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UNITED STATES

!T NUCLEAR REGULATORY COMMISSIONo

WASHINGTON, D. C. 20555.

*"**
FEB 2 8 1985 -

-

Docket No. 50-458

Mr. William J. Cahill, Jr.
i Senior Vice President
| River Bend Nuclear Group
i Gulf States Utilities Company

Post Office Box 2951,

Beaumont, Texas 77704
i ATTN: Mr. J. E. Booker
!'

Dear Mr. Cahill:

SUBJECT: DRAFT REVIEW AND EVALUATION OF.TRANSAMERICA DELAVAL, INC.,
DIESEL ENGINE RELIABILITY AND OPERABILITY - RIVER BEND STATION

;

. Enclosed, for your information, is a copy of the draft Review and Evaluation
| of Transamerica Delaval, Inc., Diesel Engine Reliability 'and Operability

technical. evaluation report (TER) for River Bend Station. The staff and its,

! - contractors have discussed this TER and other previously forwarded requests
j for additional infonnation during a site visit the week ~of February 18, 1985.

Sincerely,

' ' //fl8WW,

A. Schwencer, Chief
Licensing Branch No. 2
Divisi(x of Licensing

.

Enclosure: As stated

cc: See next page
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' River ' Bend Station
'

'

: Mr. William J. Cahill, Jr.'

; Senior Vice President
| River Bend Nuclear Group
; Gulf States Utilities Company
; Post Office Box 2951

Beaumont, Texas 77704i
'

ATTN: Mr. J. E. Booker

cc: Troy B. Conner, Jr., Esq. Ms. Linda B. Watkins/Mr. Steven Irving
Conner and Wetterhahn Attorney at Law
1747 Pennsylvania Avenue, N. W. 355 Napoleon Street
Washington, D.C. 20006 Baton Rouge, Louisiana 70802

. -

; Mr. William J. Reed, Jr.
Director - Nuclear Licensing,

Gulf States Utilities Company
*

Post Office Box 2951
Beaumont, Texas 77704 Mr. David Zaloudek

- Nuclear Energy Division
H. Anne Plettinger Louisiana Department of,

3456 Villa Rose ~Dr. Environmental Quality -

~ Baton Rouge, Louisiana 70806 Post Office Box 14690
Baton Rouge, Louisiana 70898

Richard M. Troy, Jr. , Esq.
Assistant Attorney General in Charge
State of Louisiana Department of Justice
234 Loyola Avenue
New Orleans, Louisiana, 70112

Mr. J. David McNeill, III
Dwight D. Chamberlain William G. Davis, Esq.
Resident Inspector Department of Justice*

Post Office Box 1051 Attorney General's Office
St. F aricisville, Louisiana 70775 7434 Perkins Road.

Baton Rouge, Louisiana 70808*,

Gretrh.on R. Rothschild
Louisianians for Safe Energy, Inc.
1659 Glenmore Avenue
Baton Rouge, Louisiana 70775

James W. Pierce, Jr., Esq.
P. O. Box 23571
Baton Rouge, Louisiana 70893
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REVIEW AND EVALUATION
; OF TRANSAMERICA DELAVAL, INC.,,

-DIESEL ENGINE RELIABILITY AND OPERAB IT - - :
, .

'

RIVER BEND STATION UNIT 1
;

.

1.0 INTRODUCTION
.-

t

| Gulf States Utilities Company (GSU) is s ki a full powe. ope , ting
'

license for the River Bend Station (RBS) Un * 1 One matter of c rn to the.

'

U.S. Nuclear Regulatory Commission (NRC) c ider n the request is the
operability and reliability (0/R) of the S tand e rgency diesel-
engine generators manufactured by Transa ica av , Inc. (TDI). The 0/R of' I these engines have been brought into questi by a jor crankshaft failure at

,; Shoreham Nuclear Power Station (SNPS) in Augu 19 -as well as by other
| problems reported by owners of TDI.. diesels in nu ar d non-nuclear service. -

!

!! River Bend Station Unit 1 o TDI m

!|
designatedstandbydiesel(SD)ps. served . DSR-48 diesel engines. - -

!
generpt r 1A an These SDs are inline 8-

1 cylinder four-cycle, turbochargeh, al'gerc ed engi s. Each is nameplate rated
'

for 3S00 kW, and operates at 450 ' m wttIp* brake mean effective
'

pressure (BMEP) of 225 psig. The tesVi rmation provided by GSU specifies'

i the emergency load as a maximum of 30 kW nder design. basis accident
|

'

conditions coincident with4oss of co lin$ accident (LOCA).* ..-[ K ~

;. In response t oqcer s about the e bilit'y/ reliability (0/R) of TDI -

]' engines, GSU has yn ejtake hens y,e analysis of all major enginea o.*

components, has e number o ponents, and performed engine tests to -ensure their 0/ . *p 4ced
4

1i
1

The Pacific No&hwest boratory' (PNL) has been requested by NRC to review
and evaluate GSU's overQ1 elf rts to ensure the engines' reliable performance.
This tecjh thaluatiortgepor -(TER) decunents PNL's review and expresses,

'

the resaltinggnclhions and recommendations regarding the capability of thei i

RBS TDI dies _el eng\ \inis.to serie their intended function.;' / /
1 ORGANIZATION OE REPORTi -

,

i i i hnical ev uation report is organized as follows:ig .

'

e Sect on 2. prp ides relevant background inf,ormation on efforts by both |

GSU an~"dthe "p1 Diesel Generator Osners' Group (an ad hoc group of
i similarTD@ngineowners)toresolvetheTDIengineconcerns.
> -

| e Section 3.0 presents PNL's review and evaluation of the tests, inspections, I'

| and component upgrades undertaken by GSU to prepare the engines for nuclear
!. service.
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.j e Section 4.0 comprises a review and evaluation of GSU' resolution of
known problems in 16 engine components identified - t Owners' Group (OG)

'4

,

i. through a review of TDI engine operating history. Pe inent aspects of the .

} OG and GSU's efforts on other components of con ern n the RBS SDs are also
! included in this section.

Section 5.0 provides PNL's review of GSU prop g tena ande * -

surveillance (M/S) program.
, , ,

! '
i Section 6.0 presents PNL's overall con us ns d recommen a4 ons

- e
'

| regarding the suitability of the two I iese e ines to perform their,

1 j intended function as emergency sta y wer ou es for the RBS.
'

~

1.2 APPLICABILITY OF CONCLUSIONS
|

' .

.' '

1 To derive the conclusions presented in this epo PNL reviewed the basic
*

I documents supplied by GSU, particip in various wee gs with GSU and NRC,
.and.observedcomponentsofthe/nginesas 'sassembl or inspection. -

' ,

:
'

! Concurrehtly, PNL also reviewedgvariou relev'ait* Owners' Group documents and
! participated in their meetings wi.th C, nd drafteIPtechnical evaluation reports

'>

{ on some elements of the Owners' Gloup rggra:p" Plan /(0GPP).
\i'

GSU-has submitted to the NRC revision /. s for the River Bend Station Final'
. Safety Analysis ReportJFSAE). Thekrpkeoftheserevisionsistoestablisha! qualified load for eaEh of the diesel sener,ators, to provide revised positions,

j on Regulatory Guidei sl.91and 1.108( Jhese revisions identify 3130 kW as.,

! ! the maximum "quajifi loid" toEsi_derecPgiiecessary for an engine to support its
! designated sharf of ,he emergency p7rwen needs of RBS. Considering the FSAR,

! amendment, this"TER a'ddre~sses# tee ade_q6acy of engine components relative.to' s
this load limit. *'

V
-i .

.

This TER ecedes%e comp,l'etion of the final review by PNL and the NRC
'

r ' Group Progyam. Accordingly, the conclusions expressed in
; staff a

abAthe(lo,ng-te,rmguitability of the TDI engines at RBS for nuclear
1 '

' -
this ,. ,

service are contingent upon final action by NRC on the following PNL
rec [mme/dations: ~GSU'should commit to NRC to implement all applicable
rgfommiindations andi reI;uirements identified in the NRC review of the Owners' -

GN. p Ph am. Conipletion of the ongoing Phase 1 and RBS Phase 2 reviews is
an at r1 n 1985. In the opinion of PNL, the reviews of all RBS

t p*equire priority PNL/NRC attention have progressedj relat ssue
' sufficien ~ to confider these issues resolved, gubject to the actions discussed

in this TER. Al ecommendations and requirements identified in NRC's review of.

; the Owners' Gr' Program should be implemented or be fully ready to implement
by the end of the first reactor operating cycle. These actions will completei the resolution of the TDI engine issues at River Bend.,

,
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1.3 REPORT PREPARATION
;

' This report is based in part on PNL's review of. documents cited in Section
2.0. In addition, the PNL team' visited the River Bend' Station, Unit 1 in

.

'
September 1984,toobserveSD1Ainitsreassembledftate' SD 1B and its,

components inspection and preparation for reassembly. >P me sith GSU staff
andmanagementonthisoccasion,aswellasincoEn[ ion th 701 Owners' Group '

! meetings.
'

The following PNL staff members and co3sul nts were involve Qn this
review and evaluation, and authored this riport,: f% -

e R. E. Dodge, PNL project staff
J. F. Nesbitt, PNL project staffe

B. J. Kirkwood, Covenant Engineering Compaqy, ieselcons51tanttoPNLe,

P. J. Louzecky, Engineering Applications Corporanon, diesel consultante,

to PNL. p
.,

Others whose contributions werep aluable w ~ lating the conclusions'

presented herein include PNL Asshssmeqt h iesel E ine Reliability /Operabil-
'

ity Project team members J. M. Alzheimer . J 5 Biogee, W. W. Laity, and F. R..

Zaloudek; and consultants S. H. Buit, J.Aenriksen, N. Jaffrey, N. N. Rivera,-

A. Sarsten, J. V. Webber, L. Wechslet, an # . We nc'el . T,he report editor wasA
A. J. Currie.
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i 2.0 BACKGROUND<

;
,

,
. . .

' _

This section presents background information on ffo ts undertaken by 'the !

; TDI Diesel Generator Owners' Group and by Gulf Sta Utili es Company to

} resolve the problems identified in the TDI diesel ng
, ,,

;|i 2.1 OWNERS' GROUP PROGRAM PLAN
.

! Thirteen nuclear utilities that own 9e . ven by TDI- ufactured
i

ra rs
d diesel engines have established an.0wners r p( address questions

'

raised by the major failure in one TDI se eng e' the Shoreham Nuclear-

Power. Station in August'1983, and other ble n JOI diesels reported in the
nuclear and non-nuclear industry. On-March 1984,( the Owner.s' Group submitted'

I; a plan to the U.S. Nuclear Regulatory Commissi ouMining a comprehensive
~

program to requalify their diesel .enerator unit., .s hs andby emergency power4

! sources.
1

. . '. ._ .
The Owners' Group Program lan P) desc bega two-phase approach for

'
4

,

resolving the known and potentia'
r lem n TDI engines:,,

! -
,

|' e Phase 1 addresses the evaluat on an'd olution of significant known
i problems in 16 components. These pr. lems were identified by the Owners'

; Group through a jr rtew of the o' rat' ng histories of TDI engines in nuclear4 g
and non-nuclearfservicen

^

e Phase 2 entaf reh%nsNv des gn review and quality revalidationj

|j (DR/QR) toddentify critical co ents of TDI engines in addition to the
16 referre"d.to ibo g gn O ens e that these components are also adequate! ;

for their intended service;

l| The OGPP also_descr\'ega .k .>

ib proggam element for special or expanded engine tests
~

: 1 and comjpfWnt igctionsAas appropriate, to verify the adequacy of the engines,

and cyponj'gts pe orm they intended functions.
'

'

/Atsi1RC'srequ'est,\PNLreviewedtheOGPP. The results of that evaluation
wpre ri orted to NRC iii PNL-5161, Review and Evaluation of TDI Diesel Generator'

4; O hers'p"Scoup Prog /am Plan (Pacific Northwest Laboratory June 1984).
-

ecgio h f L-5161 deals with considerations for licensing actions for
i nuclear st ions or to completion of the. implementation of the OGPP.- Recom-

~

mendations
! River Bend St.

report relevant to GSU's current request for licensing of,

-Unit 1 are: -

4

1. 2Preoperational testing should be performed as discussed in Section 2.3.2 of;

j PNL-5161.- .

4

|' 2. The engines should be inspected per Section 2.3.2.1 of PNL-5161 to ensu're
j that the components are sound.
]

*

\. -
.

-

2.1-
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3 The engines should receive enhanced surveillance and. maintenance.t

4. A " lead engine" as described in. Section 2.3.2.2 o . PNjr- 161 should be -

tested to 107 cycles at " qualified" load to veri y t.e design adequacy
of key engine components subject to fatigue stresses, components of

<

- the same design have not already been operated tha^t any' cles under the
! same or greater load. , V *

The first three recommendations are selfje ent; namely, at a~~ppropriate
preoperational tests have been satisfactori]s cpm'plety,d, that the*epgines haved,

sound parts, and that a suitable program of mafnter,ance)and surveillance is
established to ensure future performance T fouf[hfecommendation is included,

to ensure that all crucial components, i di e p stons and crankshaft,,

i have sufficient fatigue resistance to preci fatigue fracture of these'

components with concomitant engine failure.

2. 2 RIVER BEND STATION PLAN #

/ -

-a .
,

i The basic approach followeit by TSLLin the Rf1 cation of their TDI#

diesels was to disassemble, inspSct,\pg7ade and reb ,dild each engine and then
'

*

confirm reliability by testing ana poit-te'st A Rpections. GSU deemed thisg
approach feasible and compatible wgh tly pfoduct improvement recommendations of
TDI, the-testing and inspections performed'by other TDI diesel owners, and the>

enginecomponentreviews-tonductedby'\.the10G. The utility has provided NRC withdocuments relevant to#these Fctivities, These documents and others that were
usedinthepreparationstfthi"sTERare\listedbelow.

/: y . .-
-

a report entitle"d Dela' val Diese 4enerator Operation Experience (handout ate

TDI Owners Grou"pgetiygaanuarj 26, 1984) - This report outlines the.

.
experience arious Awners Do *TDI diesels with their engines to late 1983.

\
a letter dated May 7,19M, from Lee Duck (TDI) to John R. Hamilton (GSU)e. g,

"RiveFBTn~d'' Station' Unit 1 )iesel Gcnerators S/N 74039/40, P.O. 244.700."i

T)f5 left_eg foh 119 a'dv. s)ed the liner dimensional improvements for job
'

3 4rite,clianges..>

! /
.

adetter dated (Ma\
/ %

t , ya 8,1984, from Lee Duck (TDI) to John R. Hamilton (GSU) -

! "Riler Bend Statio'n Unit 1 Diesel Generators S/N 74039/40, P.O. 244.700."
is ietter tr'ansmitted additional liner dimensional improvements.

"%J /-

OG), "FMe No[ daya le ter dated 16. 1984, from R. W. Helgick (GSU) to C. L. Ray (TDIe

244.700 Standby Diesel Generator Systems River Bend Stationi

- Unit 1"T(RBG-17,838). This letter provides instructions for work of~

cylinder liners.
,

'

a GSU report dated July 19, 1984 River Bend Station - Unit 1, Dockete
*

No. 50-458 (RBG-18,244). This report addresses the program plans for
evaluating and testing the standby diesel generators.

.

2.2 '

'

.
- -

-
.

.
.
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e an NRC report dated August 13, 1984, Safety Evaluation._ Report -i -

Transamerica Delaval, Inc. Diesel Generator Owners'#Grobp Program Plan -t

i This report presented NRC staff recommendations for T I diesel generator -

' test and inspection programs,

areportbyStone&WebsterEngir.eeringCorporatifr(Unschedate August 1984,e
entitledSurveyofStartExperiencesandCaules/of led Shutdowns *

of Transamerica Delaval Inc. Diesel EngineN This docuinant sbsanarizes data
extracted from various diesel generatorsf ogs.

1 e GSU report dated October 16, 1984, Rt JendSthon-Unit 1 Docket
No. 50-458 (RBG-19,210). This repo p/esen9|I afevised plan for

.; - evaluating and testing the Division andNfSDsr and data on the inspection
' and testing performed to date. ,

,

: e a letter dated October 18, 19) ,4, from J. D. -eonar4, Jr. (LILCO) to H. R.--

Denton (NRC), "ConfirmatoryjTest%g. of TDI DiFsel GBnerators at Shoreham
Nuclear Power Station Unit /1, Dockei"-'Now50'322"VThis document provides-

[ NRC with LILCO's testing p' roto'S M or the D k.gcycle confirmatory tests.
\\7 e

a letter dated November 29,1S84 +from J./DB[oker (GSU) to Harold R.; e
j Denton (NRC) " River Bend Station htnif 1 Docket No. 50-458" that presents

proposed revisions to RBS FSAR) #'
.

e an OG report dat mb.er 198 TD iesel Generator Desion Review and
Quality RevalidatioPRepo'rt - GulftStites Utilities River Bend Station.,

1 This 4-volume ~ report documents the DR
| engines, what #as carJied_over%cm a/QR effort performed on the RBS TDIlead engine review (Shoreham) and

the result's o'f fhe4( sw

aLILCOrepobdatedDecember3,1984,TDIEmeroencyDieselGenerator1031 e
5 -Cycle ConfirmatSry TesUlnspection Report Shoreham Nuclear Power Station

Unistel~- This reportsprovi, des LILC0's tests and inspection results for theg.

'j
10/ -cyde, conf 4,%rmatorydest of she EDG 103./ %! |

ofafSUreport'date'dDecember 21, 1984 River Bend Station - Unit 1 Docket
No. 50-458 (RB_G-19,762) that presents a revised plan for evaluating and
tes' ting the Dfvisfon I and II SDs as well as data on the inspections and

nerformed to date..esting' Q,

*

In ad ion to- reviewing these documents, PNL visited the RBS site to
. observe eng ifectionsandtoperformapreliminaryreviewoftheGSU'l procedures fo omponent inspection. PNL and its consultants also gained

perspective on certain TDI components through participation in TDI engine
disassembly and inspections at other nuclear facilities. I

'

.

* i
.

I
.

e

2.3 '

.

.

s . *

n.| . w ,. . , . .|m; .n ,.. . .. . . _ ,n .

. ..., . a- . . . . . . . . , . .
_

._ _ _ _ . . . . . . _ . . _ _ _ . _ _ _ . - _ _ _ _ . 1 _ _ - . _ . _ . - ._.



,. , _

_ _: az w ._.a - . _ - - . ~ . - - - - - --
,,

,

1' '

.;
.

.
,

. .

,
I

.

3.0 GSU's TESTS. INSPECTIONS, AND COMPONENT EPGRADES

The RBS SDs have been sub'jected to testing /insp'ogram(s// .
.

ectio programs and, as a,

result, have undergone component upgrades. These py N onsist of 1) shop;

qualification tests, 2) onsite preservice tests and insheti&ns including DR/QRj activities, 3) confirmatory . testing, 4) post test %spectTons, I 5) '

preoperational tests.I

A chronoJogical discussion of these te s. ,nspections, and component,

upgrades is presented in Sections 3.1 throvg 5. heiresults and conclusions
reported by GSU are documented in Sectio 3. P s a" valuation of GSU's
program is presented in Section 3.7

3.1 SHOP OUALIFICATION TESTS \ "

According to GSU, the test prTfra r the Rive od SDs began with shop
tests at the TDI manufacturing fa,cilit Ogland,'Ctlifornia. These shop.

'

tests were performed to verify ~the dpecability of-the, SD units, including thee,

interrelated functional capability ofgen h e components. The shop tests

\ Y |'N'/accomplished on both engines included:s

e loa 8 tests
alarm and safety # uncti6n tests \

-
.

air starting system-testse
,

'

fe .g-
GSU reported t a.t shopkestsrequ ed a minimum of 30 hours of

'

operation on each SDi* 10 of tho;e hIPurs.were at loads to or greater than 100%
load (3500 kW) A a'ddjfdo .#e%i t'was required to start at least 10 times.,

3.2 PRESERVICE TESTS AND INSPECTIONS
g g

Thej DT"Eghes werhdelivered to the RBS in mid 1981. After theT
-

installations,y,erelompletid.,G$U initiated a pres'drvice. test / inspection effort
to vcEify/that tha_ installations were complete and co rect and that the
manuTactured quality of the engines complied with .the design requirements.

GS s report d t at as-built installation verification inspections were
perfbreed.Nhese/nclEded inspections by TDI and major subvendors to TDI,
includt EleltQcPjr# ducts (electric generator), RTE Delta _(switchgear), Elliot
(turboch r), an Woodward (governor). In addition GSU inspected other
components ed industry experience.

To verify that auxiliary systems, interlocks, controls and alarms operate
in accordance to specifications, GSU has reported that tests were conducted'on
these components and systems. This. included system flushing, hydrostatic
testing, relief valve testing for setpoint and seal leakage, initial startup,
operation, and performance testing. Also vibration testing of pumps and

*

.

#

.3.1
.

| . .

-
-
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. compressors, performance testing of air dryers, and indivMual checkout of all.'
el.ectrical components and instrument loops were performe6.

j ,

.

Next GSU proceeded on a preservice disassembly 'hspe(tion program with the
purpose to verify the manufactured quality of engi compoitegts in support of
the OG DR/QR activities. This inspection encomp e "f6 comp nents of the TDI',

j DSR-48 diesel engines at RBS Unit 1. '

.

When disassembled for the DR/QR activit s, he SD engineoat R er Bend,

j had been operated for the times and at the oa shown below: V
/. r

. Engine Loa - nd s
; Engine Number ,.

Load 7e A,\ lb,

zero 1 0
.

25% 14 5.,

'

i 100% / 6%# 31-

: 110% v 1 3-

| Total hours (all loads) g 124 .40-.

Number *Uf starts (a$proxQ 35 353
>| Test hours It TDI (ap,proxs 50 50

F

'! e5 %
*

[%} %g
=. -

! *

i Details as/ o the reshlts and ccnclusions of the RBS DR/QR effort were
presented by th*e 0G Pngth'e TDITenerat6r Desion Review and Quality Revalida-

', tion Report, Dec, ember 1984f -+

\ \ g
Perting t aspect N f the+preservice tests and inspections including thei

DR/QR inspechTnhas apptcable)to generic or crucial engine components are
summarfedpJection4.0BftWisreport."

e 0s
/ % *L*

| 3.3/ CONFIRMATORY TESTS

Th)+pyrpose of th s activity was to verify engine reliability following
engine inspectioniandgrebuilding. Tables 3.1 and 3.2 identify the confirmatory;

tests larform'edjE Engines l A and IB, 'respectively. The testing program did not
'

complywEt(therefirementsofRegulatoryGuide1.108. The number of start
tests is les htha specified in Regulatory Guide 1.108, Section C.2.a(9), and
the overload tas described in Regulatory Guide 1.108, Section C.2.a(3) was
not conducted.

With respect to the start tests, the program of ten modified starts and two
- fast starts was considered an adequate demonstration of starting reliability by
GSU. Also, GSU did not consider the overload test to be necessary, because the.

River Bend Station diesels will not be operated above the nameplate rating of
3,500 kW.

.

.e*

_3.2 -
.

i *

, ,

* ** *. . .,
W e g og "e e o-6 . OG A G4 M8

,

*= Ne4 3 @gM '@ hM. h 6 N93 as age . Y W 4m
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T_r" F 3.1 Confirmatory Testing Standby Die p - 1A
;

; - Test Objective Acceptance Criter a Results
!

1) Manufacturer recom-,
' mended test in accord- .

*

ance with TDI SIM #99

| a) initial start, Operating parameters [ the normal Satjs factory
slow idle, no range / /3load, (15 min.) Satisfactory cFan ase inspgction

Yf

b) 450 rpm, no load, Adjust governor Satisfactory
(30 min.) Overspeed trip sahsfactony

.

Verify _ generator diff erentPal.

Operating %_ters in\ }shutd8w-
parame normal -

,

ra'nge ( N ~\,.,
" * Satisfactory crankcase inspection

\ k / /* d
'

Satisfa'torydeneTatorelectrical Satisfactoryc) Generator phasing'

e
i checks \ /'

.

g ._et satisfacto'ny crankshaft.

I inspection \
'

'

d)1hourat25%[A
f- * \/

#pebngparkietersinnormalID Satisfactory
rated load' < ran e %

e) 1 hour at 50% y 7x-
'

Operati parameters in normal Satisfactory
\ k rangerated load-

f) 2)c h {% Ophtingparametersinnormal Satisfactory
'

Ojated, ad %._ %gange
~%. Tc ,

irf.urnto25% % Operating parameters in normal Satisfactoryf,|
tated load h range -

* # Verify parameters consistent with
. . Step (d)

*

h) 4 hours at 100% Operating parameters in normal Satisfactory
load 13500 M range
followed% [ ), Crankcase inspection
internal engine Crankcase web deflector-

inspection, turbo- Piston skirt wear
charger vibration, Cyliner liner wear

, bearing cooling & Gear set wear
' lubrication test Valves & rocker arms wear &

clearances
. Cold compression pressure

i Generator winding temperature
-

.

.

3. 3 -
, ,,

,
,

a-

, ,

~
*

-
.. . . . .. . . . . . . . . . , . . . . .s,.....a;,,,...,;,......,,__,,
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TABLE 3.1 (contd.)
*

. . .
.

Test Objective Acceptance Criter a
_

Results

2) Engine timing & adust- Smooth operation ~

i ments. Cylinder firing pressurep n
_

Satisfactory
*

24 hours at 100% balance A
.

load (power duration Operating parameters m nor- !'

may vary). mal range
lec/ 6

n/ TCrankcase web d

Crankshaftst(resses tio/:

|. 3) Crankcase torsional h Satisfactory
I

vibration test allowable valu' q ;

4) Engine performance Operat parameters an\or -
test. Demonstrate mal san e. All start itte s..

, ' , that each diesel sudessful . - %
| operates within,

design parameters at fi

; 100% rated load, & \ f/Ndemonstrate starting* s s

; reliability. -#
.

| a) 24 hours at 10,0 Satisfactory
: rated load / z%

)t
- -

I / f '

b) Ten modifNd starts # Satisfactory
(Note 1)'tp The % a8 /
required b.Pa los's" o_
offsite power (a.'pprob

.

S
.

75% o M ed load),&
run#for a m_inimum ofg

[hoytt, %,, V
.

/ [ %
'

4) Two fast statts (Note Satis factory
2 to100%ofjrated -

1 d & run f,or mini-2
mum o hours.

*

Notes-

1. A modifie 's rt is defined as a start' including'a prelube period as recom-
mended by the manufacturer and a 3 to 5 minute loading to the specified
load level. Modified starts may be conducted with the engine at operating
temperature.

2. Fast starts are simulated " black starts" on simulation of an ESF signal with
the engine on ready standby status..

.
.

.

3.4
,

.

, ,
..

'

. . . . . .:._:.L . . u .. . .. :._.. . . . . . . . . . . . - . . ..

_ . ..
g g ..a #g, g_ y - - ' "
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: TABLE 3.2 Confirmatory Testing Standby Die _ - 1B
*

. . .

Test Objective Acceptance Critet a Results
i

1) Manufacturer recom-'

; mended test in accord- *

' ance with TDI SIM #99

i a) Initial start, slow Operating parame. rs Sa ?sfactory

Satisfactory cr[ankcase
idle, No load, (15 in the norma rapge,

minutes)
inspection

'

b) 450 rmp, no load, Adjust governor ' Satis factory
(30 minutes) Overspeed trip satisfastory .

VerifyTc'5erator di f fere'ntialD;

i shdtdown Y*,

Oper'a, tiny 7*$gpagmeters Trreoymal,
.' range 7 /

Satisfactory crankcasew nspec-
,

tion V ~

{ c) Generator phasing ^Satisfacto"ry gkerator elec- Satisfactory
'

/ 'trical shock g
{ - /[#"%, Set %ctric'a]Ffortion of

/ j governor:

!QpiEtingd) 1 hour at $7. rameters in nor- Satisfactory
. rated loads / mal range
! \

e) I hour 50% N Oferating parameters in nor- Satis factory'
t

rAtdili g ma)F rangei

/ Vm.
f)'2 t.durs at 757.3 Operating parameters in nor- Satisfactory3

; " rated load + 1 mal range
4 3

Relurnto257. [ Operating parameters in nor- Satis factory.
'

' fatedMoad / mal range<
%g~# Verify parameters consistent,

'

..

with step (d) -

h) 4 hours htfl00% Operating parameters in nor- Satisfactory
i load (3500 kW), mal range

followed by inter- . Crankcase inspection-

' nal engine inspec- Crankshaft web deflection
; tion, turbocharger Piston skirt wear

vibration, bearing Cylinder liner wear
cooling & lubrica- Gear set wear
tion test Valves & rocker arms wear &

'

.; clearances
Cold compression pressure

, Generator wind temperature
3.5 ..

'
-

. .

g $ @m % e 6 * 'O S- e e 4 eg , e og 9 a9% m e oe<. h - MM $6*
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_ TABLE 3.2 (contd.)
.

. -
-

Test Objective Acceptance Critep a . Results

2) Engine timing & adust- Smooth operation . Satisfactory
ments. Cylinder firing pressu y in *

24 hours at 100% balance g,load (power duration Operating parameters in nor-
may vary). mal range /

Crankcase web de[fle6 tion "%\

Operating par /amet(ersQ/3) Engine performance n - Satisfactory
test. Demonstrate mal range. AT1 ' start ' ttempts

~ '
.

that each diesel successful.
operates within
design parameters at #i

100% rated load. & /. -

-

-

demonstrate starting '

reliability. \
'

,

ka) 24 hours at 100% '
Satisfactory

rated load
.

! b) Ten modified st Satis factory!
(Note 1) to tFie .lo~ed. I
requiredby/ aid"sso}*

offsite poner4(approx.
75% of ra ed 16ad) &
run for a(minimum)of

. f=
.

| 1 hour. N 2

: c) TwodaMtarts (t ote Satisfactory
27 to lRO% oh r,ated % ,fi c

/ murs o,",f 4 ho0hs. 5
fload & rurgfor a mini-

s

Des: 1
N -

,
..

1. A modifieds t rt is defined as a start including a prelube period as recom-s f

mendidQy tfIe m,dified starts may be conducted with the engine at operatinga'nufacturer and a 3 to 5 minute loading to the specified
load level pg
temperature #

2. Fast starts are simulated " black starts" on simulation of an ESF signal with
the engine on ready standby status).

.

.

S

9
.

3.6 .

- -
.,

9
+
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3.4 POST-TEST INSPECTIONS -

The. post.-test inspection program was intended to pr/}"e a thorough erigine'-

;

| . ov
inspection without major engine disassembly. Majordfsass'mblywasnot

considered necessary by GSU because of the thoroug/of,di(inspection was to
hness of e preservice

inspection and design review program. The purpose'

look for potential latent problems not discoveredhqjearlie(in?pections and *i
,t tests and verify readiness for further operati Critical componen.ts were

inspected by removing access covers and by o' an ysis. The N an21ys 4,

ushjqgs and bearinis and thewas the method used to indicate abnormal we o
elemental analysis was the means to identi cop onent in distress.
Visual inspections were relied on to ver' y wear,' absence of
discoloration, from overheating, water le8 age, ina)d alisence of wear products
(metal particles) were considered as the me to inntify distress conditions
in combination with oil analysis. A summary o the' engine component groups and
post-test inspection results are listed in Table 3 (Engine 1A) and 3.4
(Engine 1B). e

-
.

'

TABLE 3.3 Post-Test spe umm andby Diesel - 1A,

;

!
_

Part Name \ Part Number Results

Tappets & Guides-I takes & Exhaust 03-345A Satis factoryf'

Tappets & Guidesfuel Tafpet Assy 03-345B Satisfactory
Camshaft Assembly f"% 1 03-350A Satis factory!

Camshaft-Supports / Bolt'#ingTDear 03-350C Satisfactory
Idler Gear Afs Gelr= 03-355A SatisfactoryCylinderHd4o.yCrank.toPgumlt1EggGa 03-360C SatisfactoryOverspeed Trip - Couplin,sRete \ [, "

j g 03-410C Satisfactory
Governor Linkage.. . 03-413 Satisfactoryi

Lube Oil Sump Tank . -

03-540B Satis factory.

c[ y ,

,/ ,cTABLE 3:4 ~ Post-Test Inspection Summary Standby Diesel - 1B
/ \ \'

,

Part Name Part Number Results

uppets & Guides-Intake & Exhaust 03-345A Satisfactory<

i

CamshaftAss)emblyTappe.ts&Nu2esfuelTappetAssy03-345B Satisfactory
,

*

01-350A Satisfactory
Camshaf @Suppo/ts, Bolting & Gear 03-350C Satisfactory
Idler Gear'Asiy Crank to Pump Gear 03-355A Satis factory
Idler Gear Assembly 03-355B Satisfactory
Air Start Valve

. 03-359 Satis factory
Cylinder Hd-Bolting & Gaskets

. 03-360C Satisfactory
Governor Drive Coupling. Pins & Keys 03-402B Satisfactory
Governor Linkage 03-413 Satisfactory
Lube Oil Sump Tank 03-540B Satis factory

,

.

# '

_3. 7 .
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3.5 'PREOPERATIONAL TESTS

-The purpose or objectives of these' tests were: -

~ '-

: o to demonstrate the reliability of the standby iesel erator power
sources,

,

e -to assure the system is capable of provi Sg3 standby e ec ric power
during normal and simulated accident co ons,

to demonstrate the system's ability p ck-u tedby, loads duringe
simulated accident conditions,

.

'e to demonstrate the operability of the (auxi ary systems;(1.e., fuel oil
transfer, starting air supply, etc.)'

; The types and kinds'of tests per orm .. d the over d1 ,te'sults were as shown in
Table.3.5. V '- -

-
'. -

'

TABLE 3.5 Preope Te.sts Per RBS FSAR; i \v/ y|Tests T Results-

/- 1A ' 1B.

i a) Diesel starting and#tfi sequence

.

b) Auxiliary sys ems ~. ae rs -ications

I

{ c) Interlocksucontro .and a rms operate per
spe $ffcatio

S i/ Pro /
.

.d per manual andi automatic start and operation
k l

p Voltage and f'equ ;ncy attained within time lim ~its

'I

'
e)ePropgres~pon. and operation for DBA loading

'

.

sequenc
.

e . Voltage and fre,quency attained within time limits

.

V

.

3.8'
.

*** i. ,

* ?
. . . . . . . - . - . .... . .. > . . .. .
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TABLE 3.5 (contd.)

Tests Results -

lA 18

i f) e Proper operation during load shedding, sequencing, and '
rejection

. V .

*

j e Loss of largest single load - maintain It ge and,

{ frequency
,

#e Complete loss of load without over ee

.

! .g) e Full load for 24 hours .-

e Voltage and frequency mai # fire )
e Cooling system operation stithi imits,

',

i \ f
'

i g f%h) Reperform tests (d) and (c) aboye :thip 5 minutes *

after completion of 24-hour load testj(g);
.

n \,

1) e Ability to synIhronize )1th offsite power while loadedi '

e Transfer l,o d,f m d ese isj t
_ !

L ffe Isolate SD 3enera or And put standby status
N nt

'

\
j) FuepWitiog rateg \i

/jm V
k)iel a~bility of3S}D ger RG 1.108 (modified)-

1) Gapability to, upp)y power within time limitsi
du?i. per' iojic surveillance testing'-

> 1
.

m) Reliabili ytand independence of redundent SD '

,

through simultaneous starting during testing
per Section 14.2.12.1.44 of.FSAR

.

n) e Ability to start with minimum air pressure
i .

e Number of starts from air pressure system
without recharging.

,

t .
.

'

.3.9
,

'
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i 3.6 REPORTED RESULTS AND CONCLUSION
'*

>.

|: Few problems occured during the operation of the T diesel generators. - -
*

;| However, it must be recognized that the number of ope ti hours on either of
4! the two SD has not reached that experienced at a nu er o her plants.

. ,

4> i- Problems and areas of concern were found on a few gi omp ents during the
;j disassembly and inspection programs. *-

+
1 , -

The TDI Owners' Group has formally repo e results o hei DR/QR
1

effort in a four-volume report entitled TDI es Generator Desi _ eview
and Quality Revalidation Report - Gulf Statis utilitiehRiver Bond Station,>

,I dated December 1984. Results of tests a ~ in@ectjens ~erformed on the SD ati! RBS have been reported by GSU in a serie f %. pr r orts included in Section
;. 2.0 of this TER. Results and details of th finding at RBS are covered in

Section 4.0 on a component basis. Therefore, ey a not repeated here,
t

3 The conclusions drawn by GSU T- he.DR/QR e f rt .d the onsite test and
inspection activities are: ~

) -

} |!
'

e As the result of the TDI OG ff ts, e proble. of the TDI diesel'
t generators are now understoo

:

| Solutions to these problems ha beer,. mplemented on the TDI diesels ate

River Bend. i'

; . , , .
:

4|
-

The TDI diesel eneratorsgat RBS a ceptable for their intended safety - .
e

!' related func on ind tTey- prov reliable standby power for River i

) Bend Stati
.

.

.
-

7 .

.

I 3. 7 PNL EVALUAT ON -i

} In evaluating '. engin
ocumenbtests, inspections, and component upgrades, PNLi reviewedfl"WD4able tion of the fests, inspection results, and

fengine,operati,gg hGtory ori*the RBS TDI engih'es. Based on this review, PNL,.

conclydes tG_ the,intpection"* program was adequate to identify problems with| tf
mponents apd t, hat tests were adequate to verify their ability.to meet~et en

ji t lo and service, re,quirements. The component upgrades are viewed as -

to the ipspection findings and to the recommendations of the OG.; ! r ons
it Wit - e e'x tion of the River Bend crankshaft, PNL finds that a sufficient
!' number hou s bien accumulated on other DSR-48 engines to meet the

'

i criterion f exposi g key engine components subjact to high-cycle fatigue
) stresses to 7 c .' es at or above the qualified load of the RBS engines.
Ii

0
;i

11

' - .
. .

t-
.

'

3.10~ -
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'
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4.0 COMPONENT PROBLEM IDENTIFICATION AND RESOLUTION

, *
. l,

This section documents PNL's review of GSU's act ' ns o upgrade and/or
'

'

requalify the 16 engine com signi i& ant problems(termed Phase 1 components)ponents-known to have ha
,

These components wer prfv/ous% identified by.

the OG through a review of the operating historie 7DI gin A in nuclear ''

and non-nuclear service. Other crucial engine mp ents found to% e defective
or that were replaced at RBS are also reviewe int his section.

'

Each compone'nt is discussed individua}: y. The ussions are presented in
a sequence reflective of component locatifn within on or about the engine.

;- The sequence generally progresses from bo' om'%o top- hat is, structural
; components, power train components, ancilla ant a iliary systems and
j components, on-engine and then off-engine.

. Each component is described ff%er_as of its function 4 operating history,
I and status as determined by the fG and This desih;iftion is usually ..

I followed by PNL's evaluation an3. con sion(s .
'

b '

r
{ PNL's conclusions generally aco orate.jttth_adt stating, the assumed
! commitment by GSU to the adaptations tcrgleir maintenance and surveillance
'

program that are described in Sectido 5.0 if this TER, as well as the utility's
commitment to appropriale mplement\the(applicablerec'ommendationsand
requirements resultig~'~ form e NRC fin _al ivview of the OGPP concerning thesen

i components. The contlusicos a so refleit P)L's finding, based on.a sampling
! exa'mination of GStifs pfoceduref7fo(disp'ositioning component inspection -c

findings, that tpisearocecfures are 2dgguate with respect to both documentationi

and engineering si'degli
4.1 ENGINE BASE AND. BEARING CAPS,

I Parpd'|'"03405-A , D.
*

02.bers'"hp.
'

i
pcrt A -6-53

4. / [' Ti-

.

;1 omponent Function -
+

,
| NIheengnebas/ 1i

.

carriel qhe {thr.usf ofjihe cylinder combustion loads to the main bearings.e 11!self supports the crankshaft and upper structures, and'
The

shaft is bedded 7 n half-circle bearings set within " saddles" in the base. The
!

i
. bearing cap re st'ructural members that hold the' upper bearing shells in place

over the shaft afn journals while also absorbing the upward, reciprocating.

.'

piston inertial loads. The studs and nuts hold the cap and therefore the shaft
in place. A failure of base, cap, or bolting would allow shaft gyration or,

| misalignment, potentially leading to shaft fracture and seizure, sudden engine'

stoppage, and possible ignition of crankcase vapors.
.

.

s

.

4.1., -

-
.

& 6

O
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4.1.2 Component Problem History

Four incidents of. cracking have occurred in the epgin ~ base saddles of> -

inline DSR-4 engines, causing this component to be ev41uat'ed as a generic issue:
.

-

/ \SNPS EDG 102, reported following an inspection i tember 1983e

Y \ '

SNPS EDG 103, reported 'following an inspecfNon in Septe b.er T983s

!

U.S.CoastGuardcutterWestwind(aTDF 6 eggine)e
'

/ /3
U.S. Coast Guard cutter Northwind (#TDL OSR-j5 engine.e

i 4.1.3 Owners' Group Status
.,

Failure Analysis Associates (FaAA), a consu nt the Owners' Group,
analyzed the base, bearing saddlef"* bearing caps, lut po'pkets and bolting / nuts.*

FaAA conducted a finite element 4nalysis t~mdetermineNresses, acting on
{ critical sections' of the bearin't saddle under latecal loading from the

~ ,

m
crankshaft. The loads were detehnin6d f7dtv a journ2 orbit analysis. The

'-

bearing cap, through-bolts, bearGg studs [andiut/were similarly analyzed.
The studs and bolts were tested foghaEdifess#

_ /
FaAA concluded that4he. base as\sembli components have the strength.

necessary to operatejat fullNated loa'd fo indefinite periods, provided that
all components meettmanuf.acturer's spec'tfiy(d that proper bolt preloads areations, that they have not been

- Q A s \ean,\pn
,iGrfades a*Weldamaged, that mati6g/ /maintained.

/TheOwners''Groupconc[udedtYatthecracksintheenginebasesaddleof

SNPS EDG 102 were dUe to the,Ndisassembly procedurescrankshaft failure, and the cracks in EDG 103
resulted from improper + engine

. Cracks in both U.S. Coast
Guard cujtGT*Yngine bi!!egaddles were considered to be the result of
undertorqui,ng. \ g/ 0

: ? s 4
4.1,4 GS'u Status 1 %

A Pginspectio of the main bearing saddle area between #5 and #6 cylinders
(2 sur, faces')gwaspfrformed. The results were satisfactory. In addition to no
crackshthere Nege no/ indications of excessive wear, erosion or corrosion. A
visual iispection of the mating areas on the bear,ing cap was performed and no

#

indication of ting was observed.
,

A visual inspection of the base including the area adjacent to the nut
pockets of each bearing saddle for cracks and the #5 main bearing cap mating
surfaces for evidence of fretting at each refueling outage is recommended by the
OG in the RBS DR/QR report.

'
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! 4.1.5 PNL Evaluation and Conclusion

!
i
! PNL believes that the origin of the cracks observ i the Shoreham EDGs' -

i j was properly diagnosed and that the analysis conduct i appropriate to
conclude that similar cracks should not start or pr agate 'n the TDI engines at'

.

River Bend.
.

On the basis of the inspections, diagnost and actio ta by GSU and
'

the OG, PNL concludes that the engine base a b ring caps in 1 nd 1B are
acceptable for their intended servfce, subjp$t a confirmatory pection to

'

! be perf6rmed according to the recommendati6ns oted 7 he DR/QR re' port for
! River Bend.

: 4.2 CYLINDER BLOCK .

i Part No. 03-315-A

Owners' Group Repor.t FaAA-8[-5--4 -

4.2.1 Component Function' '
>

The cylinder block, which is hl ine base, provides structural
; support -for the cylinder liners, cy nder/fieads, camshaft and valve assemblies,
! and other miscellaneous. components. tf

.theenginecoolant./Thebloikissubecte(soservesastheouterboundaryfori

stresses resulting/rorsthe c&nbustion' pro (cesses.
to both mechanical and thermal

: Structural failure of the1

~

!

pressures, and }})ereby res51t in a sudden engine shutdown. block could lead :o in#~deqllateTuppgrt df/ components that confine combustion
a

i

4.2.2 Compone ro Hi \
,

,

.

x .s . .Cracks have been r.e ,
.

DSRV-4 QV"7B"m|rines in' port
n cylinder blocks of both DSR-4 (inline) andi

nuclea and non-nuclear applications. Several types of
cracksjhaveoccurridincylind block tops. Cracks have also been found in the O

~

t

camshift,gilTe'7tes of inline engines, in the vertical wall just above the
camshaf t bearing Ebppo~rts. The following is a summary of the types of cracks;

a d th engines in whi h they have been found,;

l. . igarrent cracks -fA ligament crack is oriented vertically and extends
between~th
stuhole.#escouyterbore for the cylinder liner landing and a cylinder headNumerous cracks of this type have been identified in the top
surfaces of the Shoreham EDG 101, EDG 102, and origina) EDG 103 engine
blocks. Nr,ick maps for the three blocks are presented in FaAA-84-5-4,
Desion Review of TDI R-4 and RV-4 Series Emerconcy Diesel Generator
Cylinder Blocks and Liners.

,

ligament cracks have also been reported by FaAA in the marine and
'

stationary installations listed below. These engines have operated with
j such cracks from 6,000 to 28,000. hours.;

f
-

; .

' '
-
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j Engine ries I'nstallak
. ,!

. -
. - -.

,

J DSR-4 Copper Valley El ri 1 Corporation
't DSR-4 -MV Trader

,

*j DSR-4 MV Traveler
Lf DSRV-20-4 . Homestead, F1 i

*

ii DSRV-16-4 MV Gott
:]- DSRV-16-4 MV Columb-

[j'
l'^ ' 2. Stud hole-to-stud hole cracks - A s" d le-t st hole crack is also^ oriented vertically, and extends bel. en cy nder head stud holes of
i adjacent cylinders. In nuclear applic ions, ese cracks have been
N - identified only in the original block fo he reham EDG 103 engine.
4 Following replacement of the crankshaft in .te ine and an engine test '

! of 100 hours at or above the./ Ell!!#e ate rating' 35 kW, a crack was
W discovered that extended befween two j eent st _ oles on the exhaust side--

i of cylinders No. 4 and 5. 'ttati. fter E - had experienced an abnormal
.' 1 - load excursion while being 15per e full loa , and had then been
ij operated for a brief period s than T"ho ds) at 3900 kW. reexamination

i of the engine block revealed di dn between-stud hole cracks.j FurEhermore, the original stud cle " -stud hole enack between cylinders No.
4 and 5 had grown.,es-4ocumentec'in be FaAA report referenced above. (The-1'j orignial EDG 10 fblock It SNPS wa re, aced.)

.,
-

!
: 3. Circumferentie er - ca of is type are found in the corner formed
i; by the cylinden liner he cylinder. liner counterbore. They mayextend cirdudife(ren_tja/ landing a''

llfTPbnd ' landing and downward into the block,
i Such cracks'were discovered i e original EDG 103 block through

destructive metallurgical examinations, which revealed a maximum crack1

depth of approxi$ately 3/Q inch. Because of the relatively sharp corner,4

i
! wherp cks h cur, the

non es,tgucj\ psts.\/ y are difficult to. identify throughi u ive t ,

| / s, !4./Cav/aallery cracks - This type of crack appears as a horizontal indicationj

) : 1 (the upper r4diuis of a camshaft bearing support, and extends in *

!
'

st CracNs of this type have been discovered in the cam galleries of
ially a fortiontal plane toward the engine jacket cooling wateress

i
-

-

!i S eha Q OG 1 EDG 102, original EDG 103, and replacement EDG 103
'

! cyl gr broc Weld repairs that are essantially cosmetic in nature were
.

.

! performtc on e cam gallery cracks in the first three blocks. These
irepairs cIdp ot involve complete removal of the crack; furthermore,.i

additional cracking occurred between the weld " nuggets" and the base:

j'. material in all three blocks. The cam gallery cracks in the replacement
>

!' EDG 103 block are much shallower than those in the other blocks.
,
'

I

i| Another crack of a type that differed from those described above appeared,
,

't in the original Shoreham EDG 103 block after the 'following sequence of events:
,

\-
t ..

|-
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During a test at full load, EDG 103 experienced an normal load excursion.
The engine = awed to 390 rpm, at which time a bre er ripped, rem 6ving the -.

; electrical load. The engine continued to opera a rated rpm (450) for
about 10 minutes, and was then shut down. Af the ggine was restarted--

-

and loaded to 3900 kW, a crack was observed tey6' g d the front of the4

block from cylinder No. 1, and the engine w ain ut Reexaminatiori.

of the block revealed additional stud hol -s ud hole rac discussed.

earlier in this section. LILCO decided o r place the b ock.

; Metallurgical examinations of the or' in EDG/03sblockbyFaAArevealed
'

an extensive degenerate graphite microst - ct e(l$fdmaistaettengraphite)that
produced markedly inferior mechanical pr%perti FaAA concluded from
metallurgical examinations of the EDG 101 a 1 ocks that they did not
exhibit similar degenerate microstructures.

Several indications were di c h 4 1n the DS -16-f engines at Comanche..
3Peak that also differ from the pes of crac described above. These

indications are oriented verti ly . exten. ly into.the block from the,

cylinder liner landing and cylin' der'

ner unterbor;e. Through metallurgical
examinations, FaAA identified the'se c cki ar"fTrts/ dendritic shrinkage or
porosity resulting from the castin),pr&cissf They have not been found in any
other TD1 engines in nuclear service.,

.

4.2.3 Owners' Group $katus -

'
'

Because no cr ks er t an%those found in the Comanche Peak engines have.
been reported foF any othef TDI eng'Tnes 1n nuclear service, all efforts have

~

been directed t6watd ^depfmi $the s(gnificance of the various cracks in theSNPS engine bloch. %/
-

\,

i To this end, FaAAson bena]f of the OG conducted an investigation thatJ '
consisteh6f"T)'"aganaly'sig of }oads on the block that influence fatigue andfracturian ~

these71oadt(,as' input 1totheirfractureandfatiguelifeevaluation,2) a ittess anal,ysis to estimate the levels of stresses caused by
j i

fT load analysisLconsidered the combined effects of 1) the preload on the *

c nd head studs! 2)] the load distribution between the head and the block, 3)
oad b'etween tiie head and liner, and 4) the thermal and pressure loadsth

betweingthe hnerfand/the block. These loads were used as input to the stress
analysis *t pro 71de # estimates of the stress levels in the block.

The stressgabalysis included strain-gauge testing on EDG 103 at various
loads and types of starts, as well as two- and three-dimensional finite element
analyses of the top of the block. The finite element analyses were used to 1)
analyze the stresses in the ligament resulting from firing pressure, 2) obtain:

the ratio of stresses in the ligament resulting from thermal expansion, 3)
determine the radial stress distribution on the inside surface of the block
resulting from a uniform pressure on the inside surface of the liner for both -,

.
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the cracked and uncracked ligament, and 4) determine the effect of varying the
liner-to-block radial clearance. The results of the finfie'jlement analyses
were used.to gain. insight on the distribution of stressis and to determine-
scaling factors to relate stresses at gauge locations 4o ose at the crack
initiation sites.

In addition, sections of the original Shoreh- 50G 1 blo were cut out *

and subjected to full metallurgical tests of m rgetography
and metallography, and visual inspection of cya,afepa s, inc ad{ngckf in couterborgto s;tud hole,
Metallurgical tests were also conducted on ~y and camshaft galleryyreas."les @ &gEDG 101 and 102 blocks.
stud hole to shud hole, and counterbore rad

an-

FaAA findings are summarized as foi ows:
N eInitiation of cracks in the ligament between stud hole an'd linere

counterbore is predicted to occur after ac2bsula' fed operating hours at high
loadand/orenginestartstoBighQoad. Thesh;racisarebenignbecause
t.he cracked section is fulJy contained 4tejween tTe/ liner and the regi.on of
the block top outside'the stud tole circle % Eield experience is consistent
with both the prediction ofyig3menbracking ild the lack of immediate'

consequences. These cracks 8te dot /xpelfed d extend below the cylinder
liner counterbore landing (approxfuite191.5 inch deep).

/ThepresenceoflJgamentcracks\etw'eenstudholes'andlinercounterbore
_

e

increasesthestressanhtheprob'abidtyofcrackingbetweenthestudholes
of adjacent cyJindeYsgsuch that sthd b61e-to-stud hole cracks are predicted
to initiate aftef addttiofIaaPogeratlig hours at high load and/or engine
starts to hf'gh doad. /ihe deepestsceasured crack in this region was
originallspstim' ate tojbEapproximately 5.5 inches deep, but later, when acutout sectibn was[avaflable f' r* measurement, determined to be 3.9 incheso

deep. This dih not dEggade engine operation or result in stud loosening.

Theja"p%. rate o gropagation of cracks between stud holes in thee,

C originaQDG 103 block %dSNPS, when compared with LOOP /LOCA requirements,

/jindic$tes thn_t blocks with liganent cracks are predicted to withstand aLOOP /LOCA even,t wi,th sufficient margin, provided that 1) inspection shows

(_ m(athrial of EDG 103 is shown to be sufficiently less resistant to fatigue
stud hole-to-st'ud hole cracks prior to the event and 2) the specific blockn

s

4than typ'grdy" cast ironicaljray/ cast iron, Class 40 (the replacement EDG 103 block is a
.

tyQcal , Class 45). Metallurgical tests and photomicrographs
demonsfrated ttfat Shoreham EDG 101 and EDG 102 block material had the

-

appeardnce an~d ultimate tensile strength of' typical gray cast iron, Class
40. Howfveri the material of the EDG 103 original block at Shoreham was
found to be of a degenerate graphite composition with ultimate tensile
strength much inferior to that of typical gray cast iron, Class 40.

.
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e The block tops of engines that have operated at or above rated load should
.be inspected for ligament cracks. Engines such as iho'se at Catawba and
Grand Gulf that are found to be without 1.igament fac n can be operated' '

without additional inspection for combinations o loid, time, and number of .

f I
. > starts that produce less expected damage thanf e cu2Rative damage prior to
' the latest inspection. The allowable engine Asap 6%withBut re

inspection can be determined from cumulative %mageToalyds.peated
'

*

k
e The blocks of engines that have been operat without sub3eque inspection

of the block top should conservatively 4e dsumed to have li"gaient cracks
for the purpose of defining inspectiott irdervaliN '

/ l / /e For blocks with known or assumed 11gamen acksi the absence of detectable
cracks between stud holes of adjacentN yli er/ should be established by
eddy-current inspection before the enginh is feturned to" emergency standby
service after any period of operation at oh. abo 7ew50% of rated load. If
crack indications are found.Renoval of the a'djac2t heads and detailed
inspection of the block to/ are neciissa q In Iddition, it is necessary to
ensure that the' microstructure he blocht_qp does not indicate inferiorf

mechanical properties. \ _ f: -

I
' Engines that operate at lowerNna\ / /%.7~ \

I

intheSNPSenginesmayhaveihcre%mfressureandtemperaturethanthose
xie

aseB margins against block cracking that
could allow relaxation of blockltop %nspection reqdirements. Modifications
to other.parame,tiIrs suIh as incrAaselliner-to-block radial clearance andg
reduced linerjirotrusion'above thnbidck (proudness) will reduce stresses,
and site-specifii analyse's"T)fssuch'v8difications could also permit
relaxation 4f inspection requi7ene,ntis.

d '- h Os /Thecracks'in,the'/ cam .falleryNI the Shoreham EDG 101 and 102 blocks and
e

e

the EDG 103 replaceme,nt block are shrinkage cracks that originated during
the cooling-down%p.eriod after the blocks were cast, while they were stillT

Dur1Rgs peri ion the areas in question are under continuousin ,the'Tdlih
s ress an .g)us, pose no problems due to crack growth.

o

c mpre,s,jj
, - - , -

4.2(4 GSUStatusj (
C m i
Baled on reco$nendations from TDI and under TDI field service supervision,

the ylinder liner /sup$ ort lips (landings) were ground flat with a special tool.k,

; ;' Also dhiform an arfer than original radius was formed on the inside diameter
of each % the' in3r support lips for both of the SDs at River Bend. '

As,part ~ fgt e DR/QR program, the OG and GSU assembled and reviewed the
component documentation including the OG evaluation of the component as described
in the previous section. They.also performed a series of dimensional checks and
NDT examination of the block that are summarized as follows.

.
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SD Engine lA

e. Measurements were taken as recorded for all cylinde ck 1.iner landings. -

e All cylinder block tops were visually inspecte in t gion adjacent to
and between cylinders after 124 hours of operjtiogNo ament cracks, no
stud hole-to-stud hole cracks or stud hole-t5 end cracks w 1;e found. -g

\toplanding'su\
'

e Liquid penetrant test was performed alon rface, fillet
,

radius, and vertical face adjacent to e ~ ding surface foisail cylindern;

block liner landings. The reported retul werfsatisfactory.~
A magnetic particle test was perfor/ / /
on top of cylinder blocks 5, 7, and 8% ghe cyJinder head mating surface

me.d one,

the a das between stud hole and-

liner and between adjacent clyinder stucT% oles'. . The results werei

satisfactory.

. )
No linear indii ations werejfound at h tud ho es/ extending into the{ e.

j threads via a visual inspection
i,

k/fMSD Engine 1B

Y#
A dimensional check was made a\round pie cylinder li,ner and all cylinder* e

block liner landing The results were -. .

/+ t st was p\ \.

j e A # et:for;ted along the top landing surface.
' fillet radium and venticiPface adithent to the landing surface for

cylinders / / -f The results were
'

.

A magnetic arti etes( erformed on the cylinder head mating surfaces
'

e

! on top of cylinder bl6cks in the areas between stud
.

! holas and liner 'an,d bdtween adjacent cylinder stud holes. The results

,i ,h _ h, wjm cy1YnTegbidck tops were visually inspected in the region adjacent to,! e

'| /angbetweenc'y,lin'dersafter40hoursofoperation. No ligament cracks, no
.

f stbd hole-to-stud? hole cracks or stud hole-to-end cracks were found.
\ \ l f ~

,

I e *A metdllurgicil/ microstructural analysis of the cylinder block material was
!- dade. Thisj xanfnation indicated the block 18 microstructure wasi
,i rep 7esentdivedf typical gray cast iron, Class 40.

Based he R/QR review, and with implementations of routine inspections,'

the OG concluded that cylinder blocks lA and 1B' at RBS are acceptable for their
intended use. .

.
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4.2.5 PNL Evaluation and Conclusions
a

! PNL's review of the cylinder blocks at River Bendrinc. uded consid6 ration of -

i 1) the FaAA design review of the cylinder blocks. 2
for the GSU engines, 3) the River Bend DR/QR rcport[)Aestfand inspection reportsand b reetings with and!
plant visits to TDI, TDI engine owners and the OG/,

,
,

5 4.2.5.1 Camshaft Gallery Cracks

Evidence available from recent tests d 7 tall ical inve h ations
strongly suggest that the known camshaft 1 ycj at Shoreham originatedr

during the casting and subsequent coold n the/ylyiderblocks,andthatthe,

; cracks have not grown since that time. in- ge feasurements taken by FaAA
| on Shoreham's EDG 103 demonstrate that the eas where the camshaft gallery

~

cracks occur are subject to compressive stressss du' ring engine st'artup,
i operation, and shutdown. Athough PNL concurs thTt co2prestive loads introduced

during engine assembly and maintfilEe'ded ring operahon slould prev,ent growth of
the cam gallery cracks, PNL isgfess .cer the lelel of residual stresses in
the vicinity of the cracks and the lion uences f4 bose stresses when'

'
compressive loads are reduced or\ rem'ove.d. The resigual: stresses could,

conceivably lead to crack " pop iniwhk blichs/ unbolted from its base. It
;

is also conceivable (although admitted 19 uoTikely) that the unknown residual
~

couldexceedtheimposed*comre'sive\tre[ssesatthecracktipandleadtocrack
stresses,-combinedwithreducedcombressfestressesduringengineoperation,,

s
growth during operation. \|During a meeting *Oin Septemben,1984 k River Bend, GSU personnel indicated a
visual inspectioh hid bee / made on b eam shaft gallery areas in October 1983
and no cracks dere'' fo'und[ TsEecffi/s on this inspection have been provided.,

GSU also indicatId,thei7 idention td inspect the can shaft gallery areas after
the initial 24-houiN1007. Toad operational tests. If these inspections have not
been per u3te andl etailed inspections should be done on all of the
cam s as % h)SD1Agnd1BatRiverBend.

4.2.5~.Nircumferential' Cracks u Liner Sore
/ 1 T

3

[ C Qcumferentidl cracks in the liner counterbore and counterbore landing
'

wer,eobserqedinth"eSporehamenginesandinotherenginesinnon-nuclear1,

appiications., Th/secrackswerenotanalyzedintheFaAAoriginaldesign
reviewi%howeveqfthe/werelaterdealtwithbybothvisualexaminationofcracks
in the cutout s ction of the original EDG 103 block from SNPS. PNL believes
that the FaAAgnafysis of the origin of cracks, namely stresses induced bycylinder liner proudness, is correct.

,

Further, FaAA's finite element analysis of the area reveals that the above-
described region of high tensile stresses is immediately surrounded'by a region
of high compressive stresses resulting from the bolt-up of the cylinder head to
the block. Therefore, it is PNL's judgment that any crac,ks formed in the

!
r
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cylinder liner counterbore and landing would be rapidly ay.gsted.as they move
into the region of compressive stress, and will not represed_t any hazard to

This judgment was supported by thefrep/8 inch into theIlts of sectioning of
engine reliability..

- .

the circumferential crack that had propagated only 1/ to/3
,

i block even though this block had degraded nechanica propehies'. Further'

confirmation that such cracking is benign is furnis ed/by, operating experience;
| there are no records of any nuclear or non-nucleaF f 99 ineNaili1 because c f -

; cracks of this type.
1

i like many other installations, circumferentnal cracks have ndt.s een
'

experiencedintheTDIcylinderblocksat35S/Alsofthereworkper'formedbyGSU
on the cylinder lines support lips as well aston the lj6ers proudness height andi

diameter will reduce the stresses induceI! 'n kIine/ bore of the cylinder
block. / .

i %
4.2.5.3 Ligament Cracks \

. The inspections performed ad Tind blocks' by GSU, albeit somewhat'
*

indbtions of ligament cracks in; limited in extent, have not rev'eale a

cither SD 1A or 1B. 7'

| PNLbelievestheanalysispre)enth[injiheRiverBendDR/QRreportontheIN"
subject cracks is factual and suppodts the'0G recommenda. tion that a material

{ microstructure evaluat_ ion-b erforme'd on\the 1A block at RBS.
# / \ \

' 4.2.5.4 Stud ifble--to--St Hole Cr'acksi

Stud hole-to/ / 3 "g Y
-stud hole cracks are. considered more serious than ligament

cracks becauseithey d~egrjde th'e'overaf mechanical integrity of the block and
its ability to withstand fjr'ing pressures and piston side thrust. The analysis-

performed by FaAA indicatede_that, once ligament cracks occur, the stresses in
the stud-to-stud regil3n.incriase, providing a greater potential for cracking in
this regi.otf*""FfbgcumuPative dhmage analyses, FaAA determined that
approxidtely the same amolInt.oY accumulated damageCwould be required to form
stud .h" ole-tli _stId hofe cracki# ollowing the formation of ligament cracks asf,.

would be needed to\ originally cause the ligament cracks themselves.f-

'

Fud.herhore, the acIounts of damage that would be caused by operation during a

L60P/LOCAs&d hole fracf greater than 4 inches deep. accident 5hodld be much less than that required to produce a stud
-

holbto-st Therefore, FaAA concludedg
thata'b) iof stud h,ock wasj blefto meet its intended function if tests showed the absenceole-to-stud'holecracks.

-

Based o ty aAA analysis of the cracks present in the SNPS blocks and on
the GSU inspection results showing the absence of cracks between stud holes of
adjacent cylinders, PNL concluded that the cylinder blocks currently installed
in SD 1A and 1B are suitable fcr continued use. This conclusion is subject to

! verification that no cracks have developed between stud holes of adjacent
j cylinders in either SD 1A or 1B following each operation of that engine at 50%

,

. .
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N of qualified load or above. If cracks are found, further lysis should be
made to determine the suitability of the block for conti e service.

~

In consideration of the above cited anal'yses and ns(he Qlocks installed on
'~

j ections and PNL's
i examinations of one engine's blocks, PNL concludes at t..

I? both SD 1A and 18 are acceptable for the intended rv , s0b ect to monitoring
for cracks. *

,

_!

4 4.3 CRANKSHAFT
1

< ]f Part No. 03-310-A.

:-

[ Owners' Group Report FaAA-84-3-16

|} 4.3.1 Component Function
.

-
'

"

(via the pist.ons and connectingg, rods), c,cating powegstrdkes from th'e cylinders
The crankshaft receives the rlIBiptoc

,

onver_tsthemta[ rotary'egear,rainthatmotion and .-

Tf.gdrives th ttransfers the shaft p^ower to th'e
operates the camshaft, which, in\genecator.tur' Denates the, cylinder-head valves, fuel'

,

injection pumps, governor, etc. The ank*shafl"'wsupported by journal bearings;

i mounted in the engine base. The cFank bift45egins as a forged steel billet,
i which is subsequently formed into tRe crank * shaft configuration by a further

-i process of forging and twisting, aftk wh\ch it is machined. By means of holes
} drilled throughout the , crankshaft, pre surtzed oil is picked up from the mains
'

journal bearing sup;ily points hnd trans' mitt?ed to connecting rod bearings, wristj
pins, undersides .f the pi tons"*ang oth'e./ parts.

i ,' Thecranks. aft {is
~

s Nfiject"Aa variety of very complex stress fields.-

1 These include di*re.ct an tor'sional'shfar stresses and bending stresses due to
I the piston thrustsI%inerti31 effects of reciprocating masses;-torsional, axial
j, and flexural vibratiohstresYes; bending stresses due to overhung flywheel;
; bending str'e~frebdue tote.ar-dan in main journal bearings; and variation in

externafsupport aTignmenth T!Iese nominal stress combinations a e augmented in,e

I locaWstrest Hiilds due to tWE stress-raising influence of oil holes and
] crapkwep/ journal trjnsition zones. Residual stresses due to forging and heat

treating procedures; operating conditions, and operating accidents also affect2

tfie finDqtress spjctr|um. The machined surfaces of the crankshaft journals andg
:; crankpins are subject to damage from oil impurities, bearing deterioration, and

excessive heA.gTherlfore, crankshaft. failures may occur. At worst, a!

!! crankshafQay actually fracture (through fatigue) and_ separate, leading to
i- immediate eng e sh*utdown and probable significan't conjunctive damag? to other

components. reSrsory damage leading to failure (such as cracking) can,

'sometimes~be prevented via surveillance and maintenance (e.g., periodic'

crankshaft deflection check).
!-

i
(

. +

:

i

~
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4.3.2 Component Problem History

In August 1983, the SNPS EDG 102 crankshaft fractyred- uring plant -
-

. .

preoperational tests. This fracture occurred at the ra ~ pin journal of
cylinder No. 7, separating the crankshaft into two eces. The fracture,

involved the web connecting the No. 7 crankpin jou na h theu djacent No. 9
main bearing journal. Inspection revealed severe (racking in ihe. crankshafts of *.

! the other two SNPS engines. Independentstudipsgerformed FaAhand thes
t Franklin Research Center subsequently determined Ihese failurehto IIey due to

torsional vibrations. NoothertorsionalfdlucIsof.DSR-48crahhiftshave,
"'

been reported. /

The original Shoreham crankshafts t th in h diameter crankpins with
the 1/2-inch fillets were subsequently rephc tk new crank, shafts having 12-
inch diameter crankpins with 3/4-inch filletsh \

'

4.3.3 Owners' Group Status j- - p.

The OG initiated an extens|ive inv.estigation4the causes of the SNPSw V **
.

crankshaft failure. FaAA and SWEC w'erPretained byJILCO to carry out intensive'

inspections, and analytical and e'xperyenfalfnvettigations. The NRC requested
that the Franklin Research Center brovide arf independent review. The conclusion

'

i of these-investigations was that thh= crankihaft failed from torsional vibration
I stresses resulting frontsoperation to(nea'q a critical sp'eed.

/ T %. \
. The OG next evnluated,the adequacytoffthe replacement Shoreham crankshafts.
I This was performe,d'byfFaAAjandT6nsistedWf 1) reviewing TDI calculations of

stresses from s,inglef torsional viblit4p'n modes and SWEC torsiograph tests on
both the old and new*crankshaf b to verif

~

Diesel Engine Ma'nufacttTrer.s AssocE5 tion (y that the new crankshafts did meetf DEMA) standar.ds and 2) performing a
! fatigue analysis ofithe crankshaft to determine the factor of safety against'

fatigue. In additiorii%TDI dbtained certification from the American Bureau of
j Shippinp(:AB57"for sizingqf tlie crankpins, journals and webs.
1 ? % % | 0

1) .a" torsional dyn,of'the facl$r of safety against fatigue failure consisted ofThe ,a6Aifs'isi
y

amic analysis to compute the nominal stresses at each crank
tj} row,Q) a three-d;ime(gsional finite element analysis to determine local
stressesNn the crankpin fillet. 3)-stress measurements at the points of maximum
stdsg inchcated b$ thin finite element analysis, and 4) a determination of the,

; factor of safetyjby comparing the measured stresses with the endurance limit forT
I

the failld hoNha[ crankshaft. ,

ft .

| FaAA reac ed the following conclusions (which are documented in report
! FaAA-84-3-16):

The TDI calculations of stresses using single orders are appropriate and, e
| show that the stresses in the replacment crankshafts are below DEMA
i recommendations for single orders of torsional vibration.

. -
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The SWEC torsiograph tests show that the stresses injtg replacemente

crankshafts are below DEMA-recommended limits for b6thjingle and combined.

orders of torsional vibration at 3500 kW (1007. loa 8) jhd at 3800'kW. A -
-

| linear extrapolation to 3900 kW also shows compliance.

Calculations of torsional stresses over the rfngytif hia five percent abovee,

temptianceh th DEMA within
!' and below rated speed (450 rpm) at 3500 kW sEwNre calchted*by FaAA using

*
i

the accuracy of the analysis. These stresfes
! the modal superposition method together Mthitarmonic data %btained by SWEC

at 3500 kW and 450 rpm. %/,

On the basis of an endurance limit gitab ishe the failed crankshaftse

and scaled to account for the higheQltirrati tedsile strength of the
replacement crankshafts, together with stress devels computed from strain
gauge data, the factor of safety against'fa,tigue.D5.00 kW.failure'of the
replacement crankshafts is 1._48 for operatiAat This factor of
safety does not account forAPbeqqficial eff~ cts 3f shotpeening, and ise
even greater if the.shotpephing of crankshafts ib lonsidered. *

'
~e The replacement crankshafts re ble imited operation in the

emergency diesel generators At SNES (t tfiE*haahplate engine rating of 3500i

kWandatthetwo-hour-per-24houdr8at[ngof3900kW.

Other evaluatioris,of%h.e adequa of the replacement cran'kshafts were
performed for LILC0 by Dr. FPanz F. P schinger, president of FEV (Research
Society for Energy,fTechiiblogyTand Intebal? Combustion Engines) and a professor,

president of Powe/6f facheri inTeAGerm'aiy; and by Dr. Simon K. Chen, owner and
at the University

ra6dEnergy'nYeInterahtional, Inc., a private consulting firm inDNJischi indipendently reviewed the work performed byBeloit, Wisconsin.

FaAA on the crank' shafts, and he co(mpa~ red the design of the crankshafts against
the Kritzer-Stahl dss;ign crMteria. He concluded that the crankshafts should
have unlimited life fEr operition at 3500 kW, and that the crankshafts should be

^

s,

able to op@a't'e it 3900 kW for painimum of 600 hours. Using 12 orders of'

g s
vibratibn andJ'armonic coefficients based on data from Lloyd's Reoistry of
Shipping'.st"andar'ds, (" Guidance' Notes on Torsional Vibration Characieristics of

Maip*lude.d that the repl^acment crankshafts comply with DEMA standard practices
an_d Auxiliary 0illEngines," 1976), and the TORVAP program, Dr. Chent

conc
~

4.3.\.ab3500 kW \and3900)kW4/
4 ~GSU Status'

% -

.

Dimensibnalli," the crankshafts in the TDI engines at RBS are the same as
the Shoreham rlplacement crankshafts (i.e.,12" diameter crankpins with 3/4-inch
fillets). The crankshafts in SD 1A and IB were made by Elwood City Forge
Corporation using a forged slab, hot-twist fabrication process.

During the preservice inspection and the OG DR/QR program on the two TDI
diesel engines at RBS, a series of analyses, inspections and NDEs were performed
on the crankshafts in SD 1A and 1B.

|

.
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The following inspections and results were reported by,GSU on the
crankshafts in SD 1A and 18:4 4

. >. . .

Performed visual ins,pection of eight crankpin jgurnal surfaces for; e
indications of stress. No signs of distress were evillent,

e Performed eddy-current inspections of seven n ou 4. No relevant *

| indications were evident. \ \
Performed liquid penetrant examinationy on /ight crankpin jourphis fillets.

/
e

' Norelevantindicationswereeviden!.
t

/s
Performed fluorescent LP of crankpiNnd may.The examination of 14 entranh region, earing oil hole entrance

be
regions. s and sevep holes showed no

i relevant indications. \ ,

%.
Dental impressions were made/$iP<:tapkpin and main bring oil holes to ae

depth of 3-inches (9 on SDjlA and 1T"onJD 18). No#me showed tool marks
This Wes deemed Tctepl4 e as it was within the OGwith a depth of 6-mils. bl
i * %'

acceptance criteria. i

\\ /fN'
,

:

Performed visual inspection ofgenkrincg regions on crankpin and main{ e

bearing oil holes (9 on SD 1A a~nd 12An SD 18). A1,1 showed a polished'

surface finish. . ( "g-

s s \
Tests and resuTts as* reported by the OG for the crankshafts in SD 1A and 1B

I d sDRLQ5 that aiTj5 ear,to b'efadditional ones not reported by GSUin the River Ben / e
#b#%f r %/are:

Performed eIldy-currenyand LP ests on main journals 7, 8. and 9 oil holes..e

Results were s'ht.isfactory.
% \

Perfr#Mmdy,-curbtand)Ptestsoncrankpinjournals5,6,7and9 oil
'

e

3, oles. ,Results vere s,ati,sTactory.h
,

; % -

i # s,I part of the 0G DR/QR program, the adequacy of the RBS crankshafts for
* '

A
tb~eir tended use hasfanalyzed and evaluated. As reported by OG: -

'N-(m\odalsuperp/fosi, tion analysis of the crankshaft was performed to calculatee

tfie nomi'naljshear stresses at each crank pin and main journal location.g
The pr: essure loiding was obtained from the dynamic test at Shoreham Nuclear
Power Stationf The modal superposition analysis determined the maximum
amplitud@of" torsional stress to be 7357 psi between cylinder numbers 5 and
6 for a load at 3500 kW. At 3500 kW, the nominal stresses were found not
to satisfy the requirements of DEMA, which are less than 5000 psi for a
single order, and less than 7000 psi for combined orders.

t
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The results of the torsiograph test performed on SD 1 (Engine No. 74039)e

werereviewed,andthenaturalfrequenciesandfre[daen amplitudes of,

vibration were found to be in agreement with the lao
analysis. It was determined that the nominal stfessis. superposition

-

during steady state
conditions at 3130 kW load would satisfy DEMA dquire'meits.

- b
The TDI Holzer calculations were reviewed byN.jo paring theAresults withe *

| results obtained from the modal superposittaq analysisNhe70I Holzer
i calculations were found to be accurate anB i agreement wi~th thh)
; vibrational analysis. VI /The stress levels in the main journ oi5 holis a(d crankpin fillets weree
! compared with the endurance limit, e datefial/ certification reports for
; thecrankshaftmaterialinengineNosM403)a/dNo.7404.0arewithinthe
! original design specifications. The factor ~ofN afety against fatigue

failure in the main journal oil . holes and 2rankphfillets at 3500 kW load'

was found to be 1.36 and 1.2B"'tespectively, based on a minimum ultimate
tens.ile strength of 94 ksijfor engiberial' No.N4D39.; *.

,

\ A
Based on the DR/QR review, the 04 co'hcluTe$ that the* crankshafts in engine

'

; serial Nos. 74039 and 74040 are acceptabli for*thed intended function at River
| Bend provided the engines are run it n2rdreder than a 3130 kW load.
i -

A g .

; 4.3.5 PNLEvaluationanddonclusionh
/ % \gi

Although the torsiograph ' tests per' form \t ed at River Bend apparently were not
! conducted for undpfspeId arid ovTr59.eed ch[ditions at that power level, the
| results at ratedfspeid proiides a lihe of assurance that actual torisonal'

stresses at 3130 kW ire is cor$T1ance #ith DEMA standards over the limited
frequency rangelnd assEiafed speYdifange to which the SDs at RBS are,

\; controlled to. *

$ Subject"Td*the foll wing \
. recommendations on surveillance, PNL concludes

: 0 that ths'crankshafthin SD'lA afid IB are acceptable for their intended service,~ s
provid'id tHEt tiiey are,not opYrated at loads in excess of kW.

[ Be[cause of thejlirii;ited number of operational hours on these engines the-

# \ l
..

f" lowingssurvillance ti9pe activities are recommended:
N / /

Dur ng the first/ refueling outage, the fillets of the three crankpin
jou{rnajls (ifos.j5, 6, and 7) subject to the liighest stresses should be

e y
-

examined,with? liquid penetrant and, as necessary, eddy-current in the
| crankshaf'tsf5f both.the SD 1A and 1B engines. The fillets in the two main
i journals between these three crankpins should also be examined in this

In addition, the oil holes in these crankpin and main bearingmanner.
; journals should be examined in the manner used in the most recent
'

examination of the SD crankshafts,

In subsequent refueling outages, two of the three most heavily loadede

crankpin journals in each of the two crankshafts should be examined as
noted above. The main' bearing journal between them should also 'oe examined
in this manner.

.
.
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4.4 IDLER GEAR
' *

Part No. 03-355-B '- -
-

,

4.4.1 Component Function '

,

\The primary purpose or function of the idler 4 is transmit torque *

from the crankshaft to the camshaft.,

4.4.2 Component History

As a result of the DR/QR reviews, t i rtarrce sT maintaining the-

prescribed torque on the idler gear-to-h' bo 's 'en emphasized.
.4.4.3 Component Status ~

\
GSUhasinstallednewidle/r.gTar4 knuts as a TDI recommended product'

improvement. Y
%'

kD4.5 CONNECTING RODS

xs/ N,.

Part No. 03-340-A
-\

V
9

-
.

,

Owners' Group Rep, ort *faAA-84-3-1,

/ s 1
: 4.5.1 Component Furicti 1 =- /I

Theprimaryffuns/ % b/
: tion j the coinecting rod is to transmit the engine' ' cylinder firingyo?ce%f oi5 tys"Eistons/and piston pin through the rod to the4

crankshaft such that the reciprocaDn$ motion of the pistons induces rotation*

and output torque ofsthe cEankshaft. The connecting rod must have sufficient-

column buckling stren3th and'fa.tigue resistance to withstand the cylinder firing
forces and6Da} loafsg Thehwrist pin bushing (or rod-eye bushing) and the

rust [pfn~' bearings are contained by the connecting rod.tha'qthelbearingY are not unacceptably distorted.The passages

crank #

The flexure of the rod
e syd1

within the rod must, remain unblocked to provide cooling and lubrication to the
bedingis and pistons. ! Sufficient clamping force must be maintained by the bolts
oRQhe c'onnecting r5d lap to prevent relative motion of the components. The rod
cap % 1ts Aust supp# ort /thenecessarypreloadwithoutyielding, fracture,or
unacce3 table 'threid distortion. The wrist pin bushing must support the cylinder
firing ff rid Irtial forces. .

; 4.5.2 ComponentJProblem History

Only one inservice failure of connecting rods in TDI DSR-48 series engines
has been reported. This failure consisted of a longitudinal split through the
oil hole in a DSR-46 engine at Glennallen, Alaska (Copper Valley Electric

!
!

'

'

'
'

t
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j Corporation). Reportedly, this crack was initiated fro a(igue. The failure*j' report supplied by .TDI did not identify the origin of cyack; however, no!

j. . material abnormalities were, reported. This engine ha pofated for over 8000 -
.

4 hours and, for part of that time, at much higher pe fid g pressures (1975
:; psi). than those measured for engines in nuclear se ic .
a

|I 4.5.3 Owners' Group Status *

!]
_

. .

-

!| The adequacy of the TDI inline connecti r s was address byf aAA forf;j the Owners' Group. The objectives of their ef rts re to asses 4he
;E structural integrity of connecting rods i TD mod DSR-48 engines in standby

I emergency diesel generator sets at11or am, ive Bend, and Rancho Seco nuclear
il power stations, and to determine the con tin od suitability to perform
'i their required functinn. +

l
.,

.I - The Owners' Group evaluationgnsiderbd fou ajogartsoftheinline-

connecting rod assembly: the rod-ey ing, the .d gye, the connecting. rod
bearing housing and cap, end thI connecti

, itsel M. The rod-eye bushing,.

i i whit:h is of the same design as 4.hosi- he V-en nep, was analyzed because
,

}j linear indications have bcen fould iI(the
'

ro e bushings during field
inspections. Journal orbit analyses, yefal - gi evaluations, and stress and

I fracture mechanics analyses were perfoMed The rod-eye end of the connecting
'{ rods was evaluated by stress and frActur mechanics analyses, which included

,

assumed surface flaws.,p*Thesconnectidg ro bearing housing.and cap were'

evaluated by stressgnd fatigue analysis. The connecting rod itself was
analyzed for buc fit t li g i

!J The connectring* rod is atghe t'esthe crankpin bearing cap with four bolts'I extending entifel 'thYoufh the connerfing rod. Prestressing of these bolts
j creates compressi've strissei in theN onnecting rod itself and tensile stresses

in the bolts. _ The''two ext}eq1e loading conditions ' firing stroke and exhaust-i
-

! stroke, werJ' nsiderids TheNstresses in the bolts and connecting rods were'

determigeft two lha( cafes, and the- fatigue crack propagation in. the'or
boltsjwas investig ed because"they were the-most critically-stressed conponent.,

!; A crfticar craclPdepth of 0.133 inch was determined at the thread root. Shile
} cracksj "n the rootlof }he bolt threads are not permitted, the analysis showedi

j! 1[at aaqrack as large as the critical crack could be tolerated an'd would not
;i p agan
L -

Fatig/uewafdetermined.nottobeaproblem.
-

/
-T a(buc s .bility of_the connecting rod was assessed under the maximum;

'

cylinderTg'eing pr sure. The margin factors of,6.28 for yielding and of 5.72
against lat 1 cking of the connecting rod 'were determined..

I ~

, Wrist pin bearing performance was analyzed using a journal orbit analysis
y, computer program. The oil pressure profiles imposed on the rod' eye bushing >

under piston firing and inertial loads were determined. A peak oil film
!;; pressure of- 97,400 psi was predicted to occur at the bottom of the bushing due
1

i.

"
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to power stroke. A peak oil film pressure of 5000 psi (a) as also predicted by
FaAAtooccuratthetopofthebushingduetotheinergialreffectsofthe
exhaust stroke. These two cases prov.ided input to a d-efebushingstress -

*

analysis.

The calculated circumferential stresses and ~ 1,,filmgressuresweree
used as input to a fracture mechanics analysis. -

fractgre mechanics model
*

'

indicated that bushing defects would not propa, gate if they ord inha .on the
outside diameter. The model also indicated ifiathushing defec onf he inside
diameterwillnotpropagateunlesstheyorit[ingewi)hin+/-15 egvees from the
bottom center. EvenifinsidediameterQD)fefectshewithin+/-15 degrees
of the bottom center, theyarepredicteFnotQopytpagateunlessthecrackfaces.

areexposedtothefullrangeofoilfilyressere./Becauseofthecompressive
hoop stress in the bushing, it was consider ~ed unlikel
would separate and allow oil pressure to be ehted. y that the crack faces

In conjunction with the rodfTybbushing str ana.ysis, the rod eye itself
'

was analyzed with the same f.injie elemenY''and,4urvedTe'am models and for the
same load cases. The stress rsnge
stress range for the rod materih. yelegated wEssb,elow the fatigue initiation'

Becaus'e of the fossibility of pre-existing
defects, as in the case of the GTennallen#faflTre/the threshold crack size for
fatigue was estimated by a fractur'e meMantis analysis using conservative values
for the threshold range of stress i'ntensit"y factor. A Q.043-inch deep flaw was
determinedtobethecriticalcrackBept(forthemaximumtensilestressrange
(calculated) for load case 11 For lold case 2, the maximum critical crack depth1

of 0.04 inch at th,e# rod'eyew7tsdeterm"fned!

The Owners}/ / 3 %V
fatigue failurs .Gro'up codld find nowxplanation for the one reported rod eye'Ho}eggf JrTEEure m[chanics analyses indicate that fatigueg
cracks could propagate ~from a 0.04h6ch deep surface discontinuity at the
intersection of th& oil hdle_ with the bore of the rod eye. Such
discontinuities on th'ewmootfily polished surfaces were felt to be readily
apparent #orfTIsifel examination.)s

# % (./ 0
dasedOTreir 2 valuations the 03 concluded that the inline CSR-48

con 6nec,tingrodihadkguateforitsintendedpurpose,providedthereareno
d"ead ceilter of ther(bushing.bulhing defects in thelregion within 15 degrees on either side of the bottom

4.5 GSU t'atud ..
g.

Anumberofjests,inspectionsandNDEswereconductedontheconnectingg

rods at RBS duMng the preservice inspection and the DR/QR program. Thosereported by GSU for both SD 1A and 1B include:

(a) The FaAA value reported in FaAA-84-3-13, page 2-4, was 500 psi. This was
corrected by G. Derbalin (LILCO) in a telephone conversation with D. Dingee
(PNL) on December 9, 1984.

s

.
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Performed a LP inspection of all wrist pin bushings inside diametere

surfaces. No indications or surface flaws were fonid.
.

-
-.

e Performed a visual inspection of all upper conn tinst rod bushing eye oil
passages (without removal of bushing). No sur ce flh were found.

e Performed eddy current inspection on all con ing r oi . boles. No
*

relevant indications or cracks were found

i Those reported by GSU for SD 1A included:

e Performed material comparitor test mnnodsp-2 nd 3. Results were
'

satisfactory. Y

Performed superficial hardness t'ests on rods 2N and 8. The results weree
satisfactory.

The_0C DR/QR program for th corsponents not include a design'-
.

acceptability of the DSR-48 conne,ien2}%ad alreWy*begn addressed and the
review beca;se all EDG CTS expeh,

ctirig rols was esta511shed by the Shoreham
DR/QR. However, they did recomme?iy tfiat ASU @ 4[ the torque loads on allf
connectin_g rod bolts are in accordanceVith#TDI's latest recommended values.

In the Shoreham DR/QRysthe OG c\onclu/
,

'

ded that the connecting rod assembly is
acceptableforitsintendedJurpose. \\

/'

PNL Evaluat'ionr/%and Conc M ion\*
4.5.5

/ < f %
information on i)ieDerh efdlua @ the %ners' Group report and supplementaryThe PNL riv:

h4ne conneEting rYd(. They found that the OG examined the
appropriate signifilant fa'ilure modes (namely, the cracks in the rod-eye'

bushing; fague in tfiegod Eye itself; fatigue and possible pretension loss in
'

of thefiil cooQng ' holes aridspa)th).the connedtinf1Ridsbolts;Mtiff ess and buckling of the connecting rod; and sizeThe bounc9ing load cases of exhaust stroke;

inertial,1Eads and firing pressure loads were correctly used in the analyses.
"

,,; The[ana.l.yticalmethods}usedbytheOGwerejudgedtobeappropriate.
B g -

#
Bot own and pos'tulated cracks in the subject components have been

incl ded i the OGrandyses. PNL concurs with the OG position that linear
indicahonsah/cceptableintherod-eyebushingsolongastheydonotoccur

,

within +/hl5 deg[ress of the bottom center, because the indications are incompressionh.NLalsoconcursthatcrackslargerthan0.046inchdeepintheP

rod eye or 0.133 finch at.the root of the bolt threads are not acceptable.

| .
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PNL reviewed the inspections performed by GSU. Basedwn these evaluations
andreviews,PNLconcursthattheconnectingrodbolttofqu)shouldbeverified
and concludes that the. connecting rods and bushings instaLTed in the River Bend .,

engines are acceptable for the intended service.,

4.6 CONNECTING ROD BEARING SHELLS
,

Part No. 03-340-B
'

g
Owners' Group Report FaAA-84-3-1 =

--

I.
f

4.6.1 Component Function

The connecting rod bearings interface \he conn [cting rods with the
crankshaft. They are of cast aluminum alloy with a% thin babbitt overlay, and
are furnished in two identical halves. They areM ubricated under pressure, and"

a substantial flow of oil proceed's% ugh machined *chanhels in the shells from
the drilled crankshaft oil . holes to the pDtagegays dithin the connecting rods
andontothe'pistonsandinter'venilpbearingsurfaces. The upper bearing half
is subject to the piston firing' loads, anDis therefo"re more susceptible to'

i failure. % \ / .#N
T V /

Fai-lure can occur through inad$guate oil flow or pressure, excessive orf-

unplanned loadings, strWtural anomaijes *(from design or manufacture), or'

|| fatigue and erosion Jf the bsbbitt layer in crucial areas. Bearings are also
~

! subject to particl(. chsifical,'(' or water $cadtamination of the oil, or improper
i

The failure mecfa;fthe' duty) eithDwf whYch can lead to degradation and failure.oil selection for
~

nism usuallyg gridoel, and its onset generally can be.

detected by prtide'nt furvfillance'of oil and filter conditions. However, a
substantial struhural iro!Ilem, exh ssive cylinder loads, or heavy contamination
of the oil with water can' lea,d to rapid failure. This can affect the crankshaftg,

i journals. _~_scpetimes with irreparable results.j y
Jn light-of the severe *coliditions affecting bearings,0 he need for*

ts
~ However, in customary service, bearing lifei replacemeht is n6t uncommen.

gej6ra}}y is measured ]n multiples of 104 hours, given reasonable service
conditions. 3 e

'

) y
4.6[2g Component PfobTem History

'

\ V
Five % cidents/" of cracking in the SNPS EDG ponnecting rod bearing shells

have been ripo. Mand were discovered during disassembly after the crankshaftAll but one occurred during operation with the original 11-
rted.

inch crankshaf
failure on EDG 102. A number of bearings, other than the cracked ones, have
also been replaced because of inservice conditions or nonconformance with the OG
criterion for subsurface voids. No other connecting rod bearing shell incidents
have been reported on any DSR-4 engines.
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4.6.3 Owners' Group Status -
,

:

. Failure Analysis Assoc'iates analyzed the connecting rp bearing shells for .

the OG. The analyses, which encompasses both 11-inct/and*l2-inch diameter
,

shells, included:
.

-
>

.

i Ajournal orbit analysis to determine the pres re dis hibution in the *e
*

j hydrodynamic oil film \

finite element analysis to determine thi sYvess JiistributionMthei e

connecting rod bearing shell // /)
fracture mechanics analysir to dete ine e_s tance to fatigue crackinge

N / .

computation of acceptance criteria using%adio'gr.3phic NDEe

\ \e evaluation of babbitt adhe 6h f
'

Based on their analyses, FhAA doncluded tha -tb.e cracking of the four 'll--
,

inch diameter bearing shells washdue\to D aring shelf overhang causing undue'
:

bending stresses. They attribute 3, ths crickdPths'12-inch bearir.g shell to
'

s
excessive-voids in the subsurface 3 the# ea# ring shell in the area of the crack.
The overall conclusion was that, pro (videddhey conform to the manufacturer's

b

- specifications and meetathe criteriokfor\ subsurface voids developed by FaAA,
'

s

the bearings are suitible fo theintenped'yervice.
'

i

!g4.6.4 GSU Status # #
f' $ i

Following/r_ecomm'endations"End insfructions issued by FaAA and approved by
the OG, GSU perfdrmed vIrio6Is examTha'tions on all 16 bearing shells plus the

spares for each eng"ine thatg\included:,

\
All4 0 T E Eing*noted ind ifie shells were considered to be satisfact%ry in

4 shells _ were'ivisually inspected. Only some minor pitting ande

gcYatcj3esgere
.

_

this respect._
. j

,.

/ / T i
i AQ40ofthebeaingshellsweredimensionallychecked. Dicensions were

N.foundtobein'acc(ordancewiththeTDImanual.
d

% j
At40) ear)Sgjh'yells were subjected to LP test. No indications weree

evi ent. , ,

o Perfor iographic test on all upper and lower connecting rod bearing
shells.

The disposition of bearing shells was as follows:,

Six of the 16 shells from Engine lA were rejected.

.
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; One shell from the 16 of Engine 1B were rejected.
!

[ All of the 8. spare shells were satisfactory. .

'-

Of the 33 shells which were found acceptable, beari shells were'

' .

.

|
dispositioned as suitable for use as lower shells nd# hallas were suitable

: for either lower or upper shell service. *

I |
A

After the radiograph inspection, the 33femaining shells weze subjected toj e
'

an eddy current inspection. No relevapt i icatjonswereevMdnt.
/ /D

Based en the review on the bearing sfiells,[th(0Grrecommended that theirmaintenancebebasedontheShorehamDR/Q relo ~ollows:as
~

i Inspect and measure the connecting rod bearingN hells to verify lube oile

i maintenance which affects wear rate. The N ual*and dimensional inspection
i of the bearing shells shouldTb~ex o.nducted at the fhl outage which precedes
i 500 hours of operation by 41. leastItheggm of hEiss of operation in a -g
i LOOP /LOCA event plus the ex ect d sot *epeytionbetweenoutages.,

Perform an x-ray examinationgon 'allfepje"cemen(bearing shells using aI e

procedure with sufficient reso,lutipn td implement recommendations for
'- acceptance criteria as documented inithe TDI OG connecting rod bearing

~

shellPhaseIRepseta^N \.
'5

.;e -

The DR/QR prog [ amp fgthe10G did not_ include a design review of'the subject
components at RBSfasfhey felt *The@R/QRidfforts on Shoreham and Comanche Peak .

-

established thejdcceptabipty of bean 4ng shells and the River Bend engine and
its operating pa afnetergar fi! Tie Ty the same as Shoreham.

'

The OG conclud'ed thatNhe connecting rod bearing shells are acceptable for
the intended design pTir. se 'in.the Shoreham DR/QR

4.6.5,4PNLEvaluationandConc)lusion
F ~ ~'%

- | 6
: e .y ~ . . n

fBasEdonrevIew$ftheFaAAanalysesandonGSUandOGinspectionreports,>
,

; and onfa number ofivisual inspections conducted by PNL consultants, PNL -

c"oncludes that the Iconsecting rod bearing shells are acceptable for the service|: .

inten f.
,

PISTONSK'IRTS!!
'

4.7 '

,

\/;

Part No. 0.F341-A
'

4

!

Owners' Group Report FaAA-84-2-14

i

I

* e
_

~

4.22
-

..

~

- -

.
. _ c 3....[ .. ,..,; 3 .. ,,,,,,_,: . , A,;.. .- ... . - v. s. s:.

.

'

. . . . - . . - . , -
___ _ . . - - . - - . . . . .: * * l--.,--...- ---



. u.. --- ._ _ - _ _ -

!- -

.

O

,.
.

.

.

,

I

*,

,

4.7.1 Component Function "

' /-

The piston (an assembly that includes the piston crow., piston skirt.. .

rings, piston pin, etc.) receives the thrust of inertfa aid combustion and'

transfers it to the connecting rod. The cast steeljfrown \ subject to the'
direct combustion pressure and thermal conditions / Tbd%skirth'made of ductile
iron, actually transfers the load to the piston p%dnndEting rod and guides *

i- the reciprocating motion of the piston within Kcylinder.NuchTQwo-piece
pistonstructureisrelativelycommontolarge~,[ modern,high-o3tpute~ngines.

!
'

YIn general, failure is most apt to res[ultifromAxcessive pressure andA

thermal stresses of both high-cycle and J6w-c(cle phardter. Durability is

A crown separation from the skirt will requ%quaQty,je,nd design characteristics.
affected by material selection, fabricatroa

~

e immediate shutdown; it is likely
to lead quickly to serious cylinder, head, an h od* damage, and to piston*

seizure, with adverse impact on the crankshaft a K po hible crankcase explosion.
Hence, adequate attachment of crcin'tosskirt is nefessary.

4.7.2 Component Problem Histor 'K
'

,

TDIhasutilizedseveralski)1.designi,8clud(ngtypesAH,AN,AE,and
| modified type AF, in their R-4 series engine. Most early engines for nuclear

-

i service were furnished with type AF%nd AH' skirts, although the engines in three
ts. ThelBSingineswereor'iginallyfurnishedwithi -

typeANpistonskirt[facilitiescontainedAJMkir.\\\
'

e tyDAF skbff performed by TDI in 1981, consistedThe modificat nf
of spot-facing ea#ch+6f the#four bosYes-through which the studs extend to secure

'

the piston crowk a~ rid }ep)iciff"the originally supplied spherical washer set with
two stacks of Bellevills washers. Dh'is spot-finishing reduced the height of the
stud attachment bosias frob2 inches to approximately 0.25 inch. During an
early inspection of tIIesSNPS"biston skirts, all 23 of the type AF piston skirts.

[ were found'I.Otain INiear in''dications in one or more of the skirt-to-crown
attachint bosses. TT,he sirigle/lype AN piston did not exhibit these indications.,

Subsduent' metallurgical examinations of these indications revealea that they
~ ~

were' fat'igue cracks. Similar cracks were observed in the type AF piston skirts'

#at Mississippi Powe'p &; Light (MP&L) Company's Grand Gulf Nuclear Station. LILCO
sDbs.eque'nt]y replaced a"ll 24 piston skirts in the Shoreham EDGs with type AE
skifts. of th late /t d$ sign. This type AE design restores half the original

height'o(fitwo." Infaddition, the piston bosses are wider and more smoothlythe%tt$ chm 5nt bosses and incorporates one stack of Belleville washers
;

instead o ~
kirt wall.

'

,

blended int
'

! Prior to their use at Shoreham, one of the major sources of experience with
i the type AE piston skirt was the experimental TDI R-5 engine. In this engine,

the type AE piston skirts were observed to contain no cracks, even after 622,

hours at a peak firing pressure of approximately 2000 psi.
,
.

.

i
'
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4.7.3 Owners ' Gr'oup Status A
/ )

The TDI. Owners'. Group experimentally and analytically /evalua'ted both the-

type AF and type AE piston skirts. The OG first evaldated the cracked type AF
-

skirts to assess the nature of the problem. Thise/aluat1Krevealedthattheobserved cracking was the result of fatigue. Subseque8M{. b'oth skirt types
were experimentally tested for stress in a staticNg[f the s"k%ct only.raullwtesbsand these

'

stresses were evaluated by finite element analy hs o Then, the
thermal stresses in the piston crown were evaTuat$d by finite slemen,t* analysis,

and their effect on the stresses in the skif[t ditermined.
Finali'yufa fatigue

and fracture analysis was performed. /

It was concluded that the type AF sdrts\wodfd grack in service at TDI#

nameplate rating, but the cracks would not' grow once they move out of the highly
~

stressed region near the boss. For type AE s'kirts.hthe analysis indicated that
cracks may initiate at high loads _but will not g' row. 'On these bases, the OG-

concludedthatthemodifiedtype;AF' ski _Qsareadebateporservice,provided
'

that they are 100% inspected foF cracks inM.he stud boss area prior to use and
' that they are inspected periodicallPP-JecommeYdhions for operating load levels

'

and inspection intervals were to\be inadib a plant [y-plant basis.
'

! % \ / /*%.,
i 4.7.4 GSU Status \ '/ /
i

'
g
\ /

: A review of piston *skitts was iiicluded as a part of the OG DR/QR effort as
I well as in GSU presefvice inipections *and ' examinations:

Performed LP/ nsp Bn f7epjacee AE piston skirts in the stud and pine

boss areasl Niindiclitions were-evident.

Performed (v1sual iiispehtion oT+AT skirts outside diameter for scuffing and- %r A /
e

inside surfacis for p'itting on SD 1B. No defects were observed.
'

3
\-m

Pe3 6rmed Visual inspection of SD lA skirts and crowns outside diameter forfe

gcuffing q d ci:1busti8n b6wl crown for pitting. Observed no defects.-

s
r y *

/ThiOG DR/QR'eff rts on the subject component did not include a design-

rdiedhecause the$ considered all applicable items h'ad been covered in the
Shoreham,1 Comanche EeakfDR/QR reports or the Phase I report on pistons. However,

'

additional * inspection ~s on pistons were recommended for GSU's performance.
K Q j /QR, it was concluded by the OG that AE type pistonIn th horeham DR-

t*able for the intended design function.skirts were c

4.7.5 PNL Evaluation and Conclusions

PNL's evaluation of the GSU EDG piston skirts is limited to the type AE
pistons, because this is the piston skirt type currently installed in the
engines.

.

'
4.24

.

M

9

w m e. y g- e. ,.u= m a , . . . . =a- ,e ,==,w-- # = *r*Av~***~ ~ ~ - * * "P****u



[i > in_a _ - ,_ -
' ~

- . -_

. . .

,

,

' :,
s

}.
--

!

.| The' primary conclusion of. the OG analysis .of -the typ# {s analysis and
e#A piston skirts was

'L that cracks may . initiate but will not grow. PNL reviewe4 th
found.the stress field in the region of the stud bosses /so c)omplex that-it was.

difficult to conclude with any degree of certainty wh -the . cracks would initiate
.

|,

or.not, and, if they did initiate, whether they wou g[ow not. However.
3- available operating experience appears to support e nclus~ ion that this
j_ piston type is suitable for its intended function. N *

J

{ This operating experience was ob wned_f m th the TDI S tes, engine
and from the SNPS EDG 103 confirmato * cest. I ~the -5 engine, gt W type AE
piston skirts were installed and the enginet t tedfor 22 hours at 514 rpm and
a peak firing pressure of 2000 psi, about/20%= ig/used in this test were nothertpnthatexpectedatj
Shoreham or River Bend. The type AE pistAski -t-

quite identical to the same type AE skirts used at }fioreham. However, they were
l sufficiently comparable to conservatively extrlipglatla the results to thes
j Shoreham engines. The 622 hours of operating time in t R-5 engine weres
j equivalent to 9.6 x 106 stresscygIesM the type AEw ki ,s. This number of
j cycles very closely approaches th'e _ fatigue 4t for l'o/g-term operability of a

mechanical design. Thirefore, ilhis lkS4e.st engTne, experience g'ives''

considerable confidence that the %ypebE Ts Mrt design'is adequate. The other
'

experience was obtained in EDG 103tduringfther b hour endura 9ce test at 3300kW. This test subjected the piston \ ski'rn t6 in excess of 10 stress cycles;
subsequen't nondestructive testing reitealec}/no apparent crack initiation. The:

; successful completion,of"this,. test without\ occurrence of apparent fatigue of the
; piston skirts provides considerable confidence in the suitability of the skirt

design for the intenidejvfunctiog
3 s -

PNL also vis~uall ,y insp~ected
. ,
;

hour test on EDG 103. **B.asedjoT all*Shoreham piston skirts following the 746T)sthethe suitability ohthe AE disign as%jPNL examination of AE piston skirts, 2)
. s
| dicated by the above-described experience,

3) the current servfeeability of the piston skirts now installed in the Shoreham'
s

engines, an d the NDTy nspection of the AE piston skirts at RBS, PNL concluded
that thest'ppe AEliatons'in the'GSU SDs are acceptable for the intended service,
c y g Vi ..

- 4.8 FISTO*; RINGSN 1

f hi .)
Piht No. 03-341-B)hg.:

4.8.1%Co\mponentFu}nction-
- --

.

'

; . %/ f'

,

These components perform the multi-function ,of sealing the combustion.

chamber froni*the dankcase. allowing heat flow between piston and cylinder liner
'

''

as well as contYdlling lube oil consumption and' blow by.

4.8.2 Component Status<

GSU has installed improved piston rings to reduce the likelihood of liner
'

scuf fing during break-in (Muskegan).

L

!
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4.8.3 PhL Evaluation'and Conclusion ~ ' ' ~'

,

Considering test and inspection resuIts on MPR ri s a( Shoreham,'PNL -j '

4 concludes that a change to this type of ring will ad serviceability of
the SD at RBS.i

[ 4.9 PISTON-PIN ASSEMBLY *

!

l Part No. 03-341-C

! 4.9.1 Component Function
I

\eaps/I It is the function of the piston pin t mi the loads generated by
! cylinder firing pressures from the piston toghe cor,inecting rod as well as permit
|

relative motion between these two components. A

\
4.9.2 Component Status "

;
, ,

Due to the ' presence of unsAtisIllbtory surfacewfgfects, seven piston pins
~

;
,

| from SD 1A and 1B were replaced it RBS. Oso or ipcreased reliability, the OG
recommended that the piston pin sivirahlock ri ' ainers be replaced with
Waldes snap ring retainers at the hirsMrefifeling outage. GSU bcs indicated

thatretainerringshavebeenexchadged.\
/i, ,

' n s4.9.3 PNL Evaluation and Conclusion g g
e a-s i

i Based on thedefeits hseD n the'f
g

Q subject pin during the site visit, PNL
concurs with GSU's, c'eplaceInent of Orewiefective pins. The change in retainer
rings should edhance the/ function dhe subject component.

/;- s
-

4.10 CYLINDER LINERS. N.' g g
ParFNN15--C - }
f _f, %. sf
O.eners' Group \ port FaAA-S4-5-4

'

Re

/ / !
4/10.1% Component F" unction

hh f.1
Engineswof this size and character are designed with individual, removable

cylindir line}s rihtch fit inside the cylinder block. The liners contain theg t

pistons and are capped at the upper end by the cylinder head. Thus, they act ass
~

containment'for t.he firing forces, subject to the stress and heat thereof, and
the reciprocadhi travel of the pistons. The outer surfaces are cooled by
jacket water circulating within the block. The lower end is sealed against an,

| opening in the block with 0-rings. The upper end has an external, circumferen-
tial ledge, which seats on the block's " liner landing." The head is gasketed,

and bolted in compression against the upper liner annulus, to seal in the high-
pressure combustion gases. The liner is of nodular iron, selected for its.

. strength, castability, and durability against the rubbing action of the pistons
: and rings.

:
'

.
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Liners generally do not fail, but they can be adversely affected by
inadequate or inappropriate lubrication, the forces and lea 9 of the combustion
processes, the character of the pistons and rings, andMheMuality of fuels and -

oils. Failure most often is in the form of scoring ' briken rings or carbon
deposits, or " scuffing" by the action of the pisto n theN.ylinder walls, due
to one or more of the factors mentioned. If such stondit'ons "in;e severe enough,

i a piston will seize and cause significant damage h Jiner, (ea D qnd connecting *

rod, and even to the crankshaft. AcrankcaseeTg]osioncanresultK
4

/ \,./
-
'

; 4.10.2 Component Problem History j
Only one incident of cylinder liner /faf0urey/ Jinjfuelear' service is known

/
.

This failure cccurred in 1982 at Grand Ginf wPert/a pfston crown separated from,

j the skirt during testing of the Division II' engine and marred .the liner.
3

'

4.10.3 Owners' Group Status
: s

, .>
| The OG included considerati,ons of.1 'n theirwtudy of cylinder blocks . .

Two concerns wer'e uncovered:
,

TheTDIdesigncallsfortheNinIrtiproTed[slightlyabovethetopdecki e
! of the block, to ensure a tignt, do% pre'ssive fit against the head and
| gasket. However, this produceh bend,ing moments in the head and substantial
i shear stresses onathevpst iron %ineit landing of the block. Both aspects
! are suspect in _some of the real o'r in'cjpient failures in those components.t
| TDI has approyed rem hingto re'dge'the protrusion, termed " proudness".

The design /lso'[calldfor a thhhfit between the outer ring of the linere

ledge and d Eliterbori of the block. There is some concern bythe OG tha%hs matchi6g# ncreaib* hoop stresses in the block, which might
.

t'this cEuld i
'

lead to block itacks. TDI has approved reducing this fit in the cylinder
liner. _ _
# T

4.10.4f GSU Status g gf
r s .

/Asjart of G50|s preservice activities and the OG DR/QR program, various

effort (ing%.
$ ngth, height, outside diameters and shoulder height on

have been condu*cted on cylinder liners at RBS. These include the
fBL]ow J |K } J

Mehsured bof , Je#%e

each%ier. ,

Performe% .,d' visual inspections of I.D., and top 0'.'D. in contact withe

cylinder block on all liners.

One liner with chipped surface was removed from service,
.

e

Two liners found to be out-of-round were reworked back to withine

specifications and stocked as spares.

.
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Machined "prou'dness" thickness or height of liners asv equired toe

reduce the protrusion above the cylinder block to ar'va @e of 0.001 to

[
,0.002-inches. '- -. -

Machined 0.D.oflinertopflangesasrequireddoreduceliner-to-linere

interference fit and stresses. \_
; , g -

I All liners were deglazed by crosshatched hE 'ng with a unnedhone.e
|

Aftermachining,adimensioncheckwasjv/ \ >
nad onbore,lengthNJD.andi e

shoulder height on all of the liners .from/SD 1Faiid on liners 4, 5 and 6 of
i engine 18. / /
.

! e After honing, a visual inspection was made over the zone of piston travel
I for all of the SD 1 A's liners and on linens 4,%and 6 of Engine 1B.

\ \Performed a visual inspectionirMbe outside blot diameter of all liners: e

; for SD 1A. /- V "
.

| The RBS DR/QR program did et 1 dhe design deview of this component as
'

! all applicable EDG CTS experience'was'confideEd%(lead engine DR/QR reports
(Shoreham/ Comanche Peak). For botthofiliese" reports, the OG concluded the-

i cylinder liners were acceptable for'theirdntended use. .

PNL Evaluatio # %
\ k4.10.5 n and Conclusion \ s

AtShoreham.jfNL/reprksentitlvesv\_/
e A a

iewed cylinder liners during at least
three site visits. *The liders that"had been in service were glazed and showed
somehardrubbi'n.g'spo'ts/ThjOppearadcewasconsideredtobetypicalofthe
TDI liners. -% / V

k '%

liners gem'oved-.sentativbs,als@had the opportunity to visually inspectPNL re g
fiFom,theCatawba7enginesafterextendedoperation. Most showed

minor scuff.in.gs.which was considered to bk the result of normal wear andts
'

acce;dable'for a'dditienal service. Also, PUL representatives viewed .he liners
froiRiver Bend's 1B e'ngine during a plant visit. , Two of these had some
evidenie of minor shuffing (streaking).

\'PJL concludesithat the liners in the River Bend SDs are acceptable for\ ~ - / ~l
their lht,ende*dufvi,c6. This conclusion is based upon:

% jr

a revie gof ,GSU's actions for both SDs with respect to inspection,e

remachinihg? and replacement (as needed) '

'

PNL's examination of the liners at Shoreham and Catawba after many hourse

of testing.

the very good service record for these components.e

|
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4.11 CYLINDER HEADS- - - --- - - ' = - ---- - - -
-

^

Part No. 03-360-A . .

-
-

,

Owners' Group Report FaAA-84-15-12 -

4.11.1 Component Function . - *

A %The cylinder heads cap the cylinders andt with the cylindh liners, provide

the TDI engine design, each cylinder uses f sefaratefc* gainst the )isions.the enclosure needed to direct the combustiofi fofces.a In

The bottom surface of the cylinder head.jfacng th,e#pi[ylinder head assembly.ton, is called the
firedeck. There is also a top deck to eiiclos%e-ths internal water cooling
passages and an intermediate deck that provides strfetural rigidity to the
assembly. The cylinder head assembly containh4wohlet valves, two exhaust

. valves, a fuel injector, air starting valve, and \ te ock.

-Each' head is. bolted to thef in y m a'ns/of eight studs 'extendings
through the head from the blocki Oie-top of ry Qnder heads are two more'

,

components: the subcover or roc"ker box,Mich su
mechanism, and a light top cover.\ \ / p%p/ ports'the valve actuating

\ **/ /
The'TDI DSR-4 heads are cast from andlloy steel. .The casting cores that

produce the complex systemmof intern 51 wa^ter, air and exhaust gas passages are
large and are difficult to h'old in plice dbring the casting process. They can
shift during manufaEtureMcau(ing uneve'n and/or incomplete sections and can lead
to a variety of ffawsfor 15dicEfitas, solnd of which can be repaired during
subsequent manuf$ctufing pEocesses. \

Q '- Q f % j
Cylinder he6d deficiencies that+have been' experienced have tended to bes

mostly superficiallinear " indications with inconsequential results. However,
some deficiencies havQed thwarpage or cracks. The latter, if through the
jacket watdI}Ilistages, can, result in the leakage of water into the affected
cylindeE whyn the e"hgine is"inEpera.tive, and the int [oduction of combustions

gasef into the cooling jackets during operation. If an attempt is made to start
anjngine with water pgesent in one or more cylinders, severe structural damage
can result. % i,

4.1142_ N
!iN

Component ., Problem History -

\ %# #
Numerous fa#ilufes of TDI cast steel cylindet heads have been reported in

both nucleah and n5n-nuclear applications. For identification, TDI cylinder
heads have beindlassified by the OG as belonging to one of three groups. Group
I heads include.all those cast prior to October 1978. Group II heads were cast
between October 1978 and September 1980. Group III heads were cast after

September 1980. The distinction among groups involves both design changes to
facilitate better casting control and improvements in quality control. Most
instances of cracked heads have involved Group I heads. Only five instances of

.
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j cracks resulting in water leaks have been reported in hea,dsgof Groups II and
III, and these have all been in marine applications. Most o.f these cracks were*

observed to have originated at the stellite faced vhlv/seais. -- * *

The most recently reported head failure of a T,D nuc r EDG occurred at
Mississippi Power and Light (MP&L) Company's Gran{GuJfNuclear Station. A 2-; g

j inchthrough-wallcrackoccurredintherightexhausgporthastingsurface ,

| between the valve seat area and the exhaust vajPeguide in thi,r D,iQsion I
I diesel engine. This crack allowed water fronethercooling jacket %tn enter a
i cylinder; the presence of this water was detIcted durigg the "barT7/g-over" of

the engine with the cylinder cocks open. Jhej!fpecific ~ head group classification
#

However.fhe %ffected . head was supplied with thefof this head was not reported.+
s

i engine and had undergone 1500 hours of opetation/ including 335 hours at 100%
j load (7000kW,225BMEP)and31hoursat110(load.(MP&Lbelievesthatthiswas

a unique, isolated event.4

; 4.11.3 Owners' Group Status /\ \ /
- / %f *

' j
.FailureAnalysisAssociategpeQorr.edmechanhlandthermalstressi '

detTfTaine if tfiese heads are suitable for'l
calculations for the Owners' Group to,hicat'edMIGibh*eads from all three groups3 the intended service. The resulta in
would be suitable. However, FaAA EeconIdenge'd that Group I and II heads be
inspected for cracks using liquid pehetrant and magnetic. particle testing. They
also recommended that,th efiredeck thTckness be determined by ultrasonic
testing. For GroupjII headh sample bspection as described for Groups I and
rolled over before' man,or%1 tlgej groulis,f aAA recommended that the engine beII was recommendedf F;

ual gtart wi'th_ the %
water was leakedfinto theicylifders.%

ylinder cocks open to assure that no

YY/ /
4.11.4 GSU Status g ( '*

A
g g

DuringGS!j'h.he cyTinder _h'eads at RBS:s preser,vice activities and the OG DR/QR program, the followingetfdrmed o
were p/' %s .Ve+ m

c , Prior to engine c; eration at RSS, all of the heads from both SDs were
/ reioved, fireldeck thickness was measured by UT, all were found to be
# s6bstandard and were replaced with new cylinder heads. All replacement
k heads were inshect'ed in accordance to OG criteria and all have a fire deck

'thickn'esqgrpa'ter/than0.500-inchesbetweenvalveseats.
A V /

LP inspectionsfwere performed on the exhaust and intake valve seatinge

surfacesQ(orjall heads (64 surfaces).uf to observed cracks in the valve seating surfaces.(Heads lA,
Four of sixteen original heads were

rejected

1B, SB and 7A and these were included in the heads replaced for other
fallacies.)

MT inspections were performed outside of the valve seat areas on the firinge
decks of 32 heads. No indications of weld repairs were noted.

. -

'
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Based on a review of the Phase I report and lead engin ( DR/QR reports, the
OG. concluded that a design review was not required for c linder heads at RBS.

f *
' '

j Both of the lead engine DR/QR report's (Shoreham/. omanche Peak) included the
# or tRb{r intended use or{ OG conclusion that the cylinder heads are acceptabl f

function.'

,

4.11.5 PNL Evaluation and Conclusions %f/ %- |
PNL reviewed the FaAA mechanical and stressfanalyses of the TDFcylinder

heads, the service history of the Group IIfhea'ds currently in nuclear service,
and the results of the nondestructive tesis perford d a"s part of the component
revalidation program and following the 746--houhgo'nfi/matory tests of Shoreham's
EDG 103. PNL concluded that the cylinder blads cur ently installed on the teco
River Bend engines are acceptable for the intend _ed (s~er'

engine is air-rolled at appropriate intervals withgope,vice, provided that theng ylinder cocks after and
before planned operation to verify 9ffesabsence of cracks)that may allow water.' leakage into.the cylinder. It .ii recommeE'deddhat thYs# procedure be performed 4

! to 8' hours, and again 24 hours,\eftirany operaYton a,nd, thereafter, prior to-

! any planned start. If leakage 14 indicated-by_ the efection of water or steam'

! from any of the open cylinder coc h du' ring"afr Yo Ring, the affected head should
I be removed, inspected, and replacedt ifidefective.

/_

'

4.12 CYLINDER HEAD STUDS

! Part No. 03-316 Ej % I \21
1 // 3 % V

Owners' Groffp Report Imercency ~hsel Generator Cylinder Head Stud

Stress Analysisy\WEC'Mafch1984)/
4.12.1 Component Ftinction>

EightTu~di'perc ~d,er age used to bolt the heads to the cylinder block.n
C Togeti er th,ey,ttansmi.t the power load from the head to the block and ensure at

required preload*on the cylinder head gasket.
g.y

o@currenlies are pos)sible, due to faulty design, materials, or fabrication, or
J HIdboltsareno normally found to yield or break; however, these

excelsi,ve fhing pfess$re. Fatigue failure is a great concern, given reasonable
operating conlitions/ This will occur if preload is insufficient and the bolts
go thro 9gihmany'cycTes of loading. Once a bolt xields or breaks, its neighbors
must cerry Gcreas~5d burden, and the head is unevenly stressed. This generally
results in escipfng combustion gases, with the attending hazards of heat and
fire, as well as physical and metallurgical damage to head and block.

.

O

~
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4.12.2 Component Problem History

To date, no cylinder. head stud failure has been rep"A+.
. ortid in the nuclear. .

industry. However, some isolated failures have been feporded in the non-nuclear
1 field. The cause has not been established.

| TDI has employed two basic stud designs recen . eQsofqtraightshank *

'
diameter, and there has been concern that its tf"gh,t fit withinQhe ' block stud
opening, coupled with inadequate preload, cou]8 pyt side thrustsson tihe block

_

and contribute to block fractures. A secondfdesign uses a neckedTdoin shank.
This design not only avoids any possible s,t$d i'o-bor_e" contact, but reduces the
preloadneededtomaintajnpositivestressesduring#the' firing cycle.

\ Y/
; 4.12.3 Owners' Group Status ( .

Stone & Webster Engineering Corporation (SWEQ $2ssanalyzed both the old
~

design studs and new necked-down itids+ developed by\TDI to minimize potential
cylinder block cracking.- SWEC his conclhEirddbat botbnud designs are adequate

'

provided Qopgudbesca,d is applied.'for the service intended ,
, ,

\ f%!4.12.4 GSU Status
. i /

The-River Bend engines are equi'pped with the necked-down cylinder head stud
design.

In accordance iithithe. latest TDI and,0G recommendations the bottom two
threads were machided d ff t'hesd % ds. Ih'is change places the stud threads

deeper into the [ylinder bfock and sho]uld help distribute the stud load.
~

{. Q#P+ '

Studs from e'ach enging/were rand 6m sampled and visually inspected for signs
of distress, two of*the 32' studs from Engine lA s,howed nicked threads which were
cleaned up. The othedstuds Ttom both engines were considered satisfactory in

their inp i G ~ dig % ion. \ [DC y N
A hardness _ test and material compositor tests were made on fcur studs fr::m

Engde J A. The result ( were satisfactory.
..- I i(- Up(on% installation.!,the., studs in the block for both engines were torqued to

100 Yt. IblAand.viriffed.
.

VN
PNL Evaluatio/4.12.5 n and Conclusion

'

Pf1L con \ /ciddes that the modified studs now installed on the River Bend SDs
will be acceptable for the intended service. This conclusion is based on the
following findings resulting from Pill's evaluation: -

The SWEC analysis has satisfactorily demonstrated the stud design ise
adequate.

'
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$ No failu?es'of cyliiider~ head ~ studs have' occurred in IDJ engines in nucleare
i service to date. %

GSU's action of inspecting and' torquing the studs is med acceptable.e

4.13 PUSH RODS
_

,

I Part Nos. 03-390-C & D \~Ki N.<; Owners' Group Report FaAA-84-3-17 - - - v'

4.13.1 Component Function

Push rods transmit the cam action from e camshaft on the engine side to
: - the intake and exhaust valves in the head. Oneynaikod extends from the
'

camshaft to the subcover where it acts directly drt the%ntake valve rocker
lever. The second main rod transfel"s* cam action tiPan i'ntermediate rocker in

~

the subcover and on through an,thtermediaD(connectoD# push rod to the exhaust
' valve rocker arms. Theyaresubjeci!*todigh-ac7elera.tioncompressiveforcesand

~

i
,

cylinder pressures on the valves *tas they (espond tojthe' cams. Fundamentally,i

these are steel tubes with rounded. ends,do fit *the" various mating sockets.
'

>

'
\ VfA failure would, at the least, Veduce~ valve action.and, thus, cylinder;

performance. Total inoperability of'a cylinder could result, but would not
necessarily lead to fmmediathengine Shutdbwn. Because these components are

I always in compressi6n sfailurd modes ar'a Liinited, assuming reasonably goodl " Vdesign.

4.13.2 Component ProbleefHisTTry-'
f

% /4

: TDI push rods or4ginaMy had tubular steel bodies fitted with forged and
hardened steel nd pieces, attached by plug welds. An estimated 27. reportedly

~

1

| develop 3 crac n, or a?ound t]ie plug welds. A " ball-end" push rod designd

; introduced _ late consisted *of a tubular steel body with a high-carbon steel ballx

fillet-werded tcPeach'(end. This design proved to be prone to cracking at the

we}d. f( third desi.gn,1 consisting of a tubular steel body friction-welded on
!

ach en to a forged plug having a machined, hemispherical shape, was then
e_htroduced.This third configuration is rsferred to as the friction-weldedi

,

design. %* 'f'' " " ' ''' '
'N

4.13.3 Okners'" Group Status ,

Because rid try (both nuclear and~non-nuclear) had expressed concern about
the continued integrity of TDI push rods, the TDI Owners' Group included the
component in the known generic problem category for specific study and
resolution. Failure Analysis Associates performed stress analyses as well as
stress tests to 10 7 cycles on samples of both the plug-welded and the friction-
welded push rods, at conditions simulating full engine nameplate loading. No

.
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sign of abnormal wear or deterioration of the-welded joints or ends wasgobserved. Nuclear owners have run these versions in actdal service beyond 107,

. cycles with no r^ erse results. -
'

FaAA concluded from their analyses and tests that bo wthe pluo-welded and
'

friction-welded designs are adequate. They provided yt'igulations for inspection
and action, including destructive examination of h 4ndom%agplY

'

4

] 4.13.4 GSU Status }

During a recent engine disassembly an[inspectioD rogram all'o' the intakey
and exhaust push rods and push rod conne.c{ordwerefvisually examined and it was
verified that all were of the friction we-(desigi./

:
LP tests were performed on the main and coqnec! tor push rods for cylinder 5A,x -

t

: 3B and 78. No relevant indications were observedg Also the connector push. rods
from cylinders 1A, 6A and 7A wereTenet ant testedVithlatisfactory results.

! f %/-

| 4.13.5 PNL Evaluation and Conc 1usih -
~

,

/e. r

PNLreviewedandconcurredwithlhe[aAATepor't. PNL also reviewed
documentation of GSU's actions andyotad t)e favorable record of push rods in
extended service elsewhere. On these bases, PNL concludes that push rods of the

*

friction-welded desiggs*are acceptabig fo'r their intended service.
'

# % % %
4.14 ROCKER ARM CAPSCREWS. ANa DRIVE STUDS /

'/ /
f) T' Y

Part No. 03 390;G "%
h~I

Owners' Group.Repor/ |% +
! tsjEmeraenc~y* Diesel Generator Rocker Arm Caoscrew

-

Stress Analysis (SWEC.Marcht1984 July 1984).

Cod 55Uhfun\j 4.14.1
ction,Yfj ,,

i # %
The,.ro_c %ker trm capscrews belt in place the rocker arm shaft ir. the subcover4

4

| assembl.ies. They' transmit camshaft rolling loads, valve spring loads. and
residui) cylinder p'ressure forces from the rocker arm shaft to.the cylinder
h" ends. 'They are-ma'de ifrom fairly standard bolting materials. A failure would'

wea?en or Yancel tlie r;5straints on a rocker shaft d cause malfunction of
intake'o exhausfvalses. Reduced engine outp would result. The drive studsplug the(rocker lever oil holes.; -

N #
#

| 4.14.2 Composant Problem History

Rocker arm capscrew failures due to improper bolt preload have been
reported at SNPS. There have been no reports of similar failures elsewhere.

.

,

l,
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~4.14.3 Owners' Group Status'
'

Stone & Webster Engineeri.ng Corporation performed;ftre[s analyses 'of both -

~

SNPS) and a newer design incorporating a necked-dow/(tFTe ty'pe that failed at
the original capscrew design with a straight shank

shankN.s SWEC has concluded.

' that both designs are adequate for the service int /ndet. SWAattributedthe
failure at SNPS to insufficient preload. %/ 'A *

i 4.14.4 GSU Status
j - N/
' A magnetic partical inspection for lji earrindic8 ions in the thread root

area was made on all the rocker arm capscrews# or fotlyengines. No indicationsf

:
- # I _- were observed. '

/
All drive studs were visually inspected on, bot'hqngines. The drive studs

were found to be properly installed. and in good'cqndibon.

A material comparitor testiv[as\ \ )''

, run onMour rockei%irm shaft, capscrews from.

Engine lA. The results were sitisfhetory 'N, ,

The proper rocker arm shaft bolt \ orqise As%dified in accordance with thet
TDI manual. \V/,

' '

i / .

4.14.5 PNL Evaluation and+=ConclusioA i
j w i \
7 "i %

PNL concludes tth' at*the rocker arm %capserews and drive studs in the River~

.

: Bend engines are .ai:ce;ilabl$ foI#"ikinte'nded service. This conclusion is based'

on 1) a review of ths OG a6alysis, 2) d e favorable checks of materials and
design as-installed,~3) the ,c6 Mirmatjein of installation preloading, and 4)
GSU's commitment'to perfor;:Pperiodic#preload checks.
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4.15 TURB0 CHARGERS' n ,e n- .

'" -

b# # -
-Part No..MP 020 (Model BC0u90G)

..

.

'

4.15.1 Component Function -

s
N

TheturbochargersontheGSUTDIDSR-48enginesja/sre Model~30G units -,

; manufactured by the Elliott Company. One turboekar'ger per engine *)rqvides
! pressurized air to the cylinders for combustion of more fuel than would be
] possible with a "normally aspirated" engine / Ti>e turbochargers h>nsist

principally of a turbine, driven by enginefexhaLst gaYes, directly iiriving an
arir compress'or wheel or impeller. The ass'ociited h6usi6g ducts the air and'

i exhaust to and from the rotors; the exhansst in'"let/ guide vanes direct the exhaust
~

I gases toward.the turbine wheel blades. TulPhine ipe.e8 changes with engine load
| (i.e., gas volume, pressure, and temperature)hithh;aximum speed depending on

specific turbine selection and design parameters \ ~\

Because close tolerances an[high rotat{ng speeossa're necessary for
.

I
,

efficiency, and because tempera'tureelevels can'apptoach 1200*F at the exhaust
inlet, all components are sensitive 'to%mperature, Jressure, structural loads

'

(vibrations), and contaminants or'-parbcles 1 The
radial and thrust bearings require?partKular,n*thejas and air streams.

,

care and lubrication.,

: -

\ / ,

i Vanes and blades arecometimes Tost "due to heat and vibration, or fractured
by impact of particl i, suc@as bolt lie,adsk fractured vanes, or valves. Undue3
stresses or vibration frock connected exhaust piping or inappropriate supports!

j can cause rotor wear,af st$torNhterfacel/ Inadequate bearing lubrication (and
i the cooling the dil providis) can 1%ad $o bearing failure. Depending on the#

| severity of thefsi'tuationi dieTel engi.n'e shutdown can come quickly, but usuallyg
is not immedate A V/ .V,

~\ %.,
.! 4.15.2 ComponentProllemHistory

y =, y
Various problems have occurred in the turbocharcere on TDI engines in

nucleis serfic'6NThelprinci;ial problem has been the rapid detericration of the
~

combination turbine. thrust / radial bearing, which has occurred at the Shoreham,i

Com'anchi Peak, Cata*wba,1 and San Onofre nuclear plants. There also have been
p%blems'rregarding fis(ing exhaust inlet vanes, missing or broken capscrews
joiT11pg th'egane psc fo the turbocharger at the inlet, and broken capscrews and
welds 1A the ~ support, mounts.

kBecausequelg_/r EDGs have, to date, had unus'ual quick-start requirements-
and are tested *e/T.ensively to assure reliability for such duty-the owners and
TDI investigated the failure parameters early in the history of such service.
It was recognized that the bearing and bearing lubrication systems inherent in
the 90G design were not adequate to. provide lubrication of the bearing thrust
pads and rotor thrust collars under fast startup conditions to high loads. TDI
initiated two steps of modifications in an attempt to address this problem; one

.

.
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instituted and modified the oil drip system and the second provided for manual
prelubrication prior to planned starts.

'

[[- -

-4. l'5. 3 Owners' Group Status

On behalf of the Owners' Group, FaAA undertook M exthsive study of causes
~! of reported failures in nuclear service. The net resultswas h affirmation of

inadequate startup lubrication. Briefly, the resth& jig recommelfdations were: *

\\Retain and use a " drip system" that direc s small flow oTsoil Toward thee
. bearings.at all times in standby, but i/creaies the flow of cid/to 0.35'

gph. (Higher flows are apt to flood piIstjthe beOing into the exhaust
~

,

manifolds and create fire risk at sta'rtup.) ./ /

Provide and use an auxiliary prelubr\icetfonpupp[todirectsubstantialflow'

e

to the bearings immediately prior to planrted startu
Maintain oil filtration at 104iscons or be\ \ps.ttergand%tilize spectrochemicale

and ferrographic oil, analy3 's reguf5'F4 V'

i

' Enhance bearing inspection og t least one bearing should bee

inspected at a station followi_ng \verf l_00%ta/ts of any nature.
I Inspection should also be donelfoltiwincJ 40 starts without mar.ual prelube.

In a separate studye FaAA also \~idered the various reported nozzle ring
, /

cons
component failures iyElliotfg90G turbbcha?gers. They concluded that, on the

'

basis of operating exper;ience,lthese types of failures do not affect the -

operation of the {tirbolharg)r a'irdN;herefde, do not compromise the ability of
the EDGs to perfoim their intended f"Onction. They did, however, recommend that
the engine operatio'n be m6'nitoFeh.to en5ure that exhaust gas temperatures do not
exceed maximums ipecifilif by"Elliott/ .

~

\ \'

4.15.4 GSU Status A N
Prf5r to.initieting \ )ld testing on the two River Bend er.g ses the#N

any,,fie
turbechargeFinrust b' earings were ins;ected and found to be worn. It las
coneJuded' that the'cause was insufficient pre-lubrication. The bearings were
replaced and a pre-lubelsystem installed on the two engines before the start of
fie.ld test,. operation. Jhe dr.ip flow system was maintained as a safety measure

for'emgrgeEcy \ / /starti./
. .

- - - -

In\addition; ajvisual inspection of the turbocharger thrust bearing for
wear and cricking.n s made on both engines. The bearing thrust end clearance

fiwas checked an*d4 e 8 bolts holding the nozzle ring were inspected and their
torque checked on both SD.

The nozzle ring for the turbocharger on Engine 1A was LP inspected and no
cracks in the nozzle ring blades or housing were observed. Also there was not
an excessive number of dents in the turbo nozzle ring blades.

.
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4.15.5 PNL Evaluation and Conclusions -

[ PNL has reviewed the FaAA report referenced above[t
-

Owners' Group meeting with representatives of FaAA, jfie he results of the
-

'

'ners' Group, NRC, and
PNL, and the inspection _ data presented by GSU and pre OG. L also has examinedthe prelube system at other plants. Based on theye re9tews il concludes that
the prelube system now installed on the diesels NPfverTen,d hQ provide

- *~
,

sufficient additional lubrication to augment rotection M theAurbochargeri

' bearings during. planned fast starts. Furthe if PNL's view The fe) unplanned
: fast starts that may occur without prelube , rigg a gven operatYng/ cycle will,

*

! not lead to bearing failure prior to schedsled mainteriance. According to/
! Failure Analysis Associates, as confirmefind tele' phon'e conversation between

PNL (W. Laity) and FaAA (T. Thomas) on faly 2DQ984/the shortest known time-
.to-failure of a turbocharger thrust bearinh subJectfd to " dry" starts (for which.

i no forced bearing prelubrication was providehoccErred at SNPS. That bearing'

experienced at least 62 " dry" starts before faihe.%e new operatingprocedure suggests that each eng ikely to experiesce very few, if any," dry"startsinagivenoperatinicycl. V - -

PNL believes that GSU shouhd ih2nt, all of- e OG modifications,
maintenance and inspection recomdandalior/igcTodelin the RBS OR/QR report to
add to the turbocharger reliabilit) anhger[brmance.

F
! PNL notes that the agines at' River Tend will be ru'n at 'a BMEP of about 200
j psi. This engine rating is% low theTDI%ull load BMEP of 225 psi. This

..

reduces the pre-turbIineA aust temper $t_urd, which is beneficial to 'theh;
' turbocharger. / 3. 'ilf '*

i 1 .

~
On the base,s of*the ibove"tonsiderations, PNL concludes that the

'

turbochargers obPdveri$nd/ Engine's-.M and 1B are suitable.for their intended3

service. -.

4.16

JACKET = WATER PUMP' \ f- 0
' g g

Phrt.Nd"*03-425-A
j[ \. \

p Emergency Diesel Generator Engine Driven Jacket Water Pump Design Review ~

| (SWEC Apr41 1984). f J . * .- a .-
,

%. Q'

f:-
' 4.16.TAcomponent> Function

N "

The engine drj/i ven jacket water pump furnishe.s water to the engine jackets
! (i.e., the cyTindir block surrounding the liners, the heads, the coolers, and

the exhaust manifold). Water is also circulated through the turbocharger water
j jackets. The pump is a typical centrifugal pump, driven from the front-end

i gear.
!

* )

.

- .,
'

4.38 ''
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* Without theNater pump (or an emergency backup), the angine would quickly
shut down due to excessive temperatures. Such pumps gener7a dy are trouble-free.

>

'

but occasionally develogi problems of shaf t seals, beari 's. nd dr.ive
mechanisms.

.'
-

4.16.2 ComponenthroblemHistory
~

'

, _

The jacket water pumps at Shoreham have en un red on ign licant
problem: a pump shaft failure. This led to design of the met _hodTf attaching
the impeller to the shaft. There is no his ry 4 other. jacket Date/ pump

'

failures. --

- g *'

4.16.3 Owners' Group Status
~

Stone & Webster has investigated the jac gt wa r pumps as installed on the
TDI inline and vee engines. They reviewed the hver .nd jacket wate; pumps
from the standpoints of mechanica)%tign, materia %quitability, and hydraulic
performance. SWEC recommended 1Kat th h ey g the ircpeJTer and shaft be .

elimiriated, and that the impeller bes%* ctile iron to the sameade fronre'

specificationsastheShorehami'm(elk
D-

\y/-V4.16.4 GSU Status /g
.

New water jacketymp_s as recom\
/ -

'
niende6 by the OG Pha' e I study have been -s

{
ordered, j \

.

'

i. 4.16.5 PNL .EvaluationDConbhsion b/
,

'
~

.- , , x
! Thecalculdion"ssmade#bypStone & T6bster were reviewed and it is concurred

that replacing The preYent pbmps ht /
no keyways is defi?iitely desirable. h a pump having ductile iron impellers and'! Based on the Stone & Webster calculations,I
thenewreplacement80mp aFegcceptable for the intended service. .

,

The(rque)ues re)ommen[ed by the OG for tightening the impeller and.

gear f. lits seWrcasonable. W, however, the cotter pin holes do not line up,c

the nut Washer or"n,ut s,hould be reduced in thickness until they do match,;

f / a 1 -

4 7 FDEL INJECTION N0ZZLE AND TIP
_

.., g, , .

t No. 3- 65 ~
.

4.17.1 Component unction
.' -

V
The fuel in~jection nozzle assemblies in use at River Bend are Bendix, Type

H4L-40C. Fuel oil under high pressure flows to these assemblies. At the proper
pressure, the nozzle opens and ' fuel sprays into the cylinder through the spray
tips which forms the desired spray pattern.,

.

O

e *

9.4.39 _

'
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4.17.2 ComponentStatus,

'
s

j GSUhasnotedtheirintensionofreplacingallofflheforigina-1 supplied .
.

fuel injector tips having a 140* spray angle with TDif current productionc
'

standard tips having a 135' spray angle. This step
eliminate fuel spray on cylinder liner walls and to,As toh taken toreduce liner wear.

\/ \ \ -

; 4.17.3 PNL Evaluation and Conclusion %
i 2 \g J -

The replacement of 140* tips with 135[* ipfat RBS will be i'deftical to a - -
~

ory compoG~nt inspectiod results atchange made by others (i.e., LILCO). Base r';

Shoreham, PNL concludes that this changeAertfainly/hasn't detracted from
component life and supports its implemen^tatiolhat RBSf/

\*\/ ~

\4.18 HIGH-PRESSURE FUEL OIL TUBIflG
_ A \*)Part No. 03-365-C e %

/ N/ -
Owners' Group Report Emercencv4iesel Generator Fuel Oil Iniection Tubino

'
(SWEC April 1984), i 1 7 /

\/#%/'

1

4.18.1 Component Function 4/ /
Thehigh-pressure,fueQiltubingci./tries the fuel ' oil from the cam-driven

_

\

fuel injection pumpsfon the s.jde of the edgine to the injector nozzles (spray
'

| nozzles) in the heads. p This dil is under.p*ulsating and quite high pressure (s
500 psi to 15,000/psifonce}eachycle); %dnce, any flaws in the steel tubing or'

fittings used, of any breaks causePbyyvibration or other factors, will release,

an oil spray iri highl ptefsureTursts.j rith consequential personnel and fireis 3
. risks and engine % load r' eduction. N
! \ \ '4.18.2 Component Problem History

.] p"%- % i
ylih-pressure' fuel tubing / leaks have developed during preoperational engine.

test 3ng .cn S!!PS~and Grand Gulf engines. f!o other failures in nuclear
app.lications have'been.; reported,
f dQ ) }i

4N8.3 '0wners' 'Grdup ' Status- - ' --- d
\ % / -

SWEC andlyze'd th}~e failed high-pressure fuel tubing and concluded that the
failure dor,iginIted in inner surface flaws that yere introduced duringf
fabrication.~ . If,fthrough eddy-current inspection, the inner surface condition

! of new tubing' s# ound to be within the manufacturer's specification, SWEC hasf

concluded the high-pressure tubing is suitable for the service intended. It was
also recommended, however, that all future replacement lines be of a superior
material and be " shrouded" with a sock to protect against' open oil sprays in the

'

event of future leakages.'

;

'

4.40
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The OG also has feviewed th'e compression fittings andgoncluded that they
areadequate,providedthattheinjectionlinesarepropirlE3 installed. The OG
recommends that . inspections for fuel leaks near the comfreysion fittings be -

'

performed while the engine is running. #
,

. /^4.18.4 GSU Status s,

,

'

The fuel injection tubing (lines) from bot #wngines weresedd7%urrent
inspected. /3

Four of the fuel injection tube assemJnies frov~E71gine 1A were rejected
while the tubing from Engine IB showed nofrelivant/indieations and was
considered satisfactory. \# /

) { .

The fuel lines were covered with shrouds.-

4.18.5 PNL Evaluation and Conclusi \b
f V.

PNL conciars with the OG an~a.lyshof the su ect tubings. On the basis of'

1) the eddy current tests perforined to datw, 2) the Arouding of the lines, and
3)GSU'sconmitmenttoinstallimhrovidtibing7hathasbeengivenanauto/

frettage treatment to improve the fatisue r.eiistance and to check fittings1

monthly for leakage, PNL concludes t! hat thi high-pressure tubing on the RBS
enginesisacceptableJorr-theintendidsehvice. PNL recommends that checks for
oil leaks be done only while'the engin'e.ish ot running in order to avoid

personnel injury /-- /frdm possi.blei high-pre''ssurl spray.
.

3 W Ys
4.19 AIR STARTING VALVE CAPSCREWS %

/'A ' N/ f~~~~"'YPart No. 032359 ~~ "

(%
x

%
1! Owners' Group Rep,. ort Eme'rcency Diesel Generator Air Start Valve Capscrew

Dimensional' Tid * Stress ^'6alysis:(SWECo March 1984).,

gjC ; n.
4.19.T Cc penent Function

[. / "4
/. Th'ese capscrew\s serve to hold the air start valves in place in the cylinder

h' dad. A% failure, of arf inapprop~riately long capscrew, will prevent the air
sta7t[ng vily The censequences of.
being ~Tnporre,e assdmblifrom seating securely in the head.ctJfsec0 red are the los's of power in one cylinder due to escaping
combustiong. gases. /

,

N/
4.19.2 Comporienf Problem History

No actual failures of these capscrews have been reported. However, on May
13, 1982 TDI reported a potential defect due to the possibility of the 3/4-10 x
3-inch capscrews " bottoming out" in the holes in the cylinder heads, resulting-
in insufficient clamping of the air start valves.

-

-
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4.19.3 Owne~rs ' Group Status -

./
SWEC and TDI both have recommended-that the 3-incb caps # crews be either#

shortened by 1/4 inch or replaced with 2-3/4-inch lon(ca
_

ews.

4.19.4 GSU Status / 'N.
.

The valves and components were inspected a&the resul s(arehs follows:

The seating of the. valves and valve ripg/ / \)
engines except for one starting valvefon[. as found to be adi3.qpate for both

e sw
ngine/TA This valve had a3defective valve seat which was replated.f /

\ /
The gasket seal of the valve to cylin er head ds verified to be copper ande

was satisfactory for both engines. - \'

\
The locking pin was installe:P h each lock nu .for hth, engines and wase

satisfactory. # % 'Nf ..

Two valve hold down capscrews w Drecked dimensionally from both engines
'

e

and complied with TDI requir'emen'ts. / ? V'

\ %f f. g <s
The capscrew hold down torque was verified both cold and hot on alle

cylinders for bot.hkengines and das found satisfacto'ry.,

<i / % \\ j\j 4.19.5 PNL Evaluation and Conclusion
/ / ) " V-s.

The inspections'and at:tions taken.=by GSU to eliminate potential problems
are judged to b"e adeijuate#to4jdhvent fiilures. PNL therefore concludes that,
with the contintied use "if GSU inst'a1Tition procedures to control torque of '

~

bolts, studs, and Ierews tispecified ranges, these components will not present
! future problems on thb River' Bend engines. ~Thus, PNL concludes these components

on SD 1 Aeanif"18'are acceptable'for their intended serfice'
..7 a % Af

4.20/ECG1HCI.idu1TED'ELECTRICALCABLE
~

/ # 1 i

# P[rt No. 03-688-Bi

(0w\s ......j , 3rt SWEC Report'of July:1984 .. , _

$,..., ,, . .

roup' Rep
--

2 ner -

\ CbmponentEu/' tion
.

4.20.1 nc

These bles wire and terminations are used for connecting auxiliary Class
I skid-mounted devices such the Woodward governor / actuator, the Air-Pax magnetic
pick-up, and the starting air solenoid. Inappropriate wire / cable materials not
able to withstand the temperature or service environment, could lead to short
circuits, with adverse impact on the component functions and possible risk to
personnel.

1 .

..

'

4.42
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4.20.2. Component Problem History
v .

| Two defective cables were recorded by TDI in a 10/CFR/21 report. -Also, a -

TDI Servic'e Information Memo warned of potentiilly defec fve engine-mounted -*

cables.;

.

4.20.3 Owners' Group Status *

I b
i Analyses of the subject wiring, and of ,the pecommended replacem~ents, were

conducted by SWEC, both generically and specificallyfor RBS.. AT% functional,

1 attributes of the wiring and terminationsj|Iere# eem,e6 serviceable f'or thed
intended service. I f r #'

%}
4.20.4 GSU Status, ,,

' ^

The DR/QR report on the subject wiring at er Bend indicates that a
visual inspection was made as pafhf-dhe Phase I efforD, and no further action,

-; was taken or indicated, f ,T 'V
\'

! 4.20.5 PNL Evaluation and ConcTusich r'

\ \[ N#i

Based on the review of the actionsitake~/'

n by the OG, PNL concludes that the
subject terminations and cables on SD 1A ind 18 are acceptable for theiri

%.
'

; intended service at . River-Bend. '\ \, r

'fi j A 'l \ f
.

i ! y w %,r -

g ..

- z.x n
%.;

-

. . N
\,

, ~,. s v,

.*;, ' ,$ g
.;iI

f |
-

|1p

\ -

*

. N.(v(]/ .
~ .

~ ~

>

.

,

4

!
*

1

.

I !
'

i

I

I
.

'

4.43
i

!
.

-

* g

& = . # , , .

'"'''W'M6/H'qu 4W4''*fW d.MM'*W '" .m *N % **M.ut $4 _# 8'#"$vD e d'94 h % @_ Sq 4W97 t- W ham. m .p-e-. -@ mia + ge ra e - d * M-gtp- AN gluem
'



~~

a x . -
-

, . -

"

,

'

!
-

.:
e

s

!

!
*

,

5.0 PROPOSED MAINTENANCE -AND SURVEILLANCEAROGRAM
j , x

: -

-.
.

! In PNL's review of the TDI Diesel Engine Owners'r roo
e

5161, June 1984), maintenance and surveillance (M/Sf is i?p Program Plan (PNL-*

ecQ1fiedas"akey
aspect of the overall effort for establishing TDIingjneqperability and:

reliability." NRC also recognizes the importancekf a cortp ehe7rs ve M/S programi

and has provided guidelines for the developmentNf such a p[rog' ram {7q the NRCf
*

'

| staff SER dated August 13, 1984. / } %

Gulf States btilities Company (GSU) ha/ / N/'

s develope M/S plan for the River ~~
; Bend Station (RBS). This plan has been pfesentedIn Ap'pendix II of the River
; Bend TDI Diesel Generator Design Review /OualityJiivaFfdation Reoort (December
j 1984). However, Appendix II appears to be ~onl

repeated references to TDI Instruction Manual %y marginally corqplete; it makes| plumes _ and to OG " lead engine
* DR/QR report (s)" for-further details. A% \,~.

f. The RSS DR/QR lists more trAntenanc71tems than'NU be discussed in this
intended scope of this effort, Jhichi.4*erein abar4 judged to be beyond the
report. Those which are not itemized

'

is fecused on components and systems
critical to SD operability and rdliab\liti and70rdith significan failure!

.' histories. However, where specialhattention* has been deemed apprcpriate PUL has
added ittms not listed in the DR/QRh Specifically, rec 9mmendations for M/S are3

; provided when, in the , opinion of PNLTcons"ultants, their inclusion in an overall
j M/S plan is important"to ens'uring the requ'isite reliability and operability.l

j However, this repopt" issnot id. tended toisup~ plant Gulf States' M/S plan for RBS,
i but rather to augm"ent/and i:larifh("t. V
i

This secti'[on'do[cuqeptss revjdw and evaluation of Gulf States' M/S plan
4 / %

in light of the 'ju_dgement an,PN F...
; g
? d recommendations of recognized experts in diesel

engine technology. +Commerils on three aspects of a comprehensive M/S program are'
presented in the tabl and ivaluations which follow. These three aspects are:

ke # 'N )y maintenance items 0
e .cperationaY surveillan \ /
e g

*

ce
eTstandby surveilla"nce;

j / I k $
SN KEY +EAINTENANCE ITEMS
\

Cbego\nents clasy/ified as key maintenance items encompass certain engine
/

;

structuralmand movjpg parts. Parts with a failute history, even if they are
static and[6r nons'tructural, are included. Gulf States' proposed M/S plan forg.

these componen~tsf as discernible from Appendix II of the RBS DR/QR. is summarized
in Table 5.1. Included therein are PUL's comments; these are then amplified (as

j warranted) in the following subsections.
t

{ Where an engine component is not listed in Table 5.1, PNL concurs with the
GSU proposed maintenance plan thereon, insofar as'it has been expressed in the,

j OG DR/QR report for RBS (or superceded by other GSU proposals). L'here an item
i

:

!

5.1
'

.

w,

9
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D BLE 5.1 Key Maintenance Items for River Bend Station
. . %

. [V
,

t

! ;
.

: Item G { States' Proposal PNL Recommendation !I- ,g
: ; Engine base, inc'. 1sual igsp tion of base, under Concur with GSU. Inspect #5 bearing cap .

i { bearing caps, fbMts goodligfjti . each outage. Par- each outage..
, ;-

.

'

8
and foundatiorI Solveyt'j

ticular att tion 3 % gut pockets.
L

7
: (03-305-A, 305-. ;; cl, n mating.bhg/ cap sur-r t.a- 03-550) fates aftpr any/ isa 61 . Visual
*

B
[.p inspje t1bn of/ 5 bes g,c a , mating

( surfaceEDG)Bfor#rettitg
,

f ::o
; 7 frequency given). j
!k / # ;

Vfsualitqpe :ion o fotpdafion Cohcur with GSU
'

'

g grout / solen te bon ea 1 outage. %g.
,

'

: Check bolt torque. %
-

~

I *

r j;

l Cylinder block Perform an inspec q per D3/Q 10 etails provided by GSU on FaAA! (03-315-A) Report: blocktop at y A followingj m

SP-4-6-12(gd)hdgleonflAtobe*perPNL recommends:- } 'o anyoperationover507.''foad(,f*e,..r
a) nterimp *

! g over 1750 kW); ilB (and eits,ntuall9g ;b)opdoin s% dule on flA andG
c 1A) inspections by formula per .1 as pep GS s, t first refuel-;.

. FaAA SP-84-6-12(g). No details re: hg, eph u,

t, c tot 1 inspection for
tud 61e-t Qud (hdi

;
'

cam shaft gallery. '

to-en)d rh ;T),remo tw eads and

*
,

a stud hole- '

j -
'

* *

LPfinsp ct Ifament
,

,, sh hole-to.
sthd , Hole crac 5, e) remo g( one(ht> -

- gal-p lery coverplate and LP i pe or m-

.

s. shaft bearing saddle s ret ec p s;[ andf)atfirsttwot))es '

m iners are: e
removed, LP and/or r in ect for cir- '-' [- : cumferential crack (s also 5.1.1.1).Ei .

i 1 ,

j . j- . -

'g . '
(a) Refer to Section 4.0 for additional details on,0wners' Group designated generic issues. -

. .

' '
,
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t. \ .
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TABLE 5.1 (contd) .

'
,

.

%
;,

. g%
:

t-
i

d' Item * Gulf 9 States' Proposal PNL Recommendation
d

,

%

J4Aasure c%r'a nk[haft web deflection Concur with GSU. To be taken hot andii Crankshaft j

))i . ;
l (03-310-A) / /each refuelino outage. cold. .. .

;* ,| g'

Q}MeasureAranh jourreal diImeters .

ii - In addition, at first refueling outage LP
M ealh'elginefoverhiul (eq.ual%g inspect fillets at crankpin journals 5,.

i:i Sprjb,ablyg~reate/thanfl0' year 6 & 7, and main journals in between,.

n. - C . ) j each engine. At same time. inspect oil.q, ,
:| . p .. ,f holes.in some journals visually, by'

!

.

fluorescent LP, and by ET. In subsequent%,g .,
.

# refueling outages, reduce to two crankpin
.

n p .

/pnd*'og]e main journals (see also 5.1.1.2).

,
,

g r3 .
,. ,

Ji
,;3 ,, . .

Main bearings. Main' bearings: inspect measure / PNpcotcurs.
.

;j incl. thrust thickness;checkfor*mgsaiigg/ h,,e
#

'

u' bearing ring -ment; at first and succeeding
, alte.rnate refueling outadesp#g*g,% J

,

I *
,

,

d;d
. (03-310-B,

310-C)
'

%g, . , i ,

:) '

ii Thrust bearing: check clearance PN. conc s -
'

!! ' ;
each outage.,; Visual ring.inspec- *

,.~ ,

- tion alternate outages. %r .

.\] ,' i '
.'

>, !.'
-

Connecting rods; Inspect and measure connecting - PNL ~ org.urs., PNL*also reco ends t
Rod eye bushings rods at 5-year intervals. No plan preloa'd on connecting rod it c' k-

ed at each refueling | outp(e.od(e)(03-340-A) re: bushings. . : e .ush-
.

ings should.be inspected 'h time..' , , . ;

!| piston. skirts are remgfed # d inspected)
.

y^-
ing" (see also 5.1. [t' g "orangepeelk',for evidence of cra in

-

:,

't,

e

a f

Ii e

,

*
.

.

(*l ,

e-
. . , . - _ - _ . . - - , . _ .
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TABLE 5.1 (contd) g

Item / GiRf States' Proposal PNL Recommendation
'

In/\ ,g t

Connecting rod bearji spect"apd measure bearing shell,s, Pill concurs. PNL also recommends that I
ing shells af, refueling {utage preceding 500- a " bump test" for bearing wear be per-

i (03-340-B) ./ hours of o*peration. .. Perform x-ray formed at each refueling outage.
($tshell s. /,o'n(tg% allriug%*

f eplacementexaminati,

~3

% Inspect an'd meas'j/ *.
'

'

%s +g, ,'

ure sk'ir*tgand4 pin. PflL concursPistons; rings:
! piston pins aIEd 7ings eacb five8 years.) Ins,pect#

j (03-341-A,-B -C) l'in' rs for c(idence 6fgr! n,'g wegr ' ,
e i

'efch refue) frig odtage /
*

Visualinspectionfor\;
,

. g/ gr
Cylinder liners4

fweapeach PNL**qpncu rs . .PNL hiso recommends that * .

:i (03-315-C) refueling outage. p"#twolljersfromeachenginebemeasured
ji 'ih'spection adcepted{Boroycopeif Jieads are s'j

%j #'lji, reach disassembly * as means of track-
at f

not concurrently re,inogd.) /sI J'
.

g wgar rates. '

deg / % *g gfNL c{oncurs, / ylthsfollowing recommended'
! Cylinder heads , Visually inspect all cylfn.* eN

-; (03-360-A) heads each 5 years. RecordV mod [ficatioDs to tfih M/S plan:com- '
j pression and firing pressures at *

-

g%

e LP inspect fj$hdeck bq) tween exh'austand% l v. 1ve seats, for4
. each outage. Inspect " injector

# wo adjacen[f* heads {At e3
lalve pdats

'

'I '

! parts" for water leakage monthly. t /, dh . re fueling
.

N[" outa6e./Selecbheads such 'that all are .
-

R'll over engine "at appropriateo
'

intervals". ,Inspe'ct valves and
ir} spec,thd tS'rqq'g/id four r'3fpeling,%

1

velve seats each 5 years. oJtages. pi,

.

:
' e Airkoll before planned star %ganIf14.: '

to 8 hours and.4 to 8 pd 24eachoperationshutdodn(e/hourigfterk '

e also
i N

5.1.1.4.), f*

,
.;
., s. , .

I
' * -

La
,

1 d..
.

l .

.
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| TABLE 5.1 (contd) . -

w~j Item .' GD1 f,,. States' Proposal PNL Recommendation
-i Non[e pro,.'% %# ,Cylinder head studs - posed,by GSU Check preload on 25% of head studs and
:| (03-315-E) / "g

"

rocker arm capscrews, and 100% of' air] Rocker arm cap- / 7 start valve capscrews at each refueling
; screws air start d / g outage (see also 5.1.1.5).

:]; '
valve capscrews *% . % #.. ' ,' . "%".\ %,,# .

* g,
% (fid' machined sihe (c6nnectoy 1% P .insper.ti"on of pedes'tI1Qoj5s 0G DR/QR for RBS recommends 5-year.

'

Cylinder head sub- ?
in covers (rocker arm a schedule. PNL concurs with GSU on'I

pushrod side /o,,,nly}'are rem 6ved.boxes) (03-362-A)
~

wIiegevep! I a 5-year maximum interval. -

9 rocker arm, shafts'q
- j 'y ;

^

Non'e propNAbch y GSU.f
_

dj Push rods Pyl% concurs, in light of analysis
(03-390-C.-D) #

/p"*and dkperience with function-welde'd .

-
^

5

[ ,f} gn/ -

dosi,

U ,
'

/Vis'hally inspect cam %je|argiffler*,(% P)llcp|ncurswitpGSU,butalsorecommends.m Gear train c

(03-350-C &
.gea'rs and crankshaft-to-luge 3.ilg%g. g}*at Mme inte/jffag%g

m
nspection of kshaft to JW-pump gear.

;. . 355-A,B) pump gear each refueling outage. vals.
! Mea,sure gear} backlash at alter- % f'; e Ng ;

(f.
/ 4nate outages,

i j/ i,\ -" ' '

'
.g i

%f L coricur,sig"This,y.is pa
Camshaft and

.'
Vis'ual inspection of all cam lobe ,

'cu yly impor .bearings surfaces each refueling outage. btant / ecpose doppa ator t 'sts appa'rently(03-350-A,B) I'nsqect and measure bearing she1Js
'

bRweregqo,truninpre-service $n/QR'*bgami-
,

nation (norhardenertests/c/IAcamh
every five years.:

:

'} lobes, all as required t ompfy,Ditpr
.

t

OG plan. P
,

j. ' '
. ,

.

s/p|
'

-

. ,. ..

-
.,.

_

t
"
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.
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i TABLE 5.1 (contd) ' ~
'

i ..t ,

.: Item . Gulf, States' Proposal PNL Recommendation - i
i

'i
. j

~ %*r
h;'

'

Governor Verify tgovernor control settings PNL concurs. Linkage problems are a1 (03-415-A -B -C)' ' Inonthly.} Rehlace governor drive commmon cause of improper governor / fuel
and linkage flex elementjeach outage. Refill pump performance and PNL recommends

(* oil systum; fefurbjihgactuator; rigorous implementation of all manu-(03-413)

*%,16tsf cleah'and/ inspect 6Eatinspect"segvo"0"/ringi%andgas-facturers' instructions. -

%exchangd--at five y6aE%jptny{als.j
?$7hMte govprnor $,erform3nce

, .'

'(intervalndtstated),Iflinfage
Idspect

}
bolts pos.ohthly#aiid 1o
linkage m ,

I qitively as geeded-fol-l
*

*

lowing odjasiment. ) } /Sgf

hach refueling ou e,rIheck tr,ip"#.
Overspeed governor

setting, shafts andgguplings, and,/,PljL cfindicates settings have not'Since'the DR/QR report
curs.

} (03-410-A-D)
'

by 0G
t riiagnetic plugs. /

%*%/ecopmendstg6gfeenfcalibratedandverified. PNL*

.%.g^g% to
;

' ,
.

bg required prior,

'
.

icensi g.g,, ; .

Turbocharger At each refueling outage, measure Pill concu s bbt alsk re\bmmends:
.

'' '

(MD-017)
vibration, clean impeller and dif- ('%]o finspeltion ofgthrushbepFip,isand

,

g shouldi fu,ser, rneasure rotor end play and
beafter#agh40,bre-lub''), startseadh100manb,1[fastf(art

ds
.

perform spectrochemical, engine; ,

4 d
'

: ' oil analysis. At five year inter- (Thc)$sive of the fast s rts in %
,

N '

*

jia.ls, disassemble, inspect and that interval). %,

re fu rbi sh, including visual and s!) ldbe.
' '" blue check" inspections of thrust espectrochemicalanaly(sfconducted each 20 fas st

e inspect nozzle ring [ vag$ arts.bearings. (NB: thrust bearing s, and rotori inspection is also to be done after blades each refuefing/utage (or' at t'hei sach 40 automatic fast starts.) time of bearing inspection nearest thereto.'

|
'

(See also 5.1.1.6.) GSU should complete.,
e

all pre-operational inspections outlined I

i~n OG DR/QR.
-! .

t
* .,

*

.
,

| ,

*
- _ _ _ - _ _ - _ _
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is listed but no subsection commentary is provided PNL's comments in Table 5.1
~

; are definitive. Where components have been added to the/17 ting of key1
! maintenance itemsi, which were not listed by,GSU, it isieca8se in PNL's view.

~

!

they are important to SD reliability and operability. - Thg%gracticeir inclusion in an M/S
plan is considered consistent with good engine main nance .

'

5.1.1.1 Cylinder Block
.

-

Following any period of operation of SD F greater than40% ad, GSU
f proposedtoperformvisualinspectionsofth8sefortionsofthebhaftopthat__ _
I are acccessible between cylin' der heads. Th'

verify the continued absence of detectabl/ e p,urposgrof)these inspections is toccacks $ tween stud holes of adjacent
cylinders. ~ PNL concurs with this propos((with/le glarification that 50% load,

is 50% of the " qualified" load), but recommends thafadditional surveillance and
{ rraintenance procedures also be performed. A \ ~

} Inspections on EDG 1B 'are 'to/Te* performed per Ormu .a under FaAA SP-84-6-
j 12(g). , [ bs_\

, V .,

i
{

The OG and GSU conducted thoroug?idicd. ion'swed found in liner landings,
h insnections of block tops of both units-

i in accordance with OG criteria. No 1
i bore-to-stud hole ligaments or betheenVudjh' oles. ' (No inspection of camshaft

gallery areas is reported.) To the'date of October 31, 1984 SD 1A had operatedi

124 hours, including one hour at 3900 kW ind 76 hours at' 3500 kW. Similarly, SD$
18 had operated 40 hotfrs with&3 hours'at 3900 kW and 31 hours at 3500 kW. (The
BMEP at 3500 kW is,225 pst; aQ3900 kWit fs 207.5 psig.) It is not clear

-

whether inspectiop efe de,6FTor o'efaft,er these operating hours.
'

Both block- op aind camshift'galler'y cracks have been found at SNPS on EDGs
essentially iden'tical tYRBS'SDs. *ThE SNPS units have operated more at 3500 kW
and 3900 kW (by a factor ofsroughly 2X) than those at RBS and some of those
with knowledge that c' racks a1 ready existed. The OG/FaAA report conclusions

~

wouldindsicit#*thatabse'nt.anyMnitialblock-topcracks,andwithmaterialsas- e

designed 7 the bloclis shouTdisuffice' r~ated-loa'd operation and 'not "ne~ed special(
inspections"~~ % T "

s / 4
/ PN{ Recommendatioris -

,

~E ~ ' '

% .N ecommEr is the following mSint'enance/ inspection patteins'. 9 - - -

'

';;

V~ J,e Blo'c -Top
.

f .

IA - untilgaterial is confirmed as equivalent to the grey cast iron of IB,
conduct stud hole-to-stud hole and stud hole-to-end inspections (under
intense light) following each operation above 50' load.

.
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' Both - at first refueling outage conduct visual examination for stud hole-

to-stud hole and stud hole-to-end cracks all areas. Remove two heads each
'

unit (as also required by 5.1 1.4 re =~ heads), an - P nspect for ligament -
.

and stud hole-to-stud hole cracks. Absent any d et 1ous indications (or
equivalent indications at Shoreham), no further speci inspections needed.

,,

! ' e Cylinder liner landing - An LP and/or UT ins c on the linder liner *

I landing should be performed the first two e liners .e removed from
either of the two engines, to determine c cumferenti racTs have-

developed. PNL. recognizes.that liners jre ikel .to be remo "nly
infrequently, and does not recommend yemo 1 of iner for t e sole
purpose of this inspection. Ifacircugerenjal ndication is found, an
attempt should be made to characterI e thgdtpt and length through
appropriate nondestructive tests.

Because GSU has remachined the liner bore a coasterbore areas to reduce
fit interference and liner pr60dness it is no likehy that circumferential
cracks will develop and a si"ngle sTatye.of checkingdhould be sufficient .

verification.
, ,

e Cam gallery - apparently GSU di otinake'*mspection for cam gallery-

cracks. Such are known to exist h /the#name model EDGs at SNPS, but have
bee 5 evaluated as benign (thoudh they/are to be monL tored). PNL recommendsi
that at the firstjefueling outa'ge G50 remove one cam gallery cover plate,

on each engine 4 tid inspect by LP r' tracks in the accessible camshaf.t
,

'

bearingsaddlefs ture4 Absen n such cracks no further special-
attention should

recorded a % If
ks are detected, their length ande requiF .

depth should'b nd tNea,be monitored again at the next refueling
outage, so#as''tdWetfrmid!'"txowth/ If the monitored Shoreham cracks are

j reported to ~be groYing/ the RBS.,6D should be monitored on a more rigorous
schedule.and/d cedure, as determined by NRC.

5. t***Crnnkshaft .
~- - ' * - - ' - -

J50 pr65Es~es to iteasure 'Erankshaft deflections at each refueling outage.g,

4i PNL concurs and recommends in addition certain NDE examinations of theji; cr nksh5ft at refudlind outages. - +

_n ght of the apalyses performed for PNL by'Ricardo Cdisulting Engineers
and by Opt Nors,k /Ver
certain h,igh-stressga/tas PNL concludes that it would be prudent to examine3,.

reas of the crankshaft at eqch refueling outage. The areas
'

to be examihed and/the examination methods are provided in Section .

Y!

PNL Recommendations
: .

PNL concurs that GSU take crankshaft deflection readings at every refueling
outage. GSU's M/S plan does not prescribe hot and cold deflection measurements

,

'

.

< - '

5.8'
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or the timing of such measurements. ~The hot deflection measurements should be
| taken immediately afterthe24-hourpreoperationaltestfng)soastoreflect

representative operational foundation temperatures. The hot checks should be -

' initiated within 15 to' 20 minutes after shutdown, and/ completed as rapidly as?*
'

3 possible, preferably within 1/2 hour, starting with/he lakthrow of the engine(generator end). Such a schedule, although strenudus fts deemed achievable. Ify
the crankshaft deflection readings are outside th&.paeptlb e ringe, the *,

; foundation bolts should be checked for proper cad.

PNL also recommends that crankshaft jou najs be Jf inspecte whenever _

^

corresponding bearings are being inspected / T)ineis r ommendation're'lects thef

limited margin in crankshaft capability piters y ,the OG. These would'.
involve three crankpin and two main jour 1 s, 4 engine, at first refueling,

. and two crankpin and one main journal each tage~t ereafter. , Fillets and oil' holes should be inspected.4

-

; 5.1.1. 3 Connectino Rods /
..

.

, ,

; GSU has not addressed the s'peptipn of t o.0gecting rod bolt preload.n' '

PNL recommends that the preload on aN c_onnecting rod bolts be checked at each,} refueling outage. \ \ / ,N#
gy

PNL believes that it is good practice to inspect the preload on the
connecting rod bolts p'eriodically, Checkhg the bolt preload during regularly
scheduled outages isjn simpliiprocedur'
of the potential damagestot elengine band is easily justifiable on the basisth atdouldresult-fromthelossofthese
bolts. Although s5chjn.prejoad"Eheck was/part of :the-0G'RBS DR/0R Task
Description for preoperational inspe,ction of both units, they reported there was
no evidence it iv,\as'*do~ne./

PNL also belie %es tha '. checking rod-eye bushings is good practice in light
of evidence in TDI EDGNhistoPy of some with substantial interdendritic cracks
and/or appefTeIil'ho( spdth(eNidenced 'by discoloration). This can be done at any
time the pis,t%0s 4retremovedsand disassembled. GUS has addressed no M/S plans
onth,isccp:nent. 1,

/ \ i
* ''s

' PNL Recommendations4

__

~

PNL ecommendi checking 'all connecting * rod' bolts" preldad at''each' re' fueling '
'

| outage 7 'V
5.1.1.4 Cylisder Heads '%y
GSU proposes to visually inspect all eight cylinder heads each 5 years.

PNL concurs, but recommends further that two heads from adjacent cylinders be LP.

inspected at valve seats and firedeck at each refueling outage. In addition,!

PNL recommends that the engines be air-rolled before all planned starts, 4 to 8
hours after each shutdown, and 24 hours after each shutdown.

1
. .

h
.

5.9-

.

.

<&

.

. . . . _ _ _ . % - %. - ...w,-4 -% _-.e. ,- , w _ _ . , - ._ + ___..__;______.eq..s. ._yn,,___
_

_* - -



-

,
. - - . - , -- - .-

.

. .
, -. -

. .

_ ,

I,

h. *

J. .

-
,

1 -
.

; . .

. Air-rolling the engine will expel any accumulation ofgwater in the
4

cylinder, which would most likely be the result of a cr dkep cylinder head or
liner. Substantial water accumulation in a cylinder c Idft:ause severe damage- -

,

to head, piston, crankshaft, or bearings on. engine s rtug. Detection and
expulsion of water in the cylinder liners is essen 1 toi suring engine,

{ operability.
.

PNL Recommendations

N .ddition,' recommends >aschedule-PNL concurs with Gulf States'-plan and in
3 for air-rolling as follows:

e an initial air-roll at least 4 hourt bu over 8 hours) after engineI shutdown [ .

a second air-roll approximately 24 hours ae r utdown

e thereafter, an air-roll imme bnto to any 9 nned engine operation.

In view of the potential drc k' initiation.; NL also recomends removal
'

j of two adjacent heads and visual'and LP in'spectiovof the firedeck at each
refueling outage. The valve seats \and'the ,firedeck should be inspected between
exhaust valves. The heads to be inspected should be selected such that all#

! heads are inspected every f,our refueling butages.

5.1.1. 5 Cylin r Head tuds. Ro er rm Caoscrews. Air Start 9alve
Capscrews 5 y

GSUhasno[addess
bolts' in their M/S, plari.yd head'stu3NLrecobsendsthattheseitemsbeinspectedforair start valve capscrews, and rocker arm

,

j proper preload at each refugling outage as specified below.
K.Ni

LossgfTreicad on 'tylinden head, studs, .rockeh arm capscrews. .and air start-
'

r

valve capscrews calhadvers'ely ~4ffect engine operability if it goes unnoticed.
Becau d ofdh'eTr opeFational h1 story. these items are included on he 03 list of
componept's with significant known problems. Thus, these components warrant,

re, gular maintenanc _and s__urv._eillance.
.

., .

; _NL Recommend tions * ' *.sJ.. .- -
1,

i
,

% N
, . .

PNL recomme/ j{/ hat the preload be checked qn a sample of 25% of the head} nds
! studs and Iocker arm capscrews at each reactor refueling outage. However,

because the alrgslart valve capscrews are more susceptible to relaxation (due toI

the associated soft metal gaskets). PNL recommends that they all be checked at
each refueling outage.,

.

-
.

t
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| 5.1.1. 6 Turbochargers

GSUproposestomeasureturbochargerrotorendpipy[eachoutage,tovisually
'

.

!
'

.-
!

- inspect the thrust bearing after 40 nonprelubed starfs (nd to
-

spectrochemical engine oil analysis each 5 years, fNL cohrs. perform a
-

with certain| qualifications, and also recommends that rotor fyat 1 eas ed and stationary
nozzle rings including vanes and capscrews by inspe ed a eac .efueling *

,

outage. ,

'

A recurring problem in the turbochargers on TDI engines at JI e

installations has been thrust bearing wead (modif.'iation to the lubricationi
system to provide minimal lube oil to th(thfust biarifig during engine standby,

'
proved to be inadequate. Subsequent modi ica' tigris to' the system have increased
bearing prelubrication, which has substant lly mitigated the. thrust bearing,

wear, but not assuredly relieved the problem. A'<

i - \>

! Theturbocharge[sonsomeEDGbhavealsoexpertiencedfailednozzlering
i capscrewsandlostnozzlering[ anes. ~ V . -

PNL Recommendations h-

\\ /N r
.

PNL recommends that GSU's M/kpla'n#beAodified to include visual thrust.

bearing-inspection after 40 nonprelubed starts and/or after 100 starts
!, (inclusive), and to inckde rotor fl' oat heasurement and' stationary nozzle ring'

including vanes and japscreDs. at each''+ refueling outage.+
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