suggests that the AE pfston skirts were not



installed in the Grand Gulf engines during "Tech Spec Testing."
This issue should be addressed {n the overall test program for the
TDI engines.

¢ The brief description (provided in the MPAL submittal) of the
maintenance program and relfapflity enhancement taesting fs not
convincing to the reviewers that there will be adequate
surveillance of physical conditions and monitoring of cperating
parameters to assure continuous availability and operability of the
engines.

VII. Consultant Cancurranca

8. J. Kirkwood Adam Henriksen
Covenant Engineering
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Mr. Carl! Berlinger

Jivisfon of Licensing

Offfce of Nuclear Regulatory Commission
J.S. Nuclear Regulatory Commission
wasnington, D0.C. 20855

Cear Mr. Berlinger:

In response to your request of Monday, April 16, PNL has reviewed the
questions you raised on the subject of diese’ generators, These questions
vere discussed by Dave Dinges and Walt Lafty with the following dfesel
engine consultants who, as subcontractors to PNL, participatsc 1n a meeting
on this subject at NRC on April 13: Adam Mendriksen, 8.J. Kirkwood,

and Arthur Sarstan. Summarized in the enclosure to this lettar are

the assumec cperating requirsments for the dfese! engines, followed by our
comments on each of the questions.

®Tease do not hesitats to call {7 you have any questions on the anclosure.

Sincerely,

Walter W, Latty
"NL ®lant Manager

WL et
Enclosure
ec: M, Planuta, DOE-RL

LR LT



GRAND GULF NUCLEAR POWER STATION STANDBY DIESEL GENERATORS = PNL RESPONSES
TO NRC QUESTIONS OF APRIL 14, 1984,

L. Must MPRL_conduct ap angine _tear-down and {nspection? 1f sa, must
Shis 28 loth snginga?

The consultants had a range of opinions asbout the necessity for
complets engine tear-down of both engines. A1l agreec that at
Teast one enginemust be completsly torn down. Action on the
second engine would be contingent on findings. If noc problem s
notad with the first engine, then the second engine can be
AcCapted without tsar-down 1f MPLL can demonstrats through a
review of the manufacturers’ QA program that these two engines
are essentially identical. If the QA program review does not
give this assuraincs the opinion of the consultants varied.
depending on the Teve! of assurancs. Action throught to be
dppropriate ranged from a "sampl ing” {nspectien of readily
dccassible ftams to a taar-down %o nspect the critical

components (e.g.. wrist pin bushings, conred bearings, and
conrods).

LWMWWQ

The inspection of the torn-down engine might reveal infcrmation that
vould suggest a meeting between NRC and MPSL. However, aven {f the
{nspection reveals no new informatian,* 211 defective parts shoula be
replaced. Possibly the block and engine base could be exceptaed f
cracking is not savers or in critical areas. However, {f more recant
history and analyses confirm the cracks to be serious, these parts
1130 must be replaced. Agafn, action on the second engine woulc be
contingent on findings. If the fnspection of +he #4 rst angine
reveals sericus defects, these need to be evalyated as a basis for
establishing fnspection requirements for the second angins.

In the long terms MPLL must bde bound to implement an ennancad
surveillance and maintanance program (see below) anc ‘mplement the
Cwners' Group recommendations (currently being formulated) on both
engines at the first refueling shutdown.

* Progress by the Owners' Group on generic issues can affect the
STatus of understanding at the time of MPaL Ticeansing.
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There wil) e an inspection frequency in the Owners'

Group plan calling for a complets tear=down. This should be
implemented at Grand Gulf. Subject to that determination, special
attention snould be given to selected components as described below.

If defects are ncted, the parts should be replaced. The nature of

the defect wi11 determine {7 this fs al7 that 1s requirsd. The

Owners' Group maintanance program recommendaticns or axper{encs

may D@ used to estadlish relaxed (or tightaned) fnspection frequencies.

Cetailed inspection and maintenance requirements should be
established n conjunction with the engine manufacturer. This
should also include al) maintsnancs/ inspection ident!*ied dy MP&L at
the April 13 meeting.

Selindar Haads: Aftar engine shutdown the engine should be rollec
over with afr pressure once each hour for four hours (during cooldown)
with the ndicator cocks open. Engines not in operation should be
rolled over oncs a day. Any heads found Teaking must be replaced.

2agine Block and Saser Inspect oncs a month or after 24 hours

cperation for any cracks. No other special maintsnance requirec ¢
any defects found are "noncritical™.

Sannacsing 3gds: After sach 25 starts gr 50 hours of
cperation gréemonths, all bdelts on conreds should de retorgued
and theseresults recorded.

=uba 011 Checkse: Weekly (or after sach 24 hours cperation) for

vater and monthly for particulates and chemical contaminants
dsscciated with wear of bushings ang Searings. Also collect sample
from dottom of sump and check for vatar. The f{ltars shoulg aiso ce
checked (nc time interva) given).

Lapscreaws. Monthly spot check (25%) of al] capscrews fn question.

Qihar: If per questien 1 an engine is not torn down, sach

§ months a 25% random check of piston crowns, 1iner walls, heads,
upper block at studs, head bolts, areas around heac delts, ang
push rods (bothmain ang connecting). Alsc on this angine, a

22 1/2% check of dearings and wrist pin Sushings should Se done.

Sush l30gs: Afeer 24 hours operation, cams, tappets, push rogs,
9TC., shoulc be checked. This can %@ done cne at a2 time with the
engine shutdown but without affecting fts avatlapility for service.



To accommodate standby monitoring, the daily, weekly, anc menthly
actions should be accomplished as {dentified in the MPLL 0/G
Maintenance/Testing Program (received on 4/13/84) except that the of
pressure filter drop should be monitored daily instead of menthly. One
agditional standby monitoring requirement fs a shaft deflection
measurement every six months.

The engine operating surve!llance program should include the follow!ng.
if alarm levels are reached on any of these, this {ndicates the need to
switch engines.

O exhaust temperaturs monitor and ala™m for each cylinder (continuous)

o temperaturs recording before and aftsr turbo-charger (continuous)

© hourly readings on standard temperature and pressures for such {tems
as Tube 011, jacket water, intercocler, air pressure, etc,

0 accelerometsr monitoring (comtinuous) on all main bdearings and the
turto=charger

o monitor dafly the Tube of1 f{l1ter pressurs arop

5. #haz precoarazional testing would we be raquired following assamnly
Qf_zha ‘napectad angioe(s)? -

The manufacturers' standard precperationa) testing should bde done. In
addition:

o run 10 modified starts (defined as prelube and 3=minuts lcacing to
40% locad)

0 conduct two quick=starts to 70% load and hold for four hours
duraticon

0 conduct one 24 hour run at 70% load (Lo look for excursions in
temperaturs),



