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REVIEW AND EVALUATION

OF TRANSAMERICA DELAVAL, INC.,

DIESEL ENGINE RELIABILITY AND OPERABLE -
RIVER BEND STATION UNIT 1

1.0 INTRODUCTICH

Gulf States Utilities Company (GSU) is s
license for the River Bend Station (RBS) Uni
U.S. Nuclear Regulatory Commission (NRC) i
operability and reliability (0/R) of the
engine generators manufactured by Transa
these engines have been brought into questi
Shoreham Nuclear Power Station (SNPS) in Augu
problems reported by owners of TDI diesels in nu

ating
mgern to the
the request is the
rgency diesel-

« Inc. (TDI). The O/R of
Jor crankshaft failure at
s well as by other

d non-nuclear service,

River Bend Station Unit 1 i% serve
designated standby diesel (SD) gener: 1A an
cylinder four-cycle, turbocharged, %ed engi
for 3500 kW, and operates at 450 rom wit

pressure (BMEP) of 225 psig. The t:§¥;fn rmatior provided by GSU specifies
the emergency load as 2 maximum of 330 kW under design basis accident

conditions coincide:;r;ithaJoss of co linatgccident (LOCA). L.
In response toscon s about the Gperability/reliability (0/R) of TDI '
engines, GSU has underfaker: a analysis of all major engine -

ponents, and performed engine tests to

DSR-48 diesel engines,
These SDs are inline 8-

s. Each is nameplate rated
brake mean effective

components, has sepldced
ensure their O/R. -

The Pacific NoPthwest boratory (PNL) has been requested by NRC to review
and evaluate GSU's overq;} efforts to ensure the engines' reliable performance,

This te;?pf!!T'!Vt%gatio eporte (TER) decuments PNL's review and expresses
the res tiggiggnc Usjonsjghq‘;@commendations regarding the capability of the
RBS TDPI dieSel ehgines_to serve their intended function.

4 A
oac":mzmon OF REPORT

is technica :;;ﬂuation report is organized as follows:

o SectYon 2.0 profides relevant background information on efforts by both

GSU and=the 181 Diesel Generator Ouners' Group (an ad hoc group of
similar ngine owners) to resolve the TDI engine concerns.

o Section 3.0 presents PNL's review and evaluation of the tests, inspections,

and component upgrades undertaken by GSU to prepare the engines for nuclear
service.

1.1



e Section 4,0 comprises a review and evaluation of GSUL
known problems in 16 engine components ident:fied b
through a review of TDI engine operating history.

0G

included in this section.

resolution of
g Owners' Group (0G)
inent aspects of the

and GSU's efforts on other components of congé #n the RBS SDs are also

e Section 5.0 provides PNL's review of GSU propes. at e and

surveillance (M/S) program.

e Section 6.0 presents PNL's overall con ations

regarding the suitability of the two

intended function as emergency sta wer £ourfes for the RBS.,

1.2 APPLICABILITY OF CONCLUSIONS

documents supplied by GSU, parti etihgs with GSU and NRC,

. and observed components of the
Concurrently, PNL also reviewed:
participated in their meetings

GSU-has submitted to the NRC réyisio

or inspection,
ers' Group documents and
technical evaluation reports

Safety Analysis Report.{#SAR). The axgp e of these revisions is to establish a
qualified load for h of the diesel ‘generators, to provide revised positions
on Regulatory GuideS (R&)=].9%and 1.10 these revisions identify 3130 kW as
the maximum “qualified load" €onsideredifiecessary for an engine to support its
designated sharg of.the emérgency p needs of RBS. Considering the FSAR
amendment, this_TER adq;;%se!’fﬁhﬁasssuacy of engine components relative to

this load limit:™
This TER precede

staff o
this

service
mm

the Owners' Gr

he completion of the final review by PNL and the NRC
e Uw Up_Program. Accordingly, the conclusions expressed in
;Bﬂ&ﬁhﬁhe ong-term_suitability of the TDI engines at RBS for nuclear
are contingent upon final action by NRC on the following PNL
dations: GSU should commit to NRC to implement all applicable
dations ancg requirements identified in the NRC review of the Owners'
ram. Completion of the ongoing Phase 1 and RBS Phase 2 reviews is
85. In the opinion of PNL, the reviews of all RBS
quire priority PNL/NRC attention have progressed
der these issues resolved, subject to the actions discussed
ecommendations and requirements identified in NRC's review of
Program should be implemented or be fully ready to implement

by the end of the first reactor operating cycle. These actions will complete
the resolution of the TDI engine issues at River Bend.

-1.2
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1.3 REPORT PREPARATION

This report is based in part on PNL's review of dofumefits cited in Section
2.0. In addition, the PNL team visited the River Be ion, Unit 1 in
September 1984, to observe SD 1A in its reassembled £tate SD 1B and its
components inspection and preparation for reassem ith GSU staff
and management on this occasion, as well as in co Owners' Group
meetings.

R. E. Dodge, PNL project staff
F. Nesbitt, PNL project staff -
B. J. Kirkwood, Covenant Engineering Compagy, diesel consultant to PNL

P. J. Louzecky, Engineering Applications Corpgration, diesel consultant

to PNL. N

Others whose contributions wer luable 1 mulating the conclusions
presented herein include PNL Ass@g iesel Engine Reliability/Operabil-
ity Project team members J. M. Alzbei “Dipgee, W. W. Laity, and F. R.
Zaloudek; and consultants S. H. Bu erril.sen, N. Jaffrey, N. N. Rivera,

A. Sarsten, J. V. Webber, L. Wechsler, an 2. Wencel. The report editor was
A. J. Currie. .
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2.0 BACKGROUND

otts undertaken by the

This section presents background information on .
" .ies Company to

TDI Diesel Generator Owners' Group and by Gulf Sta
resolve the problems identified in the TDI diesel

2.1 OWNERS' GROUP PROGRAM PLAN

Thirteen nuclear utilities that own
diesel engines have established an Owners
raised by the major failure in one TDI
Power Station in August 1983, and other
nuclear and non-nuclear industry. On March
a plan to the U.S. Nuclear Regulatory Commissi
program to requalify their diesel
sources.

d:zgen by TDI-~. ufactured

address questions

the Shoreham Nuclear

I diesels reported in the

the Owners' Group submitted

L\;1ng a comprehensive
andby emergency power

"”'\s .

The Owners' Group Program a two-phase approach for
resolving the known and potential prdblem&=in TDI engines:

e Phase 1 addresses the eva]ua\§on and gtf::::7§; of significant known

problems in 16 components. These problems were identified by the Owners'

Group through aifgvﬂtv of the operating histories of TDI engines in nuclear
and non-nuclear.services;,

e Phase 2 entaiﬁsgd comgreh ns design review and quality révalidation
(DR/QR) to;fdeniify gritical co ents of TDI engines in addition to the

16 referred&to abnvi] ﬁgcsy?e that these components are also adequate
for their intended service.

3§&
The OGPP als escr1bes a program element for special or expanded engine tests
and compeofien ctionsrlas appropriate, to verify tie adequacy of the engines
and componcg&s%hk perform their intended functions.

At.NRC's request, PNL reviewed the OGPP. The results of that evaluation
e rngorted to NRC in PNL-5161, Review and Evaluation of TDI Diesel Generator
OSHers Broup Program Plan (Paciflc Northwest Laboratory June 1984),

ﬁ‘~%h&1::hhmggf L-5161 deals with considerations for licensing actions for

nuclear stations ppfor to completion of the implementation of the OGPP. Recom-
mendations that” report relevant to GSU's current request for licensing of
River Bend Statidn-Unit 1 are:

1. :;eogﬁggtional testing should be performed as discussed in Section 2.3.2 of
L- _

2. The engines should be inspected per Section 2.3.2.1 of PNL-5161 to ensure
that the components are sound.

2.1



2.2

preoperational tests have been satisfactori
sound parts, and that a suitable program o
established to ensure future performance,

have sufficient fatigue resistance to preclide
components with concomitant engine failure.

The basic approach fo]]owediby in the i
diesels was to disassemble, inspact, pgrége and re
confirm reliability by testing an PO -test

approach feasible and compatible with the
TOI,
engine component reviews=conducted by%“the

documents relevant tg’lhese ittivitie;%§ These documents and others that were
used in the preparatior

The engines should receive enhanced surveillance and.maintenance.

A "lead engine" as described in Section 2.3.2.2 of PNLE5161 should be
tested to 107 cycles at "qualified" load to ver y tHe design adequacy
of key engine components subject to fatigue stresses, components of
the same design have not already been operat cles under the
same or greater load.

The first three recommendations are selfs®vident; namely, that appropriate
& completed, that the engines have
mafnter.anc jand surveillance is
£ ; ecommendation is included
pistons and crankshaft,

igue fracture of these

RIVER BEND STATION PLAN

ication of their TDI
ild each engine and then
tions. GSU deemed this
duct improvement recommendations of
the “testing and inspections pe ormegbgy other TDI diesel owners, and the

. The utility has provided NRC with

Abﬁ)thii TER are®listed below.
a report entitled Delaval Diese nerator Operation Experience (handout at
T0I OwnersixGrounggettpg. Japuary 26, 1984) - This report outlines the

experience dfwvaridusi:;ners of«TDI diesels with their engines to late 1983

a letter dated May.7, 1984, from Lee Duck (TDI) to John R, Hamilton (GSU)
"Rpurmtatig} nit 1
s

FBend™St. : iesel Generators S/N 74039/40, P.0. 244.700."
This letter formally advised the liner dimensional improvements for job
cite»dhanges.k : 4

aii%tter dated;Maé_B. 1984, from Lee Duck (TDI) to John R. Hamilton (GSU)
"River Bend SEptigp Unit 1 Diesel Generators S/N 74039/40, P.0. 244.700."
is Tetter transmitted additional liner dimensional improvements.

a letter dat;%; ay 16, 1984, from R, W. Helmick (GSU) to C. L. Ray (TDI
06), "Fale Noi 244,700 Standby Diesel Generator Systems River Bend Station

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

a GSU report dated July 19, 1984 River Bend Station - Unit 1. Docket

No. 50-458 (RBG-18,244). This report addresses the program plans for

evaluating and testing the standby diesel generators.




e an NRC report dated August 13, 1984, Safety Evaluatiom Report -
Transamerica Delaval, Inc. Diesel Generator Owners'#Grobp Program Plan -
This report presented NRC staff recommendations fer diesel generator
test and inspection programs.
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No. 50-458 (RBG-19,210), This rep
evaluating and testing the Division
and testing performed to date.

presents a fevised plan for
an SDs” and data on the inspection

-

a letter dated October 18, 1984, from J. D.™teonard, Jr. (LILCO) to H. R.
Denton (NRC), "Confirmatory.Tes¥sag of TDI Diesel Génerators at Shoreham
Nuclear Power Station Unigf{. Docket

NRC with LILCO's testing Pt,oto‘;%
e a letter dated November 29, 1984 from J soker (GSU) to Harold R.

Denton (NRC) "River Bend Statipn —==TUnif 1 6ocket No. 50-458" that presents
proposed revisions to RBS FSAR. R

0-322"¥This document provides
Veccycle confirmatory tests.

e an 0G report dated December 1984,%TDI%Diesel Generator Design Review and
uality Revalidatici-Report - GulfiStates Utilities River Bend Station.
his 4-volume report documents_the QR effort performed on the RBS TDI

engines, what was carried _over a lead engine review (Shoreham) and

the resulﬁa{ t.'hqge*r ?ms‘

a LILCO report-dated December 3, 1984, TDI! Emergency Diesel Generator 103
-Cycle ggnfirmato?y,Test#ln;pection Report, Shoreham Nuclear Power Station
ni -

’Q: report.provides LILCO"s tests and inspection results for the
-cycle confirmatory. test of ‘the EDG 103.

=

-'aéﬁgU reportfﬁatéd December 21, 1984 River Bend Station - Unit 1 Docket
No, 50-458 (RBG-19,762) that presents a revised plan for evaluating and
testing the Djvisjon I and Il SDs as well as data on the inspections and
estin

erformed to date.

reviewing these documents, PYL visited the RBS site to
observe eng ections and to perform a preliminary review of the GSU
procedures for-gOmponent inspection. PNL and its consultants also gained
perspective on certain TODl components through participation in TDI engine
disassembly and inspections at other nuclear facilities.
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3.0 GSU's TESTS, INSPECTIONS, AND COMPONENT 4JPGRADES

The RBS SDs have been subjected to testing/insp é(f:r programs and, as a
result, have undergone component upgrades. These p nsist of 1) shop
qualification tests, 2) onsite preservice tests and i including DR/QR
activities, 3) confirmatory testing, 4) post test™ 5)
preoperational tests.

nspections, and Component
.5. Ahésresults and conclusions
PN s gvaluation of GSU's

A chrono)ogical discussion of these te
upgrades is presented in Sections 3.1 thr
reported by GSU are documented in Sectiog®3.
program is presented in Section 3.7.

3.1 SHOP QUALIFICATION TESTS

According to GSU, the test fSBFu for the Rive;‘:;ﬁ SDs began with shop
tests at the TDI manufacturing facilities akland, ifornia. These shop
tests were performed to verify'ibe dp‘:ggiglty SD units, including the

interrelated functional capabilitg ofieng compong ts. The shop tests
accomplished on both engines inc]&ded:z F

e load tests
e air starting system=tests
e alarm and safety function tests. 3% :?
GSU reportedggi;t the sho s rézd?red a minimum of 30 hours of
operation on each SDﬁ 10 of tho.e holirs.were at loads to or greater than 10072
Toad (3500 kW).%_In addg}ﬂ;;;’?ﬁ*' unit was required to start at least 10 times.

3.2 PRESERVICE TEST&HAND NSPECIONS

The engtnes w:?314e1iv, ed to the RBS in mid 1981. After the
installations were completed, GSU initiated a presdrvice test/inspection effort
to verify that the installations were complete and co-rect and that the
manutactured quality of the engines complied with the design requirements,

at as-built installation verification inspections were

per for ncluded inspections by TDI and major subvendors to TDI,
includir j¢ Products (electric generator), RTE Delta (switchgear), Elliot
(turbocha oodward (governor). In addition, GSU inspected other
components 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

.
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compressors, performance testing of air dryers, and indi al checkout of all

electrical components and instrument loops were perform

Next GSU proceeded on a preservice disassembly jhspection program with the
purpose to verify the manufactured quality of engi
the 0G DR/QR activities. This inspection encomp

DSR-48 diesel engines at RBS Unit 1.

Load

zero
252
50%
75%
1002
110%
Total hours (all 1dads) 124 . 40
Number=of-starts (appro 35 35

Test hours at TDI (a&p{\o7 50 50

Details as to the results_and conglusions of the RBS DR/QR effort were
presented by the 0G ih. the ]ﬂI‘E@nerator Design Review and Quality Revalida-
tion Report, December 198&5: -

31

Pertine%; qspectfﬂg; tﬁz=q£eservice tests and inspections including the
DR/QR inspec Tons~as applicableito generic or crucial engine components are

summarized in.Section 4.0 of this report.
3.3/ CONFIRMATORY TESTS

|
f::*pgrpose oﬁ‘tﬁfs activity was to verify engine reliability following
eng inspection ind‘=ebui1ding. Tables 3.1 and 3.2 identify the confirmatory
ines 1A and 1B, respectively. The tusting program did not
firements of Regulatory Guide.1.108. The number of start
specified in Regulatory Guide 1.108, Section C.2.a(9), and
described in Regulatory Guide 1.108, Section C.2.a(3) was

the overload ti
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,

3.2
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A" E 3.1

Confirmatory Testing Standby Die - 1A

Results

Test Objective Acceptance Criterfa
1) Manufacturer recom-
mended test in accord-
ance with TDI SIM #99
a) initial start, Operating parametérs normal atisfactory
slow idle, no range
load, (15 min.) Satisfactory spection
b) 450 rpm, no load, Adjust governor Satisfactory
(30 min,) Overspeed trip satis actoqy
Verify generator dif
shu§§g¥
0pe(’%1ng paramét in no
range =
Satis %:s:;;~§;pn::f::.:ggbection
¢) Generator phasing Satisfaétoé§:§enerator electrical Satisfactory
5 checks %~ #
—==Set satisfactong crankshaft
7 “pspecti&h
4 \ )
d) 1 hour at 252 perating parameters in normal Satisfactory
rated loag™ range

A
e) 1 hour at 502
rated load '

f) 2 )mm-ﬁz

fated Jcad Y
y return to 252

followe
internal engine
inspection, turbo-
charger vibration,
bearing cooling &
lubrication test

; perag?abéparameters in normal
', range

w, Operdting parameters in normal

Satisfactory

;a;,_rra' nge

Operating parameters in normal
range

Verify parameters consistent with
Step (d)

Satisfactory

Operating parameters in normal
range

Crankcase inspection

Crankcase web deflector

Piston skirt wear

Cyliner liner wear

Gear set wear

Valves & rocker arms wear &
clearances

Cold compression pressure

Generator winding temperature

Setisfactory

3.3

SatisfactoryO



TABLE 3.1 (contd.)

2) Engine timing & adust-

Test Objective

Acceptance Criterda

ments.

24 hours at 1007
load (power duration
may vary).

Results

Smooth operation

Cylinder firing pressu
balance

Operating paramet
mal range

Satisfactory

Crankca;e web
3) Crankcase torsional Satisfactory
vibration test

4) Engine performance
test. Demonstrate
that each diesel
operates within
design parameters at
100% rated load, &
demonstrate starting
reliability.

a) 24 hours at 100°7% Satisfactory
rated load ;f;

b) Ten modified starts
(Note 1) “to the =loa
required by“a loss o
of{site power (appro
7154 of rated load) &
rgpﬁ*3=£§"3iqjmum
.IJ; hou.r‘f"" = k-

") Two fast starts (Note

to 1007 of rated

load, & run fbrj’ mini-
' 4

um 61‘:§:;¥rs.

1. A modified'start 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
temperaturc,

Satisfactory

Satisfactory

Notes:

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

3.4
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1) Manufacturer recom-

TABLE 3.2 Confirmatory Testing Standby Diegs

Test Objective Acceptance Criter

mended test in accord-
ance with TDI SIM #99

a) Initial start, slow Operating parameg
idle, No load, (15 in the norma
minutes) Satisfactory ¢

inspection

b) 450 rmp, no load, Adjust governor
(30 minutes) Overspeed trip satisfa

Verify generator differen '-:
shﬁ-tdown\ -
Operating parameters rmal

range ﬁ::;;?'
Satisfactory cran
tion %
b

¢) Generator phas1ngﬂ“*=5atisfactory ganerator elec-

trical shack

if;#"gSet electrical
E
governgr
F

4 e ~
d) 1 hour at.25% H‘aagf Qpe rating parameters in nor-

rtion of

rated load ™ { mal range
e) 1 hour Ope ting parameters in nor-
(} range
. P
f tOurs at 7# C;cra.wng paremeters in nor-

r ted load mal range

Operating parameters in nor-

mal range
Verify parameters consistent
with step (d) .

Operating parameters in nor-

Toad (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

- 1B

Results

isfactory

Satisfactory

Satisfactory

Satisfactory

Satisfactory

Satisfactory

Satisfactory

Satisfactory




TABLE 3.2 (contd.)

Test Objective

Acceptance Criter Results

2) Engine timing & adust-
ments.
24 hours at 100%
load (power duration
may vary).

3) Engine performance
test. Demonstrate
that each diesel
operates within
design parameters at
100%Z rated load, &
demonstrate starting
reliability,

a) 24 hours at 1007
rated load

b) Ten modified starts
(Note 1) to the load
required by a }655 of

approx.

715% of rated load) &

run for a minimum of

offsite power.

e

1 hour.
c) Two:

Toad, & rur _for a
* mym of 4 hours.

X

1. Amedified.s

: tn$}s (Note
2) to 1007 of“rated ™

Smooth operation Satisfactory
Cylinder firing pressu

balance

mal range
Crankcase web

Operating par Satisfactory

mal range. A
successful,

Satisfactory

Satisfactory

Satisfactory

%y
it

mini=-

rt As defined as a start including a prelube period as recom-

mendzhggz»t e manufacturer and a 3 to 5 minute loading to the specified
load level. dified starts may be conducted with the engine at operating

temperatur

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

an ESF signal with



3.4 POST-TEST INSPECTIONS

The post-test inspection program was intended to p ile a thorough engine
1nspection without major engine disassembly. Major dfsassembly was not

inspection and design review program. The purposefof s inspection was to
look for potential latent problems not discovered ¥g.# er, pections and
tests and verify readiness for further operati o

inspected by removing access covers and by oi alys:e

was the method used to indicate abnormal we pgs and the
elemental analysis was the means to identi co on}nt in distress.

Visual inspections were relied on to verify ina) wear, absence of

discoloration, from overheating, water le sence of wear products
(metal particles) were considered as the me ntify distress conditions
in combination with oil analysis. A summary o¥sthe ine component groups and
post-test inspection results are listed in Table ine 1A) and 3.4
(Engine 1B).

TABLE 3.3 Post-Test I ndby Diesel - 1A

Part Name Part Number Results

Tappets & Guides-Intake.& Exhaust 03-345A Satisfactory
Tappets & Guides=Fuel Tap et Assy 03-3458 Satisfactory
Camshaft Assembly 03-350A Satisfactory
Camshaft- Supports,,;%ng T'Go r 03-350C Satisfactory
Idler Gear Assy Crank to Pum Gea 03-355A Satisfactory
Cylinder Hd-801t1ngki Gg;fszg.g\u;;’ 03-360C Satisfactory
Overspeed Trip.~ Coupl 03-410C Satisfactory
Governor Linkage 03-413 Satisfactory
Lube 011 Sym Ta:\ 03-5408 Satisfactory
¢ N w
TABLE 3.4 Post-Test Inspection Summary Standby Diesel - 1B
élrt Name Part Number Results
Guidii-!,take & Exhaust _ 03-345A Satisfactory
Eq)d;;gfuel Tappet Assy 03-3458 Satisfactory
Assem 03-350A Satisfactory
ppgfts. Bolting & Gear 03-350C Satisfactory
Idler Gear Assy Crank to Pump Gear 03-355A Satisfactory
Idler Gear Assembly 03-3558 Satisfactory
Air Start Valve 03-359 Satisfactory
Cylinder Hd-Bolting & Gaskets 03-360C Satisfactory
Governor Drive Coupling, Pins & Keys 03-4028 Satisfactory
Governor Linkage 03-413 Satisfactory
Lube 0i1 Sump Tank 03-5408 Satisfactory
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PREOPERAT IONAL TESTS

The purpose or objectives of these tests were:

e to demonstrate the reliability of the standby
sources,

erator power

e to assure the system is capable of providifig.standby e

power
during normal and simulated accident copditi

e to demonstrate the system's ability

tandby loads during
simulated accident conditions,

e to demonstrate the operability of the auxiPary systems (i.e., fuel oil
transfer, starting air supply, etc.)

The types and kinds of tests perform d theﬁ:::>kll‘FESu1ts were as shown in

Table 3.5.
TABLE 3.5 Preope%cr RBS FSAR
Tests ; Results
o L 18
a) Diesel starting an T\ce - o
b) Auxiliary sys emf’s:::~) r spe 1cat1ons
¢) Interloc contro
speciffcation
F 4 R, -
& - .

d) '

and aYarms operate per

¥

& #*
b Proper manual®and automatic start and operation

e and frequency attained within time limits

e) o Prop and operation for DBA loading

o Voltage and frequency attained within time limits




TABLE 3.5 (rontd.)

Tests Results

) 3

f) e Proper operation during load shedding, seque
rejection

e Loss of largest single load - maintain
frequency

e Complete loss of load without oversf

g) e Full load for 24 hours

e Voltage and frequency maig}
' e Cooling system operation withimelimits

k).Relj ab1l1ty of SD per RG 1,108 (modified)

abiTity to*}épp y power within time limits
: perigy ¢ surveillance testing

m) Rc].abilit" d independence of redundent SD
through simultaneous starting during testing
per Section 14,2.12.1.44 of FSAR

n) o Ability to start with minimum air pressure

o Number of starts from air pressure system
without recharging.
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3.6 REPORTED RESULTS AND CONCLUSION

Few problems occured during the operation of the R
However, it must be recognized that the number of operdtiu
the two SD has not reached that experienced at a number o
Problems and areas of concern were found on a few ghgis
disassembly and inspection programs.

The TDI Owners' Group has formally repo;?‘g:ghe results ofst
effort in a four-volume report entitled TDI Piesél Generator Desig

and Quality Revalidation Report - Gulf Stateés Utilities=River Bind Station,

dated December 1984, Results of tests and inspections performed on the SD at
RBS have been reported by GSU in a seriessgf rgports included in Section
2.0 of this TER, Results and details of th&findingé at RBS are covered in

Yy

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

diesel generators.
hours on either of
her plants. a

The conclusions drawn by GSU
inspection activities are:

e As the result of the TDI 0G%ff
generators are now understoo

e Solutions to these problems have bee

River Bend.
e The TDI diese]_m@t RBS a
£nd ¢

related func fg ey prov
Bend Statig ..

mplemented on the TDI diesels at

ceptable for their intended safety
reliable standby power for River

3.7 PNL _EVALUATION

In evaluating ggb*guengih tests, inspections, and component upgrades, PNL
reviewed 2AT"8Vatable ocqmenzgtion of the tests, inspection results, and
engine .operating history on the RBS TDI engines. Based on this review, PNL
concludes that the inspection program was adequate to identify problems with
engine components and that tests were adequate to verify their ability to meet

t and service rq;uirements. The component upgrades are viewed as

r to the ipspection findings and to the recommendations of the 0G.
Wit tion f‘fhe River Bend crankshaft, PNL finds that a sufficient
number ) s been accumulated on other DSR-48 engines to meet the

criterion ing key engine components subjact to high-cycle fatigue
stresses to W/ es at or above the qualified load of the RBS engines.

. 3.10
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4.0 COMPONENT PROBLEM IDENTIFICATION AND RESOLUTION

requalify the 16 engine components known to have ha
(termed Phase 1 components). These components wer
the OG through a review of the operating historie i in nuclear

and non-nuclear service. Other crucial engine ge to*he defective
or that were replaced at RBS are also reviewed®in

or about the engine.
hat is, structural

a sequence reflective of component locati
The sequence generally progresses from bd
components, power train components, ancilla
components, on-engine and then off-engine.

operating history,
fjption is usually

ms of'its
This des
sion(s).

Each component is described
and status as determined by the and
followed by PNL's evaluation and co

PNL's conclusions generally ncorgor 93fW1ttht stating, the assumed
commitment by GSU to the adaptationi t maintenance and surveillance

i
orogram that are described in Sectiop 5.0 this TER, as well as the utility's
commitment to appropri imp]emez%\igf pplicable recommendations and

fi _

requirements resulti form the NRC 1 view of the OGPP concerning these

. components. The coptlussens also refleat PNL's finding, based on a sampling
examination of GS ségﬁgzzgtre dispagitioning component inspection - 4
findings, that thesesprocedires argsh uate with respect to both documentation

and engineering‘consthcgiﬁo

4.1 ENGINE BASE AND.BEARING CAPS

P‘ -‘ - S‘Ao D.
0¥ners™BFotp Report FaltlS4-6-53

4 'y

' . £

4.J.1 «Lomponent Functien
g{g: basge i {elf supports the crankshaft and upper structures, and

carriessthe t ofsthe cylinder combustion loads to the main bearings. The
shaft is ded In f-circle bearings set within "saddles" in the base. The
re uctural members that hold the upper bearing shells in place
over the shaft n 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.

4.1
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4,1.2 Component Problem History

Four incidents of cracking have occurred in the e
inline DSR-4 engines, causing this component to be evdluated as a generic issue:

e SNPS EDG 102, reported following an inspecti
¢ SNPS EDG 103, reported following an inspe
e U.S, Coast Guard cutter Westwind (a TD

e U.S. Coast Guard cutter Northwind ( ine,

4.1.3 Owners' Group Status

analyzed the base, bearing sadd) pogkets, and bolting/nuts.
FaAA conducted a finite element ' resses acting on
critical sections of the bearin A 1 loading from the
crankshaft. The loads were detefpined from a journaf orbit analysis. The
bearing cap, through-bolts, bearing sfudss and were similarly analyzed.

The studs and bolts were tested forkhardhess’

saddie_under

FaAA concluded th base assembly components have the strength
necessary to operatif t full *gated loaq\::gtindefinite periods, provided that

all components mee;:mg&, turer's specifications, that they have not been
damaged, that mating surfa sjean, wind that proper bolt prelcads are
maintained.

w

The Owners' ‘Group con Tﬁ:::\:hbt the cracks in the engine base saddle of
SNPS EDG 102 were die, to the crank<haft failure, and the cracks in EDG 103
resulted from improper™ ngine-disassembly procedures. Cracks in both U.S. Coast
Guard c;;ti??"!hg@se ba q\gadé)!s were considered to be the result of
undertofquing,. ™ N 9

4,1,8 GSU Status %

A LP.inspection og the main bearing saddle area between #5 and #6 cylinders
(2 surfaces), was performed. The results were satisfactory. In addition to no
cracks.qggere“vg ng’indications of excessive wear, erosicn or corrosion, A
visual inspection of the mating areas on the bearing cap was performed and no

5

indication ofi fretting 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
0G in the RBS DR/QR report.

4.2

¢ ) . . ‘e - 4 e R » T L]



- -

4,1.5 PNL Evaluation and Conclusion

PNL believes that the origin of the cracks observéd ig# the Shoreham EDGs
was properly diagnosed and that the analysis conducted isfappropriate to
conclude that similar cracks should not start or prg enin the TDI engines at
River Bend.

On the basis of the inspections, diagnostie
the 0G, PNL concludes that the engine base and be
acceptable for their intended service, subj
be performed according to the recommendatié
River Bend.

4.2 CYLINDER BLOCK
Part Ne. 03-315-A

p by GSU and
AZand 1B are

Owners' Group Report FaAA-8

4.2.1 Component Function

support for the cylinder liners, cykindersheads, camshaft and valve assemblies,
and other miscellaneou onents. S0 serves as the outer boundary for
the engine coolant. #The blogk is subjecteqd to both mechanical and thermal
stresses resulting fro cambustion sses. Structural failure of the
block could le:gf;b é adeqratgctbp components that confine combustion

pressures, and there en engine shutdown,

4,2.2 Component*Problem HiStory

’ > »
Cracks have been p;:t‘ in cylinder blocks of both DSR-4 (inline) and
DSRV-4 (C¥"Y"€Fgines in huclearzand non-nuclear applications. Several types of
crack§; ave occurred in cy igder block tops. Cracks have also been found in the ©
camshift eilleries of inline éngines, in the vertical wall just abtave the
camshafg bearing supports. The following is a summary of the types of cracks

the _engines in whigh they have been found.
igament crag!s A ligament crack is oriented vertically and extends

en thescougterbore for the cylinder liner landing and a cylinder head
ole.,” Nuslerous cracks of this type have been identified in the top
surfacés_of the Shoreham EDG 101, EDG 102, and origina] EDG 103 engine
blocks. ck maps for the three blocks are presented in FaAA-84-5-4,
Design Review of TDI R-4 and RV-4 Series Emercencv Diesel Generator
Cylinder Blocks and Liners,

stu

Ligament cracks have also been reported by FaAA in the marine and
stationary installations listed below. These engines have operated with
such cracks from 6,000 to 28,000 hours.




T0I
Engine Series Installatio

DSR-4 Copper Valley Ele gal Corporation

DSR-4 MV Trader
DSR-4 MV Traveler
DSRvV-20-4 . Homestead, F18
DSRV-16-4 MV Gott
DSRV-16-4 MV Columb
2. Stud haole-to-stud hole cracks - A stfid hole crack is also
oriented vertically, and extends be cylfnder head stud holes of

adjacent cylinders. In nuclear applic
identified only in the original block fo
Following replacement of the crankshaft in

of 100 hours at or above the}ﬁ?hanlg&;drating kW, a crack was
two }

discovered that extended bgfﬁeen cent stiddsholes on the exhaust side-
of cylinders No. 4 and 5. “Latéi fteraébﬂ‘iQiapad experienced an abnormal
load excursion while being dperate full load, and had then been

rs) at 3900 kW, reexamination
between-stud hole cracks.

-stud hole crack between cylinders No.

e FaAA report referenced above. (The
aced.) -

reham EDG 103 engine.

operated for a brief period (Jes
of the engine block revealed aqgj 1

o

Furthermore, the original stud %ole-

4 and 5 had grown“ﬁasedgcumente

orignial EDG ?"Block at, SNPS wa
s

1s type are found in the corner formed

; ~the cylinder liner counterbore. They may
extend circumferentjally*aFound the landing and downward into the block.
Such cracks were diSC%xered inghe original EDG 103 block through
destructive metqllurg cal examinations, which revealed a maximum crack
depth of approximhggly 3/8 inch. Because of the relatively sharp corner
whe e racks occur, they are difficult to identify through
nghdestructive tests., . 7

3. Circumferential cracks: - CFa
by the cylinder: liner./landing a

- #

Cam gallery cracks - This type of crack appears as a horizontal indication
in, the upper radius of a camshaft bearing support, and extends in
essentially :“ﬁortzontal plane toward the engine jacket cooling water
stenh\"Cra= s of this type have been discovered in the cam galleries of
0G » EDG 102, original EDG 103, and replacement EDG 103
cyl r bloc Weld repairs that are essantially cosmetic in nature were
porfor%b&}on e cam gallery cracks in the first three blocks. These
repairs did/not involve complete removal of the crack; furthermore,
additional cracking occurred between the weld "nuggets” and the base
material in all three blocks. The cam gallery cracks in the replacement
EDG 103 block are much shallower than those in the ather blocks.

Another crack of a type that differed from those described above appeared
in the original Shoreham EDG 103 block after the following sequence of events:

4.4



During a test at full load, EDG 103 experienced an mal load excursion.
The engine < .wed to 390 rpm, at which time a br ripped, removing the
electrica’ load. The engine continued to operaté atfrated rpm (450) for
about 10 minutes, and was then shut down. Af ine was restarted

and loaded to 3900 kW, a crack was observed the front of the )
block from cylinder No. 1, and the engire wa Reexamination
of the block revealed additional stud hol
earlier in this section. LILCO decided £o r#place the b

Metallurgical examinations of the orifi .block by FaAA revealed
an extensive degenerate graphite microstrictyre (Wifdmanstaetten graphite) that
produced markedly inferior mechanical progert FaAA concluded from
metallurgical examinations of the EDG 101 ocks that they did not

exhibit similar degenerate microstructures.
Several indications were disfo in the DS engines at Comanche
Peak that also differ from the £ypes of ¢ descri above. These
indications are oriented vertically ext:tgf?bi;gily into_the block from the
cylinder liner landing and cylin r‘iigzz;;ounterboi . Through metallurgical
examinations, FaAA identified thé§§ crack &;nghsofdendritic shrinkage or

porosity resulting from the castin 5pchis They have not been found in any

other TDI engines in nuclear servic :
4.2.3 OQwners' Group Status e\\\k >
7 %

Because no q;ﬁcgs oth&r tha {%ose found in the Comanche Peak engines have -
been reported for any othef TDI engimes in nuclear service, all efforts have
been directed toward detgrmip -gn:‘? gnificance of the various cracks in the

SNPS engine bloc's%\\h

To this end, FaA ~gn behalf of the 0G conducted an investigation that
consiste ~df‘T7‘uq{gna1ysia of loads on the block that influence fatigue and
fracture and 2) a stress analysis to estimate the levels of stresses caused by
these‘1o;d:. as input to their fracture and fatigue life evaluation.

-~ ' hft %

TQ;»load analysis considered the combined effects of 1) the preload on the
cylinder«head studs, 2) the load distribution between the head and the block, 3)
the Migad between }ﬁe ead and liner, and 4) the thermal and pressure loads

a

h
between:the T\qg,‘ q&!the block. These loads were used as input to the stress
ana1y51:h\q\:::¥ide stimates of the stress levels in the block.

The stres$.dnalysis 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

"s &
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the cracked and uncracked ligament, and 4) determine the
liner-to-block radial clearance. The results of the finj
were used to gain insight on the distribution of stres
scaling factors to relate stresses at gauge location
initiation sites.

d to determine
ose at the crack

In addition, sections of the original Shoreh were cut out
and subjected to full metallurgical tests of m ctography
and metallography, and visual inspection of crack ud hole,
stud hole to shud hole, and counterbore rad reas,
Metallurgical tests were also conducted oniSa DG 101 and 102 blocks.

e Initiation of cracks in the ligament bet d hole and liner

load and/or engine starts t oad. Thesésgcracks are benign because

the cracked section is ful

iner and the region of

la operating hours at high

containéd-between t
the block top outside the Stud “hols circ??.\isld experience is consistent

with both the prediction of igiqen acking and the lack of immediate
consequences, These cracks are ngtjgxpséfidutb extend below the cylinder
liner counterbore landing (approximately 1.5 inch deep).

e The presence of ligament cracks Retwden stud holes and liner counterbore
increases the stfess andithe prob
of adjacent cylin such that st
to initiate afteF additiofial eperat g hours at high load and/or engine
starts to b!bh«Joad. he deepest.measured crack in this region was

originally estima '§$$53‘§ppro; mately 5.5 inches deep, but later, when

cutout section was avaflable for measurement, determined to be 3.9 inches
ade engine operation or result in stud loosening.

deep. This didwnot d

o The. “3:?zﬁtﬁ?8:3\:*xgropa tion of cracks between stud holes in the
original _EDG t

indicates that blocks with ligament cracks are predicted to withstand a

3 block™atsSNPS, when compared with LOOP/LOCA requirements,

113ty of cracking between the stud holes
ole-to-stud hole cracks are predicted

ng.stud hole-to-stud hole cracks prior to the event and 2) the specific block

‘fiZLTOP/LOCA event with sufficient margin, provided that 1) insgeciion shows

mafi;%al of EDG 103 is shown to be sufficiently less resistant to fatigue

han typical gray’cast iron, Class 40 (the replacement EDG 103 block is a

appearingg and ultimate tensile strength of typical gray cast iron, Class
40. However, 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,

-t
demo gratziggh%t Shoreham EDG 101 and EDG 102 block material had the

4.6

ical gr cast iron, Class 45), Metallurgical tests and photomicrographs
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be inspected for ligament cracks. Engines such as_.fhose at Catawba and
Grand Gulf that are found to be without ligament grackS can be operated
without additional inspection for combinations d, time, and number of
'starts that produce less expected damage than the cumblative damage prior to
the latest inspection. The allowable engire i repcated
inspection can be determined from cumulativ

e The block tops of engines that have operated at or ai:g: rated load should

guen¥ inspection
sumed to have ligament cracks

5.,

e The blocks of engines that have been op
of the block top should conservatively.be
for the purpose of defining inspectiqf i

e For blocks with known or assumed ligamen cks, the absence of detectable
cracks between stud holes of adjaceg%\hxginder should be established by
eddy-current inspection before the engintyis returned to emergency standby
service after any period of operation at4§>ﬁabo?53502 of rated load. If
crack indications are found,ffemayal of the ;BQECcﬁt heads and detailed
inspection of the block top are nece: In addition, it is necessary to
ensure that the microstructure the blo does not indicate inferior
mechanical properties.

e Engines that operate at lowerimaxigum pressure and temperature than those
in the SNPS engines may have iicreas d margins against block cracking that
could allow relaxatien of block%ﬁ:p inspection requirements. Modifications
to other parameters such. as incrdase . liner-to-block radial clearance and
reduced liner protrusion above theé.block (proudness) will reduce stresses,
and site-spgﬁ?f;ﬁ'analyse?“ﬁi‘;uch‘bgdifications could also permit

relaxationof ifspection requi ts.
e The cracks ¥n the fimf allery™of the Shoreham EDG 101 and 102 blocks and

the EDG 103 replacement block are shrinkage cracks that originated during
the coo]ing-dowd?pgriod“ ter the blocks were cast, while they were still
in L Duringagpera ion the areas in question are under continuous
compres ;ive stress anE!._‘“= us, pose no problems due to crack growth,
4,274 GSU Status °,
L g i
BaSed on recomhenaations from TDI and under TDI field service supervision,
the lindbq;linecfSupbort lips (landings) were ground flat with a special tool.
Also uhiform and/larger than original radius was formed on the inside diameter
of each the Tin support lips for both of thg SDs at River Bend.

As part ofithe 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
NOT examination of the block that are summarized as follows.
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SD Engine 1A

o - Measurements were taken as recorded for all cylin

e All cylinder block tops were visually inspecte 1 2gion adjacent to
and between cylinders after 124 hours of operatio ament cracks, no
stud hole-to-stud hole cracks or stud hole-t ,apﬂ' C found.

o Liquid penetrant test was performed along®th¢ top landing ., fillet
radius, and vertical face adjacent to nd1q2§surface fSFggfﬁ cylinder
block liner landings. The reported rgsul atisfactory.

e A magnetic particle test was perfor
on top of cylinder blocks 5, 7, and 8
liner and between adjacent clyinder stu
satisfactory.

iéﬂgider head mating surface
gt as between stud nole and
The results were

¢ No linear indications were*‘ound a
threads via a visual inspectio

SD Engine 1B

¢ A dimensional check was made argund tfie cylinder liner and all cylinder
block liner landingss-. The resufts were

o A F = test was petfo ed along the top landing surface,
f1TTet radmg§~ “and vent1cET“f ce aJ}acent to the landing surface for
cylinders . The results were »

e A magnetxc part1c1 t 1TT::\biz ormed on the cylinder head mating surfaces
on top of cy11nder bl in the areas between stud
holzs and liner, “and betwé>: adjacent cylinder stud holes. The results

wereﬁ"—\

1 eyTinder, bloci tops were visually inspected in the regior adjacent o

ng between cy]xnders after 40 hours of operation. No ]1gament cracks, no
stH\\:ole to—studgrole cracks or stud hole-to-end cracks were found.
“ met

rg1c /m crostructural analysis of the cylinder block material was
xamination indicated the block 1B microstructure was
repr enta T;;gﬁf typical gray cast iron, Class 40.

Based on DR/QR review, and with implementations of routine inspections,
the 0G concludeo that cylinder blocks 1A and 1B at RBS are acceptable for their
intended use. ;

-4.8
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4.2.5 PNL Evaluation and Conclusions :
PNL's review of the cylinder blocks at River Bend?Q::;azed consideration of

1) the FaAA design review of the cylinder blocks, 2)A&est{and inspection reports
for the GSU engines, 3) the River Bend DR/QR repor eetings with and
plant visits to TDI, TDI engine owners and the

4.2.5.1 Camshaft Gallery Cracks

Evidence available from recent tests gical invest®igations
strongly suggest that the known camshaft y cr. k; at Shoreham originated
during the casting and subsequent coold the y[}nder blocks, and that the
cracks have not grown since that time., ¥ ge measurements taken by FaAA
on Shoreham's EDG 103 demonstrate that the aceas whére the camshaft gallery
cracks occur are subject to compressive stres duiigg engine startup,
operation, and shutdown. Athough PNL concurs that compressive loads introduced
during engine assembly and maintainé ing operatign should prevent growth of
the cam gallery cracks, PNL issfess certa the level of residual stresses in
the vicinity of the cracks and the & uences o ose stresses when
compressive loads are reduced éﬁﬁgembyed. The residual stresses could
conceivably lead to crack "pop inglwh3939 b é%f‘#s’unbolted from its base. It
is also conceivable (although admittedly upTikely) that the unknown residual
stresses, combined with reduced compressife stresses during engine operation,
could exceed the imposed™ ressive stresses at the crack tip and lead to crack
growth during operation.

Ouring a mee ing”in S)ptembera%:S: River Bend, GSU personnel indicated a
visual inspectign had bees” made on =cam shaft gallery areas in October 1983
and no cracks were found: specifics on this inspection have been provided.
GSU also indicated their igtention inspect the cam shaft gallery areas after
the initial 24-hour~100% operational tests. If these inspections have not
been performed adequdtg_and tailed inspections should be done on all of the
cam shispfﬁzTﬁt?bag:eas of,_bothsSD 1A and 1B at River Bend.

o N Z .

3.2.5.2 Circumferential Cracks i Liner Bore
g:ffCiggumferentiqﬂ cracks in the liner counterbore and counterbore landing
werg obseg;:d in the Shoreham engines and in other engines in non-nuclear
applications, These cracks were not analyzed in the FaAA original design
reviewi:however, they were later dealt with by both visual examination of cracks
in the culgut section of the original EDG 103 bleck from SNPS. PNL believes
that the FadA angJ&sis of the origin of cracks, namely stresses induced by
cylinder 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 cracks formed in the

‘.9



cylinder liner counterbore and landing would be rapidly arrested as they move
into the region of compressive stress, and will not repreSent any hazard to
engine reliability. This judgment was supported by thefresiilts of sectioning of
the circumferential crack that had propagated only 1/8 to3/8 inch into the
block even though this block had degraded rechanica}propefties. Further
confirmation that such cracking is benign is furni operating experience;
there are no records of any nuclear or non-nuclea ine 21 1ing_because f

cracks of this type. ﬁ
Like many other installations, circumfefentdal cracks have n een

experienced in the TDI cylinder blocks at RBS.# Als ﬁ?hg rework performed by GSU
on the cylinder lines support lips as we on the ljners proudness height and
diameter will reduce the stresses induce iner bore of the cylinder

block.

4,2.5.3 Ligament Cracks

The inspections performed_ggfzzzhz;TThdegﬁglg;:S' GSU, albeit somewhat
limited in extent, have not reveale indicattons of ligament cracks in
either SD 1A or 18B. 7

PNL believes the analysis preégnte 1né<::‘:?j;r Bend DR/QR report on the
subject cracks is factual and supports the*0G recommendation that a material

microstructure evaluation=be performeq\:ngthe 1A block at RBS,

4,2.5.4 Stud Hole=to-Stud Hole Cracks’

Loids vord ", . . .

Stud hole-to-stud holé cracks are.considered more serious than ligament
cracks because ‘they degragde th&€ overall mechanical integrity of the block and
its ability to withstanasfjfing pF?ssures and piston side thrust. The analysis
performed by FaAA indicated that, once ligament cracks occur, the stresses in
the stud-to-stud region_incréase, providing a greater potential for cracking in
this region™ From cumulative damage analyses, FaAA determined that
approximately the same amount of accumulated damage Gvould be required to form
stud Kole-to-stic hole cracks following the formation of ligament cracks as
would be needed to originally cause the ligament cracks themselves.

Furthermore, the amount of damage that would be caused by operation during a
LOQP/LOCA. accident should be much less than that required to produce a stud
ho\@i'o—stﬁumholejgiagﬁ greater than 4 inches deep. Therefore, FaAA concluded
that a"block was a@ble to meet its intended function if tests showed the absence
of stud hole-to-stud hole cracks. A

Based on FaAA 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 cyliinders, 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
cylinders in either SD 1A or 1B following each operation of that engine at 50%
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of qualified load or above. If cracks are found, further apalysis should be
made to determine the suitability of the block for contipuedyservice.

ctions and PNL's
locks installed on
sudbject to monitoring

examinations of one engine's blocks, PNL concludes
both SD 1A and 1B are acceptable for the intended
for cracks.

4.3 CRANKSHAFT
Part No. 03-310-A
Owners' Group Report FaAA-84-3-16

4.3.1 Component Function

The crankshaft receives the retvprocating powewr strgkes from the cylinders
(via the pistons and connecting.fods), cofiverts them q}?otaryAmotion. and
transfers the shaft power to thé_genecg;gr. drives the gear train that
operates the camshaft, which, in“turn, operates the €ylinder-head valves, fuel
injection pumps, governor, etc. TheﬁgganE§haf?ﬁ%s;5upported by journal bearings
mounted in the engine base. The chnksbaft;ﬁegins as a forged steel billet,
which is-subsequently formed ints the crankshaft configuration by a further
process of forging and_twisting, afté{_wh‘gh it is machined. By means of holes
drilled throughout thé crankshaft, pressurized oil is picked up from the main
journal bearing supply points and transmittéd to connecting rod bearings, wrist
pins, undersides of the pistonsT™and otha# parts.

F & F .

The crankshaft is. subject™to.a ::;%ety of very complex stress fields,
These include direct and torsional shéar stresses and bending stresses due to
the piston thrusts;“inertial effects of reciprocating masses; torsional, axial
and flexural vibration:-stresses; bending stresses due to overhung flywheel;
bending stresSES~due to wear-down in main journal bearings; and variation in
external support alignments. These nominal stress combinations a>2 augmented in
Tocal ‘'stress fields due to the stress-raising influence of oil ho'2s and
crapkweb/journal transition zones. Residual stresses due to forging and heat
treating procedures, operating conditions, and operating accidents also affect
th finak stress spectrum. The machined surfaces of the crankshaft journals and
crankg;ns arg subjéct,ﬁo damage from oil impurities, bearing deterioration, and
excessive hea Therefore, crankshaft failures may occur. At worst, a
crankshaft. may actg§11y fracture (through fatigue) and separate, leading to
immediate eng%;e shutdown and probable significant conjunctive damag> to other
components., ecursory damage leading to failure (such as cracking) can
sometimes be prevented via surveillance and maintenance (e.q., periodic
crankshaft deflection check).

4.11
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4,3.2 Component Problem History

In August 1983, the SNPS EDG 102 crankshaft fractyfed Buring plant
preoperational tests. This fracture occurred at the £rankpin journal of
cylinder No. 7, separating the crankshaft into two The fracture
involved the web connecting the No. 7 crankpin jo ai:jacent No. 9

main bearing journal. Inspection revealed severe crankshafts of
the other two SNPS engines. Independent studi Fagﬁxebﬁ the
Franklin Research Center subsequently determi ese failureSuto ba due to
torsional vibrations. No other torsional f s of DSR-48 cra‘\sbafts have

been reported.

diameter crankpins with
new crankshafts having 12-

The original Shoreham crankshafts that h
the 1/2-inch fillets were subsequently rep
inch diameter crankpins with 3/4-inch fillets=

4.3.3 Owners' Group Status 4§§hhh‘*‘n.‘

The 0G initiated an extensive 1nygst1gat1on%n the causes of the SHNPS
crankshaft failure. FaAA and SWEC were retained by EILCO to carry out intensive
inspections, and analytical and experimenf&l-anves;1gatwons. The !RC requested
that the Franklin Research Center provide af 1ndependent review, The ronclusion
of these-investigations was that the crankshaft failed from torsional vibration
stresses resulting from-operation too, near a critical speed.

N L 'O

The 0G next eva1uated the adequacy: othhe replacement Shoreham crankshafts.
This was performed by FaAA™ and“fbns1sted;of 1) reviewing TDI calculations of
stresses from sxngle torsional v1brat4pn modes and SWEC torsiograph tests on
both the old and new crankshafts to verify that the new crankshafts did meet
Diesel Engine Manufacturfers Association (DEMA) standards and 2) performing a
fatigue analysis of-the crankshaft to determine the factor of safety against
fatigue. In addition,-TDI obtained certification from the American Bureau of
Sh1pp1n3?(ABS7“fog~:1z1ng of the crankpins, journals and webs.

o]

Lihe enaT\sns of the fac or of safety against fatigue failure consisted of
1) a torsional dynamic analysis to compute the nominal stresses at each crank
;grou.‘Z) a three-dimensional finite element analysis to determine local
stressessin the cranpin fillet, 3) stress measurements at the points of maximum
str3§§\1ndﬁcated y the finite element analysis, and 4) a determination of the
factoref saFe§¥§ omparang the measured stresses with the endurance limit for
the failed, Shorehamicrankshaft. 2

FaAA reached the following conclusions (which are documented in report
FaAA-84-3-16):

o The TDI calculations of stresses using single orders are appropriate and
show that the stresses in the replacment crankshafts are below DEMA
recommendations for single orders of torsional vibration.
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e replacement
ingle and combined
d at 3800 kW. A

e The SWEC torsiograph tests show that the stresses in
crankshafts are below DEMA-recommended limits for béth
orders of torsional vibration at 3500 kW (100% load)
linear extrapolation to 3900 kW also shows complfance.

ith DEMA within

were calc geémhl'FaAA using
iarmonic data®gbtaihed by SWEC
»

e On the basis of an endurance limit or the failed crankshafts
and scaled to account for the highe tensile strength of the
replacement crankshafts, together with™stress Jevels computed from strain
gauge data, the factor of safety against Fatigue failure of the
replacement crankshafts is 1.48 for speratiom_at _QO kW. This factor of
safety does not account foréfﬁz‘beggficial ef eq&s;gf shotpeening, and is
even greater if the shotpeening of crankshafts is-€onsidered. :

the accuracy of the analysis. These stre
the modal superposition method together
at 3500 kW and 450 rpm.

ish

"

e The replacement crankshaftsEQrZE;:??ipie for unfimited operation in the
emergency diesel generators at Sﬂgsfit.}ﬂg‘hanép1ate engine rating of 3500
kW and at the two-hour-per-24 hoursrating of 3900 kW.

Other evaluations.of=the adequacy of ithe replacement crankshafts were
performed for LILCO by Dr. Franz F. Piighi}ger. president of FEV (Research
Society for Energy, Techfivlogy and Internal” Combustion Engines) and a professor
at the University of Aachen in West Germany; and by Dr. Simon K. Chen, owner and
president of Power and Energy International, Inc., a private consulting firm in
Beloit, Wisconsin. Dr;ﬁgisqpfigec‘:ndépendently reviewed the work performed by
FaAA on the crankshafts, and he compared the design of the crankshafts against
the Kritzer-Stahl design criteria. He concluded that the crankshafts should
have unlimited life for. operation at 3500 kW, and that the crankshafts should be
able to gpérate at.3900 kW for & minimum of 600 hours. Using 12 orders of
vibration and harmonic coefficients based on data from Lloyd's Registry of
Shipping standards ("Guidance illotes on Torsional Vibration Charactzristics of
Malp’aqg‘Auxiliary79i1 Engines," 1976), and the TORVAP program, Dr. Chen
concluded that the replacment crankshafts comply with DEMA standard practices
+3500 Eu‘and 3900 kW,

B
F

4.3.4 "6V Stitus” /

Dime;:?qullgn the crankshafts in the TDI engines at RBS are the same as
the Shoreham replacement crankshafts (i.e., 12" diameter crankpins with 3/4-inch
fillets). The crankshafts in SD 1A and 1B were made by Elwood City Forge

Corporation using a forged slab, hot-twist fabrication process.
During the preservice inspection and the 0G 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 18B.
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crankshafts in SD 1A and 1B:

The following inspections and results were reported GSU on the

surfaces for
T

Performed visual inspection of eight crankpin jeéirna
indications of stress. No signs of distress were evi

Performed eddy-current inspections of seven pin 1s. No relevant
indications were evident. ‘\\\\\br
ighgjj;ankpin Jouepals fillets.

bearing oil hole entrance
regi and seven holes showed no

Performed liquid penetrant examination
No relevant indications were evident.

Performed fluorescent LP of crankpi
regions. The examination of 14 entran
relevant indications.

in béaring oil holes to a
wome showed tool marks
able as it was within the 0G

Dental impressions were madgggﬁ%c:;nkpin and

depth of 3-inches (9 on SD:1A and 1 D 18B)

with a depth of 6-mils. This was.deemed ac

acceptance criteria. L
A\
%

Performed visual inspection of entr@nce regions on crankpin and main
bearing o0il holes (9 on SD 1A and 12.6n SD 18). Al] showed a polished
surface finish,

Tests and results as=reported by the 05 for the crankshafts in SD 1A and 1B

in the River Bend=DﬁéQR that appedr,_to be‘additional ones not reported by GSU
are: ;

- w S
Performed e dy;cu;?anfi:zhtaitests on main journals 7, 8, and 9 oil holes.
Results were satisfactory.

Pe?jnﬁméa eaﬁg:curféng and AP tests on crankpin journals 5, 6, 7 and 9 oil
holes. Results.were satisfactory.

A;;i part of the QG DR/QR program, the adequacy of the RBS crankshafts for

ir 2t&t\e’nded use ;as ;;nalyzed and evaluated. As reported by 0G:

| modal, superposition analysis of the crankshaft was performed to calculate
the nominal Shear stresses at each crank pin and main journal location.

The pressure loading was obtained from the dynamic test at Shoreham Nuclear
Power Stqﬁiqgf' The modal superposition analysis determined the maximum
amplitude 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.
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e The results of the torsiograph test performed on SD
were reviewed, and the natural frequencies and fres:en amplitudes of
vibration were found to be in agreement with the mdda}superposition
analysis. It was determined that the nominal stfessés during steady state
conditions at 3130 kW load would satisfy DEMA

(Engine No. 74039)

results with
analysis?\\l:e Q] Holzer
agreement wi %&}5

agd crankpin fillets were
certification reports for
No. 74040 are within the

e The TDI Holzer calculations were reviewed by
results obtained from the modal superposi
calculations were found to be accurate
vibrational analysis.

o The stress levels in the main journ
compared with the endurance limit,
the crankshaft material in engine Nos.
original design specifications. The factor ofgafety against fatigue
failure in the main journal oil holes and ¢ fillets at 3500 kW load
was found to be 1.36 and 1.29, ectively, Dased on a minimum ultimate
tensile strength of 94 ksi§;fr engin ial No. 39. !

Based on the DR/QR review, the OB cofclu that thefcrankshafts in engine
serial Nos. 74039 and 74040 are accepfabl ;gf"thaJi intended function at River
Bend provided the engines are run at nogfreadter than a 3130 kW load.

4,3.5 PNL Evaluation and-Lonclusion
— .

Although the gdisiogrgph tests perforpéd at River Bend apparently were not
conducted for underspeed and ovérspeed coAditions at that power level, the
results at rated’speed prqi%des al of assurance that actual torisonal
stresses at 313Qkkw d%gﬁ}ﬁ comp T4 ncefﬂith DEMA standards over the limited
frequency range and assotigi@d sp:EH¢ ange to which the SDs at RBS are
controlled to. - ‘

Subject"tothe following récommendations on surveillance, PNL concludes
that the crankshafts. in SD™1A and 1B are acceptable for their intended service,
providad that tRey are not cperated at loads in excess of KW,

= v "i? '.z S ——

Because of theé]iqjted number of operational hours on these engines the

fodlowingysurvillante type activities are recommended:

o D ring t Trstirefueling outage, the fillets of the three crankpin
journals (Nos.#5, 6, and 7) subject to the inighest stresses should be
exam?ﬁ?d?:it iquid penetrant and, as necessary, eddy-current in the
crankshaftsfof both the SD 1A and 1B engines. The fillets in the two main

journals between these three crankpins should also be examined in this

manner. In addition, the oil holes in these crankpin and main bearing

Jjournals should be examined in the manner used in the most recent

examination of the SD crankshafts,

e In subsequent refueling outages, two of the three most heavily loaded
crankpin journals in each of the two crankshafts should be examined as
noted above. The main bearing journal between them should also be examined
in this manner.
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4.4 IDLER GEAR
Part No. 03-355-8

4.4,1 Component Function

The primary purpose or function of the idler is mit torque
from the crankshaft to the camshaft.

4.4.2 Component History

As a result of the DR/QR reviews, t
prescribed torque on the idler gear-to-h

ce maintaining the
en emphasized,

-

4,4,3 Component Status

GSU has installed new idler . recommended product

improvement.

4.5 CONNECTING RODS

ParE No. 03-340-A

Owners' Group Re 9rt*Fa45-84-3-?
%

4,.5.1 Component Fufcti :
| .~

The primary-function 6f the connecting rod is to transmit the engine
cylinder firingﬁjofceiigym Eyé-aﬁsggnsfknd piston pin through the rod to the
crankshaft such that the reciprocat ng motion of the pistons induces rotation
and output torque ofa§he crankshaft. The connecting rod must have sufficient
column buckling strength and“?g}1gue resistance to withstand the cylinder firing
forces apd“Thertval loads:, The Jwrist pin bushing (or rod-eye bushing) and the
crankpin bearings are contained by the connecting rod. The flexure of the rod
must be sych thati.the bearings are not unacceptably distorted, The passages
within the rod must remain unblocked to provide cooling and lubrication to the

bgﬂrin and pistons, §uff1cient clamping force must be maintained by the bolts
on hegibnﬁﬁcting npd cap to prevent relative motion of the components., The rod
cap bolts st sugportfthe necessary preload without yielding, fracture, or
unacceptable thread istortion. The wrist pin bushing must support the cylinder
firing forees and ipertial forces. .

4.5.2 Componenté‘tthem 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
0il hole in a DSR-46 engine at Glennallen, Alaska (Copper Valley Electric
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report supplied by TDI did not identify the origin of crack; however, no
material abnormalities were reported. This engine hadfopefated for over 8000
hours and, for part of that time, at much higher peal firing pressures (1975
psi) than those measured for engines in nuclear sepdi

Corporation). Reportedly, this crack was initiated frgggi:ﬁggue. The failure

4.5.3 Owners' Group Status

The adequacy of the TDI inline connecti by-FaAA for
the Owners' Group. The objectives of theirnfef re to assesS=the
DSR-48 engines in standby
nd, and Rancho Seco nuclear
suitability to perform

power <tations, and to determine the con
their required function.

The Owners' Group evaluation_considered fou

ajor,parts of the inline
connecting rod assembly: the rad-ey hing, the

d eye, the connecting rod

bearing housing and cap, ~nd thée connecting™ itsel The rod-eye bushing,
which is of the same desi;n as those~ he V-en + was analyzed because
r linear indications have been found in, the Brogze bushings during field

inspections. Journal orbit analyses, al ldrgl evaluations, and stress and
fracture mechanics analyses were perforfed# The rod-eye end of the connecting
rods was“evaluated by stress and fracture®mechanics analyses, which included
assumed surface flaws,~The.connecting rog bearing housing and cap were

evaluated by stress_and fatigue analyses. %The connecting rod itself was
£

F ¥

analyzed for buckling st&bility,

The connegfﬁngdigd i;?ag;ggbé;\Tb§the crankpin bearing cap with four bolts
extending entireJy‘th%Qgéh:}he conpecting rod. Prestressing of these bolts
creates compressive stresses in the*Connecting rod itself and tensile stresses
in the bolts. The two extreme loading conditions, firing stroke and exhaust
stroke, were considered. The“stresses in the bolts and connecting rods were
determiped for the.two 10ad cases, and the fatigue crack propagation in the
bolts was investigaved because they were the most critically stressed component.
A critica? crack"cepth of 0.133 inch was determined at the thread roct. While
cracks_in the root'of the bolt threads are not permitted, the analysis showed

hat a.grack as large as the critical crack could be tolerated and would not
agégﬁm Fatigue was determined not to be a problem.

b::tﬁigiaz 'gZIity of the connecting rod was assessed under the maximum

cylinder firing preSsure. The margin factors of 6.28 for yielding and of 5,72
against lateral bficking of the connecting rod were determined.

Wrist pin bearing performance was analyzed using a journal orbit analysis
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
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to power stroke. A peak oil film pressure of 5000 psi(a—
FaAA to occur at the top of the bushing due to the inerfialfeffects of the
exhaust stroke. These two cases provided input to a pod-eve bushing stress
analysis,

The calculated circumferential stresses and . i Infspressures were
used as input to a fracture mechanics analysis. } A gchanics model
indicated that bushing defects would not prop i Tt
outside diameter. The model also indicated
diameter will not propagate unless they orifi
bottom center., Even if inside diameter
of the bottom center, they are predicte
are exposed to the full range of oil fi
hoop stress in the bushing, it was conside
would separate and allow oil pressure to be e

In conjunction with the ro ngb*bu hing stresswanalysis, the rod eye itself
was analyzed with the same finife elemen curved beam models and for the
same load cases. The stress rés;e lqylated w low the fatigue initiation

within +/- 15 degrees
te unless the crack faces
ecause of the compressive
ly that the crack faces

stress range for the rod materiai. ',ecaQ§E of the possibility of pre-existing
defects, as in the case of the G gpniiggp fafFlures the threshold crack size for
fatigue was estimated by a fracture mechanits analysis using conservative values
for the threshold range of stress {hiensify factor. A 0.043-inch deep flaw was
determined to be the critical crack agpté;for the maximum tensile stress range
(calculated) for load case 1: For loadd case 2, the maximum critical crack depth

of 0.04 inch at the rod*eye was determ?g:g?

The Ownerst Group codld find n xplanation for the one reported rod eye
fatigue fai]ure%5'ﬂoﬁeggf. fracture mechanics analyses indicate that fatigue
cracks could propagate fros a 0.04%#ch deep surface discontinuity at the
intersection of the~gil hole with the bore of the rod eye. Such

discontinuities on theaémootﬁi polished surfaces were felt to be readily
appari;;foﬂ v1sUt& exam1hq;i02;?
= T . ™

~ & O
_Eased on their evaluations the 0G concluded that the inline DSR-48
connnecting rod isgadequate for its intended purpose, provided there are no
bushing defects in the region within 15 degrees on either side of the bottom

dead center of ::;;Busﬁing.

4.5.476SU_Sta.

A n;:gtn‘g: ests, inspections and NDEs were conducted on the connecting
rods at RBS during the preservice inspection and the DR/QR program. Those

reported 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, 1584,



o Performed a LP inspection of all wrist pin bushings jnside diameter

surfaces. No indications or surface flaws were fou

e Performed a visual inspection of all upper conne

8 rod bushing eye oil
passages (without removal of bushing). No surfa W,

were found.

e Performed eddy current inspection on all conrfe : =holes. No

Those reported by GSU for SD 1A included:
e Performed material comparitor test ind 3. Results were
satisfactory.

-

o Performed superficial hardness tests on rog and 8. The results were

satisfactory.
The OC DR/QR program for tﬁgfz::;::?‘fbmpnents d¥d not ‘include a design

review beca .se all EDG CTS expetgenéghhgg a]re%??‘bgin addressed and the
acceptability of the DSR-48 conné;tin% rods was established by the Shoreham

DR/QR. However, they did recommend t atjGSUiVEP¥€i the torque loads on all
connecting rod bolts are in accordénce\f:?}f?DI's latest recommended values.

In the Shoreham DR/ORv‘éhe 0G conclutied that the connecting rod assembly is
acceptable for its intended purpose. 3

4,5.5 PNL Eva1uaff:n?and ConcTusten
.S 7

The PNL réijeﬁer“ﬁgyilgafga“tngg wners' Group report and supplementary
information on inline connetting ro#s. They found that the 0G examined the
appropriate signifféaqt failure modes (namely, the cracks in the rod-eye
bushing; fatigue in the.rod eye itself; fatigue and possible pretension loss in
the cong;éf7=§¥?363b01ts:ﬂstiff?ess and buckling of the connecting rod; and size
of theoil cooling holes and path). The boun&ﬁng load cases of exhaust stroke
inertial JYoads end firing pressure loads were correctly used in the analyses.
The“analytical methods used by the OG were judged to be appropriate.

Both=known and?poftuIated cracks in the subject components have been
incTided in“the 0G analyses. PNL concurs with the 0G position that linear
indications é?bﬁ;tcgpfable in the rod-eye bushing so long as they do not occur
within #75\laﬁdegrgés of the bottom center, because the indications are in
compression " PNL/also concurs that cracks larger than 0.046 inch deep in the
rod eye or 0.133%inch at the root of the bolt threads are not acceptable,
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PNL reviewed the inspections performed by GSU. Basedwon these evaluations
and reviews, PNL concurs that the cornecting rod bolt torque should be verified
and concludes that the connecting rods and bushings instalded in the River Bend
engines are acceptable for the intended service.

4.6 CONNECTING ROD BEARING SHELLS

Part No. 03-340-B

Owners' G}oup Report FaAA-84-3-1
&

The connecting rod bearings interface the conqﬁiiing rods with the
crankshaft. They are of cast aluminum alloy with a“thin babbitt overlay, and
are furnished in two identical halyes. They are™lubricated under pressure, and
a substantial flow of 0il proceeds ugh machined*channels in the shells from
the drilled crankshaft oil holes to the ps?ﬁagggpyS«thﬁin the connecting rods
and on to the pistons and 1nter!eniﬁ§*bg§ring surfaces. The upper bearing hailf
is subject to the piston firing loads anaﬁﬁs.therefa%e more susceptible to

failure, * X;ff“w

%
% %
£

4.6.1 Component Function

* Fatlure can occur through inadéquat “0i1 flow or pressure, excessive or
unplanned loadings, structural anomaljes (from design or manufacture), or
fatigue and erosion.of the babbitt layer in crucial areas. Bearings are also
subject to particle, chemical, or water contamination of the o0i1l, or improper
oil selection for the duty, eitherwof which can lead to degradation and failure.
The failure mechanism_usug?lyqlg gradoal, and its onset generally can be
detected by prudemt surveillance of oil and filter conditions. However., a
substantial struftural problem, excetsive cylinder loads, or heavy contamination
of the oil with water can lead to rapid failure. This can affect the crankshaft
journals, sometimes with irreparable results.

- 5
= ) &
In Tight.of the severe conditions affecting bearings,3the need for
replacement is not uncommon. However, in customary service, bearing Tife
geperally is measured in multiples of 104 hours, given reasonable service

conditions. d §
N\ | i g
4.6;2%HCompOnent Problem History

™

b A
Five™ipncidents of cracking in the SNPS EDG gonnecting rod bearing shells
have been reported. A1l but one occurred during operation with the original 11-
inch crankshafts” and were discovered during disassembly after the crankshaft

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 0G
criterion for subsurface voids. MNo 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 Associates analyzed the connecti
the 0G. The analyses, which encompzsses both 11-inc
shells, included:

bearing snells for
12-inch diameter

e journal orbit analysis to determinc the pres
hydrodynamic oil film

connecting rod bearing shell
o fracture mechanics analysic to determi Astance to fatigue cracking

e computation of acceptance criteria using madiographic NDE

e evaluation of babbitt adhﬁ;}é??‘hnhﬁhh‘~n:::$\;:::>
Based on their analyses, FaAA épnclyded that=the cracking of the four 11-

inch diameter bearing shells was“due“to b&aring shell overhang causing undue
bending stresses. They attributeafthéacnSEk An*the 12-inch bearirg shell to
excessive voids in the subsurface Egvthdgb 2ring shell in the area of the crack.
The overall conclusion was that, pr vided-they conform to the manufacturer's
specifications and meet-the. criterion.forisubsurface voids developed by FahA,
the bearings are suitable for:the intendediservice.

F A ™ E ‘i
4.6.4 GSU Status” & § T %

Following ;ecomﬁénggfiqnfaZhd“ins{?uctions issued by FaAA anc approved by
the 0G, GSU performed various examimations on all 16 bearing shells plus the
spares for each engine that.included:

, T, S
. AIL;‘U‘E::??RQ_she11$nwere;visua11y inspected. Only some minor pitting and
scratches were noted and the shells were considered to be satisfactdry in
~this respect.
. Afi 40 of the bearing shells were dimensionally checked. Dirensions were
_fouﬁdg}o be in accordance with the TDI manual.

" -li‘ 3
o AT 40 béu;fg
evident. .

ells were subjected to LP test. No indications were

e Performed™ed#diographic test on all upper and lower connecting rod bearing

The disposition of bearinag shells was as follows:

Six of the 16 shells from Engine 1A were rejected.
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One shell from the 16 of Engine 1B were rejected,

A1l of the 8 spare'shells were satisfactory.

shells were
were suitable

) Of the 33 shells which were found acceptable,
dispositioned as suitable for use as lower shells
for either lower or upper shell service.

an eddy current inspection. No releva i ght.

Based on the review on the bearing shel
maintenance be based on the Shoreham DR/QR rep ollows:

e Inspect and measure the connecting rod béaring“ghells to verify lube oil
maintenance which affects wear rate. The
of the bearing shells should be-canducted at
500 hours of operation by at least

=

LOOP/LOCA event plus the expected_hours o

1 outage which precedes
of operation in a
ation between outages.

e Perform an x-ray examination’ on ijléiep}ifbmen bearing shells using a
procedure with sufficient resolution to implement recommendations for
acceptance criteria as documented insthe TDI OG connecting rod bearing
shell Phase I Rep
The DR/QR program.of-the 0G did not iﬁilude a design review of the subject
components at RBS.as ey1?elt’fhhﬁpR/QR?efforts on Shoreham and Comanche Peak -
established the;ﬁcceptab;%-ty of bearing shells and the River Bend engine and
its operating ﬁ'ramefe;éfg;§f€!§eg::;;¥y the same as Shoreham,

The 0G con:::aeqktha “the connecting rod bearing shells are zcceptable fcr
the intended design pupgai? 'nﬁ;re Shoreham DR/QR.

4.6.5ﬂgPNL Evaluation and ton;Tusion

-

F 4 Bg;éd on rev;gw of the FaAA analyses and on GSU and OG inspection reports,
and onia number of‘@isqal inspections conducted by PNL coansultants, PNL
concludes_that the connecting rod bearing shells are acceptable for the service

1ntE~Q<“>\//
- SKIRTS
Part N:?‘ﬂéﬁ 41-A

Owners' Group Report FaAA-84-2-14
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4.7.1 Component Function

The piston (an assembly that includes the piston grown! piston skirt,
rings, piston pin, etc.) receives the thrust of inertda and combustion and
transfers it to the connecting rod. The cast steel subject to the
direct combustion pressure and thermal conditions ade of ductile
iron, actually transfers the load to the piston p and guides
the reciprocating motion of the piston within s two-piece
piston structure is relatively common to lar ngines.

In general, failure is most apt to r ssive pressure and
thermal stresses of both high-cycle and cle gharacter. Durability is
affected by material selection, fabricat quadli y;f‘ﬁg design characteristics.
A crown separation from the skirt will require immediate shutdown; it is likely
to lead quickly to serious cylinder, head, aﬁ?%{gd damage, and to piston
seizure, with adverse impact on the crankshaft aﬁd\po?sqgle crankcase explosion.

Hence, adequate attachment of crgiﬁ‘%o— kirt is nedb§::;y.
4,7.2 Component Problem History %\é\

TDI has utilized several skirt designs, Ancluding types AH, AN, AE, and
modified type AF, in their R-4 series én@inﬁf Most early engines for nuclear
service were furnished with type AF and AH skirts, although the engines in three
facilities contained AN-skirts. The’ggf ®ngines were originally furnished with

type AN piston skirgﬁf xx

The modification:to the type sk;k . performed by TDI in 1981, consisted
of spot-facing eachof the four boss&s=through which the studs extend to secure
the piston crown and iep)acipﬁ‘?he;orjéina11y supplied spherical washer set with
two stacks of Belleville washers. Fhis spot-finishing reduced the height of the
stud attachment bosses from-2 inches to approximately 0.25 inch. During an
early inspection of the.SNPS piston skirts, all 23 of the type AF piston skirts
were found to cofitain linear indications in one or more of the skirt-to-crown
attachment bosses. ‘The single type AN piston did not exhibit these indications,
Subsequent metallurcica) examinations of thase indications revealeg <hat they
were fatigue cracks. Similar cracks were observed in the type AF piston skirts
ag"Mississippi Power & Light (MP&L) Company's Grand Gulf Nuclear Station. LILCO
subsequent]y replaced §1l 24 piston skirts in the Shoreham EDGs with type AE
skirts of latest design. This type AE design restores half the original

of the achment bosses and incorporates one stack of Belleville washers
In‘addition, the piston bosses are wider and more smoothly
irt wall,

instead ofatwo.

Prior to their use at Shoreham, one of the major sources of experience with
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, aven after 622
hours at a peak firing pressure of approximately 2000 psi.

4.23



4.7.3 Owners' Group Status

. The -TDI Owners' Group experimentally and ana]ytici{fszza1udted both the
type AF and type AE piston skirts. The UG first evalfated the cracked type AF
skirts to assess the nature of the problem. This e¥aluatidm revealed that the
observed cracking was the result of fatigue. Subséqu ’ti¥;. h skirt types
were experimentally tested for stress in a static raul t:ﬁbh\:nd these
stresses were evaluated by finite element ana;yzzs of the saﬁqéizn ., Then, the

thermal stresses in the piston crown were eva
and their effect on the stresses in the ski
and fracture analysis was performed.

uatéd by finite el ment analysis,
ermiped. FinalTi#a fatigue

It was concluded that the type AF sk ack in service at TDI
nameplate rating, but the cracks would not 3r they move out of the highly
stressed region near the boss. For type AE skirts,the analysis indicated that
cracks may initiate at high loads but will not grew. On these bases, the 0G
concluded that the modified type,ﬁT*skirts are adequate For service, provided
that they are 1007 inspected for cracks in~the stud bosé area prior to use and

that they are inspected periodically:=_Recommen ions for operating load levels
and inspection intervals were to'be made o a_plant-by-plant basis.
N\ yJF S E
4.7.4 GSU Status L A
_— 3 y

A review of piston=skirts was iﬁc]u&%d as a part of the 06 DR/QR effort as
well as in GSU preservice inspections and examinations:

#F i ® £ %
e Performed Lgf?n§pectign ofﬂ7§glacement AE piston skirts in the stud and pin
boss area§;’_No'jndigations were=gvident,
% & . \w‘: g -“\?.— .4“
o Performed visyal inspection of*AE skirts outside diameter for scuffing and

inside surfaces.for pitting on SD 1B. No defects were observed.

i Pg;f3?533~7?sqa1 inspection of SD 1A skirts and crowns outside diameter for
scuffing.and cembustion bowl crown for pitting. Observed no defects.

sf'Tbé 0G DR/QR efforts on the subject component did not include a design
réview-because they comsidered all applicable items had been covered in the
Shareham/Comanche Peak:DR/QR reports or the Phase I report on pistons. However,
additional™ipspections on pistons were recommended for GSU's performance.

Shoreh;ﬂfDR/OR. it was concluded by the OG that AE type piston

skirts were ‘acceptable for the intended design function.

4.7.5 PNL Evafuat1on 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
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The primary conclusion of the OG analysis of the type- piston skirts was
that cracks may initiate but will not grow. PNL reviewe th s analysis and
found the stress field in the region of the stud bossesso fomplex that it was
difficult to conclude with any degree of certainty wh he cracks would initiate
or not, and, if they did initiate, whether they wou grow not. However,
available operating experience appears to support the nq\851nn that this
piston type is suitable for its intended function.

This operating experience was ob*-“ned fgom both the TDI R= . test engine
and from the SNPS EDG 103 confirmato . cest. the B-5 engine, two“type AE
piston skirts were installed and the engineS tgSted For 622 hours at 514 rpm and

a peak firing pressure of 2000 psi, aboutﬁ?OZ igher than that expected at
Shoreham or River Bend. The type AE piston _skiris uséd in this test were not
quite identical to the same type AE skirts uSed at Sﬁoreham. However, they were
sufficiently comparable to conservatively extrapg]ate the results to the
Shoreham engines. The 622 hours of operating time.in the R-5 engine were
equivalent to 9.6 x 108 stress cyc73§*1a‘£he type Ab=skirts. This number of
cycles very closely approaches the fatwgue*11q4£?;or deﬁ-tern operability of a
mechanical design. Therefore, this R—Sagest engihe-experience gives
considerable confidence that the iype" AE’?kﬁrt design is adequate. The other
experience was obtained in EDG 103 dur\ng the?733%hour endurasce test at 3300
kW. This test subjected the pistonskirts to in excess of 10’ stress cycles;
subsequent nondestructive testing revealed 'no apparent crack initiation. The
successful completion of“this test without' occurrence of apparent fatigue of the
piston skirts prov1des considarable conf1dence in the suitability of the skirt
design for the intended-function, %

7 a’ | Zé?

PNL also vwsually 1nspected all Shoreham piston skirts following the 746
hour test on EDG_103. “Based on T) the PNL examination of AE piston skirts, 2)
the suitability of the AE des1gn as**hd1cated by the above-described experience,
3) the current serviceability of the piston skirts now installed in the Shoreham
engines, and the NDT=inspection of the AE piston skirts at RBS, PNL concluded
that the,type A b\stons in the GSU SDs are acceptable for the intended service.

P w"

4.8 FIS.. RINGS
r

( Par:. No. 03- 341 -B

f

4.8, 1%, Coanent Fu{ctfon

i+

N 7
These~tgmponents perform the multi-function of sealing the combustion
chamber from the crankcase, allowing heat flow between piston and cylinder liner

as well as contrdlling lube o0il consumption and blow by.

4,8.2 Component Status

GSU has installed improved piston rings to reduce the likelihood of liner
scuffing during break-in (Muskegan).




4.8.3 PNL Evaluation and Conclusion

Shoreham, PNL
e serviceability of

Considering test and inspection results on MPR rigg
concludes that a change tc this type of ring will adg
the SD at RBS.

4.9 PISTON-PIN ASSEMBLY

Part No. 03-341-C

4.9.1 Component Function

It is the function of the piston pin=to trapsmit” the loads generated by
cylinder firing pressures from the piston to.the connecting rod as well as permit

S

relative motion between these two components. ™

4.9.2 Component Status /\N
Due to the presence of uns&}is*!ttq;y surface~defects, seven piston pins

from SD 1A and 1B were replaced at RBS. A¥so for increased reliability, the 0G

recommended that the piston pin spiral lock ring™retainers be replaced with

Waldes snap ring retainers at the First#?efueling outage. GSU hes indicated
that retainer rings have been excharged. {i

e -E-‘*-,,
4,.9,3 PNL Eva1uatioi?and Conclusion

o P N 3 ;
& F R
Based on the defects 6bserveaﬁ4n théfiubject pin during the site visit, PNL
4

concurs with GSU”s replacement_ of efective pins. The change in retainer

rings should enhance thgffuqctions\a;;{he subject component.
- F 3
% &
4,10 CYLINDER LINERSE_ My

Papeo. 3=315-C ™, \>

_Quners' Group Report FaAA-84-5-4

& % ;

4;10.1€hgomponent Function
\i SNy, { :

€tngines. of this size and character are designed with individual, removable
cy1ind¢n%]ineﬁng§h§§h fit inside the cylinder block. The liners contain the
pistons and are capped at the upper end by the cylinder head. Thus, they act as
containment for the firing forces, subject to the stress and heat thereof, and
the reciprocat?hg 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 O-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 ugper liner annulus, to seal in the high-
pressure combustion gases. The liner is of nodular iron, selected for its

st;ength. 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 .heat®of the combustion
. processes, the character of the pistons and rings, andsthe uality of fuels and
oils. Failure most often is in the form of scoring brgken rings or carbon
deposits, or "scuffing" by the action of the pistonfon the“eylinder walls. due
to one or more of the factors mentioned. If such_£ondftions axe severe enough,
a piston will seize and cause significant damage ~
rod, and even to the crankshaft. A crankcase

4,10.2 Component Problem History

4
Only one incident of cylinder liners"fa in fiuclear service is known.
This failure cccurred in 1982 at Grand GJAf whe ;?fston crown separated from
the skirt during testing of the Division II™engine And marred the liner.

4,10.3 Owners' Group Status

The 0G included considerations of 1ir in theirwgzudy of cylinder blocks. ~

Two concerns were uncovered:

e The TDI design calls for the¥iner to ggsf?ﬁdé slightly above the top deck
of the block, to ensure a tight, compréssive fit against the head and
gasket. However, this produce?ibenQQ g moments in the head and substantial
shear stresses on.the-cast iron 1iner landing of the block. Both aspects
are suspect in some of the real ok incipient failures in those components.
TDI has approyed ref hiﬁﬁng to reduce the protrusion, termed "proudness”.

&
e The design_also calligfor a t:3h$ﬁfit between the outer ring of the liner
ladge and ‘thé mat g £oun egporé of the block. There is some concern by
the 0G that this coul increase*ﬁoop stresses in the block, which might

lead to block'é:e:::;i DI has approved reducing this fit in the cylinder
liner

4.10.&;‘526 Status = On

Y Y
- b

fI}'As_,.part of GSU's preservice activities and the 0G DR/QR program, various
£ orts _have been conducted on cylinder liners at RBS. These include the

e
‘fa’l..]p\nlinq:h*‘!r!.%‘l’k i
o‘hagbqured bq;gf

ength, height, outside diameters and shoulder height on
each™Liner,

-~

o Performed wfsual inspections of I.D., and top 0.0. in contact with
cylinder block on all liners.

® One liner with chipped surface was removed from service.

o Two liners found to be out-of-round were reworked back to within
specifications and stocked as spares,
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e Machined "proudness" thickness or height of liners as=required to
reduce the protrusion above the cylinder block to afvalie of 0.001 to
0.002-inches. a : F '

e Machined 0.D. of liner top flanges as require liner-to-liner

interference fit and stresses.

e All liners were deglazed by crosshatched ing with a nen “hone.

b
o After machining, a dimension check wassmade” on bgre, length, 0. and
shoulder height on all of the liners from®SD 1A and on liners 4, 5 and 6 of
engine 1B,

e After honing, a visual inspection was de ov the zone pof piston travel
for all of the SD 1A's liners and on 1inen§\:;;‘.and 6 of Engine 1B.

e Performed a visual inspecti if?? e outside ptlot diameter of all liners
for SD 1A. : ; :

Yo

Atui

L Y 5
The RBS DR/QR program did nat 12-7333}0 design feview of this component as
all applicable EDG CTS experience was confidered=ia lead engine DR/QR reports
(Shoreham/Comanche Peak). For both.of these reports, the 0G concluded the
cylinder liners were acceptable for theirsintended use. .
— L |

4,10.5 PNL Evaluation and CBnc1usion-i; %

e = F

#

At Shoreham,;PNLJreprésenf???ves v?%iéd cylinder liners during at least
three site visits, <The liners that had. been in service were glazed and showed
some hard rubbing spots,s” ThiS appearance was considered to be typical of the
TDI liners. My i b

-
& T

PNL representatives also“had the opportunity to visually inspect
liners remove _the Catawba engines after extended operation. Most showed
minor scuffing which was considered to Be the result of normal wear ang
accegtable for additicnal service. Also, FlL regresentatives viewed ihe liners
from River Bend's 1B engine during a plant visit. .  Two of these had some
evidence of minor 5§“f§P"9 (streaking).
. g ¥ o8 :
“eNL cdhc]ude§;tha{ the Tiners in the River Bend SDs are acceptable for
their intended:service. This conclusion is based upon:
g & ~
e a reviewmof GSU's actions for both SDs with respect to inspection,
remachining, and replacement (as needed)

o PNL's examination of the liners at Shoreham and Catawba after many hours
of testing,

e the very good service record for these components.
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4,11 CYLINDER HEADS - o

Part No. 03-360-A

Owners' Group Report FaAA-84-15-12

4.11.1 Component Function

The cylinder heads cap the cylinders ag%, w
the enclosure needed to direct the combusti f
pa

the cylindér. iinérs, provide

ces against th: pistons. In
the TDI engine design, each cylinder uses j;si rat Hinder nead assembly.
The bottom surface of the cylinder head, -facihg the piston, is called the

firedeck. There is also a top deck to enclose“the ipferna’ water cooling
passages and an intermediate deck that pro¢$q§§ stQ_cturai rigidity to the
assembly. The cylinder head assembly containsstwo %anlet valves, two exhaust
valves, a fuel injector, air starting valve, an tes: cock.

&

Each head is bolted to theégylinder - by meansfof eight studs extending.
through the head from the blocki On~top of :ﬁ;‘byljpder heads are two more
components: the subcover or rocker box, ich,supp§?ts the valve actuating
mechanism, and a light top cover.® % & F

L
% 'fé

The TDI DSR-4 heads are cast from an-alloy steel. .The casting cores that
produce the complex system-of internal water, air and exhaust gas passages are
large and are difficult to hold in place during the casting process. They can
shift during manufacturei=causing uneven and/or incomplete sections and can lead
to a variety of flawssor indicatidns, some of which can be repaired during
subsequent manufacturing processes. "=

- F

», W F g L

Cylinder head deficiencies that-have been experienced have tended to be
mostly superficial tinear indications with inconsequential results. However,
some deficiencies have-led to warpage or cracks. The latter, if through the
jacket wateér passages, can result in the leakage of water into the affected
cylinder when the engine is inoperative, and the introduction of combustion
gases into the cdgling jackets during operation. If an attempt is made to start
an gngipe with water present in one or more cylinders, severe structural damage

3F &

can resy{: I |
. i 21
4??7%2_ Component~ﬁ}ob em History

-

Numergus f:?lgfi; of TDI cast steel cylindeg heads have been reported in
both nucleaﬁ%gnd non-nuclear applications. For identification, TDI cylinder
heads have been-classified by the 0G as belonging to one of three groups. Group
I heads include .all those cast prior to October 1978. Group Il heads were cast
between October 1978 and September 1980, Group IIl 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

it
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cracks resulting in water leaks have been reported in headswof Groups Il and
III, and these have all been in marine applications. Most of these cracks were
observed to have originated at the stellite faced valve seats.

The most recently reported head failure of a T ucledr EDG occurred at
Mississippi Power and Light (MP&L) Company's GranQéE;}?”Nq&é:ihsétation. A 2-
inch through-wall crack occurred in the right exha port _1st1ng§§urface
between the valve seat area and the exhaust va uide in their Diwision I
diesel engine. This crack allowed water from#fthescooling jacket.tn enter a
cylinder; the presence of this water was detécted during the "barring-over" of
the engine with the cylinder cocks open. {fhe pecific head group classification
of this head was not reported. However,.the ®ffected head was supplied with the
engine and had undergone 1500 hours of opégationg ingluding 335 hours at 100%
load (7000 kW, 225 BMEP) and 31 hours at 11 load.“MP&L believes that this was

a unique, isolated event.
iy, *

F 4 a4
Failure Analysis Associates,peFfbnmgi?gechanﬁtal and thermal stress

4.11.3 Owners' Group Status

calculations for the Owners' Group to.deteFmine if these heads are suitable for
the intended service. The results:indica eqftﬁgfﬁheads from all three groups
would be suitable. However, FaAA recommended that Group I and Il heads be
inspected for cracks using liquid penetrast and magnetic. particle testing. They
also recommended that _the™firedeck thickness be determined by ultrasonic
testing. For Group ITl heads; sample igsp‘ tion as described for Groups | and
Il was recommended,” Forall three groups,sFaAA recommended that the engine be
rolled over before manual start with the €ylinder cocks open to assure that no
water was 1eakedxintbﬁfhe cyligders. ™
'i-.,,‘_‘ r -_Jz ;;‘ y . ,_r
4.11.4 GSU Status o« & N
= y 2
During_GSU's pre;Zryice dctivities and the 0G DR/QR program, the following
were performed on“the cylinder heads at RBS:
¢ .Prior to engine cperation at RES, all of the heads from both SDs were
# removed, fire deck thickness was measured by UT, all were found to be
substandard and were replaced with new cylinder heads. All replacement
‘is\zgadsuyere inspected in accordance to 0G criteria and all have a fire deck
ickness greater than 0.500-inches between valve seats.

surfacessfor#all heads (64 surfaces). Four of sixteen original heads were
rejected to observed cracks in the valve seating surfaces. (Heads 1A,
1B, 5B and 7A and these were included in the heads replaced for other
fallacies.)

e LP i sg;:%;;;:fs;re performed on the exhaus{ and intake valve seating

e MT inspections were performed outside of the valve seat areas on the firing
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 engi DR/QR reports, the
. 0G concluded that a design review was not required for inder heads at RBS.

Both of the lead engiﬁe DR/QR reports (Sﬁoreham/~oma'
0G conclusion that the cylinder heads are acceptable” for t
function.

4,11.5 PNL Evaluation and Conclusions t;f/’:>
PNL reviewed the FaAA mechanical and s es;fanalyggs of the TBI"cylinder

heads, the service history of the Group Iljfhgdas cufrently in nuclear service,
and the results of the nondestructive tesfs ptgformid as part of the component
revalidation program and following the 74B=hour~gonfirmatory tests of Shoreham's
EDG 103. PNL concluded that the cylinder héads currently installed on the tu9
River Bend engines are acceptable for the intended service, provided that the
engine is air-rolled at appropriate intervals with opem.cylinder cocks after and
before planned operation to veri ’”?ﬁ!&absence of cracks that may allow water
leakage into the cylinder. . It { recomméﬁ?tdh;hat thisfprocedure be performed 4
to 8 hours, and again 24 hours, after-any operaf?onﬁgnd. thereafter, prior to
any planned start. If leakage i?gindicaf?irby the ejection of water or steam
from any of the open cylinder cocKs during air-rodding, the affected head should
be removed, inspected, and replacedi if defective.

4,12 CYLINDER HEAD STUDS"\\ A\ ‘:-;.

# % %

Part No. 03-318-F ==, 1 2\#‘}

A

ey g :

Owners' Group Report . mesg:nc;‘bﬁese1 Generator Cylinder Head Stud
Stress Analysis (SWEC March 3 )é\\nff

he Péak) included the
ir intended use or

Lﬁ'

4.12.1 Component Eﬁnction'“z‘

!

Eight™Studs per cyﬁ'hder::tr:e used to bolt the heads to the cylinder block.
Together they.transmit the power load from the head to the block and ensure a
required preload on the cylinder head gasiet.

%;u Head bolts are not normally found to yield or break; however, these
oceurrences are possible, due to faulty design, materials, or fabrication, or
excessive firing pressure. Fatigue failure is a great concern, given reasonable
operating conditions,” This will occur if preload is insufficient and the bolts
go throughsmany cycles of loading. Once a bolt yields or breaks, its neighbors
must cirry iﬁqgea;id burden, and the head is unevenly stressed. This generally
results in escapfng combustion gases, with the attending hazards of heat and
fire, as well as physical and metallurgical damage to head and bleck.
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4.12.2 Component Problem History

To date, no cylinder head stud failure has been repor
industry. However, some isolated failures have been
field. The cause has not been established.

£d in the nuclear
‘eported in the non-nuclear

TDI has employed two basic stud designs recently’
diameter, and there has been concern that its it within. the ™block stud
opening, coupled with inadequate preload, cou side thrustS=on the block
and contribute to block fractures. A secondfdesfgn uses a necked-down shank.
This design not only avoids any possible st -bore cantact, but reduces the
preload needed to maintajn positive stresfes i ’tﬁ,’firing cycle.

Stone & Webster Engineering Corporation (SWEE) has-analyzed both the old
design studs and new necked-down studs-developed by<IDI to minimize potential

cylinder block cracking. SWEC has conclud®d=that both-stud designs are adequate
for the service intended, provided prop stud'BT!iagg is applied.

4.12.3 OQwners' Group Status

4.12.4 GSU Status % 3;’“hk£f
et ol
The River Bend engines are equipped with the necked-down cylinder head stud

design. /A\ \ \
In accordance with-the latest TDI and_.0G recommendations the Sottom two

threads were machined. off these studs. THis change places the stud threads
deeper into the“éylinder block and sﬁougd help distribute the stud load.

Studs from each engin:vwere ::hdém sampled and visually inspected for signs
of distress, two of the 32 "studs from Engine 1A showed nicked threads which were
cleaned up. The other“studs ¥From both engines were considered satisfactory in
their in;ﬂffu coﬁﬂitiogfxﬁg‘

C F o LY Ny
A hardness test and material compositor tests were made on four studs fram
E:Eine‘}a. The resg1tsawere satisfactory.

, | S |
'Updﬁhipstallation.ithe-studs in the block for both engines were torqued to
lbs“.ﬁm_gnd verified.

4,.12.5 P Eviluagggi and Conclusion

.

PNL conc1ddi£’that the modified studs now installed on the River Bend SDs
will be acceptable for the intended service. This cenclusion is based on the
following findings resulting from PNL's evaluation: -

e The SWEC analysis has satisfactorily demonstrated the stud design is
adequate.
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e No failures of cylinder head studs have occurred in
service to date.

engines in nuclear

e GSU's action of inspecting and.torqﬁing thé stud€ is£deemed acceptable.
4.13 PUSH RODS

Part Nos. 03-390-C & D

Owners' Group Report FaAA-84-3-17

4.13.1 Component Function

Push rods transmit the cam action from“the camshaft on the engine side to
the intake and exhaust valves in the head. Oni mainsrod extends from the
camshaft to the subcover where it acts directly on_the“intake valve rocker
lever. The second main rod transfers=cam action to“an ifitermediate rocker in

_the subcover and on through an,jhtermedi;?ﬁhécqnnecto?ifpush rod to the exhaust

valve rocker arms. They are Subgecﬁ?hqhgjgh—aé?!ieggtion compressive forces and
cylinder pressures on the valves :as ESgy_;ispogg.tofthe cams. Fundamentally,
these are steel tubes with rounded. en w&f o fit"the various mating sockets.

A failure would, at the least, zeddcﬁf€;1ve action .and, thus, cylinder
performance. Total inoperability of @ cj‘jnder could result, but would not
necessarily lead to immediate-engine shutdown. Because these components are

always in compressjénkffiiluré modes argﬁ};ﬁited. assuming reasonably good

design. Fi ‘ i
4.13.2 ¢ ‘ji{ 4 ’{""y\\?
o omponent Problem Histor

= R EV

iy, F

TOI push rods originally had tubular steel bodies fitted with forged and
hardened steel end pieces, attached by plug welds. An estimated 2% reportedly
developgdﬁtracESTiq»or arqund the plug welds. A "ball-end" push rod design
introduced later~ consisted of & tubular steel body with a high-cardon steel ball
fillet-welded to"each end. This design proved to be prone to cracking at t:s
weld, A third design, consisting of a tubular steel body friction-welded on
eath end to a forged plug having a machined, hemispherical shape, was then
imtroduced. This third configuration is referred to as the friction-welded
desibm& Y : e il

,

4.13.3iﬁaﬁners' Group Status d

Because indlstry (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 107 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 was
observed. Nuclear owners have run these versions in actéial service beyond 107
cycles with no 2% erse results. ) )

FaAA concluded from their analyses and tests t bothsthe plug-welded and
friction-welded designs are adequate. They provi 3qg;af%gps for inspection
and action, including destructive examination of Fwrandom amp | &

4,13.4 GSU Status \

7

During a recent engine disassembly a inspect'gzﬁ,rogram all o” the intake
and exhaust push rods and push rod connegtor werefvisgally examined and it was

=

verified that all were of the friction weld design.

LP tests were performed on the main and Eoneffqr push rdds for cylinder 5A,
3B and 7B. No relevant indications were observeds. Also the connector push rods

from cylinders 1A, 6A and 7A were'pé: ant tested‘h{iié?ati;factory results.
. . ﬂ;v x ;
4,13.5 PNL Evaluation and Conclusi&nai‘hh,

PNL reviewed and concurred with the FaAA“réport. PNL also reviewed
documentation of GSU's actions and noted the favorable record of push rods in
extended service elsewhere. On these bases, PNL concludes that push rods of the
friction-welded designs-are. acceptable fo?itheir intended service.

i Y % -

4.14 ROCKER ARM CAPSCREWS AND DRIVE STuUDS.”
£ & : Fﬂ«‘“a‘a L
Part No. 03-390-G . -
%;-‘ - E;“g__f :;‘ﬁ”‘:r._ ;f‘
Owners ' Group Reports_Emergency-Diesel Generator Rocker Arm Canscrew
Stress Analysis (SNEC%Martha1984. July 1984).

4.14.1 .gﬁhmfpnc:%n \‘;

o O .F

The récké;hetm capscrews belt in place the rocker arm shaft i- the subcover
assemblies. They transmit camshaft rolling loads, valve spring leads., and
residual cylinder pressure forces from the rocker arm shaft to the cylinder
h%ids. “They are made from fairly standard bolting materials. A failure would

weaken or cancel the restraints on a rocker shaf cause malfunction of
intake 'or exhaust” valves. Reduced engine outp® would result. The drive studs
plug the racker lever oil holes. .

4.14.2 Compone f’:roblem History

Rocker arm capscrew failures due to improper bolt preload have been
reported at SNPS. There have been no reports of similar failures elsewhere,
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4,14,3 OQOwners' Group Status ‘;,.:,

Stone & Webster Engineering Corporation performed Stre€s analyses of both
the original capscrew design with a straight shank (tHe type that failed at
SNPS) and a newer design incorporating a necked-dow shank SWEC has concluded
that both designs are adequate for the service inténd attributed the
failure at SNPS to insufficient preload.

4,.14.4 GSU Status

A magnetic partical inspection for lidearfindigations in the thread root
area was made on all the rocker arm capscrews. for Bothsengines. No indications
were observed. ‘

A1l drive studs were visually inspected ¢ both-.engines. The drive studs
were found to be properly 1nsta11ed and in good CQqS;::jg.

: F
. A material -comparitor testAwas run of=four rocker=arm shaft.capscrews from
Engine 1A, The results were satisf&ctgﬁy.

The proper rocker arm shaft bolt torque.na§ﬁ~9r1f1ed in accordance with the
TDI manua] L e 45

;
'd-luf

4,14,5 PNL Eva]uatxon and- Conc1u51

M"M‘"

=4

PNL concludes that the rocker arm capsérews and drive studs in the River
Bend engines are acceptable for” fhe.1ntendéd service. This conclusion is based
on 1) a review of the 0G analysis, Z)a;he favorable checks of materials and
des1gn as- 1nstalled 3) the confirmation of installation preloading, and 4)
GSU's commitment to perform periodic=preload checks.
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4.15 TURBOCHARGERS

Part No. MP 020 (Model BCO-90G)

4,15.1 Component Function

The turbochargers on the GSU TDI DSR-48 engi ijg¢:~hbde1 G units
manufactured by the E1liott Company. One turb rger per engine provides
pressurized air to the cylinders for combustigh of more fuel tFap woild be
possible with a "normally aspirated" engine.# T turbochargers consist
principally of a turbine, driven by engine exhaust ses, directly driving an
air compressor wheel or impeller, The as octgsed using ducts the air and
exhaust to and from the rotors; the exhaust inte guide vanes direct the exhaust
gases toward the turbine wheel blades. Turbine speed changes with engine load
(i.e., gas volume, pressure, and temperature%?ag:th”maximum speed depeanding on
specific turbine selection and design parameters: :

g \»‘3
Because close tolerances anjgz:;;h?Etatigg speeasxlFe necessary for

efficiency, and because temperature =leyels can~zpproach 1200°F at the exhaust
inlet, all components are sensitive to témperature, pressure, structural loads
(vibrations), and contaminants ofaparﬁiclgi in=the.gas and air streams. The
radial and thrust bearings require’gartjt;}g? care and lubrication.

Vanes and blades are-sometimes lost Wue to heat and vibration, or fractured
by impact of particles, suchas bolt heads; fractured vanes, or valves. Undue
stresses or vibration from connected exhaust piping or inappropriate supports
can cause rotor wear at stator ‘Thterface%s Inadequate bearing lubrication (and
the cooling the 0il provides) can lead_to bearing failure. Decending on the
severity of the situation; diesel_engine shutdown can come quickly, but usually
is not immedate. =, il 4 R

iy o

4,15.2 Component Prgblem History

=

Various probiehs havégoccu;ied in the turbocharger® on TD! engines in
rucliear service.™ The principal prablem has been the rapid datericration of the
combination turbine thrust/radial bearing, which has occurred at the Shoreham,
Comanche Peak, Catawba,. and San Onofre nuclear plants. There also have been
p#uplemsﬁgegarding missing exhaust inlet vanes, missing or broken capscrews
joiﬁigg tﬁaaxpne isc £o the turbocharger at the inlet, and broken capscrews and
welds ¥a§the§ugpg€tfmounts.

Becausé~nuclear EDGs have, to date, had unusual quick-start requirements——
and are tested"extensively 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.

4.15.3 Owners' Group Status

On behalf of the Owners' Group, FaAA undertook #n exteénsive study of causes
of reported failures in nuzlear service. The net resultuwas an affirmation of
inadequate startup lubricaticon. Briefly, the res ing recommendations were:

e Retain and use a "drip system" that direg£E:;>small flow o ;:?\}oward the
bearings at all times in standby, but ipcreases the flow of Gil#to 0.35
gph. (Higher flows are apt to flood pasggfhe b ﬂ?ing into the exhaust
manifolds and create fire risk at startug.)

e Provide and use an auxiliary prelubriéﬁtion pump to direct substantial flow
to the bearirgs immediately prior to planned startups.

e Maintain oil filtration at 107ferons or better.and mtilize soectrochemical
and ferrographic oil analys¥s regula :
e Enhance bearing inspection 35053252?*:Ac least ohe bearing should be
inspected at a station fol]oﬁing'gvggy IQO“stgr:s of any nature.
Inspection should also be donesfoligwing 40 starts without ma~ual prelube.
- #

In a separate studys~FaAA also considered the various reported nozzle ring
component failures iQ“E]1iOtfk906 turbochargers. They concluded that, on the
basis of operating experience, these types of failures do not affezt the
operation of the turbocharger anditherefere, do not compromise the ability of
the EDGs to perform their intended fumction. They did, however, recommend that
the engine operation be monito¥ed-to ensure that exhaust gas temperatures do not
exceed maximums spe;ifiég by Elliott.s

T

4.15.4 GSU Status s
' i .Mh‘ _a.' . 1}

Prfg:rto initiating any field testing on the two River Bend e~g:‘ies the
turbecharger thrust bearings were irspected 2nd found to be worn. It was
concluded that the ‘cause was insufficient pre-lubrication. The bezrings were
replaced and a pre-lube system installed on the two engines before the start of
freld test operation. The drip flow system was maintained as a safety measure
for emergericy starts. # : : :

I N
I;‘}bdjtioﬁ??aﬁvisual inspection of the turbpcharger thrust bearing for

wear and cr?tgjngkihs made on both engines. The bearing thrust end clearance
was checked and.the 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 t:ere was not
an excessive number of dents in the turbo nozzle ring blades.
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4.15.5 PNL Evafuatf&é aéd Conclusioﬁs'A‘

PNL, and the inspection data presented by GSU and
the prelube system at other plants. Based on the
the prelube system now installed on the diesels
sufficient additional lubrication to augment t
bearings during planned fast starts. Further

fast starts that may occur without prelube
not lead to bearing failure prior to sche

Failure Analysis Associates, as confirmed i
PNL (W. Laity) and FaAA (T. Thomas) on

to-failure of a turbocharger thrust bearin
no forced bearirg prelubrication was provide

te

PNL has reviewed the FaAA report referenced abov
Owners' Group meeting with representatives of FaAA,

results of the
ners' Group, NRC, and

}L soncludes that

d wii ' provide
i theéaturbocharger
fe# unplanned
iven operating‘cycle will

ce. According to
phofie conversation between

woccurged at SNPS. That bearing
experienced at least 62 "dry" starts before fa?*nc&. e new operating

procedure suggests that each engine likely to e
"dry" starts in a given operating cycle:

. PNL believes that GSU should 13§T€Eﬁ;§
maintenance and inspection recomﬁapdgiio i
add to the turbocharger reliability andzberformanc

PNL-notes that the_eagines at River

g

psi. This engine rat: is delow the IDI ¥ull loa

reduces the pre-turbine.exhaust temperature which
turbocharger. 'iffség; o

On the bases of - e.ﬁbgge’toqfidefhtions. PNL
turbochargers on“River Bénd ngines=J& and 1B are
service. 1 \

4.16 JACKET=WATER PUMP

y iy 4
pirt NoT"D3-42524 -

; ”Emécgengy Diesel ngerator Engine Driven Jack

rience very few, if any,

e 0G modifications,
in the RBS DR/QR report to
e.

d BMEP of 225 psi. This
is beneficial to the

concludes that the
suitable for their intended

: (SWEC Apra1 1984), :
qg\\h gindgion

4.16. Component.

E The en $: drjven jacket water pump furnishes
i (i.e., the cyT ndér block surrounding the liners,

the exhaust manifold). Water is also circulated t
i Jackets. The pump is a typical centrifugal pump,
' gear,
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et Water Pump Design Review

water to the engine jackets
the heads, the coolers, and
hrough the turbocharger water
driven from the front-end

NL also has examined

ubjectéd to "dry".starts (for which

o



- Without the ‘water ‘pump (or an emergency backup), the engine would quickly
shut down due to excessive temperatures. Such pumps gengfa¥ly are trouble-free,
but occasionally develop problems of shaft seals, beariggs.
mechanisms, - '

4.16.2 Component Problem History

The jacket water pumps at Shoreham have e P - ficant
problem: a pump shaft failure. This led to ' 8f attaching
the impeller to the shaft. There is no his pump
failures.

other jacket

4,16.3 Owners' Group Status

Ston> & Webster has investigated the jacket water pumps as installed on the
TDI inline and vee engines. They reviewed the Riyer Bend jacket wate pumps

from the standpoints of mechanicq}ﬁdqgiagé materiatssuifability, and hydraulic
performance. SWEC recommended ;ﬁét the “key_on the impg}fer and shaft be
eliminated, and that the impelTer besgade fro ile iron to the same
specifications as the Shoreham i@g:l '
4.16.4 GSU Status

by the OG Phase I study have been

—

New water jacket pumps as recommend
ordered. '

& ?ﬂ;. ES
4.16.5 PNL Evaluation and“Conctusion
7 _

The ca1culéiionngPQG;L¥f5tone & Webster were reviewed and it is concurred
that replacing the present pumps w a pump having ductile iron impellers and
no keyways is defiﬁiggly digirable. Based on the Stone & Webster calculations,
the new replacement pumps areﬁgsfeptable for the intended service. .

Tge’torque vatues f:?ﬁmmep ed by the 0G for tightening the impeller and

gear plts se?ﬁ‘?egsoﬁab1e. If, however, the cotter pin holes do not line up,
the nut washer or nut should be reduced in thickness until they do match.

47 FOEL INJECTIO N&ZLE AND TIP

4.17.1
The fuel injection 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,

4.39
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4.17.2 Component Status’

GSU has noted their intension of replacing all of’fﬁijgtigwnal supplied
fuel injector tips having a 140° spray angle with TDI€ current production
standard tips having a 135° spray angle. This steefﬁs to taken to
eliminate fuel spray on cylinder liner walls and‘éi;;gﬂ e liner wear.

4,17.3 PNL Evaluation and Conclusion

The replacement of 140° tips with 135° Kips® at RBS will be identical to a
change made by others (i.e., LILCO). Based o ‘component inspection results at
Shoreham, PNL concludes that this change.Cergainlyshasa't detracted from
component life and supports its implementatiomat” RBS:

4.18 HIGH-PRESSURE FUEL OIL TUBING

Part No. 03-365-C

Owners' Group Report Emergency=Diesel Generatgor Fuel 0il Iniection Tubing
(SWEC April 1984). R R Fd
% 3 = =
LY ;‘jgf -
4.18.1 Component Function % ¥ 4

% V 4 .

The high-pressure.fuel oil tubing carries the fuel oil from the cam-driven
fuel injection pumps.on the side of the engine to the injector nozzles (spray
nozzles) in the heads..=Fhis oil is under pulsating and quite high pressure (a
500 psi to 15,000 psi<once each cycle); hence, any flaws in the steel tubing or
fittings used, or amy breaks caused by.vibration or other factors, will release
an 0il spray inyhigh—p{gssuge‘ﬁﬁhgﬁs.;with consequential personnel and fire

=

risks and engine“load redugtion. =
i *.n_.__?’
4.18.2 Component Problem History
High-pressure fuel tubing leaks have developed during preoperational engine
testing on SHPS and Grand Gulf engires. !o other failures in nuclear
applications have been reported.

& s 3
rd i &
4?%§.3§N0wners"6réqp Status - - e

T .

g aniiyéia thg'failed high-pressure fuel tubing and concluded that the
failures t{jginateﬁgin inner surface flaws that were introduced during
fabrication?haifA‘ihrough eddy-current inspection, the inner surface condition
of new tubing sﬁiound to be within the manufacturer's specification, SWEC has
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.
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are adequate, provided that the injection lines are properiy:installed. The 0G
recommends that inspections for fuel leaks near the compression fittings be
performed while the engine is running,

The 0G also has reviewed the compression fittings andgggnc1uded that they

4,18.4 GSU Status

The fuel injection tubihg (lines) from bo ) ddy=gurrent
inspected.

fro ="?"F\gine 1A were rejected
vantsindications and was

Four of the fuel injection tube asse
while the tubing from Engine 1B showed n
considered satisfactory.

The fuel lines were covered with shrouds. o

4.18.5 PNL Evaluation and Conclusi ., P
. 4 f . ™ u_,;" .
PNL concurs with the OG analysis=of the su _tubings. On the basis of

1) the eddy current tests performed to dats, 2) the shrouding of the lines, and
3) GSU's conmitment to install improved tubing thas has been given an auto
frettage treatment to improve the fatigue résistance and to check fittings
monthly for leakage, PNL concludes that thglhigh-pressure tubing on the RBS
engines is acceptable for=the intended service. PNL recommends that checks for
oil leaks be done only while ‘the engidi;isipot running in order to avoid
personnel injury fcomdgossib1é[high-pres;uré spray. .

; - 4 & —— 3

4.19 AIR STARTING VALVE CAPSCREWS “wme |
g ¥ - = F
& F b i

i

=
Owners' Group Repb{} Emergency Diesel Generator Air Start Valve Capscrew
Dimensional*and Stress Analysis {(SWECo March 1984).

il

Part No. 053359

4.19,1 Component Function

F 4 These capscrews serve to hold the air start valves in place in the cylinder
head. A+failure, or an inappropriately long capscrew, will prevent the air
starting vilye assembly from seating securely in the head. The ccnsequences of
being incorrectly secured are the loss of power in one cylinder due to escaping
combustion.gases.

‘h%'ﬂ!e, P
4.19.2 Componént Problem History

-

No actual failures of these capscrews have been reported. However, on May
13, 1982, TD! 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 heags. resulting
in insufficient clamping of the air start valves.
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4.19.3 Owners' Group Status

SWEC and TDI both have recommended that the 3-inch®capicrews be either
shortened by 1/4 inch or replaced with 2-3/4-inch lo ca(i::fws.

e results.are follows:

4.19.4 GSU Status

The valves and components were inspected

e The seating of the valves and valve ri ssy s found to be a te for both
engines except for one starting va1v,'on: ngings 1A, This valve had a
defective valve seat which was reple:;? r’a

in

o The gasket seal of the valve to cylindec head sas verified to be copper and
was satisfactory for both engines. B

e The locking pin was installed ¥m=each lock nu vo:sboth engines and was
satisfactory. Z Y 4 .

e Two valve hold down capscr;is were Checked dimensionally from both engines
and complied with TDI requirements, & jf’“%n;

: N

o The-capscrew hold down torque was verified both cold and hot on all

cylinders for both-engines and was found satisfactory.
F T % ¥

F
= LW

& X T 1
4,19.5 PNL Evaluatfon_and Conclusion = °

F ,_.,—:"r 3 - ¥

The inspections and agtiqgs f:kenﬂby GSU to eliminate potential problems
are judged to be adequate to:prevent failures. PNL therefore concludes that,
with the continued use of GSU instdldation procedures to control torque of
bolts, studs, and screws to.specified ranges, these components will not present
future problems on the-River Bend engines. Thus, PNL concludes these coemponents
on SD 1&;0ﬂﬂ’78“aq§ acceptable for their intended service.

- d e #

4,20 ENGHNE-MOUNTED ELECTRICAL

o

ABLE

# Part No. 03-688-8
\ T &

e e writs o : ' y
%Q:nerséﬁprouB'Regort SWEC Report of July 1984

&

4.20.11ﬁtbgponent Function

~

These ::%1e§§;ire 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,
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4,20.2 Component Problem History ‘
"~ Two defective cables were recorded by TDI in a 10_(@1 report. -Also, a

"TDI Service Information Memo warned of potentially defective engine-mounted
cables.

4,20.3 Owners' Group Status

Analyses of the subject wiring, and of ecommended replacemants, were
conducted by SWEC, both generically and spec1f1 a]l or RBS. ATk.functional
attributes of the wiring and terminations were”deem erviceable for the
intended service. 4

4.20.4 GSU Status

end indicates that a
fort‘and no further action

The DR/QR report on the subject wiring at Riyer
visual inspection was made as parf”ﬁﬁ«: e Phase I

was taken or indicated. iF

4,20.5 PNL Evaluation and Ccnc?usi&h'

Based on the review of the actions#takén by the 0G, PNL concludes that the
subject terminations and cables on SD 1A and 1B are acceptable for their
intended service at E}ver=8end Y

3_1‘" 1= E‘ 1)
& :_ﬁ A E
a4 _} e T Vv
ﬂix L nf Ea 3""".. F
e - , f, \f
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5161, June 1984), maintenance and surveillance (M/
aspect of the overall effort for establishing TDI £ngi
reliability.”" NRC also recognizes the importance™ef
and has provided guidelines for the developmen

staff SER dated August 13, 1984,

Gulf States Utilities Company (GSU) has dévelo M/S plan for the River
Bend Station (RBS). This plan has been p?esiﬁted n Appendix Il of the River
Bend TDI Diesel Generator Design Review/Ouali?}g}évab‘dation Report (December
1984). However, Appendix Il appears to be only magﬁina]iy complete; i1t makes
repeated references to TDI Instruction Manual™plumes and to 0G "lead engine
DR/QR report(s)" for further details.

The RBS DR/QR lists more qi$i:::::23**tems than wif ] be discussed in this

report. Those which are not itemized.herein aﬁa*c;g_judged to be beyond the
intended scope of this effort, which'is fosused on components and systems
critical to SD operability and reliability and/or.with significan: failure
histories. However, where special "attention has been deemed appropriate PNL has
added items not listed in the DR/QR. Specifically, recommendations for M/S are
provided when, in the opinion of PNL ‘consultants, their inclusion in an overall
M/S plan is important” to ensuring the requisite reliability and operability.
However, this report issmot intended to supplant Gulf States' M/S plan for RBS,
but rather to augment ‘and §lar?f§*;é; o
a4 ' : Sy

This sectfg;’doéumgntsfPNt‘s%revjéw and evaluation of Gulf States' M/S plan
in light of the judgement and recommendations of recognized experts in diese)
engine technology. “Lomments on three aspects of a comprehensive /S program are
presented in the tabTé;%:nd evaluations which follow. These three aspects are:
key maintgnancc,item?kﬁ,,‘ ¢
eperational surveillance
~ standby surveillance

T .
KEY=MAINTENANCE ITEMS

N .

onentgﬁgﬂaggﬂfied as key maintenance items encompass certain engine
structur517gnd moving parts. Parts with a failuge history, even if they are
static and/or, _nonstructural, are included. Gulf States' proposed M/S plan for
these componentsi as discernible from Appendix Il of the RBS DR/QR. is summarized
in Table 5.1. Included therein are PNL's comments: these are then amplified (as
warranted) in the following subsections.

‘fh.,.

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
0G DR/QR report for RBS (or superceded by other GSU proposals), \!'here an item
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Key Maintenance Items for River Bend Station

Item States' Proposal PNL Recommendation

i

tion of base, under Concur with GSU. Inspect #5 beafing cap
+ each outage. Par- each outage.
ticular attghtion ut pockets.

Engine base, inc
bearing caps,
and foundatio
(03-305-A, 305
03-550)

surface EDG
frequency

Visual iﬁ§pe \ Concur with GSU

Cylinder block Perform an inspec
(03-315-A) Report: blocktop at
any operation over 507 Moad (fﬁg..

over 1750 kW); #1B (and eventuall

1A) inspections by formula per _

FaAA SP-84-6-12(g). No details re: ot} lnspection for

. cam shaft pallery, '

tails provided by GSU on FaAA
4-6-12(g), PNL recommends:
nterim le on #1A to be per

s e) remo
lery coverplate and LP ipfpe ot
shaft bearing saddle s irctyfe cfagls;
and f) at first two :
removed, LP and/or
cumferential crac

gal-
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TABLE 5.1 (contd)

Item

Crankshaft
(03-310-A)

Main bearings,
incl. thrust
bearing ring
(03-310-8,
310-C)

Connecting rods;
Rod eye bushings
(03-340-A)

p‘- b
, y

/' “Gulf'States' Proposal ‘ PNL_R i
asure cronk aft web diflection Concur with GSU. To be taken hot and
“each refue]! outage, cold.
i
<;Ngasure cran Jourlal di meters In addition, at first refueling outage LP
% each” engvne~overhdul (qud]“q inspect fillets at crankpin journals 5,
robably greater‘thaq 10 ypar? 6. & 7, and main journals in between,
1 each engine. At same time inspect oil.
. holes in some journals visually, by

o fluorescent LP, and by ET. In subsequent
" \~/# re fue11ng outages, reduce to two crankpin
: .) and ope main journals (see also 5.1.1.2).

Hain beartngs. in cti’ﬁeasureuu
thicknes-; check for: m;salagn-

ment; at first and succeeding .
alternate refueling outages. ™ %

P '
Thrust bearing: check clearance
each outage., Visual ring inspec-
tion alternate outages.

Inspect and measure connecting 9&5::T‘~;;b“also rec

rods at 5-year intervals. HNo plan preload on connecting rod chéck-
re: bushings. ~ ed at each refueling outade.
1 i ings should-be inspect
piston skirts are remgVed #nd inspected)

for evidence of cra 'orange peel-
ing" (see also 5.1. '

» |
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TABLE 5.1 (contd)

Iter

Connecting rod bear

ing shells
(03-340-8)

Pistons; rings:
piston pins
(03-341-A,-8,-C)

Cylinder liners
(03-315-C)

Cylinder heads
(03-360-A)

*;he)ls

Gulf States' Proposal

Vi,
Ingpect \ndwbeasure bearing shell’s,
at refueling putage preceding 500-

‘hours of operdtion. Perform x-ray

examination of all ;pﬂn.replacement

y,
i

i,

e #

"4,

"
‘%lnspect and measure sklrt and pin.

and rings each five: years. Inspect
liners for evidence of. rin wear
each refueling outage ' 4
Visual lnspecfﬂon for}weaa each
refueling outage. SBoroséope
ihspection accepted’if heads are
not concurrently removgd )

heads each 5 years, Record‘com- W‘h

pression and firing pressures at
each outage. Inspect "injector .
parts" for water leakage monthly. {
Roll over engine '‘at appropriate ’
interval:' Inspect valves and

valve seats each 5 years.

PNL Recommendation

PNL concurs. PNL also recommends that
"bump test" for bearing wear be per-
formed at each refueling outage.

PNL concurs

PNLgoncurs., PNL also recommends that

#“"two lfners from each engine be measured

at. each disassembly as means of track-

‘»r 1?9 waar rates.

fNL ‘anurs. y#ihwfollow1ng recommended
mod;ficatlopﬁ to tnb\yls plan:

i LP inspect f r d ck 'between exhaust
falve scatsy and a hf}lve seats, for

wo adjacen heads dh refuelxng
_'Outage..'Solec “heads ch
nspected th?qugh*four rafgellnq

outages. !

e Air-roll before planneddg{:r
to 8 hours and 4 to 8 J}* ter
each operation shutdan e a]so
5:1.1.4,).

at all are .
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TABLE 5.1 (contd)

Item

Cylinder head studs

Rocker arm cap- ”’f

(03-315-E)

screws air start

valve capscrews ‘&,

A

Ghlf States' Proposal

N ne proposei,by GSU

; s
4 & .'i“- b
a "y
A i :_. o '!“
<y Tigs o

i ane '
Cylinder head sub-hﬁ\NxLP inspeclion of pedesta1 tops

covers ‘rocker arm
boxes) (03-362-A)

Push rods
(03-390-C,-D)

Gear train
(03-350-C &
355-A,8B)

Camshaft and
bearings
(03-350-A,8B)

and“machined gfde (connecto
pushrod side.only) wheneved{
rocker arm shafts are rembved ¥

None proposeq‘by GSU. } ﬁ

E
Ll

Visually inspect cam agar. idler
gears and crankshaft-to-Tybe ol?
pump gear each refueling outage. *“
Measure gear backlash at alter-
nate outages.

Visual inspection of all cam lobe
surfaces cach refueling outage.
lnspect and measure bearing shells
every five years.

PNL Recommendation

Check preload on 257 of head studs and
rocker arm capscrews, and 100% of air
start valve capscrews at each refueling
outage (see also 5.1.1.5).

0G DR/QR for RBS recommends S5-year
schedule. PNL concurs with GSU on
a 5-year maximum interval.

PliLiconcurs, in light of analysis

“and experience with function-welded

dosvgn,

1|‘a t

me int 15, ",

a;”' ncurs with GSU, but also recommends
o fﬁ;ggction of Haqkshaft to JW-pump gear
Fva

PJL concurs th is pantic ly impor- .
tantybeca use tor te!ts apparently

werémnof run in pr -service R/ xami -
nation, nor hardener tests 3\5‘ “"‘)
lobes, all as require comply with

dt
0G plan, . ﬁ#ﬁ
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TABLE 5.1 (contd)

Item

Governor

(03-415-A, -B, -C)jf’
and linkage &

(03-413)

Overspeed governor
(03-410-A-D)

Turbocharger
(MD-017)

‘il 'Y

gg G;lf _States' Proposal

Vérlfy qo;%rnor control settings
month]y Replace governor drive
flex e](ment each outage. Refill
0il system; refurbish. actuator;
ﬁhinspect servo "0" ripgstand gas-
ets; clean and - 1nspect heat
xchanger--at five yearwintervals.
sva uate governor performa nceﬁ
(interval not stated)._ Inspect
linkage monthly and, lock linkage
bolts positively as ?eeded fol-
lowing odjustment.
3 f‘ y
Each refueling outage, %heck trlp
setting, shafts and cdupllngs. and
magnetic plugs. b

W‘ i L "
m‘.w,,.#'

At each refueling outage, measure f PNL concu¥s

vibration, clean impeller and dlf—

fuser, measure rotor end play and

perform spectrochemical _engine

0il analysis. At five year inter-
' vals, disassemble, inspect and

refurbl b, lncludlng visual and

"blue chieck" inspections of thrust

bearings. (NB: thrust bearing
inspection is also to be done after
each 40 automatic fast starts,)

*nJ be a

PNL Recommendation

PNL concurs. Linkage problems are a
commmon cause of improper governor/fuel
pump performance and PNL recommends
rigorous 1mplementat1on of all manu-
facturers' instructions.

w*‘”m

P”L c curs, Since the DR/QR report
"by OG indicates settings have not-
en jcalibrated and verified., PNL
nds thds required prior
Ficensing'

t als
oflnsp tlon oiuthrus W e
B ‘! fast rt nd
g 100 man Q] re-lub ) staw s
( hqlﬁsnve of the fast s ts in
that interval).
e spectrochemical analy uld
conducted each 20 fa s a‘ts.
® inspect nozzle ring s, and rotor
blades each refue utage (or at the
time of bearing 1n;pe tion nearest thereto,
(See also 5.1.1.6.) GSU should complete

all pre-operational inspections outlined
in OG DR/QR,

R =



is listed but no subsection commentary is provided PNL's comments in Table 5.1
are definitive. Where components have been added to the g?gging of key
maintenance items, which were not listed by GSU, it is. se in PNL's view,
they are important to SD reliability and operability r inclusion in an M/S
plan is considered consistent with good engine main

5.1.1.1 Cylinder Block

of-these inspections is to

verify the continued absence of detectab 2 tween stud holes of adjacent
cylinders. PNL concurs with this propos 7 e £larification that 50% load

s that additional surveillance and
mul

is 502 of the "qualified" load), but reco d
rmaintenance procedures also be performed.mm‘q\a\\\\co
Inspections on EDG 1B are "to/be-performed per

T under FaAA SP-84-6-

12(g). | rd | ~ .
s T v
The 0G and GSU conducted thbrOugh*?Hsgections of block tops of both units

in accordance with 0G criteria. MNo indicatior®were found in liner landings,
bore-to-stud hole ligaments or between s€ud.holes. (No inspection of camshaft
gallery areas is reported.) To the date of October 31, 1984 SD 1A had operated
124 hours, including one-hour at 3900.kW and 76 hours at' 3500 kW. Similarly, SD
1B had operated 40 haurs with. 3 hours at 3900 kW and 31 hours at 3500 kW. (The
BMEP at 3500 kW is 225 psd; at 3900 kW it js 207.5 psig.) It is not clear
whether inspections :g%eAmage ﬁ7?05~§o orfafter these operating hours,

| F

Both block=top and Samsha?t*qal;;:§ cracks have been found at SNPS on EDGs
essentially identical to RBS SDs. “The SNPS units have operated more at 3500 ki
and 3900 ki (by a factor of roughly 2X) than those at RBS and some of those
with knowledge that cracks already existed. The 0G/FaAA report conclusions
would indicat®Et absent any initial block-top cracks, and with materials as .
designed, the blocks should suffice rated-load operation and not need special
inspectionsT N, “

&

¥ PHLVRecommendﬁlions

NL‘:icgzperigfthi>fblﬁou{ﬁélma{htenan&eyinspéctEOn patterns, -
b

o Block-Top J’ﬂﬂf
IA - untityihterial is confirmed as equivalent to the grey cast iron of 1B,

conduct stud hole-to-stud hole and stud hole-to-end inspections (under
intense light) following each operation above 507 load.




Both - at first refueling outage conduct visual examipation for stud hole-
to-stud hole and stud hole-to-end cracks all areas. #Rémove two heads each
unit (as also required by 5.1 1.4 re = heads), and#LP dnspect for ligament
and stud hole-to-stud hole cracks. Absent any dgfletgrious indications (or
equivalent indications at Shoreham), no further

linder liner

o Cylinder liner landing - An LP and/or UT insfi
\ moved from

landing should be performed the first two

either of the two engines, to determine have
developed. PNL recognizes that liners & ) edonly
infrequently, and does not recommend g : asliner for the sole
purpose of this inspection. If a cisfcun ndication is found, an

attempt should be made to character and length through

appropriate nondestructive tests.

wterbore areas to reduce
fit interference and liner préudgess it is no ly that circumferential
cracks will develop and a single s hould be sufficient
verification. %kk -

a ction for cam gallery
cracks. Such are known to exist hpjname model EDGs at SNPS, but have
been evaluated as benign (though they”are to be monitored). PNL recommends
that at the first _p ling outage GSU remove one cam gallery cover plate
on each engine édﬁﬁzﬁggigf by LP“fr acks in the accessible camshaft
bearing saddlesstr res. Absentiar
attention shouldbe :geui
depth should be’recor;

'y such cracks no further special-
ks are detected, their length and
outage, salas toxdeterm
reported :3”&5 growin
ire, as determined by NRC.

e monitored again at the next refueling
schedule and/om proce
: s- 1 Sk . o »
- 9 b s
L3 proposes, to measure Erankshaft deflections at each refueling outage.

If the monitored Shoreham cracks are
PNL j€oncurs and recommends in addition certain NDE examinations of the

D should be monitored on a more rigorous

Jet Nors erftas, PNL concludes that it would be prudent to examine
certain high-s* reas of the crankshaft at each refueling outage. The areas
to be exami and*the examination methods are provided in Section .

ft at refueling outages.
n 11 igg;c: apalyses performed for PNL by Ricardo Consulting Engineers
.ress

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



taken immediately after the 24-hour precperational tes ing.rso as to reflect

representative operational foundation temperatures, T checks should be

initiated within 15 to 20 minutes after shutdown, an comig;:fd as rapidly as
la

or the timing of such measurements. The hot deflection mn::;rements should be
h

possible, preferably within 1/2 hour, starting with£he throw of the engine
(generator end). Such a schedule, although strenudus d achievable. If
the crankshaft deflection readings are outside th e, the
foundation bolts should be checked for proper \

PNL also recommends that crankshaft joufna
corresponding bearings are being inspecte
limited margin in crankshaft capability
involve three crankpin and two main jour
and two crankpin and one main journal each
holes should be inspected.

henever
ndation reflects the
e 0G. These would

ine, at first refueling,
reafter. Fillets and oil

5.1.1.3 Connecting Rods

6SU has not addressed the insp n of t necting rod bolt preload.
PNL recommends that the preload on a cormmecting rod bolts be checked at each

refueling outage, A\ ‘g”?"“n-
PNL-believes that it is good 5>ictic to inspect the preload on the

connecting rod bolts periodically, Chock\ng the bolt preload during regularly
scheduled outages is a simpli\proccdu e and is easily justifiable on the basis
of the potential damage to, the engine t at Could result from the loss of these
bolts. Although such a preload™¢heck wasépart of the OG RBS DR/QR Task
Description for precperational inspection of both units, they reported there was
no evidence it ug:’donqaiu . \\\::)?
‘ke - j

PNL also believes that checking rod-eye bushings is good practice in light
of evidence in TDI EOG history of some with substantial interdendritic cracks
and/or appe?ERt ot spotd (evidénced by discoloration). This can be done at any
time the pistons ire removed and disassembled. GUS has addressed no I'/S plans
on this cempanent,

v
r 4 &

4 PH! Rccommcndaﬁ*onj
b ¥

L rdhgg:::gf cH;Eking all connecting rod bolts' preload at each refueling

Mg£1id5:f Heads T

GSU proposes to visually inspect al) 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 refuelin outage. In addition,
PNL recommends that the engines be air-rolled before cgl planned starts, 4 to 8
hours after each shutdown, and 24 hours after each shutdown.

5.9
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Air-rolling the engine will expel any accumulation ¢
cylinder, which would most likely be the result of a cr
liner, Substantial water accumulation in a cylinder ¢
to head, piston, crankshaft, or bearings on engine sté
expulsion of water in the cylinder liners is essen
operability,

water in the

& cylinder head or
ause severe damage
p. Detection and
Qsuring engine

PNL Recommendations

PNL concurs with Gulf States' plan and
for air-rolling as follows:

e an initial air-roll at least 4 hour over 8 hours) after engine
shutdown

e a second air-roll approximately 24 hours a r.s

o thereafter, an air-rol) 1maidictcl;“b'4ng~::~::’ anned engine operation,
% T,
In view of the potential for,crac;"iqgtiqtion.J NL also reco~mends removal
of two adjacent heads and visual and LP inspectionsof 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.four refueling butages,
r.,~ * .

5.1.1.5 € 11ndf; Siuds Rocior Arm Capscrews, Air Star: Valve
apscrews TN ¥

s 4
GSU has not lddrlggyd hocd“stud:T7mir start valve capscrews, and rocker arm
bolts in their M/S plan. PNL recommends that these items be inspected for

proper preload at ctq2~rcfhgjing outage as specified below.

- 'h‘.;‘ . v
L;:g;aﬁ'ﬂ*bie%d on‘eylinder. head studs, rocker arm capscrews. and air start
valve ¢ screws canadversely (ffect engine operability if it goes unnoticed,
Because of Lheir operational hicstory, these items are included on zhe OC list ¢f

components with significant known problems, Thus, these components warrant
lar maintenance lné surveillance,

co;QW#;gy{;at the preload be checked qn a sample of 25% of the head
studs and rocker arm capscrews at each reactor refueling outage. However,
because the air,start valve capscrews are more susceptible to relaxation (due to
the associated soft metal gaskets), PNL recommends that they all te checked at
each refueling outage,

5.10



5.1.1.6 Turbochargers

eath outage, to visually
d to perform a
rs, with certain

GSU proposes to measure turbocharger rotor endpl
inspect the thrust bearing after 40 nonprelubed starf#s,
spectrochemical engine oil analysis each 5 years. #NL co
qualifications, and also recommends that rotor fldat
nozzle rings including vanes and capscrews by in efueling
outage,

TDI _engines at :
modjf7zgtion to the lubrication
aring during engine standby

A recurring problem in the turbochargers
installations has been thrust bearing weas.
system to provide minimal lube o0il to t
proved to be inadequate. Subsequent mo s to the system have increased
bearing prelubrication, which has substant¥ally mitigated the thrust bearing
wear, but not assuredly relieved the problem.” M

The turbochargers on some EDGE“have also ex
capscrews and lost nozzle r1ngeﬁlnes.

PNL Recommendations \-u‘ t:,\? ‘v-..,_,

PNL recommends that GSU's M/Sgpl‘n’govﬁ;d1f1ed to include visual thrust
bearing -inspection after 40 nonprelubed starts and/or after 100 starts
(inclusive), and to include rotor float measurement and’ stationary nozzle ring
including vanes and capscrews at each refueling outage.

L

perienced failed nozzle ring

F . * -
Fy A
/7 ) ~. ¥

A’v

5.11



